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1.0 SUMMARY 
 
SN-105 is the first cruise conducted as a part of the Second International Indian Ocean Expedition 
(IIOE-2). IIOE-2 was launched as well as SN-105 was flagged off at Goa by the Minister of State 
for Science and Technology, Govt. of India on 4 December 2015.  The major objective of this multi-
disciplinary observational expedition is to understand the structure of water masses in the western 
Indian Ocean along 67E and possibly assess the difference in their characteristics with respect to 
the measurements made during IIOE. The other objective of the cruise is to understand the 
physical-chemical-biological characteristics in the equatorial Indian Ocean and their inter-
relationships. The major observational objectives are to map the hydrography in the upper 1000m 
where the Red Sea, Persian Gulf and Arabian Sea High Salinity water are known to be present, 
collect water samples to determine chemical, biological and optical parameters. 
 
The vessel, ORV Sagar Nidhi, sailed from Goa on 04 December 2015   and reached at the location 
12N, 67E on 07 December 2015. Observations were made along 67E upto 5S and the sailing 
towards Mauritius started on 16 December 2015. The cruise concluded on reaching at Port Luis on 
22 December 2015.  The total scientific contingent of SN-105 was 25. 12 scientists of various 
institutions in   India, and one each from Mauritius, Israel, UK, Australia and Singapore participated 
in the cruise.   In addition, there were 5 Engineers from VMC, NIOT and 3 helpers.  
 
The observations collected during SN-105 can essentially be divided into two types:  one during 
which CTD profiles were made at every one degree latitude along 67E and the other in which 
stations were occupied to measure a variety of measurements. These full stations additionally  had 
measurements of zooplankton using a ring net towed at about 100m, a bongo net towed at the 
surface, radiometer measurements, IOP profiles, acoustic measurements and sampling for 
determination of primary productivity, O2, nutrients, isotope analyses etc.  Further, additional 
profiles were measured at half degrees on either side of the equator. The ADCP, multi-beam and 
AWS were used along the entire track of the cruise.  Atmospheric profiles and measurements were 
also made by launching balloons. Surface samples were measured along several locations along 
the track and atmospheric CO2 concentration was monitored. The oceanic component primarily 
involved subsurface temperature and salinity measurements using a Sea Bird SBE 19 Plus CTD 
system, direct current measurements using a vessel-mounted Acoustic Doppler Current Profiler 
(VM-ADCP), underwater light measurements using a radiometer. The atmospheric parameters 
were measured using automatic weather stations installed on the vessel. Water sample were 
collected at selected locations along the section for measurement of biological parameters and 
nutrients. Details of these measurements are given in 15 appendices at the end of this report. 



2.0 CRUISE TRACK 
 

 
 

The final cruise track of SN-105.  The cruise started at Goa, India on 4 December 2015 and ended 
at Port Luis, Mauritius  on 22 December 2015. Stations were occupied along 67E longitude at 
locations marked using yellow dots. 
  

First Expedition of International Indian Ocean Expedition -2 
(IIOE-2) 

RV Sagar Nidhi – 105   Goa to Mauritius      



3.0 INTRODUCTION 
 

The second IIOE (IIOE-2) was launched officially on 4 December 2015 during the IO50 symposium 
held at National Institute of Oceanography, Goa, India. The first expedition of IIOE-2, which is the 
105th Cruise of ORV Sagar Nidhi, was flagged off by the Hon. Minister of State for Science & 
Tech., Govt of India on the same day.  Thus this cruise is historic in the exploration of the Indian 
Ocean and a proud moment for the oceanography in India. 
 

Indian National Centre for Ocean Information Services (INCOIS), Ministry of Earth 
Sciences, Govt. of India initiated the cruise proposal and suggested  Prof. P. N. 
Vinayachandran, Centre for Atmospheric and Oceanic Sciences Indian Institute of 
Science, Bangalore and Dr. Satya Prakash (INCOIS) to conduct the expedition with 
assistance from National Institute of Ocean Technology (NIOT), Chennai and National 
Centre for Antarctic and Ocean Research (NCAOR).  
 
Participation in the cruise was open to scientists from all countries and a large number of 
proposals were received.  Owing to the limited number of births available on board, a set 
of proposals was selected and the concerned scientists were invited to participate in the 
cruise. Thus, in addition Indian Scientists, there were participants from Singapore, 
Australia, UK, Mauritius and Israel, whose proposals fitted with the overall objectives of the 
cruise.  
 
 

4.0 ITINERARY 
 
Departure: Goa, India, 04 December 2015  
Arrival:  Port Luis, Mauritius, 22 December 2015  

 
 



5.0 PARTICIPANTS 
 
5.1 Scientific component 
 

Name 

 

Institution 

 

Country 

1 

P. N. VINAYACHANDRAN 

(Chief Scientist) 

IISc, Bangalore INDIA 

2 

SATYA PRAKASH 

(Deputy Chief Scientist) 

INCOIS INDIA 

3 VIJITH V.NAIR IISc, Bangalore INDIA 

4 AMOL PRAKASH IISc, Bangalore INDIA 

5 ANEESH A.LOTLIKER INCOIS INDIA 

6 NAIK RAVIDAS KRISHNA NCAOR INDIA 

7 AMIT SARKAR NCAOR INDIA 

8 VENKATARAMANA V. NCOAR INDIA 

9 BHAVYA S.P PRL INDIA 

10 SHRIVARDHAN HULSWAR Goa University INDIA 

11 NAJEEM SHAJAHAN NIOT INDIA 

12 RAGHU CHANDRA NAGUR C. CSIRO AUSTRALIA 

13 ROY RAJDEEP  INDIA 

14 STEINER ZVIKA  ISRAEL 

15 

DEBORAH MICHELLE WALL 

PALMER 

 UNITED 

KINGDOM 

16 BISSESSUR PRITHVI DASS  MAURITIUS 

17 NISHATH PILLAI VMC, NIOT INDIA 

18 PANDURANGAN V. VMC, NIOT INDIA 

19 JENSON GEORGE VMC, NIOT INDIA 

20 NAGENDRA SIVA KUMAR VMC, NIOT INDIA 

21 SIVA CHIDAMBARAM VMC, NIOT INDIA 

 
 



5.2 Ship's complement 
 

1. SHARMA RAMSEVAK MASTER 

2. SINGH AMARJEET Ch. Off 

3. RAIBHOLE SANDEEP SHAMRAJ 2/OFF 

4. KUMAR VIKRANT 3/0 

5. KOZHIKKOTTU PARAMESWARAN MOHANAN CEO 

6. MEKKATUKATIL SIVARAMAN VARUN 2/E/O 

7. SINGH ROHIT 4EO 

8. BHOJ BHARATKUMAR DINESHCHANDRA 4EO 

9. HASANKHAN MOHAMEDWASIFF KHAN EL.OFF 

10. SUKUMARADHAS SUGILAL TR.ELO 

11. RADHAKRISHNAN MURALIKRISHNAN CTO 

12.  SUDHIR KUMAR SINGH SHM 

13.  MOHAMMAD FAIJ SHM 

14.  ANIL YADAV SHM 

15. VINCENT RANGAN RYAN SM2 

16.  ABHISHEK KUMAR SM2 

17. TANDEL NARENDRAKUMAR BABUBHAI SM2 

18. MOHAMMED JAN DGR 

19. BAIRWA ARVIND  KUMAR DGR 

20. MOHAMMAD AVESH DGR 

22. WARIS FAIZAN CCB 

22. AHMAD SARFA RAJ 2CK 

22.  SAMSHUL AIN GS 

24. SAH DEO PRAMOD GS 

25. TEKU SRINU GS3 

 

 
 



6.0 OBJECTIVES 
 
The primary objective of the cruise is to map the water masses in the western Indian Ocean using 
CTD observation. It is expected that such an effort would make it possible to compare the water 
mass structure with the observations made during IIOE and possibly asses the differences 
between the two. The second major objective is to understand the physical-biological coupling and 
biogeochemistry in the western Equatorial Indian Ocean. 
 
Specific cruise objectives of  SN-105  are : 
 

1. CTD profiles upto the deep ocean at an interval of 1 degree latitude along with underway 
ship-board ADCP, thermosalinograph and AWS measurements.  

2. Observations and sampling at 11 selected stations 
i) For chemical and biological analysis. 
ii) For optical and radiometric (IOP) analysis 
iii) For estimation of phytoplankton biomass 
iv) Radiometer measurements 
v) Ring net and bongo net trawling for zoo plankton sampling 
vi) Sampling for primary productivity estimation 
vii) Sampling for isotope analysis 
viii) Accoustic measurements 
ix) FRRR measurements 

 
 



7.0 WORK ACCOMPLISHED 

 
The vessel sailed first from Goa to 12°N, 67°E where the first CTD cast was carried out. Then the 
vessel sailed south along 67E upto 5S. CTD profiles upto 1000m were taken at every 1° latitude. 
Full stations for complete set of sampling and measurements were planned to be conducted on 
every alternate days owing to the limited time available for the cruise. The sequence of operations 
at these full stations is typically as below: 
 

1. Ring net 
2. Bongo Net 
3. CTD Shallow Cast 100m 
4. CTD Shallow Cast 100m 
5. CTD Deep cast 1000/2000m 
6. IOP 100m 
7. CTD Shallow cast 100m 
8. IOM 100m 
9. CTD shallow cast 100m 
10. Radiometer 
11. Acoustics 

 
Ring net was weighted to sample at 100m while the ship is running at 1.5 kts and the Bongo net 
was sampling at the surface while the ship was running at 1.5 kts. Both radiometer and acoustics 
were operated with DP and the propellers completely switched off. Typically the full stations started 
in early in morning at about 4:00 AM and all the operations were completed by 3:00 PM.  Detailed 
report from each group is attached at the end of this document as separate appendices. 
 
ADCP was switched on throughout the cruise. The size of the sampling bin was set at 4m 
permitting sampling upto 400m and the shallowest possible sampling depth was set at 13m. In 
order to correct for the misalignment angle of the VM-ADCP one ADCP square was done during 
the cruise.  On 11 – 12 – 2015, the vessel was run at a speed of 4kts for 15 minutes along the 4 
sides of a square track. The AWS was also switched on throughout the cruise. 
 
 
 
 
 



Argo Float Deployment 
 
The following Argo floats were deployed by Dr. Amit Sarkar (NCAOR, India). 

No. Float ID Date Time (UTC) Longitude Latitude 

1 WHOI S2A 7333 10-12-2015 06:00:30 66 59.890 E 6 0.323 N 

2 WHOI S2A 7340 11-12-2015  13:57:55 67 00.198 E 4 0.302 N 

3 WHOI S2A 7339 11-12-2015 23:49:30 66 59.868 E 3 0.053 N 

4 WHOI S2A 7322 12-12-2015 10:00:40 67 00.498 E 1 59.838 N 

5 WHOI S2A 7338 03-12-2015 12:23:27 67 03.541 E 0 0.670 N 



8.0 PERFORMANCE OF THE SHIP AND EQUIPMENTS 
 
The vessel made a speed of 9.5kts initially. Later the speed varied between 6.5 to 7.5 knots 
depending on the conditions of the sea. The DP system worked well for several stations. 
 
There are two winches on board; one is the CTD winch and the other the hydrographic winch. The 
hydrographic winch is not functional.  The CTD winch is functional but it has problems with counter, 
speed etc. Both winches should be made operation at their perfect condition. 
 
The thermosalinograph gave noisy reading on several days and this need to be examined. 

 
The ambiance of Sagar Nidhi is pleasant and performance of the air conditioners in the 
laboratories and the accommodation was satisfactory. 
 
Feedback from scientists on instruments available onboard Sagar Nidhi: 

1. Salinometer: Not available onboard (has gone for calibration) 
2. Nikon Microscope: Microscope is in working condition but require software 

upgradation/calibration for better performance. 
3. Multibeam: Working condition but the present version is outdated; computer hangs very 

often. Needs computer and software upgradation. 
4. Dry oven: Working well 
5. Milli Q water system: Working well 
6. UV Spectrophotometer: Working well. Available cuvets are of 5cm size. The instruments 

performance will improve if 10cm cuvets are made available. 
7. Stable-temp Bath: working well 
8. Autoanalyser: Working well 
9. Sink Flush in wet lab is not working well; needs maintenance 
10. Crockery (plates, glasses, cups, bowls etc) are insufficient and many of them are in broken 

condition. Additional crockery should be made available. 
 



9.0 CONCLUSIONS 
The original cruise plan envisaged carrying out observations upto 10S, deep casts at several 
stations and 11 locations for full stations. This had to be trimmed. The number of stations was cut 
down and the section length was trimmed by 5 degrees owing to the reduced speed of the ship. 
Deep casts were not possible owing to the shortcomings of the CTD winch. Nevertheless, CTD 
profiles in the upper 1000m, where major water masses are located could be profiled from 12N to 
5S. These depth ranges are also sufficient to map the oxygen minimum zones. Full set of 
observations could be obtained at several stations where all sampling requirements could be met. 
Moreover surface samples could be collected and parameters such as atmospheric CO2 could be 
collected for long stretch extending from Goa to Mauritius, which is a rare opportunity. Thus 
several high quality data sets could be processed from the observations that have been collected, 
which are likely to find its way to excellent publications. We are prompted to conclude that SN105, 
the first expedition of IIOE-2 has been a successful mission. 
 
 10. RECOMMENDATIONS 
The essential component of expedition such as these is the CTD and the water sampler. Therefore 
it is absolutely essential that they and their sub-systems work absolutely perfectly. It would be 
useful to have two CTDs on board and a portable CTD. The sensors of these CTD should be 
calibrated at the required intervals and a copy of these be made available to the chief scientist 
during the cruise. 
The requirement of quantity of water in multidisciplinary cruises such as SN-105 is large. The 
multiple casts that were done at the same stations in this cruise were owing to these reasons. A 
larger rosette with larger bottles may alleviate this problem to some extent. 
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Appendix 1:  CTD Operations 
Members participated: Jenson V. George1, V. Vijith2, Amol Prakash2, Nagendra Sivakumar1, R. 

Nishath1 , V. Pandurangan1, Siva Chidambaram1,  

1 Vessel Management Cell, National Institute of Ocean Technology, Chennai 

2 Centre for Atmospheric and Oceanic Sciences, Indian Institute of Science, Bengaluru 
 

This report includes a brief description of the Conductivity Temperature Depth profiler (CTD) 

operation during the first expedition of IIOE-2 cruise, on board 105th cruise of Sagar Nidhi (SN 

105) during 4–22 December 2015.  We used two CTDs manufactured by the Sea-Bird Electronics, 

Inc. to measure a vertical section along 67oE from 12oN to 5oS.  The first CTD is SBE-917plus 

model, with SBE-17plus SEARAM and connected to a Caurosel unit with 12 water sampling 

bottles of 5 litres each.  A portable CTD, SBE-19plus model, was also used along with the 917plus 

CTD.  The profiling frequency for the 917plus and 19plus are, respectively, 24 Hz and 4 Hz. The 

917plus and 19plus CTDs  were calibrated, respectively during August 2015 and September 2013.  

In addition to temperature, conductivity and pressure sensors, both CTDs are supported with 

additional sensors to measure Photosynthetically Active Radiation, oxygen, turbidity and 

fluorescence.  Table 1 gives the details of the sensors its ranges and accuracies.  

 

21 Stations were occupied during the cruise at approximately 0.5 degree resolution near the equator, 

between 1oN and 1oS, and at 1 degree resolution elsewhere.  Each of these stations consisted of at 

least one 1000m deep cast.  Additional shallow casts were performed at five stations, where water 

samples were collected for chemical and biological analysis.  A total of 43 CTD casts were 

performed during the cruise.  The lowering and raising speed of the winch varied between 0.3 to 1 

ms-1. Typically, it took about 1 hour and 15 minutes to complete a deep cast.  Details of the time, 

location and number of casts at each station is given in Table 2.  

 



Table 1. Model name, range of measurement, resolution and accuracy of the CTD sensors 

CTD Profiling 
frequency 

(Hz) 

Sensor Model Range of 
measurement 

Accuracy 

 
 
 

917plus 

 
 
 

24 

Temperature SBE 3plus -5 to 35 oC 0.001 

  Conductivity SBE 4C 0 to 7 (S/m) 0.0003 
  Pressure Digiquartz 0 to 6800m 0.015% of full scale 

range 
  Oxygen SBE 43 NA NA 
  Fluorescence WET Labs 

ECO-FL-NTU 
NA NA 

 
 
 

19plus 

 
 
 

4 

Temperature SBE 19plus -5 to 35 oC 0.005 

  Conductivity SBE19plus 0 to 9 (S/m) 0.0005 
  Pressure Strain Gauge 0 to 6000 m 0.01% of full scale 

range 
  Oxygen SBE 43 NA NA 
  Fluorescence WET Labs 

ECO 
NA NA 

  PAR Biospherical NA NA 
NA = Not Available 

 

 



 
 

Table 2. CTD logsheet. 
Sl. 
No. 

Date 
dd/mm/yy 

Station 
No. 

Cast 
no. 

Start 
time 
UTC 

Position Station 
Depth 

(m) 

Operated 
Depth 

(m) 

End 
Time 

     Latitude Longitude    
1 07/12/15 01 01 0102 11o53N 66o58E 4211 100 - 
2 07/12/15 01 02 0300 11o53N 66o58E 4211 150 - 
3 07/12/15 01 03 0403 11o53N 66o58E 4211 150 0427 

4 07/12/15 01 04 0545 11o53N 66o58E 4212 150 0610 

5 07/12/15 01 05 0816 11o51N 66o56E 4222 1200 0940 

6 07/12/15 02 01 2205 09o59.8N 66o59.9E 4406 1200 2328 

7 08/12/15 03 01 0917 09o00.2N 66o59.8E 4591 1200 1027 

8 08/12/15 04 01 2219 07o59.5N 67o04.9E 4600 1200 2329 

9 09/12/15 04 02 0035 08o01.2N 67o05.3E 4614 150 0053 

10 09/12/15 04 03 0123 08o01.8N 67o05.1E 4614 10 0132 

11 09/12/15 04 04 0138 08o01.9N 67o04.9E 4614 200 0154 

12 09/12/15 04 05 0245 08o02.6N 67o04.6E 4614 150 0301 

13 09/12/15 04 06 0829 07o47.2N 67o01.3E 4618 100 0850 

14 09/12/15 05 01 1721 07o00.3N 66o59.9E 4515 1200 1843 

15 10/12/15 06 01 0603 06o00.3N 66o59.8E 3472 1200 0729 

16 10/12/15 07 01 1702 05o00.0N 67o00.1E 4165 1200 1758 

17 11/12/15 08 01 0036 04o23.4N 67o00.0E 3433 150 0050 

18 11/12/15 08 02 0102 04o23.5N 67o00.3E 3280 10 0108 

19 11/12/15 08 03 0115 04o23.5N 67o00.5E 3293 200 0138 

20 11/12/15 08 04 0229 04o23.7N 67o01.1E 3354 2200 0445 

21 11/12/15 08 05 0629 04o23.6N 67o03.2E 3354 120 0653 

22 11/12/15 08 06 0731 04o23.1N 67o03.2E 3354 100 0742 

23 11/12/15 09 01 1350 04o00.3N 67o00.2E 3209 1200 1449 

24 11/12/15 10 01 2342 02o59.8N 66o59.8E 2851 1200 0056 

25 12/12/15 11 01 0938 02o00.0N 67o00.3E 2685 1200 1048 

26 12/12/15 12 01 1926 01o00.2N 67o01.0E 3513 1200 2038 

27 13/12/15 13 01 0132 00o30.1N 67o01.8E 3813 1200 0246 

28 13/12/15 14 01 0437 00o25.2N 67o03.5E 4658 1200 0606 

29 13/12/15 15 01 1218 00o00.6N 67o03.5E 3617 1200 1356 

30 13/12/15 16 01 2117 00o30.1S 67o00.4E 3465 1200 2240 

31 14/12/15 17 01 0411 01o02.3S 67o00.8E 2588 1200 0524 

32 14/12/15 18 01 1511 01o59.9S 67o00.0E 3733 1200 1610 



33 15/12/15 19 01 0133 02o56.7S 67o59.3E 3573 150 0143 

34 15/12/15 19 02 0152 02o56.8S 66o59.5E 3561 20 0157 

35 15/12/15 19 03 0209 02o56.9S 66o59.7E 3568 180 0223 

36 15/12/15 19 04 0323 02o57.3S 67o00.1E 3568 2200 0513 

37 15/12/15 19 05 0621 02o57.5S 66o59.8E 3550 150 0634 

38 15/12/15 19 06 0705 02o57.9S 67o00.0E 3550 100 0714 

39 15/12/15 20 01 1645 03o59.8S 66o59.7E 3110 1200 1809 

40 16/12/15 21 01 0232 05o00.6S 66o59.7E 3908 150 0244 

41 16/12/15 21 02 0258 05o01.2S 66o59.7E 3908 10 0306 

42 16/12/15 21 03 0316 05o01.3S 66o59.6E 3938 1200 0417 

43 16/12/15 21 04 0531 05o01.3S 66o59.4E 4014 150 0544 

 
 
 
 
 
 



 
 Appendix 2:  Importance of Polyphosphate in Microbial Phosphorus Cycling 

 
Dr. Patrick Martin 

Asian School of the Environment 
Nanyang Technological University 

Singapore 
 
The objectives of my proposal were to determine how much of the total particulate 
phosphorus along the transect is present as polyphosphate, and to measure two 
established metrics of microbial phosphorus stress.These metrics are the activity of the 
enzyme alkaline phosphatase and the ratio of sulphur-containing to phosphorus-
containing lipid molecules. We had previously found that phosphorus stress leads to 
especially high levels of polyphosphate in marine phytoplankton and in upper ocean 
particulate matter, and that polyphosphate contributes to rapid phosphorus cycling. 
However, high levels of polyphosphate relative to total phosphorus can also occur under 
other environmental conditions. The SN105 Indian Ocean transect represented an ideal 
opportunity to test whether high polyphosphate levels are also found in upper ocean 
particulate matter in an oligotrophic environment where severe phosphorus depletion is 
unlikely. 
The approach taken was to collect water samples of 1–3 L volume at discrete depths 
within the euphotic zone and the oxygen minimum zone, and collect the particulate 
matter onto Whatman GF/F glass fibre filters to measure polyphosphate, total particulate 
phosphorus, and microbial membrane lipids. Additional particle samples were collected 
onto 0.2 µm pore-size polycarbonate filters to measure alkaline phosphatase activity 
(0.2–0.5 L per sample), and onto 0.2 µm Sterivex filter cartridges for DNA sequencing to 
determine the microbial community composition (4–12 L per sample). 
Owing to the break-down of one of the ship's engines, and the consequently very limited 
station time for water collection with Niskin bottles, a portable, battery-driven water 
pump was used to collect additional water samples at approximately 4 m depth over the 
starboard side of the ship (Fig. 1). This pump was used at 6 stations at which no water 
was available from the CTD rosette. Attempts will be made to collect further surface 
samples with this pump en route from the final station at 5ºS 67ºE to Mauritius while the 
ship is moving. 



 
Figure 1. Sampling surface water (approximately 4 m) using a battery-operated impellor 
pump. 
In total, 13 stations were sampled for total particulate phosphorus, polyphosphate, lipids, 
and alkaline phosphatase, of which 10 were also sampled for genomic analysis of the 
microbial community composition (technical problems prevented DNA sample collection 
at 3 stations). Total particulate phosphorus, polyphosphate, and alkaline phosphatase 
samples are stored dry at -20ºC, DNA samples are preserved with RNALater and stored 
at -20ºC, and lipid samples are stored at -190ºC in liquid nitrogen. All samples will be 
returned to Singapore in a liquid nitrogen dry shipper and analysed over the coming 6–12 
months, depending on instrument availability. Total phosphorus will be measured 
spectrophotometrically following potassium persulfate wet digestion. Polyphosphate will 
be measured fluorometrically with the fluorescent stain DAPI. Alkaline phosphatase 
activity will be measured fluorometrically using the artificial substrate 4-
methylumbelliferyl phosphate. Lipids will be extracted and measured by liquid 
chromatography mass spectrometry in collaboration with Dr. Ben Van Mooy (Woods 
Hole Oceanographic Institution). 
Furthermore, 20 mL of seawater were collected at 12–15 depths between 2000 m and the 
surface to measure total barium and barium isotopic composition, which are proxy 
measures for remineralisation of organic matter in the mesopelagic. These samples were 
collected for Dr. Tristan Horner (Woods Hole Oceanographic Institution), and will be 
shipped to WHOI for analysis. Ten water samples of 250 mL were also collected at 50 m 
and 1000 m at selected stations for lead isotope analysis by Dr. Gonzalo Carrasco 
(Singapore–MIT Alliance for Research and Technology, Singapore), and will be returned 
to Singapore for analysis. An overview of the samples collected is provided in Table 1. 
 
 
 
 
 
 
 



Table 1. Depths (in metres) at which a sample for each parameter was taken. Stations are 
identified by station number and latitude, all stations were located at longitude 67ºE. 
Parameter abbreviations are as follows: TPP = total particulate phosphorus; Poly-P = 
polyphosphate; IPL = intact polar lipids; APA = alkaline phosphatase activity; DNA = 
genomic sample; Ba = barium isotopes; Pb = lead isotopes. NS = not sampled 
Station Latitude TPP Poly-P IPL APA DNA Ba Pb 
1 11.89 75, 35, 

10, 4 
75, 35, 
10, 4 

75, 35, 
10, 4 

75, 35, 
10, 4 

NS 120, 100, 75, 50, 35, 
10 

NS 

2 10 NS NS NS NS NS 1000, 750, 500, 300, 
200 

NS 

3 9 4 4 4 4 NS NA NS 
4 8 150, 

65, 13 
150, 
65, 13 

65, 13 150, 
65, 13 

NS 1000, 750, 500, 300, 
200, 150, 100, 50, 3 

NS 

5 7 4 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 50, 3 

NS 

6 6 4 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 50, 3 

1000, 
50, 4 

8 4.39 150, 
65, 13, 
4 

150, 
65, 13, 
4 

150, 
65, 13, 
4 

150, 
65, 13, 
4 

4 2000, 1750, 1500, 
1250, 1000, 750, 500, 
300, 200, 100, 50 

2000, 
50 

11 2 4 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 75, 50, 
30, 10, 3 

50 

12 1 150, 4 150, 4 4 NS 4 1000, 750, 500, 300, 
200, 150, 100, 75, 50, 
30, 10, 3 

NS 

15 0 4 4 4 4 4 500, 300, 200, 150, 
100, 75, 50, 30, 10, 3 

NS 

17 -1 150, 4 150, 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 75, 50, 
30, 10, 3 

1000, 
50 

19 -2.95 150, 
65, 13, 
4 

150, 
65, 13, 
4 

150, 
65, 13, 
4 

150, 
65, 13, 
4 

4 2000, 1750, 1500, 
1250, 1000, 750, 500, 
300, 200, 150, 100, 
75, 50, 30, 10, 3 

NS 

20 -4 4 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 75, 50, 
30, 10, 3 

NS 

21 -5 4 4 4 4 4 1000, 750, 500, 300, 
200, 150, 100, 75, 50, 
30, 10, 3 

1000, 
50 

 
 
 

 



 

Appendix 3:  Atmospheric and Aerosol Observations 
 

Shrivardhan Hulswar 
SRF, Dept. of Marine Sciences, 

Goa University 

 

The objective for this cruise was to generate atmospheric and aerosol data over the 

Tropical Indian ocean region.The observations were carried out to obtain the following 

parameters: 

1. Aerosol Optical Depth 

2. Black Carbon Mass Concentration 

3. Aerosol Size segregated mass concentration 

4. Weather Parameters 

a. Ship(Surface) 

i. Temperature 

ii. Pressure 

iii. Wind Speed 

iv. Wind direction 

b. Radiosonde Balloon 

i. Altitude 

ii. Temperature 

iii. Pressure 

iv. Wind Speed 

v. Wind Direction 

vi. GPS location 

 
Figure 1: IIOE-2 Cruise-1 station positions 

 

 

 



The following operations started from5December 2015 onwards. 

 Sunphotometer 

 Operational on cloud free days. 

 Measuring Aerosol Optical Depth. 

 Aethalometer 

 Operational since 5December 2015. 

 Measuring Black Carbon Mass Concentration (ng/m3). 

 Weather Tracker 

 Operational since 5 December 2015. 

 Measuring the weather parameters. 

 Quartz Crystal Microbalance 

 Operated at every following station. 

Station Name Location Time (IST) 

Q1 8S,  16:45 
Q2 10S 14:00 
Q3 12S 09:00 

 Radio-Sonde balloon operations 

 Trial and 1st launch at 12N, 67E 

 In all 11 launches were carried out at following stations: 

LAUNCH 

NAME 

LOCATI

ON 

TIME 

(UTC) 

MAX. ALTITUDE 

(m) 

STN 01 12N, 67E 1200 33383.0 
STN 02 9N, 67E 1200 37208.3 
STN 03 6N, 67E 0830 31148.7 
STN 04 4N, 67E 1600 26095.7 
STN 05 2N, 67E 1130 32109.3 
STN 06 0, 67E 1400 25517.5 
STN 07 2S, 67E 1830 30304.9 
STN 08 4S, 67E 1930 33887.3 
STN 09 6S, 67E 2300 19763.1 
STN 10 9S, 67E 04:30 33366.2 
STN 11 12S, 67E 10:00 35175.4 

 



 

Operation Details 

 Two Microtops II Sun photometers were used to measure the Aerosol Optical Depth (AOD) 

at in all 6 channels (380, 440, 500, 675, 870, 1020) every 30 minutes interval, in clear sky 

condition beginning from Goa. The data will be downloaded from the instrument later for 

analysis and interpretation. 

 The Aethalometer was used to measure the ambient black carbon mass concentration 

throughout the cruise beginning from Goa.  

i. The instrument was placed in the bow of the ship in order to prevent contamination 

from all kinds of exhaust that the ship may generate. 

ii. Even if the contamination is present, it can be easily detected from the plots of Black 

Carbon mass concentration v/s time and taking help of the weather parameter-wind 

direction. 

iii. The data will be downloaded from the instrument later for analysis and interpretation. 

 

 The aerosol differential mass concentration was measured using Quartz Crystal 

Microbalance. 

i. According to the designated stations, the QCM was operated to measure the aerosol 

differential mass concentration. 

ii. The data will be downloaded from the instrument later for analysis and interpretation. 

 

 The weather parameters – temperature, pressure, wind-speed and wind-direction were 

determined using the Kestrel 4500BTPocket Weather Monitor.  

i. The weather tracker was placed near and exactly above the inlet of the Aethalometer to 

help track the wind direction to help filter out the error points from Black Carbon mass 

concentration data. 

ii. The data was generated at every 10 minute interval. 

 

 

 

 

 



 

 

 

 The profiles of potential temperature, relative humidity, pressure, wind speed and direction 

upto an average of 30Km were generated using the Radiosonde. Plots of potential 

temperature and specific humidity up to an altitude of 3Km are shown in respective figures. 

 

 
Figure 2: Potential Temperature estimated from the parameters measured by the weather balloon. 

 
Figure 2: Specific humidity estimated from the parameters measured by the weather balloon. 

 

The data collected from the given instruments on the expedition, will be analysed for its 

correctness and then processed and interpreted for understanding physical processes that took 

place in the duration of International Indian Ocean – 2 Cruise – 1 region. 



Appendix 4:  Planktonic gastropod sampling 
 

Deborah Palmer, Plymouth University, UK 
 
We have been successful in meeting the aims and objectives set out for the sampling of 
planktonic gastropods and other zooplankton during SN105.  Samples were collected at 4 
stations (Fig. 2) using a one-meter diameter ring net with a mesh of 350 µm and a 
depressor weight of 30 kg. The net was deployed at the optimum sampling time, before 
sunrise (typically at 04:00 local time) and towed behind the ship at 1.5 knots for 20 
minutes. This sampled around 1000 m3 of water at each station.  
 

 
 
Figure 1. Zooplankton sampling with the 1 m diameter ring net during SN105 and 
Atlanta oligogyra from stations SN105_01 and SN105_04. 
 
This technique successfully captured atlantid heteropods and other planktonic gastropods 
at all sites, achieving the main aim of the planktonic gastropod sampling. Each ring net 
sample contained over 100 atlantid heteropod specimens (Table 1) and over 400 
additional planktonic gastropods.  
 
Table 1. Summary of specimens caught at each station. PG = planktonic gastropods. 
 

Station Water volume 
sampled (m3) 

Number of 
atlantids 

Number of 
additional PG 

Total number of 
PG species 

SN105_01 1601.57 310 452 21 
SN105_04 1005.36 110 975 22 
SN105_08 1014.98 205 722 30 
SN105_19 1537.20 147 433 29 

 
Observations of live atlantid specimens: For all stations, observations were made of live 
atlantid specimens. Swimming, feeding and grooming behaviour was observed, but was 
difficult to capture digitally (Fig. 1). Observations suggest that atlantid swimming 
techniques are much different to those of other planktonic gastropods, using a side-to-
side rowing motion, rather than the flapping motion that pteropods use. In addition, 
several specimens remained alive and active within a beaker kept at ambient conditions 



in the laboratory for 36 hours after collection. This has important implications for the 
culturing of atlantids under laboratory conditions, particularly for ocean acidification 
research. Further development of a lab system with constant water flow is necessary to 
encourage specimens to remain in suspension rather than resting on the bottom of the 
tank. 
 
Atlantid biogeography: Species of atlantid heteropod collected during SN105 are 
comparable to those collected during the 1964/65 Meteor Expedition of IIOE-1. 
However, one additional species, Oxygyrus inflatus, was found at stations SN105_04, 
SN105_08 and SN105_19, extending the known range of this species to the northwest 
Indian Ocean. In addition, more detailed information has been added on the vertical 
distribution of atlantids, constraining their range at dawn to the upper 70 m. A number of 
specimens were also captured in bongo net samples collected at the ocean surface (upper 
3 m). 
 

 
 
Figure 2. SN105 zooplankton stations (red) and stations where atlantid heteropod 
specimens have previously been collected for DNA barcoding (green). 
 
Future molecular and morphological analysis: All zooplankton samples collected 
during SN105 have been preserved in the optimum way for molecular and morphological 
analysis, either in 96% ethanol or RNA later. The stations sampled during SN105 fill a 
large geographical gap in the availability of planktonic gastropod specimens, particularly 
atlantid heteropods, for molecular analysis (Fig. 2). Previously, there were no adequately 
preserved specimens available from much of the northern Indian Ocean.  In collaboration 
with the Naturalis Biodiversity Center, Leiden (NBC), all species of atlantid heteropod 
from each SN105 station will be DNA barcoded at the COI gene. This will help to build 
up a COI database and will allow us to carry out a thorough global investigation of 
atlantid molecular ecology and phylogeny. Specimens will be imaged using specialist 
techniques (microCT and SEM) and these images will be included in an open access 
online atlantid identification key. Morphological and molecular analysis will also be 
carried out on other zooplankton groups collected during SN105. Pteropods, chaetognaths 
and amphipods from these stations will be studied by Katja Peijnenburg at NBC. 



Appendix 5: Biogeochemistry of Dissolved gasses and Macro nutrients 
  

Amit Sarkar  

National Centre for Antarctic and Ocean Research (NCAOR). Goa. 

1. Introduction 

The North Indian Ocean and its neighboring continents are characterized by their unique 

climatic conditions due to strong monsoonal wind reversal. The southwest monsoon 

which determines the intensity of rainfall over the land is a function of ocean-

atmospheric interaction and is tele-connected with warming physical processes like El 

Nino and Indian Ocean Dipole. In response to this forcing, the upper ocean circulation 

and hydrography show strong variability. Northern Indian Ocean also harbors different 

distinct biogeochemical regimes. The western and eastern Indian oceans (mainly Arabian 

Sea and Bay of Bengal) are fairly productive compared to the equatorial Indian Ocean. 

Since the first International Indian Ocean Expedition, our understanding of the 

biogeochemistry of this region has increased considerably. The most recent studies reveal 

that the Indian Ocean has been warming continuously for more than a century, at a rate 

faster than any other region of the tropical oceans. Summer sea surface temperature in the 

central-east Indian Ocean warm pool increased by 0.7°C and the western Indian Ocean 

suffered warming of 1.2°C. However, the biogeochemical consequences of this warming 

needed further research. The present study, integrating biogeochemical cycling of 

Carbon-di-oxide, Dissolved Gases and Macro nutrients was designed and implemented to 

improve our scientific understanding and predictive capability of the Indian Ocean 

biogeochemistry.  

 

2.Objectives 

The principle objectives of the present study are- 

• Investigate the biogeochemical cycling and fate of carbon dioxide and 

dissolved oxygen in the Northern Indian Ocean. 

• To understand the nutrient dynamics – processes and water masses 

governing its distribution along the cruise track. 



 

3. Materials and methods 

3.1 Study area and sampling locations 

Sampling for hydrographical and biogeochemical surveys along the water column from 

surface to 1000m deep (2000m occasionally) was done at 10 stations. The details of 

sampling locations are listed in Table 1. 

 

Figure:1. Sampling locations for biogeochemical studies during IIOE2 –SN105 

 

 

Sr No. Station 

ID 

Latitude Longitude Date Sampling 

depth (m) 

Parameter 

collected 

       

1 STN#1 11.8877 66.9706 07/12/2015  

 

pH, DIC, 

Alkalinity, 2 STN#2 8.0005 67.0787 09/12/2015 



3 STN#3 4.3923 67.0078 11/12/2015 0, 10, 30, 

50, 75, 100, 

150, 200, 

300, 500, 

750, 1000, 

1250, 1500, 

1750 and 

2000 

Dissolved 

oxygen, 

Macro 

Nutrients,  

4 STN#4 1.9988 67.0078 12/12/2015 

5 STN#5 0.9941 67.0464 13/12/2015 

6 STN#6 0.0110 67.0556 13/12/2015 

7 STN#7 -2.0001 67.0016 14/12/2015 

8 STN#8 -2.9531 67.0008 15/12/2015 

9 STN#9 -3.9974 66.9944 15/12/2015 

10 STN#10 -5.02238 66.9911 16/12/2015   

 

Table 1:  Particulars of sampling locations along the cruise track 

 

3.1.3 Physico-chemical profiling: 

Profiles of temperature and salinity were obtained from by CTD system (Sea-Bird 

Electronics). Water samples were collected from 12-16 preselected standard depths (0, 

10, 30, 50, 75, 100, 150, 200, 300, 500, 750, 1000, 1250, 1500, 1750 and 2000 m) with 

free-flow Niskin bottles (5l) attached to CTD-rosette system. To study the carbon-di-

oxide system pH, DIC and total alkalinity were measured on board. pH was data obtained 

using a Metrohm pH meter, Potentiometer and also spectrophotometrically. Total 

alkalinity was measured using a Metrohm potentiometer. DIC samples were fixed with 

mercuric chloride and were analysed using UIC coulometer. Dissolved oxygen in water 

samples were fixed immediately and measured by the Winkler titration method 

(Grasshoff 1983; detection limit ~2µM). Concentrations of macro nutrients NO3
-, NO2

- , 

NH4
+ , PO4

3- and SiO4 4- were determined onboard using a SKALAR autoanalyser at a 

precision limit of 0.01, 0.01, 0.05,  0.03 and 0.5 µM respectively.  

 

 

 



4. Preliminary results  

4.1 Carbon-di-oxide system (pH, DIC and Alkalinity) 

pH is the crucial parameter to study the dissolve  CO2 dynamics and estimate its fluxes 

along surface ocean and lower atmospheric boundary. Sea water pH is largely depended 

on temperature which is an important regulator of diffusibility of atmospheric gases into 

sea water. Surface waters didnt show significant changes in pH. Lowest pH values were 

observed inside the core of oxygen minimum layer in the north of equator which has 

increased slightly in the south (Figure 2). 

 
   

Fig.2: pH distribution 



4.2 Dissolved Oxygen 

Dissolved oxygen concentration decreased from ~200 µM in the surface layer to ~70µM 

at 100m depth along the cruise track and decreased further at the core of oxygen 

minimum zone (OMZ). However, at 300m depth of all sampling locations an elevation 

(~10µM) in oxygen concentration was observed (Figure 3).  

 

Figure 5: Depth distribution of dissolved oxygen  



Appendix 6: Bio-optical properties 
Nagur Cherukuru, CSIRO Oceans and Atmosphere, Canberra, Australia. 
Nagur.cherukuru@csiro.au 
Rationale:  
Biogeochemical components in the oceans are influenced by physical oceanographic and 
meteorological processes in the region. The concentration, composition and size of 
particulate and dissolved substances change in response to the varying spatial and 
temporal hydrodynamic regimes. With changing biogeochemical properties the inherent 
optical properties (such as absorption, scattering and backscattering) of particulate and 
dissolved substances will also change. Changing inherent optical properties define the 
light propagation in the water column and across the air-water interface. Thus 
understanding the optical properties and bio-optical relationships is essential in 
developing optical models that provide realistic estimates of light propagation in the 
Indian Ocean. 
Study region:  
To understand the bio-optical properties and their variability in the Indian Ocean region 
we sampled along the 67˚ longitude. This transect included 15 optical stations (Figure 1) 

 
Figure 1: Optical stations visited during the IIOE-2 cruise during 2- 22 December, 2015. 
Bio-optical measurements made:  
Water samples were collected from the surface to measure, total suspended solids, total 
chlorophyll-a concentration, dissolved organic carbon, particulate absorption, absorption 
due to phytoplankton, absorption due to coloured dissolved organic matter. Along with 
surface measurements at few stations (five) bio-optical measurements were also made at 
deep chlorophyll maxima and at the bottom of the photic zone (1% PAR). Bio-optical 
measurements were made mainly by water filtering. Collected samples will be analysed 
at the CSIRO laboratories in Hobart, Australia. 
 
 
 
 
Table1: List of measurements made along the  transect. Optical measurements include 
light absorption due to phytoplankton, non-algal particulate matter and coloured 
dissolved organic matter. 



Stn 
No. 

Lat 
(˚) 

Long. 
(˚E) 

UTC  
date 
 
 

UTC 
Time 
 
 

Water 
sample 
Depths 

(m) 

Optical 
measuremen

t 
 

Concentratio
ns 
 

1 11.89 66.97 6/12/15 12:00 0,35,100 √ TSS,TChl-a 
3 9.00 67.00 8/12/15 02:25 0 √ TSS,TChl-a 
4 7.79 67.02 9/12/15 08:29 0,55,75 √ TSS,TChl-a 

6 6.01 67.00 10/12/15 06:03 0 
√ TSS,TChl-a, 

DOC 

8 4.39 67.01 11/12/15 00:36 0,55,80 
√ TSS, TChl-a, 

DOC 

FT-1 2.88 67.01 12/12/15 02:07 0 
√ TSS, TChl-a, 

DOC 

11 2.00 67.00 12/12/15 09:44 0 
√ TSS, TChl-a, 

DOC 

12 1.00 67.02 12/12/15 19:10 0 
√ TSS, TChl-a, 

DOC 

13 0.51 67.02 13/12/15 01:15 0 
√ TSS, TChl-a, 

DOC 

15 0.01 67.06 13/12/15 12:14 0 
√ TSS, TChl-a, 

DOC 

17 -1.04 67.01 14/12/15 04:11 0 
√ TSS, TChl-a, 

DOC 

18 -1.98 67.00 14/12/15 15:00 0 
√ TSS, TChl-a, 

DOC 

19 -2.95 66.99 15/12/15 07:00 0,50,80 
√ TSS, TChl-a, 

DOC 

20 -4.00 67.00 15/12/15 16:30 0 
√ TSS, TChl-a, 

DOC 

21 -5.02 67.00 16/12/15 04:00 0 
√ TSS, TChl-a, 

DOC 
 
Expected Outcomes: 
I expect the analysis of the bio-optical measurements to reveal for the first time the bio-
optical properties of the Indian Ocean, their variability across the equator and differences 
in bio-optical relationships from surrounding regions. Such a dataset would certainly fill 
the knowledge gap existing in this part of the Indian Ocean. 



Appendix 7: Phytoplankton taxonomy  
Dr. Ravidas K Naik 

NCAOR, GOA 
 
Introduction 
Phytoplankton the vital component of the ocean’s ecological and biogeochemical system, 

in addition to the role as primary producers, base of food web, they are the key drivers in 

the cycling of the elements and plays role in the regulation of atmosphere carbon dioxide. 

The cycling of the carbon in particular is modulated by the phytoplankton through the 

mechanism of photosynthesis and respiration (Aiken et al 1992). The variation of 

phytoplankton biomass, production and groups leads ecosystem of varying trophic status, 

characterizes the oceans and hence need to quantify on basin wide and global scale 

(Maranon et al. 2000). Knowledge on the qualitative and quantitative distribution of 

phytoplankton will be of fundamental importance in any attempt to understand the 

biological response to climate variability.  In addition to light microscopic analysis of 

phytoplankton, the phytoplankton pigments contribute to the portrayal of taxonomy of 

various algal classes and can be used diagnostically to classify the presence of individual 

groups in the natural samples. 

In view of the above the following objective was undertaken to study  

1) To study the spatial distribution of  phytoplankton community structure by 

using coupled approach of light microscopy and High Performance Liquid 

Chromatography (HPLC)  

To accomplish the above objective, the water samples were collected from total five 

stations along the northern equatorial, equatorial and southern equatorial regions of the 

Indian Ocean (Table 1). The sampling depths (0, 10, 30, DCM, 100, 120m) were selected 

after taking light and deep chlorophyll maxima into consideration.  The water samples 

were used for sample fixing for light microscopy and water filtration for 

chlorophyll/pigment analysis as follows:  

Sample collection for Light Microscopy 

500mL of water samples from each depth were fixed with Lugol’s solution and the 

samples were kept in dark and cool place for its further onshore laboratory analysis. In 

addition to this, microscopic analysis of haptophytes, 3L of samples from each depth 



were filtered through 0.8µm membrane filters and the filters were placed in Petri dishes 

to avoid the dust particale contamination (this method was used apart from fixing with 

Lugols solution, Since the preservatives like Lugol’s, contains the acid and that can 

dissolve the calcium carbonate shells of haptophytes and hence there is possibility of 

missing important component of phytoplankton in the former method).  

 

Sample collection for pigment analysis (High Performance Liquid 

Chromatography) 

Knowledge of the range of photosynthetic pigments in a sample can indicate the algal 

classes present in phytoplankton communities, information not available from simple 

chlorophyll and 'pheopigment' analyses. The application of HPLC in phytoplankton 

studies has extended the range of pigment separations. The chromatographic methods 

separate an array of chlorophylls and carotenoids, which act as indicators of 

phytoplankton biomass, and biological markers for algal types. 

In light of the above, 3L samples from each depth and station were filtered through GF/F 

filters (0.7 µm) and the filters were stored in -400C temperature to avoid the degradation 

of the pigment. The filtration was carried out at low temperature and dim light condition. 

The analysis of the samples will be carried out at onshore laboratories.   

References: 
1. Aiken J, Moore G F, Holligan P M (1992) Remote sensing of oceanic biology in 
relation to 
   global climate change.J Phycol 28:579–590 
2. Maranon E, Holligan P M, Varela M, Mourino B, Bale A J (2000) Basin-scale 
variability of 
    phytoplankton biomass, production and growth in the Atlantic Ocean. Deep-Sea Res 
Part I  
    47:825–857 
Table 1.  
 
Station 
No. 

Sampling Date Latitude Longitude Sampling Depth 

1 07/12/2015 11o53N 66058 3, 10,30, DCM, 100, 120 
2 09/12/2015 08o02.6N 67o04.6 4,10, 30, DCM, 100, 120 
3 11/12/2015 04o23.6N 67o03.2 4,10, 30, DCM, 100, 120 
4 15/12/2015 02o57.5S 66o59.8 3, 10,30, DCM, 100, 120 
5 16/12/2015 05o01.3S 66o59.4 4,10, 30, DCM, 100, 120 
 



Appendix 7: FRRf Measurements  

Understanding the trends in photosynthetic physiology and GPP based on Fast 

Repetition Rate fluorescence (FRRf) measurements and its influence in carbon cycle 

in the Indian Ocean 

Rajdeep Roy, ISRO-NRSC, DoS, Hyderabad, India 

Introduction: Phytoplankton primary production in the ocean plays a critical role in 

driving the marine carbon cycling where inorganic carbon is reduced by phytoplankton to 

make simple organic molecule in the presence of sunlight thus modulating air-sea CO2 

exchange. Till now number of methods have been used to measure primary production 

which includes oxygen evolution, isotopes and chlorophyll fluorescence with each one 

having its own limitations. Introduction of active chlorophyll a fluorescence protocols has 

enabled rapid assessment photosynthetic physiology in situ. The FRRf method generates 

simultaneous measurements of Photosystem II, effective absorption cross section and 

photochemical efficiency. One of the primary measurements done by FRRf is the 

quantum yield of PSII photochemistry. Quantum yield multiplied by the rate of light 

absorption is used to calculate the electron Transport Rate (ETR) which has been found 

to highly correlate with oxygen evolution raising the possibility of estimating Gross 

Primary Production (GPP). In IIOE-2 FRRf along with LICOR was used by ISRO-NRSC 

to understand the temporal trends in photosynthetic physiology and changes in 

atmospheric CO2in the Indian Ocean.  

Sampling stations: FRRf was connected to underway sea water intake and real time 

survey was initiated from 13 degree North and 67 degree east along with LICOR 

atmospheric CO2 measurements.  Samples for surface phytoplankton pigments and 



nutrients was taken every half a degree to understand the community dynamics and 

nutrient variability.  

Brief Results: The FRRF attached to the underway seawater source highlighted some 

significant trends. The Fv/Fm which is a proxy for the photosynthetic physiology 

exhibited higher values >0.3 within the north of the hydrochemcial front (10˚ N) and 

decreased rapidly thereafter in conjunction with chlorophyll a which remained constant at 

0.1 mg m-3 in the surface waters. A decrease in Fv/Fm to < 0.1 between 7 degree north to 

0.5 degree north suggest highly stressed phytoplankton biomass presumably due to 

presence of low nutrients and/or iron however showed marginal increase  at the equator 

to 1 degree south. Atmospheric CO2 measured by LICOR exhibited values less the 

atmospheric mixing ratios and varied between 366 to 381 ppm however increased rapidly 

> 400 ppm near to the equator suggesting some regional source. In general the 

atmospheric CO2 remained low suggesting the ocean acting as a net sink in most 

occasions. However with low phytoplankton biomass in the surface waters it remains 

quite intriguing how the ocean is acting as a net sink? which needs further investigation. 

 

Figure 1: a) LICOR LI-840A measuring real time atmospheric CO2 concentrations b) 
FRRf deployed inside underway sea water source measuring photosynthetic physiology 
in real time in conjunction with SBE underway temperature and salinity measurements.  

a) b) 



Appendix 9: Mesozooplankton standing stock and community structure 
  

V. Venkataramana, NCAOR, MoES, Goa, India 

Background: 
The tropical Indian Ocean generally considered as an oligotrophic region, hence the 

biological productivity in this region is ideally low,thus providing modest food to the 

higher tropic levels. During the northeast or winter monsoon season precipitation is low 

however, due to weak wind force which suppresses the upwelling as a result low 

nutrients supply to the subsurface region leads to decrease the biological production in 

various regions of the Indian Ocean (Gupta and Anderson, 2005). Secondary production 

in the world oceans is dominated by the herbivorous zooplankton. Major constituents of 

zooplankton community include copepods, chaetognaths, gastropods and amphipods as 

well as larval stages of meroplankton. Traditionally, copepods have been considered the 

most important metazooplankton group in pelagic food webs (Verity and Smetacek, 

1996; Kiørboe, 1998).The distribution of zooplankton depends on certain factors such as 

physical and chemical parameters, and availability of food material. This investigation is 

aimed at to study the interactions of hydrographic regimes, food components and 

composition of mesozooplankton with emphasis on the importance of phytoplankton 

biomass (Chl-a) in relation to the copepod community. The following specific objectives 

have been achieved during the investigation: 

  
Objectives: 

 To examine the mesozooplankton standing stock and community structure with 

respect to physicochemical and biological parameters. 

 To understand the potential reasons of changes in the zooplankton community 



 
Material and Method: 

Sampling took place during the International Indian Ocean Expedition-2-studies on 

biogeochemistry and hydrodynamics of the Indian Ocean cruise SN-105 on board R.V. 

SagarNidhithe data were collected between the 09th to 15th of December (Table: 1). 

Mesozooplankton samples were collected by horizontal bongo net (200µm mesh), the 

volume of water filtered by the net was measured with a calibrated flow meter 

(HydroBioss) mounted at the mouth of the net. Collected mesozooplankton samples were 

preserved immediately with 5% neutralized formalin/seawater after capture. Preserved 

samples will be taking to the laboratory for further analysis i.e. qualitative and 

quantitative analysis. 

Expected Outcome: 

From the present study it is expected that a better understanding on the (1) changes in the 

zooplankton biomass and community structure in relation to environmental parameters 

(2) role of phytoplankton biomass and particulate organic carbon in energy transfer to 

secondary tropical level. 

Preliminary results: 

Copepods were the most dominated taxon comprising 80% and significantly contributed 

to the total zooplankton biomass. Among the copepods calanoida was the most dominant 

followed by poecilostomatoida, cyclopoida and harpacticoida. Apart from copepod other 

zooplankton community such as chaetognaths, decapods, gastropods and amphipods were 

observed during the study period. The present study shows that herbivores zooplankton 

community (calanoids) are an important part of the primary consumers in the study 

region. 



 

Table.1: Surface transect sampling details for mesozooplankton. 
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Sl.
No 

Station 
ID 

Latitude 
Longitude 

Date Time of 
sampling 

Sampling 
depths 

Instrument 
operated/ 

Parameters 
collected 

 
1 ###1 8o.00.00  N 

67o.04.00  E 
09-12-15 04:40 am Surface Bongonet/mesozoo

plankton 
2 ###2 4o.23.496 N 

67o.00.149 E 
11-12-15 04:30 am Surface Bongonet/mesozoo

plankton 
3 ###3 2o.56.946 S 

67o.00.149 E 
15-12-15 05:30 am Surface Bongonet/mesozoo

plankton 



 
Fig 1: Copepod community 

 

 
Fig 2: Amphipods 

 

 

 

 

 
 
 
 

 
 



Appendix 10: Inherent and Apparent Optical Properties 

Aneesh Lotilekar 

INCOIS, MoES, Hyderabad, India 

The upper ocean radiative transfer of visible spectrum has significant potential for local 

heating and thus has implications for thermal and dynamical processes as well as for 

ocean–atmosphere interactions. A 10 w-m-2 change in the quantity of solar radiation 

absorbed within a 10m layer can result in a temperature change of more than 0.680C 

month-1. Subsequently, subsurface heating due to shortwave radiaiton may lead to 

weakening of stratification resulting in deeper mixed layers and hence less upwelling and 

entrainment. The quantification of subsurface radiant flux is also important parameter in 

climate models to account for the energy budget in the upper ocean. The propagation of 

solar radiation in the upper ocean is largely controlled by the presence of light attenuating 

substances. In oligotrophic case-1 waters, phytoplankton pigment, chlorophyll-a (chl-a), 

and its accessory pigment play a dominant role in attenuation of light. 

During first International Indian Ocean Expedition (IIOE) (1959-65), bio-optical 

observations were not carried out probably due to lack of instrumentation and poor 

understanding on role of optics in estimating radiant heating in wide spatio-temporal 

scale. Therefore during first expedition of IIOE-2, it was proposed to carry out bio-

optical observations with aid of advanced active and passive optical instruments to 

understand the north to south variability in subsurface optical flux influenced by 

phytoplankton pigment and other optically active substances. 

During the first expedition of IIOE-2 onboard ORV SN-105, two optical instruments 

were operated measuring apparent optical properties (AOP) using hyperspectral 

radiometer and inherent optical properties (IOP) using optical profiling suit. 

Hyperspectral Radiometer (Satlantic™) 

This standalone instrument (Make: Satlantic; Model: HyperProII) measures underwater 

light field. The instrument has three sensors measuring radiance and irradiance. One 

irradiance sensor is mounted on deck to measure surface solar irradiance (Es). The other 

two sensors measuring downwelling irradiance (Ed) and upwelling radiance (Lu) were 



mounted on the profiling frame. The sensors measure radiance / irradiance in a spectral 

range from 305 to 1100 nm. Apart from these, the ancillary sensor, mounted on profiling 

frame, measures profiles of temperature, salinity, chlorophyll fluorescence, CDOM 

fluorescence and backscattering in red band. 

 

Figure 1: The deck mounted irradiance sensor (left) and profiling unit (right) of 

hyperspectral radiometer 

The radiometer was operated at four stations on 7th, 09th, 11th and 15th December. At each 

station three casts were taken. The preliminary analysis showed typical oligotrophic 

characteristics of subsurface optical variability. The downwelling irradiance in blue-green 

(450-500nm) band propagated to the maximum depth. The upwelling radiance was 

maximum in blue (400-450nm) band at the surface giving deep blue colour to the surface 

waters. The deep chlorophyll maxima varied between 55 to 60 m whereas the euphotic 

depth between 75 to 80 m. Spectral profile of Downwelling irradiance and upwelling 

radiance measured on 11th December 2015 is presented as Figure 2. The profile of 

chlorophyll and PAR measured on 11th December is presented as Figure 3. 



 

Figure 2: Spectral profile of Downwelling irradiance (left) and upwelling radiance 

(Lu) measured on 11th December 2015 



 

Figure 3: Vertical profile of chlorophyll and PAR measured on 11th December 

 
 
 
 
Inherent Optical Properties (IOP) profiling suit (WETLabs, HobiLabs & Sea-Bird) 
The custom built instrument suit contains active optical sensors measuring absorption, 

attenuation, backscattering, chlorophyll, CDOM, turbidity, PAR along with CTD (Figure 

4). The details of each sensor is given below. 

ac-s sensor: ac-s stands for the absorption and attenuation spectra sensor. The ac-s sensor 

from WETLabs measures absorption and attenuation coefficients giving a full spectrum 

in the range of 400-730 nm wavelengths with a spectral resolution of 4nm by employing 

two flow tubes of 25 cm length. It has an accuracy of 0.01m-1. It can operate up to a depth 

of 500m with a 4 Hz data acquisition frequency. 

BB9 sensor: It measures the backscattering coefficient at nine wavelengths: 412,510,532, 

595, 440, 650, 488, 676, 510 and 715nm. The instrument can operate up to a depth of 

600m. The BB9 uses nine LEDs (modulated at 1 kHz) for source light. The source light 

enters the water volume and scattered material is detected by a detector positioned where 

the acceptance angle forms a 117- degree intersection with the source beam. The raw data 



is processed to volume scattering coefficients which are then converted to backscattering 

coefficient by the host program. It operates in a temperature range of 0–30º C. 

BBFL2 sensor: The WETLABS BBFL2 measures the Chlorophyll fluorescence signal at 

695 nm (EX: 470nm) (Range: 0–125, Sensitivity: 0.016 µg/l) which can indicate the 

chlorophyllconcentration, CDOM fluorescence at 460nm (EX: 370nm) (Range: 0–500, 

Sensitivity: 0.093 ppb) and Volume scattering at 650nm (Range: 0-3, Sensitivity: 

0.002m-1). 

PAR Sensor: The PARB model from WETLABS is used for measuring 

Photosynthetically Active Radiation (PAR). It has a range of 0–6500 µmol photons/m²/s. 

NTURT sensor: The WETLABS NTURT measures the Turbidity in Nephelometric 

Turbidity Units (NTU). It has a range of 0–1000 and sensitivity of 0.123 NTU. It has an 

operational depth of 6000m. 

HydroScat-6: HydroScat-6 measures backscattering at six wavelengths (420, 440, 488, 

550, 676 and 852 nm). 

SBE FastCAT49 CTD: The sensor is designed to measure Conductivity, Temperature & 

Depth. The SBE 49 FastCAT is an integrated CTD sensor intended for towed vehicle, 

ROV, AUV, or other autonomous profiling applications in marine or freshwater 

environments at depths up to 350 meters. The FastCAT’s pump-controlled, TC-ducted 

flow minimizes salinity spiking, and its16 Hz sampling provides very high spatial 

resolution of oceanographic structures and gradients. Its pressure sensor is micro-

machined, silicon strain. Sophisticated interface circuitry provides very high resolution. 

The temperature measurement range is -5 to +35º C. Conductivity sensor measurement 

range is 0 to 9 S/m and pressure sensor range is from 0 to 350m. 



 

Figure 4: Inherent Optical Properties (IOP) profiling suit 

The IOP profiling suit was operated at seven stations on 07th, 09th, 11th, 13th, 14th, 15th and 

16th December onboard SN-105. At stations on 09th, 11th and 15th December two profiles 

were taken measuring total and CDOM absorption. For measurement of CDOM 

absorption, a 0.2 µm filter was fitted in front of the flow tube. The total absorption (a) 

and attenuation coefficient (c) measured at DCM measured on 13th December is shown as 

Figure 5. The primary (440nm) and secondary absorption peak (670nm) of chlorophyll 

absorption is clearly evident. 

 

Figure 5: Spectral variability of total absorption coefficient (a) and attenuation 

coefficient (c) at DCM measured on 13th December. 

Station Log 
Station No. Date Latitude Longitude IOP Radiometer 



Stn-01 07 11.80 66.97 Y Y 

Stn-04 09 07.79 67.02 Y Y 

Stn-08 11 04.39 67.01 Y Y 

Stn-15 13 00.01 67.06 Y Y 

Stn-17 14 -1.04 67.01 Y N 

Stn-19 15 -2.95 66.99 Y Y 

Stn-20 15 -4.00 67.00 Y N 

Stn-21 16 -5.02 67.00 Y N 

 



Appendix 11: Ambient noise measurement 
 
S. Najeem, NIOT, Chennai 
Ocean ambient noise measurements are useful to study the natural sounds generated by 

physical processes such as bubble oscillation from wind and rain, earthquakes, internal 

waves, sounds generated by marine species as well as anthropogenic sound. Ambient 

noise data can also be used to invert information regarding sea surface, water column and 

the seabed. The background noise plays significant role in underwater acoustic signal 

processing since it affects the detection of the signal of interest. Ambient noise data taken 

from shallow waters along east and west coast of India have been used for spectral 

estimation, seabed characterization and modelling studies. Studies focusing on the 

analysis of deepwater ambient noise in the Indian Ocean are meager.  

The objective of noise measurement in this cruise (SN-105, ORV Sagar Nidhi) is to study 

the spectral and spatial characteristics of ambient noise in deep water due to natural and 

man-made sources. The details of measurements are given in the following table. 

Station 
No. 

Latitude & 
Longitude 

Date of 
measurement 

Depth 
(m) 

No of 
datasets 

Hydrophone 
used 

1 11o.53.26  N 
66o.58.24  E 

07-12-2015 4222 4 B&K8106 

2 7o.47.24  N 
67o.01.31  E 

09-12-2015 4618  5 Reson 4014 

3 4o.23.6  N 
67o.03.00  E 

11-12-2015 3354 12 B&K8106 

4 2o.57.5  N 
66o.59.8  E 

15-12-2015 3550 8 B&K8106 

5 5o.01.3  N 
66o.59.6  E 

16-12-2015 3938 2 Reson 4014 

Table 1: Deep water ambient noise measurement locations along IIOE-2 cruise. 
 
Ambient noise is recorded using hydrophone up to 60 m of the water column. The 

omnidirectional hydrophone is capable of measuring noise in the frequency range 0.1-25 



kHz with a receiving sensitivity of -170 dB re 1V/µPa. Noise data were sampled at 50 

kHz and recorded for 60 s at appropriate depths in the water column up to 60 m. In 

addition to ambient noise, other environmental information, such as wind speed and 

sound speed profile from the sites were also collected.  

Measured data set can be used for the spectral and spatial characterization of background 

noise in deep water. The data will provide insights about the directionality pattern of 

ambient noise up to 60 m depth and later can be used for the theoretical modelling of 

noise spatial characteristics such as directionality and coherence. Initial analysis shown 

the influence of generator induced noise of the ship in most of the datasets and needs to 

be filtered out to study the level of sound generated by natural sources. The initial results 

of oscillogram and the corresponding normalized spectrogram for ambient noise at 10 m 

depth are given in the following figure. 

 



 

Figure 1: The oscillogram and corresponding spectrogram of ambient noise for the first 

10 seconds. 

 
 



 Appendix 12: Density measurements to evaluate the TEOS-10 algorithm 
 
The aim of the proposal by Dr. Hiroshi Uchida, JAMSTEC is to evaluate and update 

newly adopted methods of salinity estimation by international oceanographic commission 

(IOC) of UNESCO. IOC has adopted the international thermodynamic equation of 

seawater 2010 (TEOS-10) in June 2009. TEOS-10 recommends use of absolute salinity 

instead of practical salinity. No sensor available today can accurately measure absolute 

salinity. Uchida et al,. (2011) have reported systematic bias in newly adopted salinity 

measurement scheme. The absolute salinity measurement in the Chagos-Laccadive region 

of the Indian Ocean is limited. The density samples collected onboard SN 105 will be 

valuable for future updation of the estimation method. 

Density samples for accurate salinity measurement have been collected from 11 different 

stations on board SN 105. Samples were collected in 100ml aluminium bottles and have 

been stored onboard at room temperature. Samples will be shipped to JAMSTEC for 

analysis and the data will be submitted to ESSO-INCOIS soon after the analysis. Details 

of sampling location and sampling depths are given in table below: 

 

S. No Station Name Latitude Longitude Depth (m) 
1. S1 11o53N 66o58 100 

36 
13 
3 
 

     
2. S3 09o00.2N 66o59.8 E 1000 

750 
500 
300 
200 
50 
3 

 
3. S5 07o00.3N 66o59.9 E 1000 

750 
500 
300 
200 
50 



3 
 
4. S6 06o00.3N 66o59.8 E 1000 

750 
500 
300 
200 
100 
50 
5 

 
5. S8 04o23.4N 67o00.0 E 1000 

750 
500 
300 
200 
100 
50 

 
6. S11 02o00.0N 67o00.3 E 1000 

750 
500 
300 
200 
100 
50 

 
7. S12 01o00.2N 67o01.0 E 1000 

750 
500 
300 
200 
100 
50 

 
8. S15 00o00.6N 67o03.5 E 500 

300 
200 
100 

 
9. S18 01o59.9S 67o00.0 E 1000 

750 
500 
300 
200 



100 
50 

 
10. S20 03o 59.8S 66o 59.7 E 1000 

750 
500 
300 
200 
100 
50 

 
11. S21 05o01.3S 66o59.6E 1000 

750 
500 
300 
200 
100 
50 

 
 
 
 
 
 



Appendix 13: Primary Productivity, Suess Effect and Isotopic Food Web 
 

Bhavya P. S., Physical Research Laboratory, Ahmedabad, India 
 
Proposed research aims:- 

 To estimate primary productivity, NO3– and NH4+ uptake rates. 
 To check the oceanic Suess effect using carbon isotopic composition of 

dissolved inorganic carbon (13CDIC).   
 To construct a marine isotopic food web using isotopic compositions of 

nitrogen (N) and carbon (C) in the particulate organic matter (POM) 
and zooplankton. 

Table 1. Sampling details 
 

Date Depth
Latitude Longitude (m) C and N uptake 13C &13N POM 13C-DIC

07-12-2015 11o53N 66o58 E 150 * *
08-12-2015 07o59.5N 67o04.9 E 1200 *
09-12-2015 08o01.2N 67o05.3 E 150 * *
09-12-2015 07o00.3N 66o59.9E 1200 *
10-12-2015 06o00.3N 66o59.8 E 1200 *
11-12-2015 04o23.4N 67o00.0 E 150 * *
11-12-2015 04o23.7N 67o01.1 E 2200 *
12-12-2015 02o00.0N 67o00.3 E 1200 *
13-12-2015 00o25.2N 67o03.5 E 1200 *
15-12-2015 02o56.7S 67o59.3 E 150 * *
15-12-2015 03o59.8S 66o59.7 E 1200 *
16-12-2015 05o00.6S 66o59.7E 150 *
16-12-2015 05o01.3S 66o59.6 E 1200 *

SamplingPosition

 
Methodology 
1. Primary productivity NO3ˉ and NH4+ uptake rates 

Two stable isotopes of N are 14N and 15N which contribute 99.636 and 
0.364%, respectively, to the total N in the environment. Similarly, C has 
12C and 13C as two stable isotopes having abundance of 98.887 and 
1.113%, respectively. Lower abundance of heavier isotope is used as tool 
for isotope labelling technique which is used for estimation of rates of 



different pathways in N and C cycles.  Here, we used this method for 
estimation of C and N uptake rates. 

Samples were collected from different light levels in euphotic zone (100%: 
surface, 85%: 4m, 60%: 13m, 25%: 36m, 8.25%: 65m, and 1%: 120m) and 
were transferred to 2L polycarbonate bottles. The sample bottles were 
covered with light filters of same light levels. Further, samples were 
spiked with 99 atom% enriched NaH13CO3, 15NH4Cl, and Na15NO3 to 
trace C, NH4

+, and NO3ˉ uptake rates, respectively. Tracer additions were 
less than 10% of the ambient concentrations. The incubation was carried 
out at deck for 4hrs (10 am – 2 pm) (Figure 1).  

 
Figure. 1: Incubation of C and N uptake samples. 

Post incubation samples were filtered onto pre-combusted (4 hrs @ 
450C) 47 mm Whatman GF/F (0.7m) filters and dried at 50ºC 
overnight. The mass spectrometric analyses of samples will be 
performed using a continuous flow stable isotope ratio mass 
spectrometer (IRMS, Delta V Plus) connected to an elemental analyzer 
(Flash EA 2000).  



2. 13CDIC 
Depletion in C isotopic composition of DIC (13C) in the sea water due 
to mixing of anthropogenic CO2 (fossil fuel burning) is called oceanic 
Suess effect. The oceanic Suess effect in the Indian Ocean was reported 
to be 0.13 ‰ per decade by Sonnerup and Quay, 2000 based on 
GEOCES 1978 and WOCE 1994-1995 expeditions. To check whether 
Indian ocean is getting acidified by anthropogenic CO2 we use 13CDIC 
as a proxy here.  

Samples (Depths: 3m, 10m, 30m, 50m, 75m, 100m, 150m, 200m, 
300m, 500m, 750m, and 1000m) were collected in 12 ml exetainers in 
duplicates. Exetainers were filled up the brim to ensure the absence of 
air bubble. Further, saturated mercuric chloride solution was injected 
using a syringe to stop the biological activity. The measurement of 
isotopic composition will be performed in isotope ratio mass 
spectrometer (IRMS: MAT 253) attached to a Gasbench system.  

3. Marine isotopic food web 

Stable isotopic composition of N and C (13C and 15N, respectively) are 
widely used to identify sources, infer processes, estimate metabolic 
rates, understand diet at different trophic levels, and validation of 
different biogeochemical models.  
Samples from 4 stations (as per the table 1) at 6 depths (Surface, 4m, 
13m, 36m, 65m, and 120m) in the photic zone were collected. 2L of 
samples from each depth were filtered on to 0.7m GF/F filters to 
collect suspended POM (mostly phytoplankton). These samples will be 
undergone 13C and 15N analysis using IRMS attached to an 
elemental analyzer (Flash EA 2000). Similar isotopic measurements 
will be performed for different zooplankton species collected during the 
same cruise to construct a marine isotopic food web.  

 
 



Appendix 14: Seawater calcium and alkalinity 
 
Bridging the gap between measurements of seawater calcium and 
alkalinity in the Tropical Indian Ocean for calculations of water column 
CaCO3 dissolution rate  
 
Zvi Steiner, The Hebrew University, Israel 
 
Introduction 

Over the recent past, large and increasing amounts of CO2 have been emitted to the 

atmosphere as a result of fossil fuel burning. A significant portion of this CO2 is absorbed 

by the ocean, causing continuous acidification of the ocean surface waters, and yet 

limiting the amount of CO2 that will accumulate in the atmosphere (Caldeira and Wickett, 

2003; Doney et al., 2009).  It is predicted that the oceans will ultimately, over the course 

of the next few millennia, absorb the majority of anthropogenic CO2; the ocean’s capacity 

for CO2 is expected to increase due to reduced calcification rates of marine organisms, 

enhanced dissolution of calcium carbonate minerals (CaCO3) and downwelling of 

seawater enriched with CO2 in high latitudes (Archer et al., 2009; Feely et al., 2004; 

Ilyina and Zeebe, 2012). In recent years significant efforts have been devoted to studying 

the interactions between elevated CO2 concentrations and the production and dissolution 

of CaCO3. Yet, current predictions of the effect ocean acidification will have on the 

marine CaCO3 cycle are still limited in their reliability since different calcifying 

organisms respond differently to excess CO2(Ries et al., 2009) and there is large 

uncertainty associated with the rate of CaCO3 dissolution (Gehlen et al., 2005; Hales and 

Emerson, 1997; Morse et al., 2007). 

To predict where and how quickly the ocean will assimilate the excess anthropogenic 

CO2 it is crucial to understand what is governing CaCO3 dissolution. Calculations have 

suggested that water column dissolution should be less important than dissolution within 

surface sediments, which occurs over much longer timescales (Jansen et al., 2002). There 

is, however, growing experimental evidencethat CaCO3 dissolution occurs both in the 

water column and in the surface sediments (Berelson et al., 2007; Honjo et al., 2008; 

Milliman et al., 1999; Sabine et al., 2002); this is based on measurements of seawater 



alkalinity as a measure of the carbonate (CO3
2-) ion concentration (released through 

CaCO3 dissolution) and comparison among settling CaCO3 particles collected at different 

depths.  However, the alkalinity of seawater is also affected by organic matter oxidation 

within the water column and comparisons of settling material from the surface water, 

intermediate waters and onto oceanic sediments involve processes that operate on very 

different timescales. Therefore, neither of these methods is specific only to water-column 

CaCO3 dissolution.  

There is a wealth of data regarding the parameters governing carbonate chemistry in the 

oceans (Takahashi et al., 2014) but few published profiles of calcium concentrations.  

These profiles demonstrate that there are small but measureable variations in the oceanic 

calcium concentration with depth and between different basins; this implies a large flux 

as the residence time of calcium in the ocean is nearly one million years(Horibe et al., 

1974; Sen Gupta et al., 1978; Sen Gupta and Naqvi, 1984; Tsunogai et al., 1973). Yet, the 

measured changes in calcium concentrations were often close in magnitude to the large 

measurement error.  Furthermore, there is a persistent discrepancy between calcium 

concentrations and alkalinity measurements; often measured calcium concentrations are 

higher than would be suggested for the measured changes in alkalinity(de Villiers, 1998; 

Naqvi and Naik, 1983). Previous studies from the Indian Ocean clearly showed that 

variations in calcium concentration in this region are larger than in other oceans 

(Krumgalz, 1982) as well as the existence of a discrepancy between calcium and 

alkalinity measurements (Naqvi and Naik, 1983). This discrepancy may result from the 

operational definition of total alkalinity as a charge balance between major cations and 

anions and as such total alkalinity is impacted by any charge transfer reaction (Brewer et 

al., 1975).  It was recently shown that alkalinity/calcium ratios may vary throughout coral 

calcification experiments with changing experimental conditions (Murillo et al., 2014), 

meaning that changes in alkalinity may not represent calcification rates reliably, and by 

extension that CaCO3 dissolution may not produce a predictable change in alkalinity.  

Recent improvements in analytical instrumentation should enable higher precision in 

calciumconcentration measurements than previously possible. The use of an isotope 

double spike will enable not only the precise measurement of the instrumental mass 

fractionation but also accurate determination of the dilution factor between a sample and 



a spike of known composition (Rodriguez-Gonzalez et al., 2005; Rudge et al., 2009). 

This method will enable far more precise determinations of ionic concentrations. As a by-

product, the isotopic ratios will also be determined. The isotopic fractionation of alkaline 

earth metals during CaCO3 precipitation/dissolution and the ratio by which strontium 

enters CaCO3 crystals is unique and thus could be isolated from external sources of 

calcium along an ocean transect such as groundwater discharge, hydrothermal fluids or 

alterations with basalts. By use of precise calcium, and measurements of other alkaline 

earth metal concentrations and their isotope composition, in situ CaCO3 precipitation and 

dissolution can be isolated and provide an improved estimate of the location and rate of 

these reactions and the mineral phases involved(Steiner et al., 2014).This outcome will be 

used to refine water column estimates of CaCO3precipitation and dissolution rates. 

 

Objectives 

1. Refine the method for precise determination of seawater calcium and strontium 

concentrations. 

2. Quantify the various contributions to calcium and alkalinity variations along the 

tropical Indian Ocean. 

3. Assess CaCO3precipitation/dissolution rates in the water column. 

 

Materials and methods 

Water sampling 

Seawater samples were collected during a cruise of ORV Sagar Nidhi in the tropical 

Indian Ocean along 67ºE using an SBE32 carousel water sampler (Sea-Bird Electronics, 

Bellevue, WA, USA) equipped with 12 five liter Niskin bottles (OceanTest Equipment, 

Fort Laudardale, FL, USA). Temperature, conductivity and pressure were measured 

during therosette casts using a 911plus CTD system (Sea-Bird Electronics, Bellevue, 

WA, USA). Samples collected for analyses of pH, dissolved inorganic carbon (DIC), 

alkalinity, dissolved oxygen and nutrients (dissolved inorganic phosphate, silica, 

ammonium, nitrate, nitrite) were analyzed on board while additional samples were 

collected for analyses of calcium and strontium concentrations along with their isotopic 

compositions after the cruise. Additional samples were also collected to verify the 



accuracy of the alkalinity analyses conducted during the cruise and to verify the 

calibration of the salinitymeasurements. A complete list of the relevant analyses for the 

current study appears in Table 1.    

 
 
 
Table 1: Water samples collected for post cruise analyses and relevant analyses for this 
project conducted during the cruise by the various participants. 
Stn 
no. 

Latitude Longitude Depths 
sampled (m) 

Relevant analyses 
performed on 
board 

Water collected 
for additional 
analyses 

1. 11º53.3'N 66º58.2'E 0, 10, 35, 50, 
75, 100 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 
Acantharia 
abundancee 

Calcium isotopesf 
Strontium 
isotopesf 
Salinity 

2. 09º59.8'N 66º59.9'E 200, 300, 
500, 750, 
1000 

 Calcium isotopesf 
Strontium 
isotopesf 
Salinity 

3. 09º00.2'N 66º59.8'E 3, 50, 200, 
300, 500, 
750, 1000 

Nutrientsd Calcium isotopesg 
Strontium 
isotopesg 
Alkalinity 

4. 07º59.5'N 67º04.9'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 
Acantharia 
abundancee 

Calcium isotopesf 
Strontium 
isotopesf 
Alkalinity 

5. 06º00.3'N 66º59.8'E 5, 50, 100, 
200, 300, 
500, 750, 
1000 

 Calcium isotopesf 
Strontium 
isotopesf 
Salinity 
Alkalinity 

6. 04º23.6'N 67º01.0'E 3, 10,30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000, 
1250,1500, 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 
Acantharia 

Calcium isotopesf 
Strontium 
isotopesf 
Alkalinity 



1750, 2000 abundancee 
7. 02º00.0'N 67º00.3'E 3, 10, 30, 50, 

75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesg 
Strontium 
isotopesg 
Salinity 
Alkalinity 

8. 01º00.2'N 67º01.0'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesg 
Strontium 
isotopesg 
Alkalinity 

9. 00º00.6'N 67º03.5'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 500 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesh 
Strontium 
isotopesh 
 

10. 01º02.3'S 67º00.8'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesg 
Strontium 
isotopesg 

11. 02º57.1'S 67º00.0'E 3, 10,30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000, 
1250,1500, 
1750, 2000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 
Acantharia 
abundancee 

Calcium isotopesf 
Strontium 
isotopesf 
Alkalinity 
Salinity 

12. 03º59.8'S 66º59.7'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesh 
Strontium 
isotopesh 
 

13. 05º01.3'S 66º59.6'E 3, 10, 30, 50, 
75, 100, 150, 
200, 300, 
500, 750, 
1000 

pHa 
Alkalinitya 
DICb 
Oxygenc 
Nutrientsd 

Calcium isotopesf 
Strontium 
isotopesf 
Alkalinity 

aanalyzed by Zvi Steiner and Amit Sarkar 
banalyzed by Rajdeep Roy. 
canalyzed by Rajdeep Royand Amit Sarkar. 
danalyzed by Amit Sarkar. 
eacantharia were identified and peaked by Deborah Wall-Palmer. 
fsamples were collected and filtered, unfiltered and unfiltered acidified to pH<3. 
g samples were collected unfiltered and unfiltered acidified to pH<3. 
h samples were collected unfiltered. 



 
Analytical chemistry analyses conducted during the cruise 
pH was analyzed after bringing the samples to at 25ºCusing two different pH meters and 

a spectrophotometric method. The pH meters were 827 pH lab (Metrohm) connected to a 

6.0228.010 pH electrode and a 916 Ti-Touch potentiometer (Metrohm) connected to an 

854 iConnect electrode. Both instruments were calibrated using 4.01, 7.00 and 9.00 

standards (Metrohm) and equilibrated in a seawater solution before analyses. The 

spectrophotometric determination was conducted with an UV-1800 spectrophotometer 

(Shimadzu). For this analyses 30 ml of the sample were inserted into a 10 cm long 

cuvette. After a background reading at 730, 573 and 433 nm, 50 µl cresol red were mixed 

with the sample and the absorption was read again. The addition of 50 µl cresol red was 

repeated to obtain a standard addition line for each of these wave lengths. 

Total alkalinity was determined by titration of duplicate 100 ml samples with 0.05 N HCl 

at 25ºC using a 916 Ti-Touch potentiometer equipped with an 854 iConnect pH electrode 

(Metrohm). Total alkalinity calculation from the titration data was done using the gran 

titration method. Accuracy of the total alkalinity determinations was verified by running 

a certified reference material sample once a day (CRM provided by Dr. Andrew Dickson, 

Scripps Institute of Oceanography, La Jolla, CA, USA). 

Samples for DIC (dissolved inorganic carbon) determination were poisoned with 

mercuric chloride immediately after retrieval. DIC was determined by acidifying 25 ml 

samples with 3 ml of 85% phosphoric acid using a CM5230 acidification module (UIC 

Inc.) and measuring the amount of CO2released using a CM5015 CO2 coulometer (UIC 

Inc.). A certified reference material sample provided by Dr. Andrew Dickson (Scripps 

Institute of Oceanography, La Jolla, CA, USA)was run once every 5 samples for 

calibration and drift corrections.  

Dissolved oxygen was determined with the Winkler method. The reagents were added to 

the water samples immediately after sample retrieval and titrated with thiol using a 765 

Dosimat (Metrohm) to determine the dissolved oxygen content of the sample within three 

hours of sample retrieval.  

Total dissolved inorganic phosphate, silica, ammonium, nitrite and total oxidized 

nitrogen (TON) were all determined using a SAN++ auto analyzer (SKALAR). Analyses 



protocols followed the recommendations from SKALAR METHODS issue 

110810/MH/99262991.  

Acantharia abundance 

A plankton net with 350 µm mesh size was towed shortly before dawn for 20 minutes at 

water depths of 40-70 meters in four of the stations. Acantharia specimens were 

identified by Deborah Wall-Palmer according to the images from Decelle et al. (2013), 

photographed and preserved in 96% ethanol. In addition, samples of the solution used for 

initial preservation of the tow specimens were collected after 12 hours to measure its 

strontium content and determine whether additional acantharia were collected but 

dissolved before sample inspection (following the findings of Martin et al., 2010). This 

solution contained ~70% ethanol and ~30% seawater. 

Samples collected for post-cruise analyses 

In addition to the analyses conducted during the cruise samples were also preserved for 

further analyses. The main analyses to be conducted are measurements of the isotopic 

composition of calcium and strontium by means of isotope dilution thermal ionization 

mass spectrometry (TIMS) with the aim of precisely determining the dissolved 

concentration of these elements. Duplicate samples for these analyses were collected with 

and without filtration through a 0.22 µm PVDF membrane and kept in 6 ml 

polypropylene tubes that were wrapped with parafilm and kept in moist zip-lock bags. 

Additional samples were collected in acid cleaned 50 ml polypropylene tubes and 

acidified with 30 µl concentrated HCl. In addition to that, several samples were also 

collected into acid cleaned 250 ml LDPE bottles without further treatment. Additional 

samples were collected in 60 ml amber glass bottles for salinity measurements that will 

be used for verification of the CTD sensor calibration. 60 ml amber glass bottles were 

also used to collect replicate samples for alkalinity determinations in the lab. These 

samples were poisoned with 30 µl saturated HgCl2solution to prevent biological activity. 
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Appendix 15: Multibeam bathymetry acquisition 
 

Dr. P. D. Bissessur,  Mauritius Ocenography Institute 

 

 

1. Area of survey 

The main survey area is the 67° E meridian along which the sampling stations were 

located (figure 1). We crossed the Central Indian Ridge (CIR) axis at two locations: a 

first time around 1.5° N and 2° N, and a second time just north of the Equator. In addition 

we also collected bathymetry data along the ship track, from (67° E, 5° S) down to 

Mauritius.  

 
Figure 2: Seafloor topography from satellite altimetry (Smith and Sandwell, v18.1).  

Red line: survey transect; black dots: sampling stations; blue line: EEZ of the Republic of Mauritius; 
black line: Joint Management Area (Joint Extended Continental Shelf area) between Mauritius and Seychelles. 

2. Instrument and pre-processing 



The multibeam bathymetry data were acquired using a RESON SEABAT 7150, 12kHz 

echosounder. To correct the depth, we used the sound velocity profiles derived from the 

CTD measurements that were made at the sampling stations. We removed a big part of 

the noise in the bathymetry by using the software PDS 2000 by applicaion of filters and 

editing the beams. 

 

3. Data acquisition 

The data were acquired almost continuously along the ship track at an average speed of 7 

knots. The average covered swath width is 4 km (~2 km each side of the ship). Data 

acquisition was stopped on arriving at the sampling stations due to the slow speed of the 

ship at that time. We also experienced acquisition problems during which no data was 

recorded, and where the recording software (PDS2000) had to be restarted. 

 

4. Preliminary results 

The purpose of mapping the seafloor using a multibeam echosounder is to obtain high-

resolution maps of the seafloor.  

Compared to the global seafloor topography derived from satellite altimetry, the 

measured bathymetry from multibeam echosounder offers a much better picture of the 

seafloor topography: 1 minute resolution (~2 km) for the satellite altimetry data versus 

100 meters resolution for the echosounder measured data, enabling us to distinguish and 

characterise the small, ~200 meters, seafloor features (figure 2). 

The collected bathymetry data once processed will enable a first mapping of the seafloor 

along the 67° E meridian from 12° N to 5° S and allow for an identification of the 

seafloor structures over the covered survey areas. Furthermore, together with the other 

measurements made during the expedition, this data will help in understanding the 

behaviour of the oceanic processes from the northern to the southern hemisphere along 

this longitude (67° E) and around the northernmost segments of CIR (between 2° N and 

2° S). 

                         

  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Upper left: Seafloor topography from satellite altimetry (Smith and Sandwell, 
v18.1) along 67° E; 1’ resolution. Red line: survey transect; black dots: sampling 
stations. Upper right and lower left: examples of swath bathymetry from multibeam 
echosounder acquired during SN105 along the 67° E; 100 m resolution. Lower right: 3D 
view of a portion of the CIR axis. 


