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1 Introduction and cruise summary

1.1 Background and motivation

The Arctic Ocean is undergoing dramatic environmental change. It has warmed twice as fast
as the rest of the planet, causing the areal extent of sea ice to decline by 9% since the 1970s.
Expansion of summertime ice-free waters and removal of light limitation has enhanced primary
production by 30% since 1998 and is predicted to increase primary production by 60% in an
ice-free Arctic. Primary production ultimately drives production of higher trophic levels,
including fished species, and impacts biogeochemical cycles in the oceans. How primary
production will respond in a future Arctic Ocean depends on the evolution of other limiting
factors such as nutrients. Primary productivity in the contemporary Arctic is already limited by
nitrate availability and nitrate demand will increase as future productivity increases. Models
predict the ultimate arrival of oligotrophy in the future Arctic Ocean — a condition of chronically
low nutrients typically associated with the lower latitude warm subtropical waters. However,
there is now sparse but accumulating evidence that nitrogen fixing organisms or ‘diazotrophs’
are present and active in the cold waters (< 5°C) of the Arctic Ocean. Nitrogen fixation fertilises
the global ocean with nitrogen, relieves nitrogen limitation and thus supports primary
production. The prevailing paradigm is that the thermal constraints of common diazotrophs,
such as Crocosphaera and Trichodesmium (18 to 32 °C) effectively exclude all diazotrophs
from the Arctic Ocean and instead restrict nitrogen fixation to the warm oligotrophic low latitude
ocean. Indeed, current ocean models that include nitrogen fixation ignore this process in the
cold high latitude ocean. Thus, the occurrence of diazotrophs in the Arctic Ocean is
unexpected. We hypothesise that nitrogen supply from diazotrophs is a fundamental yet
understudied component of contemporary Arctic biogeochemistry, which will become critical
as the Arctic Ocean rapidly moves towards a state of oligotrophy in the coming decades.

Data collected from this cruise will be used to challenge the prevailing paradigm that nitrogen
fixation is restricted to the warm low latitude ocean and will enable quantification of the
importance of nitrogen fixation as an essential nitrogen source to the Arctic Ocean.
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1.3 Sampling approach and station locations

The cruise track (Figure 1.1) and sampling locations (Figure 1.2 and Table 1.2) were chosen
to ensure that the water mass end members in the Barents Sea were all adequately sampled
and that strong gradients in hydrographical and biogeochemical variables were crossed. Sea
water samples for analysis were collected from 5 main sampling devices: (1) A tow-FISH,
deployed off the starboard side that continually pumped surface sea water into two different
laboratories, (2) a stainless steel CTD (SS-CTD), (3) a titanium trace metal free CTD (Ti-CTD),
(4) a Marine Snow Catcher (MSC) and (5) the ships non-toxic sea water intake.

Sampling for many of the N-Arc parameters was conducted from more than one of the
sampling platforms and also during the incubation experiments (Table 1.1).

Table 1.1 Summary of the samples taken from the FISH, CTDs, MSC, non-toxic sea water
intake and from the incubation experiments. 2 Storfjorden only, ® one deep cast only, ¢ Yo-Yo
casts only

FISH

Ti-CTD

SS-CTD

MSC

Non-toxic
sea water
intake

Nutrient
Limitation
Exp.

Diazo.
Exp.

X
X X

Inorganic nutrients X X
Chlorophyll a X
Dissolved oxygen X2
Oxygen isotopes X2
Dissolved Organic X
Carbon X
Dissolved iron, dissolved X X
trace metals, iron
isotopes
Particulate iron X
Fv/Fm (maximal X X
photochemical quantum
yield)

X |X [X|X

Nitrogen Fixation rates X
from FARACAS
Rates of nitrogen fixation X X X
and carbon uptake
NifH gene abundance X X X
and diversity
Phytoplankton DNA/RNA X X
for nutrient biomarkers
CARD-FISH X X
Salinity X X X
RNA x¢
Phytoplankton X X X
community (IFCB)
pCO:2 X
Particle-associated N2 X
fixation rates and ‘non
cyanobacterial’
diazotroph community
composition
Ultraplankton N2 fixation X
rates and community
composition




Tow-FISH overview

Surface gradients in dissolved iron, chlorophyll, Fv/Fm, inorganic nutrients, dissolved organic
carbon (DOC), genes, *N, and *3C derived nitrogen and carbon fixation rates and signals of
nitrogen fixation from FARACAS are essential in understanding natural variability and to place
the results from incubation studies in context. High-resolution underway surface samples were
collected using a ‘towfish’ which was deployed off the starboard side of the ship. Surface
seawater was pumped into two different laboratories, the trace metal clean laboratory and the
constant temperature laboratory connected to the FARACAS using a Teflon diaphragm pump
(Almatec A-15) connected by acid-washed braided PVC pump tubing to a towed ffish’
positioned at approximately 2-3 m. On station the ‘fish’ depth was changed depending upon
the CTD to ensure we were away from the deep chlorophyll maximum for filling incubation
bottles. Underway samples were collected every 2 or 3 hours (depending on ship speed) along
the transect between stations (Figure 1.1).

At Station NO8 (26/7/23-27/723) close to the ice edge, samples were collected every 1 hr over
a 27 h time period in order to understand the diel cycle in nitrogen fixation gene expression.
A high signal was observed on the FARACAS at 18:00 on the 27/7/2023.

At station N13 (10/08/23), milky waters were observed and sustained a high FARACAS signal
so sampling for genes took place every hour from midnight until 17:00 when the fish was taken
out of the water.

Unfiltered samples were collected for Chlorophyll, DOC, Fv/Fm and Total Dissolvable iron,
while samples were filtered through 0.8/0.2 pym polyethersulfone membrane filter capsule
(Sartobran, Sartorius) for dissolved iron, dissolved trace metals, iron isotopes and inorganic
nutrients (nitrate, nitrite, phosphate and silicate). At certain time points unfiltered samples were
collected for Nitrogen Fixation rates and genes and when the FARACAS saw a sustained
Nitrogen Fixation signal (see Fish log, Appendix D). In all, 321 towed fish time point samples
were taken along the transect (Appendix D).

CTDs and Marine Snow Catcher overview

A total of 208 CTD casts were completed: 22 from the Ti-CTD and 186 from the SS-CTD. The
Ti-CTD frame was fitted with 24 x 10L trace metal free Niskin bottles. The stainless steel CTD
frame was fitted with 24 x OTE 20L Niskin bottles.

Of the total number of stainless CTDs, 150 were conducted during two 12-hour Yo-Yo CTD
experiments at stations NO3 and NO8 that profiled the top ~100-120 m of the water column
only, targeting the structure and evolution of the deep chlorophyll maximum (DCM).

At each core N-Arc station (stations NOO-N19), a full depth SS-CTD was completed at midday
and sampled for inorganic nutrients, chlorophyll a, dissolved oxygen and salinity. Samples for
analysing the rates of nitrogen and carbon fixation, NifH gene abundance and diversity were
taken from 3 depths; the surface mixed layer, deep chlorophyl maximum (DCM) peak and
DCM base. Oxygen isotope samples were taken from 14 casts. The depth of the DCM peak
on this midday cast was used to guide the deployment depth (10 m below the DCM) of the
Marine Snow Catcher (off the starboard side) early to mid- afternoon. Suspended, slow-
sinking and fast-sinking particle fractions were collected from 16 stations using the MSC for
the analysis of particle-associated and ultradiazotroph N fixation rates and community
composition.

Full depth Ti-CTD casts were conducted at each core station late afternoon (~16:00), following
setup, breakdown and/or sampling of the incubation experiments being run. Samples for



dissolved iron, dissolved trace metals, iron isotopes, particulate iron, dissolved inorganic
nutrients, dissolved organic carbon and salinity were collected on each Ti-CTD cast.

Transit between stations and sampling from the tow-FISH every 2-3 hours (typically) took
place between early evening (~17:30-18:00) and midday.

Non-toxic surface sea water intake

A pCO2 monitoring system and IFCB (Imaging FlowCytoBot) were both connected to the ships
underway sea water intake, providing (near continual) observations of the partial pressure of
carbon dioxide in the surface waters and images of the phytoplankton communities
respectively.

Table 1.2 Station locations and depths. Please refer to the cruise event log (Appendix A) for
the exact locations, depths and times of each activity at these stations (Note that the
originally planned stations N11 and N14 were not visited during the cruise and are not listed
in the table below).

Station Latitude Longitude Depth (m) | Experiments started

NOO 68°48.40' N 10°26.19'E 3024 m

NO1 71° N 11° E 2619 m

NO2 72° N 15° E 1128 m

NO3* 72°51.6'N 19°42'E 417 m Nutrient limitation & Diazotroph
7 and 8 (MSC)

NO04 73°43.8' N 23°22.2°E 459 m

NO5 74° 36.6' N 27° 54’ E 383 m Diazotroph 5

NOG6 76° N 30° E 316 m Diazotroph 4

NO7 78°N 30° E 298 m Nutrient limitation

NO7x 78°32.39' N 30°2.99'E 250 m

NO7y 78° 345 N 26°40.68'E 297 m Nutrient limitation

NO8*¢ 79°20.67’ N 33°5535 E 262 m Nutrient limitation & Diazotroph
3

NO9 79° 23 E 27°46.04’ E 350 m

N10 78° 39.5 N 24° 39 E 141 m Diazotroph 2

N12 75° 30’ N 22° 30 E 55m Diazotroph 1

N13 76° 20' N 20°E 2556 m

N15 77°13.32’ N 19°20.68' E 180 m Nutrient limitation

N16 78° 30.92’ N 19°16.40’'E 131 m Diazotroph 6

RAS01 74° 45.06’ N 27°2.03 E 347 m

RAS02 74° 50.55’ N 26° 2713 E 302 m

RAS03 79°16.82°' N 28°29.38' E 234 m

N17 72° 30'N 25°E 246 m

N18 73°30°N 30°E 400 m

N19 74° N 36°E 239 m

* Locations of 12h Yo-Yo CTDs and high-resolution DCM sampling. 1 hr FISH sampling
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NARC Cruise track
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Figure 1.1 N-Arc cruise track from Southampton (UK) to Tromso (Norway). Green star marks
the location at which the trace metal FISH was deployed. The red star marks the location of
FISH recovery at the end of the cruise. The red dot shows the location at which water was
collected for the trial nutrient limitation experiment (ship speed was 10 knots at the time of

sampling).
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N-Arc Station Locations
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Figure 1.2 DY167 Station locations and experiment setups

12



1.4 Cruise diary

The following table provides a summary of the events that took place each day. Event number
refers to each activity’s unigue identifier. A full set of times and positions for each event can
be found in the Event Log (see Appendix A). All times are in GMT unless otherwise stated.
Day number is based on Day 1 being 00:00 1%t January.

Date Activities

07/07/2023 08:00 BST start mobilisation

Day 188

08/07/2023 08:00 BST mobilisation continues
Day 189

09/07/2023 09:08:54 Ships VMADCP switched on
Day 190

09:30 BST Sailed from Southampton
13:00 BST Safety briefing and orientation
16:00 BST Muster Drill

18:30 BST Science Briefing

10/07/2023 Day
191

Approx. 07:45 BST pCO2 switched on
Clear skies and sunny

16°C at 08:00

Light breeze

10:30 BST Captains brief

3k ALL TIMES NOW GMT #rxeex

Event 001 10:22 FISH DEPLOYMENT

11/07/2023 Ship moved onto GMT at 00:00
Day 192
15°C at 08:00. Raining. Slight swell
16:00 Muster & Fire Drill
17°C at 18:00. Sunny
12/07/2023 12:00 Trial nutrient addition experiment started
Day 193
14:00 Birthday cake for Arthur
13/07/2023 Oxygen titration kit not working
Day 194

17°C at 10:00. 4 knots of wind. Calm
12:30 Science briefing and tool box talks

10:00-11:28 Water from FISH collected for
experiment

‘trial’

nutrient addition
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Started collection: 64° 52.7' N, 6° 15.6’ E
Ended collection: 65° 6.5’ N, 6° 304" E

14/07/2023
Day 195

Shakedown station in Norwegian Sea

Event 002 NOO 12:04 Stainless CTD
Event 003 NOO 13:24 MSC003 O

Event 004 NOO 13:53 MSC004 N (misfire)
Event 005 NOO 14:03 MSCO005 N

Event 006 NOO 16:01 CTDO0O02T

13°C at 16:00. Flat calm

15/07/2023
Day 196

Arrive Station NO1 Approx. 12:00
(Norwegian Sea)

Event 007 NO1 12:10 CTDO003S
Event 008 NO1 14:31 MSCO008N
Event 009 NO1 15:26 CTD0O04T

11°C, fog, slight swell at 18:30

16/07/2023
Day 197

Arrive station NO2 Approx. 12:00
(Continental slope)

Event 010 NO2 12:13 CTD005S
Event 011 NO2 14:15 CTDO0O6T

11°C, 20 knot winds at 17:30

Remained on Station until 18:00

17/07/2023
Day 198

Storm — no working — NO3 skipped

18/07/2023
Day 199

Arrive NO4 Approx. 11:00
(Bear Island Trough)

Problem with FISH pump. Replaced with spare. Fixed.

Event 012 NO4 CTDO07S 12:09

Events 013 — 016 Four new MSC misfires

Event 017 NO4 MSCO16N 14:07

15:00 11°C air temp, 21 knots wind, sea state slowly dropping

Delay to starting Ti-CTD because of FISH pump repair and nutrient
addition exp. Water collection

Event 018 NO4 CTDOOS8T 18:29

19/07/2023
Day 200

Arrive NO5 Approx. 11:45
(Hopen Trench)

14




10:00 5°C air temp, 20 knots

Event 019 NO5 CTD009S12:05
Event 020 NO5 MSC0200 13:22

Attempting to fix firing issue with the new Marine Snow Catcher (Yuki)
Event 021 NO5 MSCO021N 13:42 misfire
Event 022 NO5 MSC022N 13:58 misfire
Event 023 NO5 MSCO023N 14:14 misfire

Event 024 NO5 CTDO10T 16:09
Transit towards N12
Two CTDs for nutrients only

Event 025 RAS1 CTD011S 20:08
Event 026 RAS2 CTD012S 23:02

20/07/2023
Day 201

Nutrient addition experiments started at NO4 abandoned
09:00 3°C air temp, 12 knots

Arrive N12 Approx. 11:45
(Spitzbergen Bank)

Diazo. N2 Fix experiment started

Event 027 N12 CTD013S 12:02

Event 028 N12 MSC 0280 12:47 (strong tidal current)
Event 029 N12 MSC 0290 12:56

Event 030 N12 CTD014T 15:01

Transit towards NO7 (speed increased to 9-10 knots)

Tape at the end of FISH tubing/wire come away (made brittle by cold
water?). FISH recovered, re-taped then redeployed

Event 031 N12 FISH OUT 20:43
Event 032 N12 FISH IN 20:55

Continue towards NO7

21/07/2023
Day 202

Arrive NO7 Approx. 11:45
(south of Kong Karls Land)

Event 033 NO7 CTD015S 12:05

Event 034 NO7 MSC 0340 13:09 (leaked)
Event 035 NO7 MSC 0350 13:32

14:00 3°C air temp, 5 knots wind

Nutrient limitation experiment started

Events 036-038 New MSC (Yuki) test deployments
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Event 039 NO7 CTDO16T 16:13
Bottle firing error in upper half of cast, so upper 100 m profiled again

Event 040 NO7 CTDO17T 17:11

Left Station at 18:00. Continuing to N10

22/07/2023
Day 203

Arrive N10 Approx. 11:45
(West of Kong Karls Land in the Olgastretet channel)

Land/islands in sight

08:00 5°C air temp, 6 knots wind
Event 041 N10 CTD081S 11:59

Event 042 N10 MSC0420 12:45
Event 043 N10 CTDO19T 16:42

Diazo. N2 Fix experiment started

Left station at 17:30. Transit to NO9

23/07/2023
Day 204

NO9
(North of Kong Karls Land in the Erik Eriksenstretet channel)

Peak in the FARACAS 05:05-05:20 when close to the ice edge. 40 nm
away from nominal NO9 station.

Too much fog to see clearly or progress further north
Event 044 NO9 CTD020S 10:13
Event 045 NO9 CTD021S 12:02
Event 046 NO9 MSC0460 13:09
Event 047 NO9 CTD022T 15:16

18:30-21:00 spent following low temperature, low salinity ice melt (running
along the ice edge). 0°C water.

At 19:00 FISH was raised to 3 m water depth (ensuring it was above the
SBE38 hull intake temp sensor and in the thin ice melt layer)

No clear FARACAS signal detected.
Event 048 RAS03 CTD023S 21:11

Left station approx. 22:30. Heading west and will skirt Kong Karl Land to
the south. Ice extends too far south to reach NO8.

24/07/2023
Day 205

In transit to NO8

5 ppb signal on FARACAS approx. 12:10
5°C water temp, 78° 26.72° N, 28° 20.77' E

Low Fv/Fm signal at 78° 34.59°N, 30° 37.49'E
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Reached ice edge approx. 19:00

25/07/2023 NO8
Day 206 (South of Kvitgya)
Event 049 NO8 CTD024S 15:08
Event 050 NO8 MSCO0500 15:55
Event 051 NO8 CTDO25T 16:44
Nutrient limitation started
Event 052 NO8 CTD Yo-Yo Trial
CTD026S to CTD038S
26/07/2023 NO8
Day 207
Diazo. N2 Fix experiment started
~36-hour time series started from FISH, sampling every hour for nifH
genes (FISH141 to FISH185)
Event 053 CTD039S 10:03
Event 054 (Yo-Yo ) CTD040 — 054S 11:17
Event 055 CTDO055S 13:29
Event 056 (Yo-Yo) CTDO056 — 067S 14:28
Event 057 CTD068S 16:12
Event 058 (Yo-Yo) CTD069 — 086S 17:07
Event 059 NO8 CTD087 19:22
Event 060 (Yo-Yo) CTD088 — 102S 20:21
FARACAS signal was high (5 ppb) early evening (18:00) until early hours
of 27",
27/07/2023 10:00 Boat work planned but poor visibility
Day 208

10:00 -1°C air temp, 5 knots wind, thick fog

Event 061 NO8 CTD103S 12:09
Event 062 NO8 MSC062015:57

Event 063 Work Boast Launch 15:16
Samples collected at 15:27 at

79°22' 21" N

33°22° 24" E

(position and time taken from an iphone)

Valeport Temp-SVP probe towed along side of boat (SN 22356). Stopped
recording at 15:26

Salts samples taken: TSG Crate 21
Bottles 228 and 224

Event 064 NO8 CTD104S 17:58

17




Begin transit to NO7x approx. 00:00

28/07/2023
Day 209

NO7x — south of Kong Karls Land

Event 065 NO7x CTD105S 12:07

Event 066 NO7x MSC0660 12:53 (leaked)
Event 067 NO7x MSC0670 13:14

Event 068 CTD106T 14:08

Planned nutrient addition experiment not started. Surface water bloom,
high activity on IFCB and high Fv/Fm.

15:30 start of a survey between NO7 and NO7x to identify a low Fv/Fm,
low dFe and low Chl area

29/07/2023
Day 210

07:30 Review of overnight survey. New station location (NO7y) chosen to
setup the final Arctic nutrient limitation experiment

78° 3.45'N, 26° 40.68’E

Event 069 NO7y CTD107T 15:33

Transit to NO6 — via NO7

30/07/2023
Day 211

NO06
(Head of Hopen Trench)

08:30 8°C air temp, 7 knots wind
Event 070 NO6 CTD108S 12:05
Event 071 NO6 MSC0710 13:00
Event 072 NO6 CTD109T 16:15

Transit to NO5

31/07/2023
Day 212

NO5
(Hopen Trench)

Event 073 NO5 CTD110S 12:09
Event 074 NO5 MSC0740 13:06
Event 075 NO5 CTD111T 16:18

01/08/2023
Day 213

N13
(Head of Storfjordrenna channel)

Event 076 N13 CTD112S 12:07

Event 077 N13 MSC0770 (leaked) 12:56
Event 078 N13 MSC 0780 13:11

Event 079 N13 CTD113T 15:28

d180 sampling from FISH started at 17:00 (for Storfjorden)
Started 2-3 hourly d180 sampling from the underway for BIOPOLE

02/08/2023
Day 214

N15
(Storfjorden)
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08:30 6°C air temp, 20 knots wind

Event 080 N15 CTD114S 12:04
Event 081 N15 MSC0810 12:40
Event 082 N15 CTD115T 16:12

03/08/2023
Day 215

N16
(Top of Storfjorden at the Negribreen Glacier front)

High FARACAS Signals! Started 2-hourly sampling from FISH for nifH
gene at 14:31
At glacier front

Lunch on back deck

Event 083 N16 CTD116S 12:05
Event 084 N16 MSC0840 12:49
Event 085 N16 CTD117T 16:31

Raining late the afternoon/evening

04/08/2023
Day 216

N16
Very patchy transmission

Event 086 N16 Small boat launch - 3 x ice samples retrieved — patchy fog
and drizzle

Event 087 N16 CTD118S 12:29

FISH raised to Approx. 1.5 m depth below surface based on seeing a very
shallow SML (slightly colder & fresher)

Ice cracking

Event 088 N16 CTD119S 14:01
(1.5 m SML)

Event 089 N16 CTD120S 16:00

Event 090 FISH raised for taping repair 16:29
Event 091 FISH back in water 16:50

Stopped nifH 2-hourly sampling at 16:00
Left station 17:00 for slow coastal transect along the fjord, following the 50
m contour.

Turbid water at the surface for much of the day

05/08/2023
Day 217

In transit to NO3

06/08/2023
Day 218

NO3
(south of Bear Island in Bear Island Trough)

09:00 8°C air temp, 28 knots wind, heavy swell
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Event 092 NO3 CTD121S 12:00

Event 093 NO3 MSC0930 12:49
Event 094 NO3 MSC0940 13:04
Event 095 NO3 CTD122T 15:53

Nutrient addition experiment started

07/08/2023
Day 219

NO3
08:30 10°C air temp, 20 knots wind, slight swell

Event 096 NO3 CTD123S 06:02

Event 097 NO3 YoYo6 CTD124S — CTD161S 07:06
Event 098 NO3 MSC0980 12:13

Event 099 NO3 CTD162S 12:15

Event 100 NO3 YoYo7 CTD163S-CTD201S 13:13
Event 101 NO3 CTD202S 18:15

Experiment to test the natural diel cycle in Ethylene

Transit to N17

08/08/2023
Day 220

N17

08:30 9°C air temp, 12 knots wind
Event 102 N17 CTD203S 12:01
Event 103 N17 MSC1030 12:43
Event 104 N17 CTD204T 15:28

Transit to N18

09/08/2023
Day 221

N18
09:00 9°C air temp, 24 knots wind

Event 105 N18 CTD205S 12:06
Event 106 N18 CTD206T 13:36

Transit to N19

10/08/2023
Day 222

N19
Arrive at N19 in the middle of a Haptophyte bloom (started around 22:00)

High FARACAS signal. Started regular (1 to 2 hourly) sampling for nifH
between 03:00 and 17:00 (FISH308 to FISH321)

Event 107 CTD207S 11:59
Event 108 CTD208T 13:33

Event 109 FISH OUT of water 17:08

Begin transit to Tromso

11/08/2023
Day 223

Packing and running remaining samples
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07:25 Non-toxic underway flow stopped
09:36 VM-ADCPs stopped logging

End of cruise RCP

12/08/2023 Pilot at approx. 13:30
Day 224 Alongside approx. 16:00
13/08/2023 Demobilisation

Day 225

14/08/2023 Demobilisation

Day 226
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2 Hydrography and ocean dynamics

2.1 Stainless and titanium CTD casts

Ben Barton! (National Oceanography Centre), Jo Hopkins (National Oceanography Centre)?
1Author, ?Data set Pl

The Conductivity Temperature Depth (CTD) casts were conducted using two separate CTD
frames; a Stainless Steel frame and a Titanium frame. The Titanium frame was used for trace
metal sampling. On most stations a Stainless Steel and a Titanium CTD cast were conducted.
In total 186 Stainless Steel and 22 Titanium casts were completed. Sensors and Niskin bottles
were supplied by NMF for both CTDs and set up by Paul Henderson (NMF). The Stainless
Steel CTD had 24 x 20 L Niskin bottles. The Titanium CTD had 24 x 10 L Niskin bottles. On
both CTD frames twin sets of identical conductivity and temperature sensors were mounted.
The “secondary” sensors were attached to the vane of the CTD frame making them less prone
to artefacts from the Niskin bottles moving water around them. For the Stainless Steel CTD
an additional dissolved oxygen sensor was added (to the vane) from CTD005S onwards.

The locations of the main sampling stations are shown in Figure 1.2. These stations are named
NOO to N19 (note that stations N11 and N14 as originally planned were not sampled). We also
conducted CTD casts at additional stations, named RAS01 to RAS03.

The serial numbers of all instrumentation mounted on both frames can be found in Appendix

F (NMF Sensors and Moorings Report)

Table 2.1 CTD cast number, unique event numbers and locations. All information is from the
cruise event log (Appendix A).

CTD TYPE | EVENT | STATION LAT LON DEPTH | DATE-TIME
CAST # (m)
CTDOO1 |S 2 NOO 68.80658 | 10.43655 | 3024 14/07/2023
CTD002 | T 6 NOO 68.80667 | 10.43658 | 3023 51}8‘71/2023
CTD003 |S 7 NO1 70.99988 | 10.99990 | 2619 12}8(7)/2023
CTD004 | T 9 NO1 70.99990 | 10.99988 | 2618 12}3(7)/2023
CTD005 |S 10 NO2 72.00055 | 15.00288 | 1128 12}3471/2023
CTD0O06 | T 11 NO2 71.99997 | 14.99952 | 1127 12}(1)3/2023
CTD007 |S 12 NO4 73.72458 | 23.36800 | 459 ig}éilzozs
CTD008 | T 18 NO4 73.72458 | 23.36798 | 459 E}gg/zozs
CTDO09 |S 19 NO5 74.60580 |27.89973 | 383 ig}gg/zozs
CTD010 | T 24 NO5 74.60580 |27.89975 | 383 is}gg/zozs
CTDO11 |S 25 RASO01 74.75100 |27.03383 | 347 18}83/2023
CTD012 |S 26 RAS02 74.84250 |26.45217 | 302 zg}gglzom
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CTDO013 27 N12 75.50067 | 22.49788 55 20/07/2023
12:02
CTDO014 30 N12 75.50087 | 22.49993 55 20/07/2023
15:01
CTDO015 33 NO7 77.99997 | 29.99913 297 21/07/2023
12:05
CTDO016 39 NO7 77.99993 | 29.99937 297 21/07/2023
16:12
CTDO17 40 NO7 77.99995 | 29.99945 298 21/07/2023
17:11
CTDO018 41 N10 78.65857 | 24.65000 141 22/07/2023
11:59
CTDO019 43 N10 78.65855 | 24.65017 141 22/07/2023
16:42
CTD020 44 NO9 79.38077 | 27.79767 350 23/07/2023
10:13
CTD021 45 NO9 79.38333 | 27.76740 347 23/07/2023
12:02
CTDO022 47 NO9 79.38587 | 27.73932 336 23/07/2023
15:16
CTD023 48 RASO3 79.28038 | 28.48973 234 23/07/2023
21:11
CTDO024 49 NO8 79.34430 | 33.92528 262 25/07/2023
15:08
CTD025 51 NO8 79.35067 | 33.89067 267 25/07/2023
16:49
CTDO026 - 52 NO8 79.35153 | 33.88633 267 25/07/2023
CTDO038 18:30
CTDO039 53 NO8 79.35803 | 33.80927 265 26/07/2023
10:03
CTDO040 - 54 NO8 79.35397 | 33.72305 269 26/07/2023
CTD054 11:17
CTDO055 55 NO8 79.37042 | 33.71688 269 26/07/2023
13:29
CTDO056 - 56 NO8 79.37828 | 33.69203 271 26/07/2023
CTDO067 14:28
CTDO068 57 NO8 79.39048 | 33.72540 271 26/07/2023
16:12
CTDO069 - 58 NO8 79.39260 | 33.72542 270 26/07/2023
CTD086 17:07
CTDO087 59 NO8 79.39272 | 33.72542 271 26/07/2023
19:22
CTDO088 - 60 NO8 79.39047 | 33.73867 270 26/07/2023
CTD102 20:21
CTD103 61 NO8 79.36917 | 33.47442 270 27/07/2023
12:09
CTD104 64 NO8 79.38303 | 33.32277 271 27/07/2023
17:58
CTD105 65 NO7x 78.53983 | 30.04997 250 28/07/2023
12:07
CTD106 68 NO7x 78.53992 | 30.04953 250 28/07/2023
14:08
CTD107 69 NO7y 78.05752 | 26.67632 212 29/07/2023
15:33
CTD108 70 NO6 76.00000 | 29.99948 316 30/07/2023
12:05
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CTD109 72 NO6 76.00003 | 29.99952 316 30/07/2023
CTD110 73 NO5 74.60998 | 27.89917 380 éi}é§/2023
CTD111 75 NO5 74.61000 | 27.89917 380 éi}83/2023
CTD112 76 N13 76.33333 | 19.99893 255 é%éL)g/ZOZ'B
CTD113 79 N13 76.33300 | 19.99900 250 éi}8;/2023
CTD114 80 N15 77.22200 | 19.34460 177 32}52/2023
CTD115 82 N15 77.22200 | 19.34450 174 33}83/2023
CTD116 83 N16 78.51543 | 19.27338 131 32}32/2023
CTD117 85 N16 78.50965 | 19.28215 124 32}82/2023
CTD118 87 N16 78.51648 | 19.22908 124 éiigé/2023
CTD119 88 N16 78.51467 | 19.22833 120 32}52/2023
CTD120 89 N16 78.51493 | 19.23007 115 32}82/2023
CTD121 92 NO3 72.86012 | 19.07078 417 32}82/2023
CTD122 95 NO3 72.86013 | 19.07078 418 32}82/2023
CTD123 96 NO3 72.86040 | 19.07310 419 35}83/2023
CTD124 - 97 NO3 72.86013 | 19.07053 419 33}85/2023
CTD161 07:06

CTD162 99 NO3 72.86012 | 19.07052 419 07/08/2023
CTD168 - 100 NO3 72.86013 | 19.07055 419 35}32/2023
CTD201 13:13

CTD202 101 NO3 72.86017 | 19.07050 419 07/08/2023
CTD203 102 N17 72.49998 | 24.99803 246 32}32/2023
CTD204 104 N17 72.49985 | 24.99922 247 ég}géIZOZB
CTD205 105 N18 73.50000 | 29.99923 400 ég/ggl 2023
CTD206 106 N18 73.50007 | 29.99927 400 35}82/2023
CTD207 107 N19 74.00013 | 35.99943 235 13}32/2023
CTD208 108 N19 74.00013 | 35.99933 235 i§}§§/2023
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Data Acquisition
The sensor data was acquired through Seasave Version 7.26.7.121 by Lead Technician Paul
Henderson. The following raw data files were generated for each CTD cast:

e DY167_CTD_001S.bl

e DY167_CTD_001S.hdr

e DY167_CTD_001S.hex

e DY167_CTD_001S.XMLCON

The naming convention is cruise number (DY167), followed by CTD cast number (not Event
number) and either S or T for Stainless Steel or Titanium respectively. The cast number is
incremented per cast regardless of whether it was with the Stainless or Titanium frame.

SBE Data Processing Steps
The data from both CTD frames were pre-processed in the Seabird data processing software
(SBEDataProcessing Version 7.26.7 [2018]).

1. Data Conversion (DatCnv)

DatCNv is a conversion routine that reads the raw CTD data files (.hex) containing data in
engineering units (e.g. voltage) that is generated by the CTD hardware. The routine applies
conversion equation constants and calibrations as found in the instrument configuration file
(.xmlcon).

Input files: DatCnv.psa, DY167_CTD_XXX$.XMLCON, DY167_CTD_XXX$.hex
Output files: DY167_CTD_XXX$.cnv, DY167_CTD_XXX$.ros

Where XXX is the CTD cast number and $ is “S” or “T” for Stainless Steel or Titanium
respectively e.g. 001S or 208T.

The default oxygen Tau correction was applied at this stage because JR15005 cruise
established the oxygen Tau correction was good and only made a 1% difference in deeper
CTD casts. An additional dissolved oxygen sensor was added to the Stainless Steel CTD from
CTDO005S onwards. This was because of issues with the primary dissolved oxygen sensor in
the first few casts (from CTDO01S to CTDO009S inclusive). The Titanium CTD had a similar set
of instruments to the Stainless Steel CTD, the differences were a pH sensor on the Titanium
CTD and the secondary dissolved oxygen sensor on the Stainless Steel CTD. The depth is
temporarily calculated using 75°N but this is re-calculated later in the Derive routine.

The DatCnv routine also outputs the .ros files which contain variables averaged around the
bottle firing times. A 5 second scan range was used for these .ros files with a -2.5 seconds
offset.

Variables output for the Stainless Steel CTD:

# name 0 = scan: Scan Count

# name 1 = latitude: Latitude [deg]

# name 2 = longitude: Longitude [deg]

# name 3 = timeJ: Julian Days

# name 4 = timeS: Time, Elapsed [seconds]

# name 5 = pumps: Pump Status

# name 6 = prDM: Pressure, Digiquartz [db]

# name 7 =t090C: Temperature [ITS-90, deg C]
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# name 8 = t190C: Temperature, 2 [ITS-90, deg C]

# name 9 = cOmS/cm: Conductivity [mS/cm]

# name 10 = cImS/cm: Conductivity, 2 [mS/cm]

# name 11 = sbeox0OPS: Oxygen, SBE 43 [% saturation]

# name 12 = sboxOMm/Kg: Oxygen, SBE 43 [umol/kg]

# name 13 = sbeoxOMg/L: Oxygen, SBE 43 [mg/l]

# name 14 = sbeoxOMm/L: Oxygen, SBE 43 [umol/l]

# name 15 = sbeox0V: Oxygen raw, SBE 43 [V]

# name 16 = CStarAt0: Beam Attenuation, WET Labs C-Star [1/m]

# name 17 = CStarTr0: Beam Transmission, WET Labs C-Star [%]

# name 18 = turbWETDbbO: Turbidity, WET Labs ECO BB [m”-1/sr]

# name 19 = fIC: Fluorescence, Chelsea Aqua 3 Chl Con [ug/l]

# name 20 = par: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 21 = parl: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 22 = altM: Altimeter [m]

# name 23 = depSM: Depth [salt water, m]

# name 24 = flag: 0.000e+00

From CTDO0OO05S onwards addition secondary oxygen sensor variables changed from #16 to
29 (for #0 to 15 see above):

# name 16 = sbeox1PS: Oxygen, SBE 43, 2 [% saturation]

# name 17 = sbox1Mm/Kg: Oxygen, SBE 43, 2 [umol/kg]

# name 18 = sbeox1Mg/L: Oxygen, SBE 43, 2 [mg/l]

# name 19 = sbeox1Mm/L: Oxygen, SBE 43, 2 [umol/l]

# name 20 = sbeox1V: Oxygen raw, SBE 43, 2 [V]

# name 21 = CStarAt0: Beam Attenuation, WET Labs C-Star [1/m]

# name 22 = CStarTr0: Beam Transmission, WET Labs C-Star [%0]

# name 23 = turbWETDbbO: Turbidity, WET Labs ECO BB [m”-1/sr]

# name 24 = fIC: Fluorescence, Chelsea Aqua 3 Chl Con [ug/l]

# name 25 = par: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 26 = parl: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 27 = altM: Altimeter [m]

# name 28 = depSM: Depth [salt water, m]

# name 29 = flag: 0.000e+00

Variables output for the Titanium CTD 29 (for #0 to 15 see above):

# name 16 = CStarAt0: Beam Attenuation, WET Labs C-Star [1/m]

# name 17 = CStarTrO: Beam Transmission, WET Labs C-Star [%]

# name 18 = turbWETbbO: Turbidity, WET Labs ECO BB [m~"-1/sr]

# name 19 = fIC: Fluorescence, Chelsea Aqua 3 Chl Con [ug/I]

# name 20 = ph: pH

# name 21 = par: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 22 = parl: PAR/Irradiance, Biospherical/Licor [umol photons/m”2/sec]
# name 23 = altM: Altimeter [m]

# name 24 = depSM: Depth [salt water, m]

# name 25 = flag: 0.000e+00

2. Wild Edit (WildEdit)

The WildEdit routine removes pressure and depth spikes. WildEdit was not applied to the
conductivity and temperature variables because it results in bad data values for oxygen
concentration after dynamic corrections (Filter, AlignCTD, Cell Thermal Mass) are applied. A
Matlab routine for filtering the data similar to WildEdit is applied later to remove spikes from
conductivity, salinity, temperature etc.
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Input and output file: DY167_CTD_XXX$.cnv

Standard deviation for pass 1: 2

Standard deviation for pass 2: 20

Scans per black: 100

Keep data within this distance of the mean: 0
Exclude scans marked as bad: yes

3. Filter
The Filter routine smooths high frequency pressure and depth noise using a low pass filter.
The low pass filter time is 0.15 as recommended by Seabird.

Input and output file: DY167_CTD_XXX$.cnv

4. Align CTD (AlignCTD)
The AlignCTD routine shifts conductivity and oxygen values to compensate the sensor for time
lags. This routine can only be used once suitable alignment values have been determined.

Input and output file: DY167_CTD_XXX$.cnv
(a) Conductivity

A misalignment between conductivity and temperature sensor data can result in salinity
spikes. This is most noticeable over sections of the profile where there are strong gradients.
The deck unit (SBE 11 plus) that receives the initial CTD data, automatically advances the
primary and secondary conductivity sensors. The ideal alignment minimises the salinity
spiking. The deck unit automatically applies a 1.75 scan (0.0729 seconds) advancement to
the both the primary and secondary conductivities.

The alignment of both sensors was checked using the downcast data (Figure 2.1). Without
any alignment both sensors produce negative spikes on the downcast, indicating conductivity
lags temperature.

To minimise spiking the following adjustments were made to the alignment using the AlignCTD
module. For the Stainless Steel CTD:

Primary sensor: -0.0416 seconds (-1 scan, making the overall advancement 0.75 scans).
Secondary sensor: -0.0416 seconds (-1 scan, making the overall advancement 0.75 scans).

For the Titanium CTD:

Primary sensor: -0.0416 seconds (-1 scan, making the overall advancement 0.75 scans).
Secondary sensor: -0.0208 seconds (-0.5 scan, making the overall advancement 1.25 scans).
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CTDO002 primary conductivity advances
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Figure 2.1 Example of conductivity alignment tests using CTD002T. (a) Primary sensor. The
red line (+1.75 scans) shows the default advancement. The purple line (+1.25 scans) shows
not enough correction. The blue line (+0.75 scans) shows the advancement that minimises
the spiking on the primary sensor. The green line (-0.25 scans) shows over-correction and
spiking in the opposite direction. (b) Secondary sensor (on the vane). The red line (+1.75
scans) shows the default advancement. The purple line (+1.25 scans) shows the
advancement that minimises the spiking on the secondary sensor. The blue line (+0.75
scans) over-correction and spiking in the opposite direction. For completeness, the green
line (-0.25 scans) also shows over-correction and larger spiking in the opposite direction.

(b) Oxygen

The dissolved oxygen sensors have a response time of several seconds which varies with
each individual sensor and temperature (a longer lag at colder temperatures). To correct for
this, several different alignments (0, 2, 4, 6, 8 and 10 seconds) were applied to a range of CTD
casts with different temperatures. Oxygen was plotted against temperature for each cast
(Figure 2.2). The alignment that produced the smallest difference in dissolved oxygen between
the downcast and upcast could then be identified from visual inspection of various

temperature-oxygen plots.

The chosen alignment for the Stainless Steel CTD:

Primary Oxygen: 6 seconds
Secondary Oxygen: 4 seconds

The chosen alignment for the Titanium CTD:

Primary Oxygen: 8 seconds
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0,
Temp ("C) - cast DY167CTDU153

Figure 2.2 Example of temperature vs. oxygen concentration for 0, 2, 4, 6 and 8 second
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02 (pmolll) - sensor 1

250 300 350 400 450
02 (umol/l) - sensor 1

250 300350 400 450
02 (umalll) - sensor 1

250 300350 400 450
02 (umolll) - sensor 1

250 300 350 400450
02 (pmolfl) - sensor 1

alignment for CTDO015S primary oxygen sensor. Blue is the downcast, red is the upcast. A 6
second alignment minimises the difference between the down and upcast.

Temp (°C) - cast DY167CTDU1SS

Figure 2.3 Example of temperature vs. oxygen concentration for 0, 2, 4, 6 and 8 second
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200 400
02 (umolll) - sensor 2

200 400
02 (umal/l) - sensor 2

200 400
02 (pmolll) - sensor 2

alignment for CTD015S secondary oxygen sensor. Blue is the downcast, red is the upcast. A
4 second alignment minimises the difference between the down and upcast.
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5. Cell Thermal Mass (CellTM)

The CellTM routine removes the effect of thermal inertia on the conductivity cells. Alpha =
0.003 (thermal anomaly amplitude) and 1/beta = 7 (thermal anomaly time constant) for both
cells.

Input and output file: DY167_CTD_XXX$.cnv

6. Derive

The Derive routine calculates the oxygen, salinity, density and sound speed after the dynamic
corrections have been applies (Filter, AlignCTD, CellTM). Depth is now also calculated using
the correct latitude (instead of the 75°N that was used in DatCnv).

Input files: DY167_CTD_XXX$.cnv, DY167_CTD_XXX$.XMLCON (must be in processed
directory)

Output file (input and output cannot be the same): DY167_CTD_XXX$_derived.cnv

For the Stainless Steel CTD casts with only a primary oxygen sensor (CTDO01S and
CTDO003S), the derived variables output are:

# name 23 = depSM: Depth [salt water, m]

# name 24 = sal00: Salinity, Practical [PSU]

# name 25 = salll: Salinity, Practical, 2 [PSU]

# name 26 = sigma-€00: Density [sigma-theta, kg/m"3]

# name 27 = sigma-é11: Density, 2 [sigma-theta, kg/m"3]
# name 28 = svCM: Sound Velocity [Chen-Millero, m/s]

# name 29 = svCM1: Sound Velocity, 2 [Chen-Millero, m/s]
# name 30 = sbeox0OPS: Oxygen, SBE 43 [% saturation]
# name 31 = sbhoxOMm/Kg: Oxygen, SBE 43 [umol/kg]

# name 32 = sheoxOMg/L: Oxygen, SBE 43 [mg/l]

# name 33 = sbeoxOMm/L: Oxygen, SBE 43 [umol/l]

For the Stainless Steel CTD casts from CTD005S onwards, the derived variables are:

# name 28 = depSM: Depth [salt water, m]

# name 29 = sal00: Salinity, Practical [PSU]

# name 30 = salll: Salinity, Practical, 2 [PSU]

# name 31 = sigma-é00: Density [sigma-theta, kg/m"3]

# name 32 = sigma-é11: Density, 2 [sigma-theta, kg/m"3]
# name 33 = svCM: Sound Velocity [Chen-Millero, m/s]

# name 34 = svCM1: Sound Velocity, 2 [Chen-Millero, m/s]
# name 35 = sbeox0OPS: Oxygen, SBE 43 [% saturation]

# name 36 = shoxOMm/Kg: Oxygen, SBE 43 [umol/kg]

# name 37 = sbeoxOMg/L: Oxygen, SBE 43 [mg/l]

# name 38 = sbeoxOMm/L: Oxygen, SBE 43 [umol/l]

# name 39 = sbeox1PS: Oxygen, SBE 43, 2 [% saturation]
# name 40 = sbox1Mm/Kg: Oxygen, SBE 43, 2 [umol/kg]
# name 41 = sbeox1Mg/L: Oxygen, SBE 43, 2 [mg/l]

# name 42 = sbeox1Mm/L: Oxygen, SBE 43, 2 [umol/l]

For the Titanium CTD casts, the derived variables are:
# name 24 = depSM: Depth [salt water, m]

# name 25 = sal00: Salinity, Practical [PSU]
# name 26 = salll: Salinity, Practical, 2 [PSU]
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# name 27 = sigma-é00: Density [sigma-theta, kg/m"3]

# name 28 = sigma-é11: Density, 2 [sigma-theta, kg/m”3]

# name 29 = svCM: Sound Velocity [Chen-Millero, m/s]

# name 30 = svCM1: Sound Velocity, 2 [Chen-Millero, m/s]

# name 31 = sbeox0PS: Oxygen, SBE 43 [% saturation]

# name 32 = sboxOMm/Kg: Oxygen, SBE 43 [umol/kg]

# name 33 = sbeoxOMg/L: Oxygen, SBE 43 [mg/l]

# name 34 = sbeoxOMm/L: Oxygen, SBE 43 [umol/l]

7. Bottle Summary (BottleSum)

Input files: DY167_CTD_XXX$.XMLCON (in processed directory), DY167_CTD_XXX$.ros
Output files: DY167_CTD_XXX$.btl

The bottle files (.btl) are created using BottleSum. The files are made using an average of the
5 second window centred around the bottle firing times. All DatCnv variables plus derived
salinity and oxygen are included. Note that the final bottle files are produced during the Matlab
processing steps.

8. Strip

The Strip routine removes the first depth variable created at the DatCnv Stage.

Input and output files: DY167_CTD_XXX$_derived.cnv

9. Bin Average (1) (BinAvg)

The BinAvg routine was used to make a 2 Hz (0.5 seconds) average file of all variables
(needed for Matlab processing).

Input file: DY167_CTD_XXX$_derived.cnv
Output file: DY167_CTD_XXX$_derived_2hz.cnv
10. Bin Average (2) (BinAvg)

The BinAvg routine was used to make a 1 Hz (1 seconds) average file of all variables for
LADCP processing.

Input file: DY167_CTD_XXX$_derived.cnv
Output file: DY167_CTD_XXX$_derived_LADCP.cnv
11. ASCII Out (Asciiout)

The Asciiout routine produces a .asc file with latitude, longitude, time (seconds), pressure,
temperature, salinity and oxygen for the LADCP processing software.
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Matlab Processing Steps

1. Create meta datafile
The following information was stripped from the cruise master event log and used as header
information for each CTD cast file.

CRUISE DY167

CAST CTD cast number

STNNBR Event number (matches bridge log)

DATE Date of the start of the CTD cast

TIME Time of the start of the cast (in GMT)

LAT Latitude of the start of the CTD cast

LON Longitude of the start of the CTD cast

DEPTH EA640 echo sounder depth at the start of the CTD cast

2. Read .cnv files

The 24 Hz and 2 Hz .cnv derived files that were created by the SBEDataProcessing Software
were read into a matlab structre and combined with the meta data information.

3. Remove surface soak and out of water readings

The 24 Hz pressure, pump status and oxygen data (slowest of all the sensors) were plotted
on screen and the start and end of each cast was identified manually. The start was defined
as the shallowest pressure after the initial surface soak (approximately 5 m but dependant on
wave conditions), just before the CTD package started it's decent. The end of each cast was
selected as the last good oxygen data point when the CTD was near O db (approximately 2
m). The pump status was plotted to ensure that the pumps were on during the selected time
period. The start and end times were saved in a master file and used to crop the full 24 Hz
profile.

4. Filter

A routine that performs a similar job to the WildEdit SBEDataProcessing software was used
to automatically de-spike the temperature, conductivity, salinity, density, oxygen and
transmission variables. Blocks of data were scanned twice. In the first pass the mean and
standard deviation of data in a block are calculated. Any data point within that block the
differed from the mean by more than the specified standard deviations were removed. The
mean and standard deviation were then recomputed. Any remaining data that differed from
the second mean by more than the standard deviation specified for pass 2 were also removed
(NAN’d). The block size and number of standard deviations differed for each variable.

Scans per block: 50 to 200

Standard deviations for pass 1: 2 or 3

Standard deviations for pass 2: 2 or 3

5. Create bottle files

The scan number for each bottle firing was extracted from the .bl files and all variables were

extracted in 5 second windows centred on the bottle firings. Averages, standard deviations,
minima and maxima were all computed and saved.
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6. Split up and downcasts
Each profile was split into up and down casts based on the maximum pressure recorded.
7. Manual de-spiking

The downcast twin temperatures, twin salinities and oxygen (twin for Stainless Steel CTD
cast), fluorometer, PAR, beam attenuation and transmission were all further quality controlled
in a manual graphical user interface. (1) Any spikes not removed by the automatic filter were
flagged and removed. (2) Larger spikes/artefacts in the CT (conductivity - temperature)
sensors lasting a few seconds, predominantly in regions of strong density gradients were
identified. This is a persistent problem in near surface waters with strong property gradients,
particularly when a CTD package carrying large volume Niskin bottles is used. This problem
was more prevalent in the Stainless Steel CTD cast as the Titanium frame had 10 L as
opposed to 20 L bottles. The spikes tend to coincide with a decrease in the decent rate of the
CTD package and are therefore likely associated with inefficient flushing of water around the
sensors. This is caused by the pitch, roll and heave of the ship, so it is accentuated in rough
weather. As the decent rate of the CTD package slows on the downcast, previously sampled
water (from above) is pushed passed the sensors. As the decent rate increases again un-
sampled water is flushed past the sensors. A similar problem can occur if the veer rate on the
CTD winch varies. This change in flushing can produce variability and spiking in the CT
sensors. Active heave compensation which elevates some of the larger CT artefacts, was only
turned on below 100 m on longer casts > 150 m and in rough weather. (3) The CTD package
is stopped at times by the winch operator to turn on the active heave compensation or when
approaching the bottom. This produces similar spiking and artefacts described in (2) but with
the addition of overlapping CT against the depth dimension as the heave of the ship moved
the CTD over the same patch of water. If spiking or a disturbance from the general CT trend
of the profile was identified when the CTD was stopped, this period was flagged.

When spikes were identified in the temperature or conductivity, the matching derived salinity
and density vales were also removed. The weather was rough around CTD cast 007 to 013.
These casts therefore had the most data manually removed. While the most significant
anomalies were removed it was impossible to eliminate every instance. Care should be taken
not to over interpret these features.

33



temp1 DOWN

1
= |-
£ 10 \J’L( CTDZ02 Primary temperatureDOWN  CTD202 Primary salinity
2 1.
N P
———_ e
= N S 50 1 50 % .
)
/
20 22 24 26 28 30 32 34 I i | ;‘
pressure 100 100
sal1 !*%
34951 S 150 "“ 150 F
il e W 'f‘
349F /‘V 5
- — f —
ol =) L ire) L
¥ 3485 5,200 | g 200
? e j g
i = / =
sagr H 3 j 2
it i} [
3 & 250 £ 250
20 22 24 26 28 30 32 34 :F‘
pressure f
dpdt 00f 300
06 . : ‘ . ;
In p“ i I
Iy L [ Ul
0al ,j'r i 2 ! kIL‘ N n |h‘|,u\fmﬁr Ml MU' 1 350 | 350
AR T L e T il T A
B L@ & a1 «q\i /
3 if Ll /
02 #ﬂ £ o = ] 400 £ 400t
.: ‘Ir ¥
f
0 : : ' ' : : : : 450 . . . 4 . . .
20 22 24 26 28 30 32 34 e s 8 1 s s 3
pressure Temperature [°C] Salinity [psu]

Figure 2.4 Example from CTD202S of broad (1 m) spikes in the temperature and salinity
associated with a decrease in the decent rate of the CTD package as it passed through a
sharp gradient in temperature (2°C decrease over 5 m) and salinity. As the CTD package
slows, colder and fresher water from above is pushed back passed the sensors again. The
sections identified in red/green between 20.5 - 22 db and 23 — 24.5 db were identified
manually and removed from the profile.

8. 1 db averaging

Variables were averaged into 1 db bins. Missing or cropped out data were linearly interpolated
for bins between maximum and minimum pressure. No extrapolation was performed at the
surface or bottom.

9. Apply salinity, oxygen, chlorophyll and transmission calibrations

Salinity, oxygen and chlorophyll samples were taken from the CTD Niskin bottles to calibrate
the respective sensors. The new transmissometer calibration values were obtained by Paul
Henderson during the cruise.

(a) Salinity

A total of 172 salinity samples were taken from Niskin bottles during the cruise. 96 of these
were taken from the Stainless Steel CTD and 76 were taken from the Titanium CTD. The
salinity samples range between 32.45 and 35.25 PSU.

For each sample the bottle (including cap and plastic insert) was rinsed 3 times with the Niskin
sea water and then filled. The bottle neck (inside and outside), plastic insert and cap were all
wiped dry and then the insert and bottle cap were fitted. Once a crate of 24 bottles had been
filled, the crate was placed in the same temperature controlled room as the Autosal (S/N
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71185) for at least 24 hours to acclimate to the laboratory temperature (21 °C). Further details
on the Autosal setup and standardisation can be found in the report provided by NMF
technician Paul Henderson (Appendix F).

At the start and end of each crate a standard sea water (SSW) sample was analysed to
monitor any drift of the Autosal instrument. One reading on 15t August 2023 was 0.0021 PSU,
i.e. outside the instrument specification of 0.002 PSU, however the average of the two SSW
samples for that crate was below 0.002 PSU. All of the other Autosal SSW samples were
within the instrument specification of 0.002 PSU.

DY167 salinity standard offsets
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Figure 2.5 Autosal salinity offset from the seawater standard. Green triangles are the
average crate offset applied to the salinity readings within the associated crate.

The difference between the Autosal salinity and the primary/secondary CTD salinity were
calculated for all 172 salinity samples.

The median and standard deviation of the CTD and Autosal salinity differences were
calculated for both sensors. All samples with a difference larger than 0.3 standard deviations
from the median were excluded. This was a little generous, but meant low salinity samples
were kept. These were predominantly in the top 20 m of the water column where both
temperature and salinity gradients were highest. The median offsets were subsequently
recalculated.

For Stainless Steel sensor 1, 22 out of 96 points were rejected (22.9%)
For Stainless Steel sensor 2, 13 out of 96 points were rejected (13.5%)

For Titanium sensor 1, 10 out of 78 points were rejected (12.8%)
For Titanium sensor 2, 12 out of 78 points were rejected (15.4%)

There was no temporal trend (Figure 2.6). So, the following constant offsets were applied.

For Stainless Steel sensor 1, -0.0020 PSU (CTD reading too low)
For Stainless Steel sensor 2, -0.0008 PSU (CTD reading too low)

For Titanium sensor 1, -0.0032 PSU (CTD reading too low)
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For Titanium sensor 2, -0.0046 PSU (CTD reading too low)

Once the salinity had been corrected the conductivity and potential density were both
recalculated.
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0.02 T T
. *
7 0015 r * N
L= *
g 001r * * 1
E L
*
L0005 * * b
= % * E * $ * + * +
0 *
*
% Ugf&::%::: —:::%:gzzzzzz*:::::: —— == b
l: = *VF - - - - - - - - - - - - - - - - - - = i - - - =
<L E *
o -0.005 E * 1
m * * * *
a * *
S 001 * * #  Primary sensor %
5 i #*  Secondary sensor
o] e — — —datal
& -0.015 % — — —data2 |
— — —data3
'DDE 1 1 1 1
205 210 215 220
Julian Day
- DY167 CTD - Autosal salinity difference - POST CALIBRATION
= 0015 ¥ ]
1=
o
g oo1f ¥ -
E * " *
! s L * -
E D.EIDJaé % * % ‘
O * % I ¥ *
> &, Rk g -
0 & E3 * * %
= * ¥ * —
< 0005 * e — T *
o * F *
O
S 0.01 F ¥  Primary sensor * i
5 #  Secondary sensor
O — — —datal
& -0.015 — — —data2 * 1
— — —datad
_Dnz 1 1 1 * 1 1
200 205 210 215 220

Julian Day

Figure 2.6 Stainless Steel CTD minus Autosal differences for the primary and secondary
sensors once the offsets (dashed red and blue horizontal lines) had been applied. Bottom.
Same as top but for the Titanium CTD.

(b) Oxygen

The SS-CTD oxygen sensor has been calibrated against Winkler titration samples collected
from the Stainless Steel CTD Niskin bottles (see Section 3.2). There were 18 sample
measurements available (average values from triplicate samples). No oxygen samples were
collected from the Titanium CTD so we were unable to calibrate the oxygen sensor on this
frame.

36



The secondary CTD oxygen sensor gave erroneous measurements of oxygen in the upper 15
m of the water column. 2 samples were rejected from the analysis for the secondary sensor

that were in

the upper 15 m.

For Stainless Steel sensor 1, 0 out of 18 points were rejected (0%)
For Stainless Steel sensor 2, 2 out of 18 points were rejected (11.8%)
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Figure 2.7 CTD sensor oxygen vs Oxygen Winkler Sample value for both SS-CTD sensor 1

and sensor 2. Coloured lines show the respective regressions. Green points have been

rejected.
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The linear gradient and offset between the SS-CTD sensor and the Winkler samples were
calculated. The equations for calibrating the oxygen sensors are:

Stainless Steel sensor 1: oxygen = (1.0664 x sensor) + 0.2909
Stainless Steel sensor 2: oxygen = (1.1022 x sensor) - 26.8829

The deepest oxygen sample was for 400 m. There was no significant trend of oxygen against
depth (Figure 2.8). A trend might have been found over a larger depth range but 400 m is too
shallow for a correction.

A check of calibrated oxygen against time was carried out. We have decided there is

insufficient temporal range (2 sample days) to identify or correct for any drift in the calibration
over time.
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Figure 2.8 Stainless Steel CTD sensor 1 — Winkler sample vs. sample depth AFTER
calibration (blue), Stainless Steel CTD sensor 2 — Winkler sample vs. sample depth AFTER
calibration (red). Green points have been rejected.

(c) Chlorophyll

The fluorometer sensors on both the Stainless Steel and Titanium CTDs have been calibrated
against chlorophyll samples collected from the respective CTD Niskin bottles (see Section
3.4). Both fluorometers on the CTD showed a bimodal response in the fluorescence to the
chlorophyll. This response appears dependant on T/S properties and could be different
species in cold, salinity stratified water compared to warmer, temperature stratified water.
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However, T/S properties are variable with depth, so to avoid a discontinuity in a fluorescence
profile we use Latitude 77 °N as the criteria for splitting the dataset (Figure 2.9 and Figure
2.10). For simplicity we use two linear regressions. The linear gradient and offset between the
CTD sensor and the chlorophyll samples were calculated for each latitude grouping. Before
calculating the calibration, 3 points which had CTD sensor fluorescence > 2.9 ug/l were
rejected from the Stainless Steel CTD calibration. 1 point which had CTD sensor fluorescence
> 2 ug/l of were rejected from the Titanium CTD calibration. This was because they were
spurious and deviated from the other points. Of the extracted chlorophyl a measurements
available (average values from triplicate samples) those that had a standard deviation greater

than 1 ug/l were discarded.
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Figure 2.9 (top) The difference in sensor and sample value over the SS- CTD cast number.

Green and magenta circles indicate rejected points outside 1 standard deviation. (bottom)
Stainless Steel CTD fluorometer sensor vs chlorophyll sample, points coloured by latitude.
Two separate regression lines are plotted for casts north (red line) and south (blue line) of
77 °N. Green and magenta circles indicate rejected points outside 1 standard deviation.
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DY167 CTD - Chl difference
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Figure 2.10 Same as Figure 2.9 but for the Titanium CTD.

For Stainless Steel CTD sensor 1 < 77 °N, 4 out of 48 points were rejected (8.3%)
For Stainless Steel CTD sensor 1 >=77 °N, 1 out of 49 points were rejected (2.0%)
For Titanium CTD sensor 1 < 77 °N, 2 out of 24 points were rejected (8.3%)

For Titanium CTD sensor 1 < 77 °N, 2 out of 30 points were rejected (6.7%)

To ensure that low chlorophyll values, typically at depth, were not artificially high due to the
least squares calibration line, an intercept was calculated prior to the least squares fit. For the
Stainless Steel CTD, the intercept was calculated from the average value of chlorophyll
samples < 0.4 ug/l. For the Titanium CTD, there were too few chlorophyll samples < 0.4 ug/I
so a fixed value of 0.15 ug/l was used to produce a close comparison with the Stainless Steel
CTD casts below the subsurface chlorophyll maximum. This intercept was then used to force
the least squares fit line through on the y-axis and the linear gradient between the CTD sensor
and the chlorophyll samples was calculated. The equation for calibrating the fluorometer
sensors is:

chl_sensor = chl_gradient * fluorescence_sensor + chl_intercept
Stainless Steel CTD < 77 °N coefficients: chl_gradient = 0.9841, chl_intercept = 0.2433
Stainless Steel CTD >= 77 °N coefficients: chl_gradient = 1.9640, chl_intercept = 0.2936

Titanium CTD < 77 °N coefficients: chl_gradient = 1.3608, chl_intercept = 0.15
Titanium CTD >= 77 °N coefficients: chl_gradient = 2.9912, chl_intercept = 0.15
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(d) Transmission

An update to the manufacturer calibration of the transmissometer on the Stainless Steel CTD
was received during the cruise. The new calibration values were not inserted into the SeaBird
config files mid-cruise. Instead, we made the transmission correction during post-processing
and apply it to all CTD casts. The equation used to apply the new calibration coefficients is
below:

CTDxmiss_cal = (((CTDxmiss + 0.044) / 21.947) * 21.150) — 0.042
10. Final output and data delivery

The calibrated 1 db files are output as .csv files. In the cases where there are two sensors the
“cleanest” sensor is output to file. For temperature, salinity and density, the secondary sensors
on the vane are used. For the oxygen sensor on the Stainless Steel CTD, the primary sensor
is mostly used due to problems with the secondary sensor. In profiles CTD005S and CTD007S
the primary oxygen sensor had problems (which were later resolved) and the secondary had
been fitted so the secondary is used for these casts. Variable names that have “_cal” at the
end are the calibrated version of the variable.

The Stainless Steel CTD files (e.g. DY167_CTD_001S final_1db_down_sel.csv) contain the
following variables:

CTDscan Scan count

CTDlatitude Latitude (decimal °N)

CTDlongitude Longitude (decimal °E)

CTDjday Julian Days

CTDtime Time, elapsed (seconds)

CTDpump Pump status

CTDpres Pressure (db)

CTDtemp2 Secondary temperature (on the vane) (°C)

CTDatt Beam Attenuation (m™)

CTDturb Turbidity (m™? sr?)

CTDpar PAR/Irradiance (upwards looking) (umol photons m2sec?)
CTDparl PAR/Irradiance (downwards looking) (umol photons m2 sec?)
CTDaltim Altimeter (meters above bottom)

CTDdepth Depth (m)

CTDflag Flag

CTDcond2_cal (calibrated) Secondary conductivity (on the vane) (mS cm™)
CTDsal2_cal (calibrated) Secondary Salinity (on the vane) (psu)
CTDpden2_cal (calibrated) Potential density (from vane sensors) (kg m)

CTDsigma_theta2_cal Potential density anomaly (from vane sensors) (kg m=)
CTDsound_vel2_cal Sound speed from secondary sensors (on the vane) (m st)
CTDoxy2_umoll_cal (calibrated) Primary dissolved oxygen concentration (umol L)
CTDoxy2_umolkg_cal (calibrated) Primary dissolved oxygen concentration (umol kg?)
CTDxmiss_cal Beam Transmission (%)

CTDfluor_cal (calibrated) Chlorophyll-a (mg m=)

41



The Titanium CTD files (e.g. DY167_CTD_002T final_1db_down_sel.csv) contain the

following variables:

CTDscan
CTDlatitude
CTDlongitude
CTDjday
CTDtime
CTDpump
CTDpres
CTDtemp2
CTDatt
CTDxmiss
CTDturb
CTDph
CTDpar
CTDparl
CTDaltim
CTDdepth
CTDoxy2_umoll
CTDoxy2_umolkg
CTDflag
CTDcond2_cal
CTDsal2_cal
CTDpden2_cal

Scan count

Latitude (decimal °N)

Longitude (decimal °E)

Julian Days

Time, elapsed (seconds)

Pump status

Pressure (db)

Secondary temperature (on the vane) (°C)

Beam Attenuation (m?)

Beam Transmission (%)

Turbidity (m™ sr?)

pH (unitless)

PAR/Irradiance (upwards looking) (umol photons m- sec)
PAR/Irradiance (downwards looking) (umol photons m- sec)
Altimeter (meters above bottom)

Depth (m)

Primary dissolved oxygen concentration (umol L)
Primary dissolved oxygen concentration (umol kg?)

Flag

(calibrated) Secondary conductivity (on the vane) (mS cm?)
(calibrated) Secondary Salinity (on the vane) (psu)
(calibrated) Potential density (from vane sensors) (kg m=)

CTDsigma_theta2_cal Potential density anomaly (from vane sensors) (kg m)

CTDsound_vel2
CTDfluor_cal

Sounds speed from secondary sensors (on the vane) (m s?)
(calibrated) Chlorophyll-a (mg m)
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Preliminary results
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Figure 2.11 TS plot for Stainless Steel CTD casts 001 to 114. Nutrients are shown on the
colour scale.
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2.2 Underway navigation, sea surface hydrography and
meteorology

Stefanie Rynders! (National Oceanography Centre), Jo Hopkins (National Oceanography
Centre)?
1Author, ?Data set PI

Position

GPS readings of latitude (short name: lat) and longitude (short name: lon) were taken from
the POSMV data on TechSAS in NetCDF format. The original data frequency is 1 Hz.
Unphysical points were removed assuming a maximum speed of 15 knots, comparing the
distance of each point to the previous and next points and calculating the distances between
them. Data was then averaged over 1- and 10-min intervals. Latitude is in degrees north [-90,
90], Longitude is in degrees east [-180,180].

Bathymetry

Depth readings (short name: depth) were taken from the EA600 echosounder output in
NetCDF format on TechSAS. The original output frequency is 1 Hz, unphysical values with
negative depth were removed and the data was averaged over 1- and 10-min intervals. There
were several time periods when the echo sounder was not functioning properly, mainly due to
double reflection (Table 2.2). These were removed from the record. There were a few days
when correlations with the GEBCO and/ or IBCAO datasets were unusually low, esp. 18 July
and 27 July, but no data has been removed on this account. The unit of depth is m.

Table 2.2 Echosounder outtakes

start

end

13 July 2023 07:04:00

13 July 2023 07:37:00

14 July 2023 08:34:00

14 July 2023 08:59:00

14 July 2023 10:57:00

14 July 2023 11:12:00

15 July 2023 20:43:00

16 July 2023 08:31:00

20 July 2023 00:00:00

20 July 2023 08:35:00

1 August 2023 04:40:00

1 August 2023 ©08:10:00

Sea surface measurements

The underway sea water intake was switched off during 3 maintenance periods during the
cruise. A leak occurred on the 17 of July which also necessitated switching off the system.
The periods listed in Table 2.3 were removed from all the surface physics measurements.

Table 2.3 Underway system outtakes

start

finish

17 July 2023 05:00:00

17 July 2023 13:20:00

19 July 2023 13:10:00

19 July 2023 13:25:00

28 July 2023 14:12:00

28 July 2023 14:30:00

6 August 2023 12:10:00

6 August 2023 12:30:00

SST

There are two sea surface temperature measurements available on the TSG system on
TechSAS in NetCDF format. Both measurements are of water taken at a depth of 5.5 m, one
direct at the sea water inlet (short name: SST) and one inside the ship at the sensor board
(short name: temp_h). The original data has a frequency of 1 Hz. The signal was despiked
using a median filter with a 3-point window. Data was then averaged over 1- and 10-min
intervals. The unit is degrees Celsius.
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Drop keel temperature

Drop keel temperature is abbreviated as DKT. The sensor is located on the keel of the ship at
approximately 7m depth. Data is taken from the surfmet NetCDF files on TechSAS. The native
data frequency is 1 Hz. A period of sensor malfunction was removed (Table 2.4), and the data
averaged over 1- and 10-min intervals. The unit is degrees Celsius.

Table 2.4 Drop keel temperature outtakes

start finish
17 July 2023 11:00:00 17 July 2023 13:10 00

Sea surface salinity (SSS)

Sea surface salinity data was taken from the TSG output on TechSAS in NetCDF format. The
sensor data has a frequency of 1 Hz. The signal was despiked using a median filter of
bandwidth 3. The data was then averaged in 1-minute intervals and then again despiked using
a median filter of bandwidth 3. Salinity samples were taken from the underway system to
calibrate the sensor 3 to 4 times a day. The salinity samples were processed with the
AUTOSAL and calibrated with standard seawater. Comparison between the sensor and
sample measurements showed that the underway sensor exhibited a drift towards reading too
low (Figure 2.14). The drift changed when the sensors were cleaned. To correct the sensor
the measurements were therefore split into sections according to the cleaning times. For each
time section the difference between sensor and sample measurements was fitted to a linear
polynomial using the iterative weighted least squares method in MATLAB, the so-called robust
linear fit. Figure 2.14 shows the final weights of the data points, with outliers given low weights.
The fitted line was then subtracted from the sensor reading to obtain the final corrected
measurement. The timeseries is shown in Figure 2.16. There are still some residual
differences between the sensor and sample readings. Figure 2.16 and Figure 2.17 show that
these differences typically occur in locations with relatively fresh water, or locations with
rapidly changing values close to the sea ice edge or in the fjord with glacier outflow. The
precision of recording the exact time that a salinity sample was taken is potentially a limiting
factor here. Figure 2.18 shows that the sensor drift was eliminated after calibration. The
calibration was calculated before the second median filtering of the signal but applied
afterwards. The timeseries was finally averaged into 10 min intervals.

Calibration:

rangel = timerange(datetime(2023,07,9,14,0,0),datetime(2023,7,19,13,20,0));
range2 = timerange(datetime(2023,7,19,13,20,0),datetime(2023,7,28,14,20,0));
range3 = timerange(datetime(2023,7,28,14,20,0),datetime(2023,8,6,12,20,0));
range4 = timerange(datetime(2023,8,6,12,20,0), datetime(2023,08,12));

SSS corrected(rangel)= SSS(rangel)
3.911282221005874e+03 );

(juliandate(rangel) * -0.001589866782959 +

SSS_corrected(range2)= SSS(range2)
8.813335151028276e+03 );

(juliandate(range2) * -0.003582453306100 +

SSS_corrected(range3)= SSS(range3)
1.658075949546627e+04 );

(juliandate(range3) * -0.006739731045641 +

SSS_corrected(range4)= SSS(range4) - (juliandate(range4) * 6.880263495774752e-05 +
-1.693058287209003e+02 ).
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Salinity calibration
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Figure 2.14 Salinity offset between the sensor and salinity sample. Red lines are the
regressions fitted and used in the calibration for each of the 4 time periods.
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Figure 2.16 Calibrated salinity timeseries (blue) and salinity samples (red)
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Figure 2.17 Residuals of calibration show fit is worse in areas with very fresh water or where

there were sharp gradients in salinity
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Figure 2.18 Timeline of sensor and sample differences after calibration was applied

The underway measurements have captured a wide range of the TS parameter space,
including various water masses, e.g. Atlantic water, surface and coastal water and melt water
(see Table 2.5). The observed salinity went down to 28 PSU and temperature to just below

0°C (Figure 2.19).

Table 2.5 Water mass definitions. References ! Oziel et al., 2016; 2 Vage et al, 2016

sea ice melting

Water mass Description Pot. Salinity limits
Temperature (psu)
Limits (C)
Arctic Water! Cold and fresh water of Arctic | <0 34-34.7
origin
Atlantic Water! Warm and saline waters | >3 >34.8
originating in the Atlantic
Barents Sea Water! | Cold and saline bottom layer of | <2 >34.8
the Barents Sea
Coastal Water /| Warm and fresh surface waters, | > 3 <345
Surface Water? coming from warming of the MW
and / or coastal influences
Melt Water (MW)? | Fresh surface layer produced by | 0 < T <3 <34.4
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Figure 2.19 Observed surface water masses from the underway system

Transmission

Measurements of the transmission of light through sea water (short name ‘trans’) were taken
from the surfmet system on TechSAS in NetCDF format. Transmission is 1 — the percentage
of light reflected. The original unit is V, which has been converted into a percent according to
the calibration certificate of the sensor (trans = (x - 0.017)/(4.699-0.017)). Spikes in the signal
were removed using a 5-point median filter on the timeseries. The data was averaged over 1-
and 10-min intervals.

Chlorophyll a fluorescence

The chlorophyll a fluorescence data was taken from the surfmet system on TechSAS in
NetCDF format. The original data has a frequency of 1 Hz. Data was despiked using a 5-point
median filter before it was averaged into 1 minute intervals. Fluorescence was then converted
into chlorophyll concentration using the formula Chl = 10.24 * (fluo - 0.073). The chlorophyll
timeseries was calibrated using of two sets of samples. The first set were collected from the
ships underway system intake (from a tap next to the sensor board). The second set were
collected from the “Fish” being towed behind the ship (at varying depths, but typically between
2-3 m below the surface). The two sample sets showed no significant differences. A calibration
curve was fitted with the correction dependent on the magnitude of the signal (Figure 2.20,
Figure 2.21). The algorithm is the robust linear fit in MATLAB, which iteratively calculates a
weighted least square linear fit.

The calibration is applied as:

coeff_x1 =0.5863;
coeff_intercept = -0.2251;

Chl_corrected = Chl - (Chl* coeff_x1 + coeff_intercept).
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Figure 2.20 Uncalibrated chlorophyll a timeseries (blue) and extracted chlorophyll a samples
(red dots: ships intake; yellow dots: FISH)
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Figure 2.21 Chlorophyll a calibration

There is a group of datapoints that stand out as clustering lower than the calibration line.
Figure 2.22 shows that those points have mostly been ignored in the calibration. A change in
the stock of acetone was ruled as a potential cause. Figure 2.23 confirms that the outliers
have no relation to cleaning periods. There is however some geographical clustering and
correlation with low transmission over the shallow banks and in Storfjorden.

The chlorophyl a timeseries was averaged into 10 min intervals.

51



fish vs underway sample linear fit weights
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Figure 2.22 Sample weights used for the chlorophyll calibration

offset from calibration fit

80°N [—

Latitude

60°N

15°W 0° 15°E 30°E 45°E 60°E
Longitude

Figure 2.23 Geographical spread of chlorophyll calibration outliers; red stars mark the

locations at which the underway sensors were cleaned
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Figure 2.24 Calibrated chlorophyll a timeseries (blue) and extracted chlorophyll a samples
(red dots: ships intake; yellow dots: FISH)
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Figure 2.25 Chlorophyll calibration residuals coloured by transmission: large offsets occur in
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Figure 2.26 Calibrated underway chlorophyll a measurements along the full DY167 cruise
track

Meteorology

Humidity

Relative humidity data (short name RH) was taken from the Surfmet output on TechSAS in
NetCDF format. The original data has a frequency of 1 HZ. Outliers were removed using the
“isoutlier” function in MATLAB, Outliers are defined as elements more than three scaled MAD
from the median. The scaled MAD is defined as c*median(abs(A-median(A))), where c=-
1/(sqrt(2)*erfcinv(3/2)). Data was then averaged over 1- and 10-min intervals. The unit of
relative humidity is percent.

Radiation

There were two total radiation (TIR) and two photosynthetically active radiation (PAR) sensors
on board. One on each of the port and starboard sides. Measurements were at times
influenced by birds sitting on the platform blocking light. Therefore, the maximum was taken
from the two (port and starboard) sensors as true measurement. The data has a native
frequency of 1 Hz. The timeseries were despiked using a median filter of bandwidth 5. Data
was converted from the native units of 107-5 V to W/m2 according to the individual sensors’
calibration certificate. Data was then averaged over 1- minute intervals.

Unphysical negative values were removed as well as periods where PAR was higher than
TIR. Data was then smoothed using a 5-point centred moving mean and averaged over 10-
minute intervals.

Surface air temperature

Surface air temperature (short name SAT) was taken from the surfmet data on TechSAS in
NetCDF format. The native data has a frequency of 1 Hz. Outliers were removed using the
“isoutlier” function in MATLAB, Outliers are defined as elements more than three scaled
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median absolute deviations from the median. Data was averaged over 1- intervals and filtered
using a 10-point moving average to remove the steps in the signal. The data was then
averaged over 10-minute intervals. The unit of surface air temperature is degrees Celsius.

Surface air pressure

Surface air pressure (short name SAP, unit hPa) data was taken from the surfmet output on
TechSAS in NetCDF format. The original frequency is 1Hz. Unphysical values of less than
700 hPa were removed and data was averaged into 1- and 10-minute intervals.

Wind data

Apparent wind speed and apparent direction were taken from the surfmet data on TechSAS
in NetCDF format. The original frequency is 1 hz. A period with unrealistically high wind speed
readings was removed from both speed and direction data Table 2.6. The apparent winds
were converted into true winds using the WOCE MATLAB script for which ship ground speed
was first converted into m/s using 1 knot = 0.514 m/s. The data was then averaged over 1-
and 10-minute intervals. For the averaging, wind direction units were converted from degrees
to radians, unwrapped using the MATLAB function to eliminate jumps, and averaged before
converting back into degrees and remapped to the [0 360[ interval. The origin convention is:
0 degrees is northerly, 90 degrees is easterly. The short variable names are ‘true_speed’ and
‘true_direct’.

Table 2.6 Wind speed and direction outtakes

start finish
26 July 2023 17:22:00 26 July 2023 17:26:00

Auxiliary data

Flow rate

The flow rate of the underway water intake system was taken from the Surfmet output on
TechSAS in NetCDF format. The original frequency of the data is 1 Hz. The maintenance and
leak periods were cut out (see Table 2.3). The data was averaged into 1 min intervals. The
flow rate was despiked using a 10-point median filter and then averaged into 10-min intervals.
After maintenance periods the flow rate increases slowly, which can take up to a few hours,
but there has been no removal of data based on low flow rate. The unit of flow rate is I/min,
the short name is ‘flow’.

Ship heading

Ship heading is needed to calculate true winds. Ship heading was taken from the POSMV
data on TechSAS in NetCDF format, consistent with the GPS data. The original frequency of
the data is 1 Hz. The data was then averaged over 1- and 10-minute intervals. For the
averaging units were converted from degrees to radians, unwrapped using the MATLAB
function to eliminate jumps, and averaged before converting back into degrees and remapped
to the [0 360[ interval. The origin convention is: 0 degrees is northward, 90 degrees is
eastward. The variable is named ‘heading’.

Ship course

Ship course (short name gndcourse) is needed to calculate true winds. Ship course was taken
from the POSMV data on TechSAS in NetCDF format, same as the GPS data. The original
frequency of the data is 1 Hz. The data was then averaged over 1- and 10-minute intervals.
For the averaging units were converted from degrees into radians, unwrapped using the
MATLAB function to eliminate jumps, and averaged before converting back into degrees and
remapped to the [0 360[ interval. The origin convention is: O degrees is northward, 90 degrees
is eastward.
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Ship speed

Ship speed (short name gndspeed, unit knots) is needed to calculate true winds. Ship speed
was taken from the POSMV data on TechSAS in NetCDF format, the same source as the
GPS data. The original frequency of the data is 1 Hz. The data was then averaged over 1-
and 10-minute intervals. Ship speed is recorded in knots.
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2.3 Lowered ADCP

Jo Hopkins®? (National Oceanography Centre) and Paul Henderson! (National Oceanography
Centre, NMF)
1Author, 2Data set PI

Background motivation and objectives

Full interpretation of the DY167 measurements of nitrogen fixation rates, nifH gene abundance
and diversity, inorganic nutrients, trace metals and phytoplankton community structure
requires understanding of the hydrodynamics of the area. The hydrography, dense water
formation, frontal systems and bathymetry of the Barents Sea, coupled with strong tidal
currents, particularly over the shallow banks, results in complex submeso-scale circulation
patterns, frontal jets and regions of intense vertical mixing (e.g. Oziel et al., 2016; Fer and
Drinkwater, 2014; Vage et al., 2014). To help place the N-Arc sampling locations into a wider
dynamical context, velocity profiles were collected at each station, giving instantaneous
horizontal water velocities for each of the stainless steel CTD casts.

Instrument setup

Lowered Acoustic Doppler Current Profiler (LADCP) data were obtained from every stainless
steel CTD cast. Two self-logging LADCPs were installed on the stainless-steel CTD frame.
The down-looking unit (S/N: 13329) was a 300kHzTeledyne RDI Workhorse sited at the centre
of the frame with its transducers just above the bottom tube of the CTD frame. The up-looking
unit (S/N: 1855) was located within an outrigger frame with its transducers just below the top
tube of the CTD frame. The downward looking instrument behaved as a master to the upwards
looking instrument (the slave).

The down-looking 300 kHz instrument was configured to output information via its serial port.
The serial port was connected to the 9plus 9600 baud uplink cable prior to deployment and
displayed during the CTD casts using TRDI Tool. The instruments were powered with NMF
Workhorse Battery Pack serial number WHO10T.

It was noted that the up-looker (S/N: 1855) often had poor correlation on Beam 1.
The ADCPs were set with 1.3s ensembles in 2.8s bursts and averaged into 25 x 8 m bins.

Raw data was saved using the file naming convention DY167 CTD_XXXM.000 and
DY167_CTD_XXXS.000 where XXX refers to the CTD cast number and ‘S’ or ‘M’ to the slave
or master ADCP.

The command files for the Master and Slave can be found in Appendix F.

Data processing

Each cast was processed using the LDEO version 1X.14 software, a package that implements
the velocity inversion method for LADCP processing, originally developed by Martin Visbeck.
Setup details can be found in ‘A. M. Thurnherr, How to Process LADCP Data With LDEO
Software (Version 1X.14), Jun 29" 2021’. Raw data from each LADCP file was combined with
1 second averaged temperature, salinity and pressure from the corresponding CTD cast to
provide accurate information on the vertical velocity of the frame through the water, and with
1 second navigation data (longitude and latitude) to calculate the frames exact position and to
constrain its motion using a drag model. The exact geographical location of the station is also
used to calculate the magnetic declination. Further QC and constraint with processed
VMADCP data will be conducted in the lab post-cruise.
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2.4 Vessel-Mounted Acoustic Doppler Current Profiler

Jo Hopkins!2 (National Oceanography Centre)
1Author, ?Data set PI

Background motivation and objectives

Full interpretation of the DY167 measurements of nitrogen fixation rates, nifH gene abundance
and diversity, inorganic nutrients, trace metals and phytoplankton community structure
requires understanding of the hydrodynamics of the area. The hydrography, dense water
formation, frontal systems and bathymetry of the Barents Sea, coupled with strong tidal
currents, particularly over the shallow banks, results in complex submeso-scale circulation
patterns, frontal jets and regions of intense vertical mixing (e.g. Oziel et al., 2016; Fer and
Drinkwater, 2014; Vage et al., 2014). To help place the N-Arc sampling locations into a wider
dynamical context, data on the structure and strength of the ocean currents was collected
throughout the cruise from two vessel mounted ADCPs.

Instrument setup and processing
Ocean Surveyor 150 kHz

Narrow band water tracking
50 x 8 m bins

4 m blacking distance

1.1 seconds between pings

Ocean Surveyor 75 kHz
Narrow band water tracking
60 x 16 m bins
8 m blacking distance
1.8 seconds between pings

The transducer heads are mounted 6 m below the water line.

Data collection was started at 09:08:54 on 9" July 2023. Data collected stopped at 09:33:47
on 11™ August 2023.

Data was acquired from the ADCPs and ancillary sensors (e.g. GPS, gyrocompass) using the
University of Hawaii Data Acquisition System (UHDAS) acquisition system. CODAS (Common
Ocean Data Access System) software was run onboard to build a data set of 5-minute
averaged ocean velocities, corrected for compass errors. Further quality control to clean up
glitches or gaps in the heading data will happen post-cruise.

References

Vage, S., Basedow, S. L., Tande, K. S., Zhou, M. (2014). Physical structure of the Barents
Sea Polar Front near Storbanken in August 2007. Journal of Marine Systems, 130, 256-262.

Oziel, L., Sirven, J., Gascard, J. C. (2016). The Barents Sea frontal zones and water masses
variability (1980-2011). Ocean Science, 12, 169-184.

Fer, I., Drinkwater, K. (2014). Mixing in the Barents Sea Polar Front near Hopen in spring.
Journal of Marine Systems, 130, 206-218.
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Preliminary results
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Figure 2.27 East-West (top) and North-South (bottom) velocities (m/s) from the OS150
between 17" July 2023 and 10™ August 2023.
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3 Biogeochemistry

3.1 Inorganic nutrients

Louisa Norman' Claire Mahaffey? (University of Liverpool)
! Author, 2 Data set PI

Background motivation and objectives

The Barents Sea is a typical shelf sea, with vertical stratification depleting nutrients in surface
waters in the summer due to phytoplankton growth. However, the distribution and
stoichiometry of nutrients is of interest to N-Arc due to the competing supply from the Atlantic
versus Arctic enriched waters, and the potential for nutrients to be limiting phytoplankton
growth in this region. To investigate the spatial and vertical distribution of inorganic nutrients,
we analysed filtered seawater samples from the towed FISH and CTD casts and performed
colorimetric analysis to determine the concentration of nitrate plus nitrite, phosphate, silicate
and nitrite.

Methods

Nutrient concentrations were determined using a Bran and Luebbe QuAAtro 5-Channel
Nutrient Auto-analyser. Specifically, nitrate plus nitrite, phosphate, silicate and nitrite were
determined using colorimetry. Nitrate plus nitrite was determined via reduction of nitrate to
nitrite at pH 8 using a copperized cadmium reduction coil and subsequent reaction of nitrite
with sulphanilamide and NEDD to produce a reddish-purple azo dye (Brewer and Riley, 1965).
Nitrite is measured in the same manner but without the need for the copperized cadmium
column (Grasshoff, 1976). Phosphate was determined by reacting phosphate with molybdate
ion and antimony ion followed by reduction with ascorbic acid to produce a phospho-
molybdenum complex (Kirkwood, 1989). Silicate was determined by reducing a silico-
molybdate complex in acid solution to a molybdenum blue by ascorbic acid. Oxalic acid is
added to minimize interference from phosphate (Kirkwood, 1989).

Stock standards (10mM) were at the start of the cruise using high purity salts of potassium
nitrate, sodium nitrite, potassium dihydrogen phosphate and sodium metasilicate
nonahydrate. All standards were prepared in artificial seawater (35 g sodium chloride + 0.5 g
sodium bicarbonate in 1L of Milli-Q water).

Seawater samples were analysed in triplicate using an autosampler. Baseline and drift
corrections were applied during analysis. Baseline, calibration slope, CRM values and
precision was recorded for every analysis run. Certified reference materials (CRMs, KANSO
Lot CI-2029) were analysed at the start, middle and end of every run. Precision and accuracy
were typically better than 1% for all nutrients (Table 3.1, Figure 3.1). The limits of detection of
nitrate plus nitrite, silicate, phosphate, ammonium and nitrite were 0.1, 0.1, 0.05, 0.05 and
0.05 pM, respectively.

Table 3.1 Summary of typical daily CRM concentrations (xM) compared to the expected
KANSO CRM of Lot. CI-2029.

Nutrient CRM expected value (uM) | Daily cruise mean * stdev
Nitrate+nitrite 14.534 14.589 + 0.076

Silicate 8.450 8.502 + 0.04

Phosphate 0.971 0.975 £ 0.006
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Figure 3.1 Typical daily measured nutrient concentrations of Certified Reference Material
(CRM: Kanso CRM Lot. CI-2029) for nitrate plus nitrite, phosphate and silicate. Solid line
represents expected value. Dashed lines represent plus or minus 1% from the expected
value. Triangles represent the measured value.

Samples collected

Sample collection: Samples for nutrient analysis were collected during three activities: (a)
trace metal clean FISH during transit and during time-series on station, (b) stainless steel and
titanium CTD casts and (c) nutrient addition experiments. Samples from activities (a) and (b)
were filtered through an AcroPak 500 capsule filter with Supor membrane 0.1 um (ref:12997).
Samples from (c) were analysed unfiltered. In all cases, samples were collected into acid-
washed, MQ rinsed HDPE bottles after triple rinsing and filled to 80% capacity. Samples were
either analysed on the same day, stored in the fridge and analysed the next day, or frozen
until analysis later in the cruise. A summary of samples collected from each activity is reported
in Table 3.2. Over the entire cruise, 1732 samples were analysed in triplicate and 214 CRMs
were analysed in triplicate, resulting in a total of 1946 samples analysed with 5828 injections.
See sample logs in Appendices B, C and D for details.

Table 3.2 Summary of the number of samples analysed for each nutrient during DY167 from
4 sampling activities.

Nutrient FISH Stainless CTD | Titanium CTD | Experiments
Nitrate+nitrite 242 328 273 889
Silicate 242 328 273 889
Phosphate 242 328 273 889

Brewer, P.G and Riley, J.P. (1965). The automatic determination of nitrate in seawater. Deep
Sea Research, 12, 765-772.

Grasshoff, K., (1976). Methods of seawater analysis. Verlag Chemie, Weinheim and New

York.

Kirkwood, D., (1989). Simultaneous determination of selected nutrients in seawater. ICES CM
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3.2 Dissolved Oxygen

Xin Meng, Claire Mahaffey? (University of Liverpool)
1 Author, 2 Data set PI

Background motivation and objectives

To calibrate the oxygen sensor on the CTD frames, dissolved oxygen concentrations were
determined using the standard Winkler technique. Oxygen concentrations were to be
determined using the Metrohm Titrando potentiometric titration system. However, a fault was
found on the electronics board at the start of the cruise and could not be repaired. We switched
to manual methods, using the stir plate function on the Metrohm only.

Methods

Reagents: Reagents were prepared as follows:
Manganese chloride reagent (3 M): Dissolve 600 g of manganese chloride tetrahydrate
(MnCl».4H,0) in 800 ml distilled water and make up to 1 liter in a volumetric flask.

Alkaline iodide reagent

Dissolve 320 g sodium hydroxide (NaOH) in 500 ml distilled water (HEAT EVOLVED, ADD
NaOH slowly) and, separately, dissolve 600 g sodium iodide in 500 ml distilled water. Mix the
two solutions 1:1, by volume.

Sulfuric acid reagent (10 N)
Mix 280 ml of concentrated sulfuric acid into distilled water using a 1 liter volumetric flask
NOTE: ADD ACID TO WATER, NOT WATER TO ACID

Sodium thiosulfate reagent (0.2 N)
Dissolve 49.64 g of reagent grade sodium thiosulfate (NaS203. 5H,O and make up to one
liter with distilled water. Determine exact normality as described below.

Potassium iodate reagent (0.025 N)
Dissolve 0.8918 g of dry (100°C, 2 hours) KIO3 into 800 ml distilled water and bring up to 1
liter in a volumetric flask.

lodate standard for standardisation: From OSIL, 0.01N, 1.667 millimolar, code 57012

Sample collection: Samples were collected from the stainless steel CTD only from between
8 and 12 depths per CTD cast (See Appendix B). Note that samples for oxygen analysis were
not collected on all casts (e.g. Yo-Yo activities). Three calibrated glass stoppered bottles were
rinsed and overfilled for up to 45 seconds with running seawater. Seawater was transferred
from the Niskin bottle to the glass bottle via a Tygon tube. Once overfilled, the bottle remained
un-stoppered and was fixed with 1 mL of manganese chloride and 1 mL of alkaline iodide
using automated dispersers. The bottle was stoppered, shaken for 30 seconds, and placed
back into the plastic storage box. Bottle numbers were recorded in the CTD log sheet and
temperature of the first sample collected was also recorded in °C.

Standardisation of thiosulphate: Due to the faulty Metrohm Titrando, we performed manual
titration of oxygen samples using an 1 mL Eppendorf pipette. Initially, 0.2 N thiosulphate was
used to titrate samples but this was deemed too concentrated, resulting in poor accuracy. A
range of thiosulphate concentrations were tested, from 0.005N to 0.2N. A concentration of
0.01N was deemed to be satisfactory, resulting in improved precision and accuracy.
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To standardise the thiosulphate daily, 100 mL of seawater was placed in a clean plastic beaker
and placed on the stir plate with a magnetic stirrer. 1 mL of sulphuric acid was added, followed
by 1 mL of alkaline iodide and 1 mL of manganese chloride, ensuring the solution had time to
mix between reagent addition. If the solution turned brown, it was discarded and restarted in
a clean beaker. If clear, then 5 mL of the OSIL iodate standard was added to turn the solution
iodine brown. The solution was titrated to clear by adding 100uL increments of 0.01N sodium
thiosulphate. The thiosulphate concentration ranged from 0.0172 M to 0.0179 M. This was
measured and recorded daily and used to calculate the concentration of oxygen daily.

Sample analysis: Oxygen analysis was performed on the same day and at least 4 hours after
collection. Each bottle, one at a time, was un-stoppered and 1 mL of 10N sulphuric acid was
added to the sample using an automated 1 mL pipette. The bottle was stoppered and shaken
to dissolve the precipitate. The entire contents of the bottle were poured into a clean and dry
plastic beaker and were placed on the stir plate on a piece of white paper. Sodium
thiolsulphate was added in 200 uL increments until an initial colour change was observed, the
reduced to 100 pL increments. The solution was titrated to clear, then one or two extra aliquots
of sodium thiosulphate were added to ensure the colour change was complete. The volume
was recorded in a logbook. Typical volumes of sodium thiosulphate added to samples were
between 8.5 and 11.2 mL. Beakers were rinsed with Milli-Q and dried completely between
samples. The bottle number was recorded as each bottle is individually calibrated for volume.

Precision, accuracy and calibration: The precision of analysis was typically better than 1%.
Accuracy was problematic and, on some casts, there was a 20 to 30 uM offset between the
bottle oxygen and sensor oxygen. Only two casts were identified to have data of sufficient
quality to be used for calibration, specifically CTD121S and CTD207S. See Section 2.1 for the
resulting relationship between the bottle oxygen and CTD sensor data.
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3.3 Dissolved organic matter (DOC and eHS)

Millie Goddard-Dwyer! (University of Liverpool), Louisa Norman (University of Liverpool),
Hannah Whitby? (University of Liverpool), and Claire Mahaffey!? (University of Liverpool)
1 Author, ?Data set PI

Background motivation and objectives

Dissolved organic matter (DOM) represents the largest reservoir of reduced carbon in the
ocean (Hansell et al., 2009). Therefore, resolving DOM spatial variation, and its sources and
sinks is crucial to understand marine carbon cycling. Sources of DOM include terrestrial,
atmospheric, sedimentary, and in-situ primary production while sinks of DOM include
photooxidation and microbial degradation (Dittmar et al., 2021). In the context of the aims of
N-ARC cruise, nitrogen fixers may act as a potential source of DOM through exudation, or
may use DOM to fuel heterotrophic activity, especially the non-cyanobacterial diazotrophs or
NCDs (von Friesen and Riemann, 2020). Therefore, the availability and cycling of DOM may
be an important constraint on diazotroph activity in the Arctic Ocean and may also place a
control on the distribution and availability of DOM in the Arctic Ocean.

DOM influences the cycling of dissolved trace metals (TM) via complexation, which influences
the solubility, bioavailability, and toxicity of TM (Rue and Bruland, 1995). One group of TM
binding DOM which are thought to be important in the cycling of TM are electroactive humic
substances (eHS) (Muller, 2018, Whitby et al., 2020). Previous studies have observed
abundant eHS in the Arctic Ocean (Slagter et al., 2017, Laglera et al., 2019), which suggests
that eHS may play an important role in the supply of TM to microorganisms in the region. In
the context of the aims of the N-Arc cruise, the availability of TM may influence the distribution
of nitrogen fixation as TM are used as enzyme cofactors in the nitrogenase enzyme (Twining
and Baines, 2013).

During the N-ARC cruise, samples for DOC were collected from (a) the FISH and (b) the
titanium CTD (Table 3.3). Samples for DOC and eHS were also collected from 3 treatments
in the nutrient limitation experiments (control, NP and NPFe) (Table 3.3).

Table 3.3 Summary of number of samples collected for dissolved organic carbon (DOC) and
electroactive humic substances (eHS) during DY167 N-ARC cruise

Activity Number of DOC samples Number of eHS samples

Titanium CTD 136 136
FISH 274 22

NutLim Experiments 17 17
Ice-edge 1 1
Glacier 1 4

TOTAL 429 180

Methods

Seawater was collected from the FISH or titanium-CTD rosette. Ice samples for eHS samples
were melted at 4 °C in the dark in acid clean HDPE containers, subsequently filtered through
a GF/F filter (Whatman) using an acid cleaned glass filtration system into acid cleaned
LDPE/HDPE bottles.

Seawater for DOC samples were collected in an amber HDPE bottle (Nalgene), filtered

through a pre-combusted 47mm GF/F filter (Whatman) using an acid cleaned glass filtration
system into ashed glass vials and acidified to pH 2 using reagent grade HCI. Samples were
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stored at 4 °C until analysis on shore. The samples will be analysed using a Shimadzu TOC
analyser at the University of Liverpool.

Seawater for eHS samples collected using the FISH or TM-clean rosette were filtered through
a 0.2 uM filter into TM clean LDPE/HDPE bottles. Seawater for eHS samples subsampled
from nutrient limitation experiments (see relevant section in cruise report) were collected dark
HDPE bottles (Nalgene), filtered through a GF/F filter (Whatman) using an acid cleaned glass
filtration system into acid cleaned LDPE/HDPE bottles. All eHS samples were stored at -20
°C until analysis on shore and will be analysed using cathodic stripping voltammetry at the
University of Liverpool.

Samples collected

See Appendix H for a list of samples collected for DOC and eHS.
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3.4 Chlorophyll a

Catherine Berridge?!, Xin Meng! and Claire Mahaffey'? (University of Liverpool).
1 Author, ?Data set PI

Background motivation and objectives

We collected samples to measure chlorophyll a concentrations to estimate autotrophic
biomass and calibrate the fluorescence sensors on the underway seawater system (UW),
stainless CTD and titanium CTD.

Seawater collection

Seawater samples were collected in 1L amber HDPE bottles. Bottles were rinsed 3 times and
filled to the top. Either 1 L or 500 mL was then filtered. Samples were collected from the towed
FISH (see Appendix D), from 2 to 6 depths from the stainless steel CTD (see Appendix B) and
from 2 to 6 depths from the titanium CTD (see Appendix C). Samples were also collected from
the nutrient limitation experiments for all 24 treatments for up to 7 days (see section 7.1). A
summary of samples collected for each activity is reported in Table 3.4.

Table 3.4 Summary of chlorophyll a samples collected

Activity Number of samples
FISH 253

Underway (UW) 35

Stainless CTD 120

Titanium CTD 61

NutLim Experiments 835

TOTAL 1304

Samples filtration

All samples were processed immediately after collection. Either 500 mL or 1000 mL of
seawater was filtered through a 47 mm GFF microfibre filter on a 3-port filtration rig under
vacuum (Welch vacuum pump). After filtration, the filters were rolled and extracted into a glass
test tube, containing 5mL of 90% acetone. The filter was fully submerged into the acetone and
the plastic screw cap was attached. The time of submersion in acetone was noted. The test
tube was then wrapped completely, including the lid, in aluminum foil and labelled before being
stored for 24 hours in a -20°C freezer.

Sample analysis

The fluorescence was measured to determine the chlorophyll concentrations after 24 hours of
incubation in the freezer. A Turner Design Field fluorometer was used to give values in raw
fluorescence units (RFU). The time at which the sample was analysed was also noted. The
fluorometer was calibrated at the start and the end of the cruise using a pure chlorophyll a
standard. Instrument drift was monitored daily using a solid standard. The instrument was left
on throughout the duration of the cruise and no instrument drift occurred.
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3.5 Oxygen Isotopes (d180)

Jo Hopkins?! (National Oceanography Centre), Claire Mahaffey?! (University of Liverpool), Mike
Meredith? (British Antarctic Survey)
1 Author, ?Data set PI

Background motivation and objectives

Collected on behalf of the BIOPOLE Project, a NERC programme examining biogeochemical
processes and ecosystem function in the polar ecosystems. The samples will be analysed to
determine the meteoric water content.

Methods

50 ml glass bottles were rinsed by overfilling them with > 3 times their volume. The bottles
were filled to the rim and care was taken to flush out air bubbles. A rubber seal was placed
over each bottle and crimped closed with a aluminium cap. The bottles were stored at room
temperature.

Samples collected

102 samples for d180 were collected from the stainless steel CTD (Appendix I). Typically 6-8
depths were sampled between the surface and bottom.

38 samples were collected from the ships underway intake whilst surveys were being carried
out within Storfjorden.

samples were taken from ice blocks and water collected from the small boat (on 04/08/2023)
near the foot of the Negribreen Glacier.

67



4 Trace metals

Seawater samples were collected at all stations, using a titanium CTD rosette fitted with 24 x
10 L trace metal clean Teflon-coated OTE (Ocean Test Equipment) bottles with external
springs, deployed on a Kevlar coated conducting wire. Upon recovery, the OTE bottles were
transferred into a class 1000 clean air shipboard laboratory and pressurised (1.7 bar) with
compressed air filtered in line through a 0.2 um PTFE filter capsule (Millex-FG 50, Millipore).
All samples for dissolved iron, dissolved trace metals and iron isotopes were collected into
trace metal clean low density polyethylene (LDPE, Nalgene) bottles. Unfiltered samples were
collected for total dissolvable iron which is defined as iron, which is solubilized after at least 6
months of acidification to 0.024 M HCL. Samples for dissolved iron dissolved trace metals and
iron isotopes were filtered using 0.2 um acetate membrane filter cartridge filters (Sartobran-
300, Sartorius). All of these samples were acidified with ultra-pure HCL (UPA, Romil) to 0.024
M. Dissolved iron samples were analysed onboard (see section 0). Total dissolvable iron,
dissolved trace metals and iron isotope samples will be run back at the National
Oceanography Centre in a trace metal clean van.

Particulate samples were collected from a sub-set of bottles onto acid clean 25 mm Supor®
polyethersulfone (PES) membrane disc filters (Pall, 0.45 um) housed in acid cleaned Millipore
Swinnex filter houses and connected to the OTE bottles using luer lock fittings and acid
cleaned Bev-a-line tubing (Cole Parmer). Following filtration, the filter houses were removed
and placed in a laminar flow bench. Using an all-polypropylene syringe attached to the top of
the filter holder, residual seawater was forced through the filter using air from within the laminar
flow bench. This ensures there is no spillage and loss of particulate material from face of filter
when filter holder is opened, and will remove as much seawater as possible in order to reduce
the residual seasalt matrix for analytical simplicity after the sample is digested. The filter
holders were gently opened and the PES filter was placed in clean petri slides and frozen at -
20°C until analysis.

From every cast and each OTE bottle macronutrient samples were collected by filtering
through 0.2 um acetate membrane filter cartridge filters (Sartobran-300, Sartorius). Samples
for Dissolved Organic Carbon (DOC) were collected unfiltered (see section 3.3). Between
three and six salinity samples were collected from each cast for calibration purposes.
Dissolved oxygen samples were collected in triplicate from 12 depths from the deep cast for
calibration.

Appendix C details all samples collected from the trace metal titanium CTD
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4.1 Dissolved Fe distribution

Ruth Hawley?! (University of Southampton), Maeve Lohan? (University of Southampton)
1 Author, ?Data set PI

Introduction

Iron (Fe) is an essential micronutrient for biological processes during primary production such
as nitrogen fixation (Morel et al. 1991; Morel 2003). Despite its key roles, Fe is present only
at nanomolar concentrations in the ocean as a results of its low solubility under oxic conditions
(Boyd & Ellwood 2010). Hence, Fe (co-)limitation of primary production has been observed
for example in various ocean settings (Boyd et al. 2007).

In the Barents Sea the main sources of dissolved iron (dFe) in the surface ocean have been
shown to be from seasonal ice-melt (Aguilar-Islas et al., 2008; Bhatia et al., 2013) and riverine
input, which is transported to the Barents Sea by the transpolar drift (Klunder et al., 2012a).
The deep water composition of dFe in the Barents Sea is controlled by the balance between
scavenging processes and the dissolution of resuspended particles originating from shelf
sediments (Klunder et al., 2012b). Over the past two decades, there has been an 88%
increase in primary production in the Barents Sea (Lewis et al., 2020), which has been
attributed to large reductions in sea ice and increased light availability (Arrigo and van Dijken
2015). However, like other regions of the ocean (e.g., the Southern Ocean), it has been
hypothesised that iron has the potential to limit primary production in the Barents Sea
(Rijkenberg et al. 2018); yet, due to a lack of existing studies, this has not been quantified.

To investigate the potential Fe limitation of Nitrogen Fixation and primary production, dissolved
Fe (dFe) (defined as passing through a 0.2um filter) was measured along the surface gradient
as well as in full depth profiles and was used to place nutrient limitation experiments and
Diazotroph experiments in context.

Methods

Sampling — Dissolved Fe (dFe) samples were collected from Ti-CTD casts at all stations.
During transit between stations NOO and N19, dFe samples were collected from the underway
FISH. All sampling took place in a clean laboratory and samples were collected in acid-cleaned
(one week soaked in 3 M HCI, one week in 0.5 M HCI, stored in 0.024 M HCI) LDPE bottles
by attaching a 0.2 um Sartobran filter to pressurized OTE bottles. All sampling bottles were
rinsed three times with seawater prior to filling. The samples were acidified to pH 1.7 with
ultrapure HCI (Romil, UpA) and left to equilibrate for at least twelve hours before analysis.

Analysis — Flow injection analysis with chemiluminescence detection (FIA-CL) was used to
determine nanomolar concentrations of dFe (Obata et al. 1993; Obata et al. 1997). At least 15
min prior to analysis samples were spiked with 60 ul 0.01 M H»0- to allow any present Fe(ll)
to be oxidized to Fe(lll). The sample was then buffered to pH 3.5 and preconcentrated on a
Toyopearl resin. Upon elution by HCI, the Fe entered a reaction stream with luminol, NH,OH
and H20O, to induce the chemiluminescent oxidation of luminol detected by a photomultiplier
tube. Each sample was measured in triplicate with a column loading time of 60 s, resulting in
a total of approximately 10 min per run.

Results -Dissolved Fe concentrations were analysed on board for the 16 casts and the
underway gradient. Preliminary results indicate a strong influence of ice edge inputs on
surface ocean concentrations of dFe, which ranged between 0.54 nM and 1.96 nM, at the ice
edge. This resulted in high concentrations in the surface waters, with a surface concentration
of 0.61 nM at Station N10. The concentration of dFe then decreases with depth as Fe is
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scavenged onto particles. Lowest concentrations were observed at the deep chlorophyll
maxima (DCM) due to biological uptake. At several stations, iron concentrations increased
with depth to > 2 nM, indicative of benthic inputs. Figure 4.1 displays an example of this typical
profile, taken from Station NO4, with the lowest dFe concentration at the DCM, and increased
concentrations with depth.

dFe (nM)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
0 T T T T T T T T

50 |
100 |
150 |

E |

£

o

20|

8 250
300 |

350

400

450

Figure 4.1. Example depth profile of dissolved iron at station N10 (shelf station with a bottom
depth of 460 m) taken from a titanium CTD cast and analysed by FIA-CL.
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5 Activity, abundance and diversity of nitrogen fixing
organisms

5.1 Near-real time rates of nitrogen fixation using the FARACAS

Ariana de Souza® (Duke University), Katryna Niva? (Duke University), Nicolas Cassar® (Duke
University)
! Author, 2 Data set PI

Background motivation and objectives

With polar regions changing more rapidly than other regions, it is important to examine which
factors drive productivity and ultimately carbon cycling in these regions. It is only recently that
measureable rates of biological nitrogen fixation (BNF) have been recorded in polar regions
(Blais et al. 2012; Fernandez-Méndez et al. 2016; Shiozaki et al. 2017; Sipler et al. 2017;
Shiozaki et al. 2018). It is unclear if BNF is important to the local nitrogen fluxes in the Arctic,
and how it might evolve with climate change. To address this question, we deployed, over a
large swath of the Arctic Ocean, an instrument which allows for high-resolution estimates of
BNF. We ran the Flow-Through Incubation Acetylene Reduction Assays by Cavity Ring-Down
Laser Absorption Spectroscopy (FARACAS) (Cassar et al. 2018) to measure BNF.

Methods

Along the cruise track (Figure 1.1), we operated the FARACAS to collect continuous
measurements of BNF. Unfiltered seawater was pumped continuously through using the
Towfish. Seawater was then mixed with acetylene gas trace water, which was prepared by
dissolving C2H4 gas (created by mixing water with high purity CaCz2) into filtered seawater.
The two solutions were combined at a ratio of 1:6, achieving a 10% final acetylene saturation.
The mixed seawater solution was then pumped into a 9-L incubation chamber, maintained at
in-situ temperature using a water jacket with seawater flowing continuously through the jacket.

Light intensity mimicked outdoor conditions by changing the intensity of a PAR light bank that
shone on the incubator. The incubator was continuously stirred using a stir bar. From the
incubator, water was continuously being pumped into a glass bubbler, where ambient air was
combined with the water at a rate of 39.3 mL/min to strip the gas of any ethylene produced in
the incubator. This ethylene that was extracted was measured by a Picarro CRDS (Cavity
Ring Down Laser Spectroscopy) analyzer (model G2106, Santa Clara, CA).

Every few hours, depending on activity, a control experiment was performed where water
would bypass the incubator and background ethylene values would be measured for
comparison. Ethylene production rates were then converted to BNF rates using a conversion
ratio of 4:1.

Samples collected

Samples were continuously collected and data was recorded every few milliseconds
throughout the whole course of the cruise. Seawater was pumped into the system, and then
returned through the drain, so no samples were collected and preserved and shipped back to
Duke University.
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5.2 Whole community bottle-derived rates of nitrogen fixation and
carbon uptake (**N2and 3C)

Ben Fisher! (University of Edinburgh), Lewis Wrightson! (University of Liverpool), Claire
Mahaffey? (University of Liverpool)
1 Author, 2 Data set PI

Background motivation and objectives

Rates of nitrogen fixation are most commonly determined by the incorporation of **N labelled
dinitrogen gas (N2) in to particulate nitrogen (PN) following the incubation of a seawater
sample under local environmental conditions. °N, fixation rates were used to routinely
determine rates of nitrogen fixation on underway FISH and CTD samples, as well as
measuring rates of °N, uptake by diazotrophs during nutrient manipulation experiments.
Alongside the ®*N, method, nitrogen fixation was continuously determined from the FISH by
FARACAS (see section 5.1), during periods of detected activity, additional °N, experiments
were conducted to cross-check against FARACAS rates. As nitrogen fixation relieves nitrate
limitation on phytoplankton communities, we expect high rates of nitrogen fixation to result in
increased CO; drawdown. To determine the rates of primary productivity, we added a °C
tracer alongside the >N experiments. In total, 177 sets of ®N./**C experiments were
conducted during DY167 (Table 5.2). We followed recommendations outlined in White et al
(2020), including collecting samples for the initial 8'°N, incubating un-spiked seawater for 24
hours to determine the change in the natural abundance of §°N and measuring the atom%
enrichment of seawater after the addition of >N, gas. We deployed the ‘bubble method’ but
without removing the bubble in order to reduce the potential for nutrient contamination.

Methods

A single 20L sample of unfiltered water was collected from the towed FISH while underway
on a regular schedule of 0500, 1200 (on days without a CTD) and 2300 each day (see
Appendix D). On days with a CTD, station water was collected from 1-3 depths, typically the
surface (~10m), deep chlorophyll maximum (~35-50m) and below the DCM (~60-70m) (see
Appendix B). 2 niskin bottles per depth from the stainless steel CTD were assigned, with 3 x
natural abundance samples (Table 5.1) collected in 2L polycarbonate bottles from the low
number niskin and triplicate 2L samples to be spiked with *N collected from the higher
numbered niskin. All **N. spiked bottles were labelled with red tape to avoid cross
contamination when reusing bottles and filled with tubes that were similarly marked.

Table 5.1 Bottle setup for >N./**C experiments

Bottle number Content
15N+13C
15\ +13C
15N+13C
To

T1

13C Dark

OO IWIN|F

Bottles 1-3 were always filled with no headspace to avoid dilution of the **N signal when
spiking. Immediately after collection, bottles 1-3 were spiked with 4 ml of N enriched
dinitrogen gas (Cambridge Isotope Laboratories, Lot#:1-26354), added with a gas tight syringe
through a septum cap on each 2L bottle. These were then shaken on a shaker table at sea
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surface temperature in a temperature-controlled incubator van. Meanwhile, bottle 4 was
filtered on to a pre-combusted 25 mm GF/F, providing the initial particulate carbon and
nitrogen content at the start of the incubation. After 15 minutes of shaking, bottles 1-3 were
removed from the shaker table, bottles 1,2,3 and 6 were spiked with 0.1 ml 0.5M NaHCOs-
13C, then these bottles plus bottle 5 were placed in light banks for 24 hours. The incubated
light intensity corresponded to the relative light intensity based on sample depth, with surface
samples being incubated at 135 pmol photon m2s™*, DCM samples at 65 pumol photon m2s*
and below DCM samples being incubated in dark bags, along with the *3C dark control (bottle
6). The light cycle of the container matched the outside conditions, initially following an 18:6
routine through the North Sea, before spending the majority of the cruise following a 24 hour
Arctic light cycle. Temperature was changed regularly to match the changing sea surface
temperature.

After 24 hours of incubation, bottles 1,2,3,5 and 6 were removed from the container and bottles
1-3 were subsampled for membrane inlet mass spectrometry (MIMS) by removing 12 ml of
sample and transferring to an extetainer vial. The incubation was then terminated by filtering
the remaining bottles on to 25 mm pre-combusted GF/F.

Rates of °N; fixation performed on the diazotroph nutrient manipulation experiments were
conducted according to the same protocol as described for FISH and CTD samples, except
bottles were allowed to incubate for 24-48 hours prior to spiking with *N, 13C uptake was not
performed on these experiments.

Details of samples collected for rates of *®N,, and *3C uptake are summarised in Appendix J.

Table 5.2 Summary of number of samples collected for >N, and *3C uptake during various
activities on DY167.

Activity 15N, and *C uptake 15N, only
FISH 68

SS-CTD 61

Diazo 46

Ice 2

Total 131 46

After the cruise, each 25mm GFF filter will be pelletized in tin cups and measured by EA-IRMS
obtaining particulate nitrogen concentrations and particulate matter N atom% values.
Together with the dissolved °*N atom% values obtained from MIMS analyses onboard, bulk
N, fixation rates will be calculated according to White et al. 2020 and expressed as nmol N I
dt.

Analysis of enrichment of dissolved N2 with 15N2 using MIMS

The N enrichment of each spiked sample was measured at the end of the incubation using
a Hiden Analytical Membrate Inlet Mass Spectrometer or MIMS. Each morning a new file was
started using the naming convention dy167 15n2 sem only_ddmmyy sw#. Seawater from the
underway system was run for at least 10 minutes at the start of a new file and between
samples. Samples were loaded by placing the membrane probe in the exetainer vial and
noting the sample start time, this results in a peak in the mass 28 and mass 30 curve. After
approximately 10 minutes, the mass 28 peak stabilises back towards the baseline and the
sample is removed, replacing the membrane in seawater until the mass 30 reading reaches
1.2 e or below. MIMS data was analysed by exporting each days file as a .csv and uploading
this to a custom python script, designed for peak integration. This code requires the sample
names, along with the start and end time of each sample. The end time of a sample is derived
from when the approximate atom % of the mass 30 value falls below 1%. The seawater start
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time is usually 10 minutes before the first sample is run, this is used to calibrate the data so
should ideally be a period when all masses are stable (i.e. after running seawater for >10
minutes). Processing code is available in the appendix. Subsequently, true atom %
enrichment was calculated by performing a calibration against the seawater standard of each
run and the theoretical nitrogen content (umol kg?) from the temperature and salinity of each
sample.

After the cruise, rates of 1°N; fixation and **C uptake will be derived from EA-IRMS analysis of
the particulate nitrogen and carbon content collected on the filters, alongside the MIMS data
(representing the nitrogen source of the 15N, incubations).

MIMS Processing Code can be found in Appendix P

White, A. E. et al. A critical review of the 15N2 tracer method to measure diazotrophic
production in pelagic ecosystems. Limnol. Oceanogr. Methods 18, 129-147 (2020).
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5.3 Whole community abundance and diversity of nifH gene

TJ Hual, Claire Mahaffey!? (University of Liverpool),
1 Author, 2 Data set PI

Background motivation and objectives

Methods

Before sampling, sampling bottles were cleaned with 2% HCL solution and rinsed thoroughly
with milliQ. Before handling samples, the workstation and equipment were cleaned with a 10%
ethanol solution. When handling samples, nitrile gloves were worn, and surfaces were wiped
down with a 10% ethanol solution. Samples were collected with approximately 2.2 L of
seawater and pumped with peristatic pumps with masterflex tubing set to a speed between 2
and 3. The Sterivex filters and sample bags were then labelled. Approximately 0.2 L was
pumped through the tubing without a Sterivex filter, followed by the attachment of the filter at
2L mark. Once the sample was completely filtered, a 10 ml syringe was used to blow the air
out of the filter. The filter ends were sealed with Cha-seal on both ends and the filter was flash
frozen in liquid nitrogen. The samples were then placed in labelled bags and placed in a -80
°C freezer.

To avoid contamination between samples, the sampling bottles were rinsed with milli-Q after
sampling followed by ~50 ml of a 2% acid solution being poured into the bottle and shaken
before soaking overnight. Further, milli-Q was pumped through the masterflex tubing before a
10% bleach solution was pumped through the masterflex tubing, followed by a thorough rinse
with milli-Q. Both solutions could be reused by rinsing bottles and tubes with milli-Q before
using acid and bleach.

Samples collected.

344 samples were collected for the analysis of the abundance, diversity, and activity of nifH
gene (DNA and RNA) from the FISH, SS-CTD and Diazotroph Experiments (Table 5.3).
Details of sample collection can be found in Appendix K. Two litres of seawater was filtered
for each sample, unless otherwise stated.

Table 5.3 Summary of the number of samples collected during different activities during
DY167

Activity Number of individual samples
FISH 182

SS-CTD 58

Nutrient Limitation* 68

Diazo 104

Ice 4

Total 412
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5.4 CARD-FISH

L2Arthur Coét, %"Mar Benavides
1Aix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France

2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset PI

Methods
Samples from towed fish surface seawater incubations for >N,-dervied nitrogen fixation rates
and selected diazotroph experiments were fixed with paraformaldehyde (1.85% v/v final
concentration) and stored at 4°C in the dark for 1-4 h. Samples were then filtered through 0.6
pm polycarbonate filters with 0.8 um acetate backing filters, air dried and stored in cryovials
at -80°C.

Samples collected

The list of samples collected is provided in Appendix L.
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5.5 Particle-associated N> fixation rates
L2Arthur Coét, 2%"Mar Benavides

1Aix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset PI

Background

Nitrogen is a key element to produce proteins and nucleic acids, crucial for sustaining life. The
most important source of nitrogen in the ocean is dinitrogen (N:) fixation carried out by
microorganisms called “diazotrophs”. Diazotrophs fall into two operational groups:
cyanobacterial and ‘non-cyanobacterial’ diazotrophs (NCDs). While cyanobacteria rely on
photosynthesis to obtain carbon and energy, NCDs lack a photosynthetic apparatus and are
thought to associate to organic matter particles to obtain such resources. The sustained
warming of the Arctic Ocean has led to increased primary productivity levels and reactive
nitrogen limitation, thought to create a niche for diazotrophs. Past sequencing efforts suggest
that NCDs are dominant in the Arctic Ocean, potentially being the major contributors to
nitrogen inputs in this region. Due to the lack of methods able to measure NCD-specific N2
fixation rates, the contribution of these microorganisms to nitrogen cycling and productivity
remains unquantified. At present, no visual evidence NCDs'’ association with particles or even
their ability to fix N2 exists. Our objective for the N-ARC cruise is to identify, visualize and
measure particle-associated N fixation rates in NCDs.

Methods

Suspended, slow-sinking and fast-sinking particle fractions (Susp, SS and FS, respectively)
were collected from 16 stations using a marine snow catcher (MSC) deployed to 10 m below
the DCM (Appendix M). After deployment, the MSC was allowed to sediment on deck for 2 h
before sampling each MSC fraction (Riley et al 2012).

Triplicate 4300 ml, 500 ml and 40 ml samples were collected from the Susp, SS and FS
fractions, respectively. Each fraction set of triplicates was incubated in with 10% v/v °N,-
enriched filtered seawater for 48h in a temperature-controlled room. After the incubation
period, subsamples from each MSC fraction (500 ml, 50 ml, and 10 ml for the Susp, SS and
FS fractions, respectively) were filtered through 3 um (particle-associated) and 0.2 um (free-
living) polycarbonate filters, fixed with 1.6% PFA and stored at -80°C for single-cell mass
spectrometry analyses (nanoSIMS). The rest of the incubated sample volume was filtered
through precombusted GFF filters for bulk N fixation rate measurements (EA-IRMS). Aliquots
of the Susp fraction were collected in 12 ml Exetainer tubes for MIMS measurements (done
onboard, see section 5.2). The natural abundance of particulate matter was only measured
from the Susp fraction in triplicate 4000 ml samples filtered onto pre-combusted GFF filters
and stored at -20°C.

After the cruise, GFF filters will be pelletized in tin cups and measured by EA-IRMS obtaining
particulate nitrogen concentrations and particulate matter *N atom% values. Together with
the dissolved ®N atom% values obtained from MIMS analyses onboard (see section 5.2), bulk
N fixation rates will be calculated according to White et al. 2020 and expressed as nmol N I
d?.

Size-fractionated samples collected on polycarbonate filters will be used for single-cell mass
spectrometry analyses. Using a combination of immunolabeling against the nitrogenase



enzyme, phycoerythrin autofluorescence and DAPI staining, we will be able to visualize and
quantify particle-associated and free-living NCDs in 3 um and 0.2 pm filters, respectively
(Geisler et al 2019). Single-cells identified as NCDs will be mapped and marked using laser
marking and subsequently scanned on a nanoscale secondary ion mass spectrometer
(nanoSIMS) to obtain single-cell >N atom% enrichment values. Single-cell N fixation rates
(fmol N cell* d1) will be calculated from at least 20 regions of interest (ROIs) per sample as
detailed in Benavides et al.2022. Further taxon-specific N fixation rates will be obtained by
mapping CARD-FISH targeted cells on the nanoSIMS (see section 5.4 and Appendix L).

Samples collected

The MSC was deployed 19 times at 16 stations (Figure 5.1 and Appendix M), obtaining 156
and 198 samples for bulk and single-cell particle-associated N, fixation rate measurements,
respectively.

80°N -

Depth (m)
0-50
50-300
300-500
500-1000
1000-1500

B 1500-2000

Il 20004000

- 4000-6000

~
o
z

~
&
z

Latitude (decimal degrees)

~
N
z

70°N

68°N

10°E 20°E
Longitude (decimal degrees)

Figure 5.1 Stations where MSCs were deployed
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5.6 Particle-associated diazotroph community composition (MSC)
L2Arthur Coét, %"Mar Benavides

1Aix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset Pl

Methods

Samples from each MSC fraction (see section 5.5) were obtained in triplicate as 4000 ml, 500
ml and 100 ml for the Susp, SS and FS fractions, respectively. Each sample was filtered
through 3 um polycarbonate and 0.2 pm polysulfone filters, the filters transferred to bead
beater tubes and stored at -80°C.

After the cruise, DNA will be extracted from filters using a Qiagen Mini Plant Kit with additional
freeze-fracture steps as detailed in Moisander et al. (2008). DNA extracts will be quantified by
PicoGreen assays and nifH genes amplified and sequenced using the lllumina MiSeq platform
with 2 x 300 bp paired-end reads (Benavides et al 2018). Demultiplexed paired-end
sequences will be dereplicated, denoised, assembled and chimeras discarded using the
DADAZ2 pipeline (Callahan et al 2016). Sequences will be annotated using the DADA2 adapted
nifH gene database (https://github.com/moyn413/nifHdada2). Sequences will be deposited in
the Sequence Read Archive of NCBI.

The top 3 nifH sequences retrieved will be used to design specific horseradish peroxidase
CARD-FISH probes. Single-cells hybridized will be mapped, laser marked and scanned by
nanoSIMS as explained in section 5.5 (Harding et al 2022).

Samples collected

The MSC was deployed 19 times at 16 stations (Appendix M and Figure 5.1), obtaining 290
samples for DNA analyses.

References

Moisander, P. H., Beinart, R. A., Voss, M. & Zehr, J. P. Diversity and abundance of
diazotrophic microorganisms in the South China Sea during intermonsoon. ISME J. 2, 954—
967 (2008).

Benavides, M. et al. Aphotic N2 fixation along an oligotrophic to ultraoligotrophic transect in
the western tropical South Pacific Ocean. Biogeosciences 15, 3107-3119 (2018).

Callahan, B. J. et al. DADA2: High-resolution sample inference from lllumina amplicon data.
Nat. Methods 13, 581-583 (2016).

Harding, K. J. et al. Cell-specific measurements show nitrogen fixation by particle-attached

putative non-cyanobacterial diazotrophs in the North Pacific Subtropical Gyre. Nat. Commun.
13, 1-10 (2022).
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5.7 Ultraplankton N2 fixation rates
L2Arthur Coét, 12"Mar Benavides

LAix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset Pl

Background

Recent metagenomic studies in the Arctic Ocean have reported nifH genes in the <0.2 pm
fraction, suggesting an existence of “ultradiazotrophs” Pierella Karlusich et al (2021).
However, these organisms have not been imaged, isolated, nor their N, fixation potential
measured. During the N-ARC cruise, we sampled surface seawater at selected stations to
assess the ultradiazotroph community composition and its specific N fixation activity.

Methods

Duplicate 20 | surface seawater samples were collected on acid-clean PET carboys and pre-
filtered with a 0.2 um Sartorius cartridge using a peristaltic pump. The <0.2 um filtrate was
concentrated to 500 ml using a VivaFlow cassette with a 100 kDa membrane cut-off (Fadeev
et al 2023). From the 500 ml concentrate, triplicate 50 ml samples were transferred to septum
cap glass vials, spiked with 10% v/v *N,-enriched filtered seawater, and incubated for 48h at
simulated in situ temperature and light conditions in a climatised van. After incubation, the
samples were filtered onto 0.1 um polycaonate filters, fixed with 1.6% PFA and stored at -
80°C for posterior nanoSIMS analyses as detailed in section 5.5.

Samples collected

Table 5.4 Surface samples collected for VivaFlow concentration of ultraplankton and *°N,
incubations.

Date Time Station Latitude | Longitude ti tf ti tf

(dd/mm/yyyy) | GMT (°N) (°E) concentration | concentration | incubation | incubation
. 15/07/2023 16/07/2023 16/07/2023 | 18/07/2023

15/07/2023 13:32 NO1 70.98 10.98 13:32 02:10 10:50 10:40
. 21/07/2023 21/07/2023 22/07/2023 | 24/07/2023

21/07/2023 11:04 NO7 75.51 22.50 11:04 19:55 2120 21:40
. 27/07/2023 28/07/2023 28/07/2023 | 30/07/2023

27/07/2023 10:23 NO8 79.20 33.54 10:23 14:35 16:20 16:20
. 03/08/2023 04/08/2023 05/08/2023 | 07/08/2023

03/08/2023 19:53 N16 78.52 19.22 19:53 18:27 10:04 10:37
. 07/08/2023 08/08/2023 08/08/2023 | 10/08/2023

07/08/2023 19:23 NO3 72.85 19.07 19:23 18:33 14:32 1419

References

Pierella Karlusich, J. J. et al. Global distribution patterns of marine nitrogen-fixers by imaging
and molecular methods. Nat. Commun. 12, 1-18 (2021)
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5.8 Ultraplankton diazotroph community compaosition
L2Arthur Coét, 12"Mar Benavides

1Aix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset Pl

Methods

From the 500 ml concentrate obtained (see section 5.7) triplicate 10 ml samples were collected
in Falcon tubes and stored at -80°C for extracellular vesicle enumeration (Fadeev et al 2023).
Another set of triplicate 100 ml samples were collected on Falcon tubes and stored at -80°C
for downstream DNA analyses. After the cruise, DNA samples will be extracted using a
VivaSpin kit (Fadeev et al 2023). NifH gene sequences will be obtained and processed as
detailed in section 5.6.

Samples collected

Table 5.5 Surface seawater collected for ultraplankton fraction extracellular vesicles (EVS)
and DNA sampling.

Date Time | Latitude | Longitude m‘:gla ! concentrated nancs>SIM EV DNA
o b - .
(dd/mm/yyyy) GMT (°N) (°E) (ml) vol (ml) replicates replicates | replicates
15/07/2023 13:32 70.98 10.98 20000 500 3 3 6
21/07/2023 11:04 75.51 22.50 20000 500 3 3 6
27/07/2023 10:23 79.20 33.54 20000 500 3 3 6
03/08/2023 19:53 78.52 19.22 20000 500 3 3 6
07/08/2023 19:23 72.85 19.07 20000 500 3 3 6
References

Fadeev, E. et al. Characterization of membrane vesicles in Alteromonas macleodii indicates
potential roles in their copiotrophic lifestyle. microLife 4, (2023).
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6 Phytoplankton community structure and activity

6.1 Phytoplankton Community Structure

Christopher Follet'? and Louisa Norman! (University of Liverpool),
! Author, 2Data set Pl

Background motivation and objectives

Methods

Images of the phytoplankton communities were obtained using a McLane Laboratories
Imaging FlowCytoBot (IFCB). The IFCB captures high resolution images of suspended
particles using flow cytometry and video technology. Images are produced by the triggering of
laser-induced fluorescence and light scattering from suspended particles in the size range of
10 to 100 um. A continual sample rate of approximately 15 mL, or 3 samples, per hour can be
obtained. Images can be seen in real time and later processed using image classification
software.

During DY167, the IFCB was setup to continually capture images on particles containing
chlorophyll (phytoplankton) from the ship underway system and sampled both on station and
during transit between stations.

Samples collected

Between 22" July and 10™ August 2023, the IFCB obtained images from ~183 samples per
day, except for 2" and 10" August where communication between the IFCB and operating
platform were lost and a re-start was required. On these days 80 and 120 samples were
imaged, respectively. Post-processing of the several thousand images obtained will be
undertaken during the next year.

Issues encountered.

The IFCB was initially set up on 8" July prior to leaving Southampton. The instrument was
placed in its housing and secured in a sink next to the underway system in the wet lab on the
RRS Discovery. The system was primed using Milli-Q ultrapure water and then switched to
filtered seawater to further prime the sheath flow filters, prior to the introduction of underway
seawater. It was intended that the instrument would start recording data once the ship had
passed the Thames plume. However, a fluid leak from the bleach clean reagent bag meant
that the instrument had to be stopped and removed from the housing before any sampling had
begun. Once the leak had been fixed, the instrument was once again primed with seawater to
remove air from the system that had been introduced by the leak. Unfortunately, an unrelated
issue with a non-functioning rotary valve motor once again halted operations. The rotary valve
ensures that sheath flow fluid and sample are directed to the correct location. For example,
that samples enters the intake, excess fluid and air are expelled through the exhaust, sample
is directed to the flow cell, or cleaning agents are introduced. After email advice from McLane,
the camera focus motor was swapped for the rotary valve motor. This provided a fully
functioning rotary valve, but camera focus had to be done manually. Manual focus proved to
be a little challenging as the majority of particles captured were close to the lower end of the
size range. The IFCB was not returned to the housing, but was run on the bench in the general-
purpose lab, screened off from the sink with a plastic sheet curtain to ensure the instrument
remained dry should a leak from the underway occur. This setup allowed access to the
instrument for focusing and for any further maintenance that may be required.
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6.2 Fast Repetition Rate Fluorescence (FRRF)

Claire Mahaffey? (University of Liverpool),
1 Author, 2Data set PI

Background motivation and objectives

We performed a series of nutrient addition experiments to determine which nutrient limited
phytoplankton growth in the Barents Sea (see section 7.1). To quantify how phytoplankton
were responding to the addition of different nutrients, we measured the maximal
photochemical quantum yield (Fv:Fm). We also used the chlorophyll from the FRR to get a first
estimate of phytoplankton growth because we had to wait 24 hours for the extracted
chlorophyll measurement. As we sailed through gradients in nutrients, we also took the
opportunity to measure Fv:Fn from samples collected from the FISH.

Methods

F./Fm was measured using a Chelsea Technology Group FRRF Il Sensor (S/N 15 0093 002).
The measurement conditions remained the same throughout the cruise. An example of the
setup conditions is reported in Figure 6.1. Four Protocols were setup to measure the
fluorescence properties under different wavelengths, although F./Fn was recorded for protocol
A only (See Table 6.1). Note that the FRRF belonged to Prof Mark Moore (University of
Southampton) and was initially setup by Mark Moore at the start of the cruise. The PMT was
optimised for a typical coastal high biomass water sample (from the docks).

Figure 6.1 Summary of measurement conditions, including PMT eht, and an example of the
fluorescence scans (FISH 0265).
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Figure 6.2 Example of protocols used to measure the fluorescence properties of
phytoplankton at different wavelengths where 450 nm is blue, 530 nm is green and 624 nm
is orange.

Samples collected

Samples were collected from the towed FISH and nutrient addition experiments only (Table
6.1). All samples were collected in 125 mL polycarbonate bottles. Bottles were triple rinsed in
Milli-Q water between samples but were not acid rinsed. Samples were left in dark bags for
15 minutes prior to measurement. Samples from the nutrient limitation experiment were
analysed within 30 minutes of collection. Samples from the towed FISH were sometimes
stored in dark bags at sea surface temperature for up to 7 hours before analysis due to hours
of rest restrictions. Fm, Fv:Fm and chlorophyll were recorded in a laboratory notebook.

Table 6.1 Summary of FRRF measurements made during DY167

Activity Number of measurements
Nutrient limitation experiment 810

Towed FISH 321

Total 1131

Between 2 and 3 measurements were made per sample. For the nutrient limitation
experiments, the mean was estimated for each replicate, and a subsequent mean estimated
per treatment, taking into consideration the instrument variability and between carboy
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variability. The MQ jacket was changed daily and MQ blanks were analysed at the start and
end of each run. Filtered sample blanks were not analysed due to time constraints.

There were no issues with data quality during DY167 cruise and F,:Fnincreased as expected
with the addition of nutrients, and between regions of sampling. However, near the ice edge,
when autotrophic biomass was low, temperature and salinity were low, it was not possible to
get a reading of F,:Fn on protocol A (see Figure 6.2) and instead were measurable with
protocols B and C. This may be due to the low biomass and/or high light adapted plankton in
these surface waters and will be further investigated.
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6.3 High-resolution DCM community transcription diel cycle
L2"Mar Benavides

LAix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset PI

Background

DCMs are localized layers of high-chlorophyll concentration where phytoplankton cells meet
optimal nutrient concentration levels and sufficient light to perform photosynthesis. Within
DCMs, phytoplankton communities can structure vertically according to fine-scale gradients
of nutrients, light and concomitant bacterioplankton communities. Along a diel cycle, the DCM
vertical structure is also subject to change according to sunlight incidence and water column
stability variability (Latasa et al 2017). To assess the functional response of phyto- and
bacterioplankton species according to physical-chemical fine-scale gradients in the DCM layer
along a diel cycle, we sampled RNA at high vertical resolution over four repeated casts at
stations NO8 and NO3.

Methods

To examine diel cycle phytoplankton community structure and transcription variability within a
DCM layer, we sampled the DCM layers of station NO8 (four casts at 3-4 m resolution) and
NO3 (three casts at 3 m resolution) over a 12h cycle.

From each targeted depth, 2 | were collected in acid-clean polycarbonate bottles and filtered
through 3 um polycarbonate and 0.2 um polysulfone filters, transferred to bead beater tubes
containing 500 pl RNAlater, flash-frozen in liquid nitrogen and stored at -80°C. After the cruise,
RNA will be extracted using the Qiagen RNeasy Mini Kit with 3-mercaptoethanol added to the
kit's lysis buffer to enhance intracellular RNase denaturation (Mosiander et al 2008). Prior to
extraction, filters will be ground and submitted to five to ten flash freezing steps with liquid
nitrogen to maximise the extraction yield. An extra DNase treatment will be done using the
Ambion TURBO DNA-freeTM Kit, followed by a Zymo-5 column clean up kit. RNA
concentrations will be quantified using the Invitrogen RiboGreen RNA Quantification Kit. RNA
extracts will be sequenced using an lllumina NovaSeq 6000 platform and reads QCd as
detailed in Gifford et al (2016). RNA reads will be annotated Kofam database.

Samples collected
See Appendix N for details of sample collection.
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7 Incubation experiments

7.1 Nutrient Limitation Experiments

Maeve Lohan? (University of Southampton) Claire Mahaffey? (University of Liverpool),
! Author ' 2 Data set PI

Motivation:

In the Barents Sea both macro and micronutrients such as iron can be very low and have been
hypothesized to limit phytoplankton growth, particularly nitrate and iron (Rijkenberg et al.
2018). Interestingly primary production has increased in this region due to increased light
availability and reductions in seaice. To date, however no nutrient limitation studies have been
carried out in this region, this has been inferred from concentration data. To investigate the
macro and micronutrient control on primary productivity we performed 6 nutrient addition
experiments at different locations to capture ice edge end member (Station NO8), Atlantic
water end member (Station NO3), Arctic influenced (NO7 & NO7y) and glacial fjord (N15).

Experimental design and sampling:

Nutrient limitation experiments were carried out at 6 Stations (Underway, NO7, NO8, NO7y,
N15 & NO03). With the exception of the first experiment, all experiments were conducted on
station. Experiment 1 was sampled underway at 10 knots.

All polycarbonate bottles (2 L) and carboys (20 L) were acid cleaned at the University of
Liverpool or Southampton under trace metal clean conditions. They were first rinsed 4 times
with Milli-Q and then filled with 3 M HCI for one week, rinsed 4 times with Milli-Q and filled with
0.5 M HCL for one week. The bottles and carboys were then rinsed with Milli-Q 5 times and
transported with a small volume of Milli-Q at the bottom. Between each experiment the bottles
were rinsed with Milli-Q and a small volume of 2 M HCL added to the bottle or carboy, shaken
and left for at least 24 hrs. They were then rinsed with Milli-Q 3 times on the day of filling for
nutrient limitation experiment.

For Nutrient limitation experiments 20 L polycarbonate carboys were rinsed 3 times from the
FISH prior to filling. All handling took place in the trace metal clean laboratory on the RSS
Discovery. Rinsing started at noon. Seawater was pumped into the trace metal clean
laboratory using a Teflon diaphragm pump (Almatec A-15) connected to the acid-washed
braided PVC tubing. Unfiltered seawater was then used to rinse and fill the polycarbonate
carboys to a final volume of 15 L. The carboy filling protocol was that each carboy was filled
to 1/3" (5L), when all 24 were 1/3™ full the second 3™ was added and then the final 3". Filling
time took ~ 2 hours. Carboys were filled at random and no replicates were filled directly after
one from the same set. Time zero samples for chlorophyll, inorganic nutrients, genes, Fv/Fm,
phytoplankton and dissolved Fe were also collected at the start, middle and end of the filling
time.

The carboys were then spiked with Nitrate (100 mM), phosphate (10 mM) and dissolved Fe
chloride (20 uM) in a factorial design (see Figure 7.1) to give final concentrations of Nitrate
(10 uM), phosphate (0.8 uM) and dissolved Fe chloride (2 nM). After spiking the polycarbonate
carboys had parafilm placed around the lids. A spigot was placed on the carboy and was then
covered with a plastic bag and tapped before being placed in the incubator. Bottles were then
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incubated for varying days (Table 7.1) in the incubator van, located in the hanger, which were
fitted with LED light panels on a 24 hour on cycle as there was no night time at this time of
year (Part no: LED-PANEL-300-1200-DW and LED-PANEL-200-6-DW, Daylight White,
supplier Power Pax UK Limited). The photon flux from the light banks ranged from 180 to 220
umol photos m? sec™.

Each day the carboys were sub sampled for inorganic nutrients, chlorophyll, Fv/Fm,
phytoplankton (one from every treatment). The inorganic nutrients, chlorophyll and Fv/Fm
were analysed each day. The data from this enabled us to decide when to break down the
experiment (see Table 7.1). At each sub-sampling time point the spigots and carboys were
rinsed with copious amounts of Milli-Q and rebagged and lids covered with parafilm before
going back into the incubator. The time taken to get the 24 carboys from incubator, sub
sampled and back in the incubator was one hour. At Tsna inorganic nutrients, chlorophyll,
Fv/Fm were taken from each carboy, in addition, phytoplankton and gene samples were taken
from one of each treatment.

Table 7.1 Location and timings for nutrient limitation experiments

Station Date TO beginning|TO middle |TO end T final Number of days|
Underway 02/07/2023 09:00 10:20 11:25 06/07/2023 12:00 4
NO7 21/07/2023 12:07 13:30 14:10 25/07/2023 10:30 4
NO8 25/07/2023 12:20 14:10 15:02 01/08/2023 14:30 7
NO7 y 29/07/2023 11:50 13:15 14:19 04/08.2023 10:30 6
N15 02/08/2023 12:10 13:52 14:55 08/08/2023 10:30 7
NO3 06/08/2023 12:28 13:35 14:48 12/08/2023 10:00 6
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Figure 7.1 Factorial additions for all nutrient limitation experiments with additions of 10 pM
NOgz", 0.8 uM PO4* and 2nM Fe.



7.2 Diazotroph experiments

Claire Mahaffey'? (University of Liverpool), Maeve Lohan! (University of Southampton)
1 Author, 2 Data set PI

Background motivation and objectives

In the subtropical ocean, diazotroph activity is typically limited by the availability of iron and
phosphorus. The environmental controls on diazotrophy in the Arctic Ocean are currently
poorly constrained. To investigate the nutrient control on diazotroph activity in the Barents
Sea, we performed 8 nutrient addition experiments at 7 locations, spanning the range of
environments sampled from Atlantic-dominated to Arctic-dominated waters. Molecular data
from this region suggests that the dominant diazotroph is the non-cyanobacterial diazotrophs
or NCDs. Previous experiments suggested that organic carbon and phosphorus may limit the
activity of NCDs (Turk-Kubo et al., 2022) and we used this knowledge to motivate the design
of our experiments.

Methods

All sampling and experimental setup was performed by Maeve Lohan using trace metal clean
sampling techniques in a trace metal clean laboratory on the RRS Discovery. We used acid
cleaned and MQ-water rinsed 20L polycarbonate carboys and 2L polycarbonate bottles for
the experiments. Using the towed FISH, the 20L carboys were rinsed three times and filled to
20 L. Stocks of nutrients were added to each carboy to adjust the organic carbon (final
concentration= 4.83 uM), organic phosphorus (final concentration = 0.55 uM), iron (final
concentration= 2 nM), organic nitrogen (final concentration=1 pM) and phosphate
concentration (final concentration= 0.8 uM) (Figure 7.2).

Triplicate 2L bottles were filled from each treatment for °N; fixation rates and DNA/RNA. The
duration of the experiments changed depending on (a) if the FARACAS detected significant
activity (> 3 ppb) or (b) water temperature, with experiments lasting 72 hours in colder waters).

15N, fixation rates were performed as described in section 5.2, except there was no initial PN
sample for 8°N or incubated sample for §°N, because the treatments are compared to the
controls. Sampling for collection of DNA/RNA for nifH were performed as described in section
5.3. For Diazo 8, particle fractions (suspended, slow sinking, fast sinking) from the MSC were
incubated with DOCP+Iron and Iron alone alongside a control with no amendment. The MSC
was deployed at the DCM (instead of in the surface waters), a depth horizon corresponding to
a decrease in dissolved iron.

Reference

Turk-Kubo et al (2022). Non-cyanobacterial diazotrophs: global diversity, distribution,
ecophysiology, and activity in marine waters. FEMS Microbiology Reviews, 1-25.
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Figure 7.2 Summary of diazotroph experiments including labelling scheme during DY167.

Table 7.2 Locations, timings and treatments for diazotroph experiments

Experiment and | Start date End date Treatment Notes
location
DIAZO 1 20/07/2023 | 23/07/2023 | Control
Station N12 DOCP+Iron
DON
Iron
DIAZO 2 22/07/2023 | 25/07/2023 | Control Samples collected for CARD-
Station N10 DOCP+Iron FISH
DON
Iron
DIAZO 3 26/07/2023 | 29/07/2023 | Control
Station NO8 DOCP+Iron
DON
Iron
DIAZO 4 30/07/2023 | 02/08/2023 | Control Samples collected for CARD-
Station NO6 DOCP+Iron FISH
DON
Iron
Phosphate
DIAZO 5 31/07/2023 | 02/08/2023 | Control Suspected haptophyte bloom.
Station NO5 DOCP+Iron 48h incubation.
DON Samples collected for CARD-
Iron FISH
Phosphate
DIAZO 6 03/08/2023 | 05/08/2023 | Control High FARACAS activity. 48h
Station N16 DOCP+Iron incubation. Samples collected for
DON CARD-FISH
Iron
Phosphate
DIAZO 7 07/08/2023 | 09/08/2023 | Control
Station NO3 DOCP+Iron
DON
Iron
Phosphate
DIAZO 8 MSC* 07/08/2023 | 09/08/2023 | Control Particle  fractions  incubated,
Station NO3 DOCP+Iron insufficient material for gene
Iron samples.
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7.3 Particle colonization experiments
L2Arthur Coét, 12"Mar Benavides

LAix Marseille Univ, Université de Toulon, CNRS, IRD, MIO UM 110, 13288, Marseille, France
2Turing Center for Living Systems, Aix-Marseille University, 13009 Marseille, France
*dataset Pl

Background

Organic matter particles are considered potential habitats for NCDs, supported by indirect
evidence such as the presence of NCD nifH gene sequences on large size fractions
(Benavides et al 2016, Delmont et al 2021, Cornejo-Castillo et al 2020). However, there is
currently limited visual evidence of NCD colonization and N fixation activity on and within
these particles. In order to observe and quantify NCD particle colonization dynamics, we
adapted the In Situ Chemotaxis Assay (ISCA) from Lambert et al. 2017 to investigate particle
colonization from natural ocean communities. This adaptation allowed us to conduct time
course colonization experiments of different organic carbon sources using surface seawater.

Methods

In order to study and quantify particle colonization, we developed an adapted a version of the
ISCA device using PMMA and 3D printing resin. This modified device allows us to incubate
artificial particles and make it reusable for future experiments. The ISCA consists of bars, each
containing 5 wells designed to accommodate single one-millimetre diameter agarose or
alginate bead. As controls, we also included one-millimetre diameter glass beads and two
empty wells to collect free-living bacteria. To allow particle colonization, the ISCA well bars
are equipped with a lid featuring an 800 um diameter opening above each well, enabling
bacteria to access different carbon sources. These bars are then placed in aquaria, where
they are incubated with 4 | surface seawater pre-filtered by 10 um. For our study, we set up
two aquaria: one for microscopy analyses and another for DNA analyses to investigate the
colonization architecture and community composition of the particle-associated communities,
respectively. The arrangement of the beads can be found in Table 7.3. For microscopy
analysis, the samples were fixed in a 1.6% v/v paraformaldehyde solution for one hour,
followed by storage in a 50% EtOH filtered seawater solution at -80°C. The samples for DNA
extraction and sequencing were directly stored in a 50% EtOH filtered seawater solution and
kept at -80°C.
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Table 7.3 Arrangement of the different beads in the ISCA wells, and their incubation time.

Time Carbon source
Control glass Control glass Agarose bead | Agarose bead | Agarose bead
bead 1 bead 2 1 2 3
2h
Alginate bead 1 | Alginate bead 2 | Alginate bead 3 | Control free Control free
living living
Control glass Control glass Agarose bead | Agarose bead | Agarose bead
bead 1 bead 2 1 2 3
36h
Alginate bead 1 | Alginate bead 2 | Alginate bead 3 | Control free Control free
living living
Control glass Control glass Agarose bead | Agarose bead | Agarose bead
bead 1 bead 2 1 2 3
72h
Alginate bead 1 | Alginate bead 2 | Alginate bead 3 | Control free Control free
living living

Samples collected

Table 7.4 Stations where surface seawater was sampled for ISCA particle colonization
experiments.

Experiment start Experiment end Station Latitude Longitude Microscopy DNA
Date (dd/mm/yyyy) | Date (dd/mm/yyyy) (°N) (°E) samples samples
15/07/2023 19/07/2023 NO1 70.59 10.59 30 30
20/07/2023 23/07/2023 N12 75.30 22.29 30 30
26/07/2023 29/07/2023 NO8 79.20 33.58 30 30
03/08/2023 06/08/2023 N16 78.50 19.26 30 30

References

Lambert, B. S. et al. A microfluidics-based in situ chemotaxis assay to study the behaviour of
aquatic microbial communities. Nat Microbiol 2, 1344-1349 (2017).

Benavides, M., Moisander, P. H., Daley, M. C., Bode, A. & Aristegui, J. Longitudinal variability
of diazotroph abundances in the subtropical North Atlantic Ocean. J. Plankton Res. 38, (2016).

Delmont, T. O. et al. Heterotrophic bacterial diazotrophs are more abundant than their
cyanobacterial counterparts in metagenomes covering most of the sunlit ocean. ISME J.
(2021) d0i:10.1038/s41396-021-01135-1.

Cornejo-Castillo, F. M. & Zehr, J. P. Intriguing size distribution of the uncultured and globally

widespread marine non-cyanobacterial diazotroph Gamma-A. ISME J. (2020)
doi:10.1038/s41396-020-00765-1.

94



8 Underway pCO:>

Anita Flohr!? (National Oceanography Centre) Joshua Peddar! (NMF-SSS), Louisa Norman?
(University of Liverpool)
1 Author , 2Data set Pl

Methods

The underway seawater flow was connected to the SubCtech on 10" July and PCO? recording
was started. The underway was turned off, briefly, on 13" July to troubleshoot a temperature
issue on the SubCtech.

DIC samples were taken daily from 11" July to 10" August 2023, except 17" July when the
underway was turned for several hours. Two seawater samples of 250 mL were collected in
glass bottles with stopper from the SubCtech outflow. The bottles were rinsed twice with
seawater and then the outflow tube was placed in the bottle and the water allowed to flow for
3 x the volume of the bottle. The tube was carefully removed and the stopper placed in the
bottle. 2.5 mL of seawater was removed from the bottle and 50 yL of mercuric Il chloride was
introduced. The stopper was dried, Apiezon grease applied and the stopper placed back in
the bottle. The stopper was secured to the bottle using an elastic band and plastic clip.
Samples will be analysed post-cruise at the National Oceanography Centre.

Samples collected
Duplicate samples for DIC were collected daily for 30 days during the cruise.
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9 Appendices

9.1 Appendix A —Cruise Event Log
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START (deployed) | At Bottom Recovered (on-deck)
EVENT [STATION _|ID TYPE _|DATE-TIME LAT_DEG [LAT_MIN EV|DATE-TIME LAT_DEG[LAT_MIN [NS [LON_DEG [LON_MIN [EW  |DATE- LAT_DEG [LAT_MIN|NS [LON_DEG [LON_MIN [EW  |WDEPTH |[Comment
1[TGF FISHIN FISH 10/07/2023 10:22 0.194|N 38
2|N00 |cTDo01 _[s 14/07/2023 12:04 N 14/07/2023 12:26 68]  48.396|N 10 26.193[E 14/07/2023 13:02 68|  48.42|N 10| 26.22[E 3024.23|Primary Sensor blockage at 500 m
3|N00 Mscoo3 |0 14/07/2023 13224 N 14/07/2023 13:27 68  48.42|N 10]  26.22[€ 14/07/2023 13:29 68| 48.42|N 10| 26.22E 3023.59(30 m
4|N00 MSC004 [N 14/07/2023 13:53 N 14/07/2023 13:55 68  48.42|N 10]  26.22[¢ 14/07/2023 13:56 68 48.42|N 10, 26.22[E 3023.23[30 m Misfire
5|NOO MSC005 [N 14/07/2023 14:03 N 14/07/2023 14:12 68 48.42|N 10] 2622 14/07/2023 14:14 68] 48.42|N 10| 26.22 3023.19[30 m
6[N0O D002 [T 14/07/2023 16:00 N 14/07/2023 16:31 68| 48.4|N 10| 262 14/07/2023 17:04 68 484N 10 26.195) 3023Btl 11 not present
7[No1 CTD003 [ 15/07/2023 12:10 N 15/07/2023 13:02 70| 59.897|N 10| 59.896) 15/07/2023 14:07 70| 59.9|N 10| 59.9) 2619|Primary Sensor blockage at 600 m
8[NO1 MSC008 [N 15/07/2023 14:31 N 15/07/2023 14:33 70| 59.94|N 10 59.94[E 15/07/2023 14:36) 70| 59.94|N 10| 59.94]E 2618.84(30 m
9|NO1 CTD004 T 15/07/2023 15:24 N 15/07/2023 16:20 70| 59.83|N 10| 59.84[E 15/07/2023 17:44 70| 59.686|N 10| 59.69|E 2618
10{N02 CTDOOS S 16/07/2023 12:13 N 16/07/2023 12:42 72 0.018|N 15 0.072|E 16/07/2023 13:26| 72 0.008|N 15. 0.01]E 1128(2nd Oxygen sensor added and primary sensor blockage at 630 m
11N02 D006 [T 16/07/2023 14:15 N 16/07/2023 14:42 71] 59.998|N 14]  59.976[E 16/07/2023 15:20 71| 59.998|N 14]  59.976E 1127
12[N04 D007 __[S 18/07/2023 12:09 N 18/07/2023 12:26 73] 43.476|N 23] 22.079€ 18/07/2023 12:59 73| 43.48|N 23 22.08]E 459|Primary sensor blockage at 380 m. Strong waves (winch adjust below 100m|
13[No4 MSC013 [N 18/07/2023 13:16 7 43.5|N 18/07/2023 13:18 7 435N 2 22.0¢ 18/07/2023 13:20 7 43.5|N 2.08 46030 m Misfire
14[N04 MSC014 [N 18/07/2023 13:27 7 43.5|N 18/07/2023 13:29 73 435N 2 22.0¢ 18/07/2023 13:31 7 43.5|N 2,08 46030 m Misfire
15[N04 MSC015 [N 18/07/2023 13:42 7 43.5|N 18/07/2023 13:44 73 43.5|N 2 22.08 18/07/2023 13:47 7 43.5|N 2,08 460|30 m Misfire
16/N04 MSC016 |N 18/07/2023 13:48 73 43.5|N 18/07/2023 13:50 73 435|N 23| 22.08[€ 18/07/2023 13:51 73 43.5|N 23 22.08]E 46030 m Misfire
17|N04 MSC017 |0 18/07/2023 14:07 73] 43.5|N 18/07/2023 14:09 73 432!}« 23 zz.#s 18/07/2023 14:11 73 435|N 23 22.@5 460(30 m
18/N04 D008 |T 18/07/2023 18:30 73] 43475|N 18/07/2023 18:48 73 43.475|N 23] 22.076[€ 18/07/2023 19:22 73| 4347|N 23 22.08]E 459|strong waves (no winch adjust)
19[N0S D009 [ 19/07/2023 12:05 74 36.348[N 19/07/2023 12:21 74| 36.349|N 27| 53.984€ 19/07/2023 12:53] 74| 36.349|N 27| 53.982€ 383|Pump on primary changed. Oxygen sensor on primary cable not connected
20[NO5 MSC020 [0 19/07/2023 13:22 74 36.36|N 19/07/2023 1324 74 36.36|N 27 S4E 19/07/2023 13:26 74| 36.36|N 27 54]E 383(30 m
1[N ImMsco21 [N 19/07/2023 13:42 74 6[N 19/07/2023 13:44 74 36.36|N 7 54 19/07/2023 13:46 74 .36|N 27 54 83[30 m Test Misfire
[ 22N MSC022 [N 19/07/2023 13:58 74] 6.36/N 19/07/2023 14:00 74 36.36|N 7 54 19/07/2023 14:01 74 .36|N 27 54 83|30 m Test Misfire
3[N MsC023 [N 19/07/2023 14:14 74 6 éfu 19/07/2023 14:16 74 6.36|N 7 54, 19/07/2023 14:18 74 .36|N 27 54 83(30 m Test Misfire
24/N05 D010 [T 19/07/2023 16:09 74| 36.348|N 19/07/2023 16:25 74]  36.348|N 27| 53.984E 19/07/2023 16:49 74| 3635|N 27 53.99/E 383|
25[RAS01 cDo11__[s 19/07/2023 20:08 74| 45.06|N 19/07/2023 20:28 74 45.06|N 27 2.03[E 19/07/2023 21:00 74| 45.06|N 27 2.032[E 347|Oxygen secondary sensor is bad in upper 30 m
26/RAS02 D012 [s 19/07/2023 23:02 74]  50.55|N 19/07/2023 23:15 74| 50.55|N 26|  27.13[E 19/07/2023 23:38 74 50.55|N 26) 27.13[E 302|Oxygen secondary sensor is bad in upper 30 m
27[N12 D013 [S 20/07/2023 12:02 75]  30.04]N 20/07/2023 12:12 75]  30.034|N 22[  29.888[E 20/07/2023 12:30) 75| 30.034|N 22|  29.891E 55| Oxygen secondary sensor is bad in upper 30 m
28[N12 MSC028 [0 20/07/2023 12:47| 75] _ 30.06]N 20/07/2023 12:54) 75]  30.06|N 22 29.88E 57| Current too strong towards ship
29|N12 MSC029 |0 20/07/2023 12:56 75| 30.06|N 20/07/2023 12:59 75| 30.06|N 22 20/07/2023 13:02 75| 30.06|N 22 29.88E 56(37 m
30[N12 CTD014 T 20/07/2023 15:01 75 20/07/2023 15:07 75| 30.053|N 22 20/07/2023 15:15 75| 30.053|N 22| 29.996|E 55,
31{N12 FISHOUT  [FISH 20/07/2023 20:43 74 The tape on the tubing was coming off. Tubing was still connected.
32|N12 FISHIN __|FISH 20/07/2023 20:55 74 X | | |
33[N07 D015 [s 21/07/2023 12:05 77| 59.998|N 21/07/2023 12:24 77| 59.998|N 29 21/07/2023 12:56 77| 59.998|N 29]  59.958]F 297
34[N07 MsC034 [0 21/07/2023 13:09 78 o[N 21/07/2023 13:13 78] o[N 29 21/07/2023 13:16 78] o[N 29 59.94]E 297.755 m Bottle leaked
35[N07 MSC035 [0 21/07/2023 13:32 78| o[N 21/07/2023 13:35) 78| o[N 29 21/07/2023 13:38 78 o[N 29 59.94E 297.7[55 m
36/N07 MSC036 [N 21/07/2023 13:54 78| 0[N 21/07/2023 13:57, 78| o[N 29 21/07/2023 13:59 78 0[N 29 59.94E 297.7[55 m Test
37|N07 MSC037 [N 21/07/2023 14:09 78 o|N 21/07/2023 14:11 78 o|N 29 21/07/2023 14:14 78 O|N 29 59.94E 297.7|55 m Test
38[N07 Msco38 [N 21/07/2023 14:20 78 o|N 21/07/2023 14:22 78 o|N 29 21/07/2023 14:25 78 #& 29 59.94E 297.7|55 m Test
39[N07 D016 |T 21/07/2023 16:12 77| 59.996|N 21/07/2023 16:29 77 59.998|N 29 21/07/2023 16:52 78 o[N 29 59.94E 297|Top 90 m repeated on cast CTDO17T
40[N07 D017 [T 21/07/2023 17:11 77| 59.997|N 21/07/2023 17:17, 77| 59.998|N 29 21/07/2023 17:26| 77| 59.998|N 29|  59.963]E 298
41[N10 D018 [S 22/07/2023 11:59 78] 39.514|N 22/07/2023 12:08 78] 39.514|N 24 22/07/2023 12:34) 78] 39.512|N 24]  38.999F 141
42[N10 MsC042 [0 22/07/2023 12:45 78] 39.54|N 22/07/2023 12:48 78, N 24 22/07/2023 12:50 78] 39.54|N 24 39E 141]52 m
43[N10 D019 [T 22/07/2023 16:42| 78| 39.513[N 22/07/2023 16:51 78| N 24 22/07/2023 17:00 78] 39.514|N 24]  39.008[E 141
44]N09 CTD020 _|S 23/07/2023 10:13 79| 22.846|N 23/07/2023 10:26 79 N 27 23/07/2023 10:50 79| 22.891|N 27 47.31E 350
45[N09 D021 |s 23/07/2023 12:02 79 23|N 23/07/2023 12:17 79 N 27 23/07/2023 12:52 79| 23.02|N 27| 45.628]€ 347
46|N09 MSC046 |0 23/07/2023 13:09 79| 23.04|N 23/07/2023 13:11 79| N 27 23/07/2023 13:14 79 ZZ.Mtl 27 45@ 341/66 m
47|N09 D022 [T 23/07/2023 15:16 79| 23.152|N 23/07/2023 15:29 79 N 27 23/07/2023 15:52 79| 23.173|N 27| a4149fE 336
48[RAS03 D023 [s 23/07/2023 21:11] 79[ 16.823[N 23/07/2023 21:30 79| .823[N 28 23/07/2023 22:12 79 16.812|N 28 293[E 234[Ice
49]NO8 D024 [s 25/07/2023 15:08| 79[ 20.658]N 25/07/2023 15:20| 79] 20.669|N 33 25/07/2023 15:50| 79]  20.669|N 33 54.55]E 262Ice
50[NO8 MSC050 [0 25/07/2023 15:55 79[ 20.82[N 25/07/2023 15:57 79 20.82|N 33 25/07/2023 15:59 79| 20.82|N 33 54.48E 267]56m Ice
51[N08 D025 |T 25/07/2023 16:49 79| 21.04|N 25/07/2023 16:58 79| 21.05|N 33 25/07/2023 17:26 79| 21.096|N 33| 53.153JE 267 Ice
52|N08 CTD026 - C|S 25/07/2023 18:30 79| 21.092|N 25/07/2023 21:09 79| 20.76|N 33 54.48|E 267|YOYO1 Drift with ice
53[N08 CcTD039 [ 26/07/2023 10:03 79| 21.482|N 26/07/2023 10:15 79 21.42|N 33 48[E 26/07/2023 10:32 79| 21.38|N 33| 48.214fE 265]Ice
54]N08 CTD040 - CIS 26/07/2023 11:17 79]  21.238|N 26/07/2023 12:56 79 21.4—213 33 37.86E 269|YOYO2 Drift with ice
55/N08 0S5 |s 26/07/2023 13:29 79]  22.225|N 33]  43.013[E | 26/07/2023 13:38 79]  22.277|N 33| 42.819[€ 26/07/2023 13:57 79| 22.416|N 33]  a1.888[E 269|Ice
56/N08 CTDOS6 - C1S 26/07/2023 14:28| 79[ 22.697|N 33]  41.522[€ 26/07/2023 15:53| 79| 2334|N 33 43.32]€ 271|YOYO3 Ice (ship towed a bit to avoid sea ice)
57[N08 CTD068 _|S 26/07/2023 16:12| 79[ 23.429|N 33[  43.524[E | 26/07/2023 16:23 79]  23.448|N 33| 43.529€ 26/07/2023 16:39| 79| 23.524]N 33| 43531€ 271[Ice
58/N08 CTDO69 - C|S 26/07/2023 17:07 79| 23.556|N 33 43.525]E 26/07/2023 19:06| 79| 23.64|N 33 43.56|E 270|YOYO4 Drift with ice
59/N08 CcTD087 __|S 26/07/2023 19:22 79 N 33| 43.525(€ | 26/07/2023 19:34 79| 23.537|N 33| 43.525[E 26/07/2023 19:52 79| 23.46|N 33| 43.5[E 271Ice
60/NO8 CTDO088 - C1S 26/07/2023 20:21 79 N 33 44.32|E 26/07/2023 22:05 79 22.8|N 33 44.04]E 270|YOYOS Drift with sea ice
61[N08 D103 [S 27/07/2023 12:09 79| 22.15|N 33[  28.465(E | 27/07/2023 12:21 79]  22.18|N 33| 28463E 27/07/2023 12:35 79 22.228|N 33 28.46F 270|Ice
62[N08 Imsco62 [0 27/07/2023 13:57| 79| 22.26|N 33 23.16]E [ 27/07/2023 13:59 79]  22.26|N 33]  23.04f€ 27/07/2023 14:01 79| 22.26|N 33 22.98]E 270[54m Ice
63[NO8 SMB1 BOAT | 27/07/2023 15:16 79| 22.44|N 33 22.26[E | 27/07/2023 15:53 79]  22.62|N 33 20.82[E 270|Near sea ice
64]N08 D104 [S 27/07/2023 17:58| 79]  22.982[N 33[  19.366(E | 27/07/2023 18:12 79]  22.944|N 33]  19.26[€ 27/07/2023 18:28 79]  22.924|N 33| 19.074]€ 271[Ice
65]NO7x D105 |S 28/07/2023 12:07 78] 32.39|N 30 2.998]E | 28/07/2023 12:17 78] 32.3%4|N 30| 2.975[E 28/07/2023 12:46 78] 32.395|N 30 2.97]E 250)
66]NO7x MSC066 |0 28/07/2023 12:53 78| 32.4|N 30 2.94]€ | 28/07/2023 12:55 78 32.4|N 30| 2.94[E 28/07/2023 12:58 78] 324N 30 2.94]E 250(53 m Leaked
67|NO7x MSC067 |0 28/07/2023 13:14 78 32.4|N 30| 3l | 28/07/2023 13:16 78 31.4+N 30 3[E 28/07/2023 13:17 78 32.4|N 30 3[E 250(53 m
68]NO7x D106 |T 28/07/2023 14:08 78] 32.395|N 30 2.972|€ |  28/07/2023 14:22 78] 32.395|N 30| 2971 28/07/2023 14:46 78] 32.395|N 30 2.97]€ 250
69]NO7y CcTD107 [T 29/07/2023 15:33| 78] 3.451|N 26]  40.579(€ | 29/07/2023 15:43 78 3 452_134 26]  40.58[E 29/07/2023 16:03 78] 3.582|N 26 40.582]E 212
70[N06 CTD108  |S 30/07/2023 12:05 76| N 29]  59.969(E | 30/07/2023 12:17] 76| o[N 29]  59.969]E 30/07/2023 12:47 76 o[N 29 59.97|E 316
71[N06 MsC071 [0 30/07/2023 13:00 76| N 30 O[€ | 30/07/2023 13:02 76| o[N 30 o[€ 30/07/2023 13:04 76 o[N 29 59.94E 31636 m
72[N06 D109 [T 30/07/2023 16:15| 76 N 29|  59.971]E | 30/07/2023 16:29 76| 0.002|N 29| 59.971]€ 30/07/2023 16:59) 76 0.002|N 29|  59.773[€ 316
73[N0S D110 [S 31/07/2023 12:09 74 27 53.95(€ |  31/07/2023 12:22 74]  36.599 27| 53.951€ 31/07/2023 12:56| 74| 36.598|N 27| 53.949]€ 380
74]N0S MsC074 |0 31/07/2023 13:06 74 27 53.94|E |  31/07/2023 13:08 74 36.6|N 27| 53.94[€ 31/07/2023 13:09) 74 36.6|N 27 53.94E 380[22 m
75[N0S a1l [T 31/07/2023 16:18 74 27 sa.gig 31/07/2023 16:32 74 36.6|N 27| 53.95[E 31/07/2023 16:56| 74 36.6|N 27 53.95/F 380|
76|N13 cD112_ s 01/08/2023 12:07 76| 19|  59.936E | 01/08/2023 12:21 76) 20|N 19]  59.938F 01/08/2023 12:52 76| 20|N 19]  59.937]E 255
77[N13 MSC077 |0 01/08/2023 12:56 76 19 59.94[E | 01/08/2023 12:58 76, 20|N 19| 59.94[E 01/08/2023 13:00 76| 20|N 19 59.94E 25335 m Leaked
78[N13 I@lscon o 01/08/2023 13:11 76 19 59.94[E | 01/08/2023 13:13 76| 20|N 19|  59.94]E 01/08/2023 13:15| 76| 20|N 19 59.94E 253[35 m
79|N13 cp113 [T 01/08/2023 15:28 76, 19| 59.94]E |  01/08/2023 15:41 76, 20|N 19| 59.94[E 01/08/2023 16:00 76| 20[N 19| 59.938]E 250
80[N15 |cp11a [ 02/08/2023 12:04 77 19| 20.676[E |  02/08/2023 12:14 77| 13.319|N 19]  20.676[E 02/08/2023 12:37, 77| 1332|N 19  20.677]E 177
81[N15 MsCo81 |0 02/08/2023 12:40 77, 19 20.7|€ | 02/08/2023 12:42 77]  1332|N 19 20.7|E 02/08/2023 12:44 77| 1332|N 19| 20.7]€ 175(30 m
82[N15 D115 |T 02/08/2023 16:13 77| 13.32|N 19| 20.67|€ | 02/08/2023 16:23 771 1332]N 19 2067[E 02/08/2023 16:41 77] 1332|N 19 20673]E 174

97



83[N16 [ctp11e [ 03/08/2023 12:05 78] 30.926]N 19  16.403[E |  03/08/2023 12:13 78] 30.926|N 19|  16.402]E 03/08/2023 12:43] 78] 30.928|N 19]  16.343[E 131|Near Gladier, 10 km away 42 m high, tidal
84[N16 MSC084 |0 03/08/2023 12:47 78 30.9|N 19 16.32|E | 03/08/2023 12:49 78 30.9|N 19 16.32[E 03/08/2023 12:51 78| 30.9|N 19 16.32[E 131|Near Glacier, 10 km away 42 m high, tidal
85/N16 ctp117 [T 03/08/2023 16:31 78] 30.579|N 19 16.929[E [ 03/08/2023 16:42 78] 30.581|N 19| 16.936[E 03/08/2023 16:55 78] 30.58|N 19]  16.934[€ 124|Near Gladier, 10 km away 42 m high, tidal
86|N16 SMB2 BOAT | 04/08/2023 18:17 78]  31.32|N 19 13.62[E 04/08/2023 10:30 78]  31.38|N 19 13.62|E 126|Small boat left to collect iceberg and water samples near the glacier
87|N16 cTp118 | 04/08/2023 12:29 78] 30.989|N 19 13.745[E [ 04/08/2023 12:35 78] 13.782|N 19] 13.782[€ 04/08/2023 12:43 78| 30.958|N 19 13772[€ 124|Near Gladier, 10 km away 42 m high, tidal
88[N16 CID119 | 04/08/2023 14:01 78] 30.88|N 19| 13.7]E [ 04/08/2023 14:07 78] 30.88|N 19 13.69[E 04/08/2023 14:15) 78] 30.879|N 19]  13.691[E 120|Near Glacier, 10 km away 42 m high, tidal
89[N16 CTD120 | 04/08/2023 16:00 78] 30.896|N 19]  13.804[E |  04/08/2023 16:09 78] 30.896|N 19]  13.804[E 04/08/2023 16:16/ 78] 30.897|N 19|  13.805[E 115]
90[N16 FISHOUT _|FISH 04/08/2023 16:29 78 30.9|N 19 13.8[E 116|
91[N16 FISHIN FISH 04/08/2023 16:50 78] 30.72|N 19| 12.48[E
92[N03 cip121 [ 06/08/2023 12:00 72| 51.607|N 19| 4.247|E |  06/08/2023 12:14) 72| 51.608|N 19]  4.246[E 06/08/2023 12:45 72| 51.607|N 19 4.247€ 417
93[N03 MSC093 [0 06/08/2023 13:04 72 51.6|N 19| 4.26]E | 06/08/2023 13:06 72 STEtN 19 4.26[E 06/08/2023 13:07 72 51.6|N 19 4.26[€ 417
94]N03 MSC094  |024 06/08/2023 13:04 72 51.6|N 19| 4.26|E |  06/08/2023 13:06 72 51.6|N 19 4.26(E 06/08/2023 13:07, 72 51.6|N 19, 4.26[E 417
95[N03 Cc1D122 [T 06/08/2023 15:53 72| 51.608|N 19 4.247|E | 06/08/2023 16:07) 72| 51.607|N 19]  4.448[E 06/08/2023 16:32 72[ 51.608|N 19 4.244[E 418|
96/N03 cp123  [s 07/08/2023 06:02 72| 51.624|N 19| 4.386|E |  07/08/2023 06:17, 72| 51.608|N 19] 4231 07/08/2023 06:33] 72| 51.608|N 19 4.232€ 419
97|n03 CTD124 - CIS 07/08/2023 07:06 72| 51.608|N 19| 4.232|E 07/08/2023 11:58 72 51.6|N 19 4.26]E 419]Y0Y06
98]N03 MSC098 |0 07/08/2023 12:13 72 51.6|N 19| 4.26|E |  07/08/2023 12:15 72 51.6|N 19, 4.26E 07/08/2023 12:16/ 72 51.6|N 19, 4.26]E 418]
99[N03 CcTD162 _|S 07/08/2023 12:15 72| 51.607|N 19| 4.231]E | 07/08/2023 12:27, 72| 51.608|N 19]  4232[ 07/08/2023 12:44 72| 51.608|N 19 4.232€ 419
100[N03 CTD163 - CIS 07/08/2023 13:13 72| 51.608|N 19| 4.233[E 07/08/2023 17:59) 72 51.6|N 19 4.26[E 419]YoY07
101{N03 D202 |S 07/08/2023 18:15 72 5161|N 19| 4.23]E | 07/08/2023 18:37 72| 5161|N 19 4.23[E 07/08/2023 18:54 72 51.6|N 19 4.26[€ 419
102|N17 CcTD203 [ 08/08/2023 12:01 72| 29.999|N 24]  59.882]E |  08/08/2023 72| 29.99|N 24 59.94|E 08/08/2023 12:39) 72[  29.992|N 24|  59.955[E 246
103[N17 MSC103 [0 08/08/2023 12:43 72 30|N 24 59.94]E |  08/08/2023 12:45 7 30[N 24 59.94|E 08/08/2023 12:47, 72 30|N 24 59.94[E 246
104[N17 cTD204 [T 08/08/2023 15:28 72| 29.991|N 24]  59.953|E |  08/08/2023 15:39 72| 29.994|N 24| 59.953[E 08/08/2023 16:01 72[  29.995|N 24| 59.952[E 247
105[N18 CTD205 _[S 09/08/2023 12:06 73 30[N 29|  59.954E |  09/08/2023 12:37 73] 30.002|N 29| 59.957[E 09/08/2023 13:08/ 73] 30.005|N 29| 59.957€ 400|Winch got stuck at 104 m for 20 minutes on downcast
106|N18 CTD206 [T 09/08/2023 13:36 73] 30.004|N 29| 59.956]E | 09/08/2023 13:51 73| 30.005|N 29|  59.957[E 09/08/2023 14:15) 73] 30.005|N 29| 59.957[E 400
107|N19 CTD207 [ 10/08/2023 11:59 74| 0.008|N 35| 59.966(E 10/08/2023 1 74]  0.008[N 35| 59.964[E 10/08/2023 12:39 74 0.008|N 35| 59.966[E 235
108[N19 cTD208 [T 10/08/2023 13:33 74| 0.008|N 35 59.96]E | 10/08/2023 13:42 74 0.01|N 35 59.96|E 10/08/2023 14:03 74| 0.009|N 35]  59.964E 235
109|N19 FISHOUT _[FISH 10/08/2023 17:08 74 o|N 35 59.88[E 236
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9.2 Appendix B — Stainless CTD Sample Logs

Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet o
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet : r
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stailless Steel CTD log sheet
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DY167 CTD Yo-Yo Log Sheet

Date Q;&..S.L.&.gp?—_)b lulian day: ..23105 ..............
stationNo  .NOR... Event No =y A
Latitude A 2622 Longitude 238218
Cast No | Start Start Bottom | Bottom | Altimeter | End End Bottles  Initials | Comments

'l'inle Depth Time Depth Time Depth Fired
265 192:30] 2 [¥x2 242 (2% |@e |27 Z | €Em
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Lruise UY1os/ dlainiess dteel L iU 10g sneet YUYV Lasts

Station | NOZ [CTONo (039S [pate 26/07/2 |

Lattude |79~ 2/-[,§2n  |EventNo 5% Time UW (GMT) |y ; 0% D frame type:

Longitude | 3>* 47 - IS ek [Depth 25Sm  |Time bottom (GMT)

Filename |c-T0029 S [CastDepth | - 17 [Time OW(GMT) |70 -1 8S

Weather | Fec. cALM, Flar NEAR SEA (1 CE
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DY167 CTD Yo-Yo Log Sheet

Date Z‘/??/@i Jullan day: ZO 7
sationno  LVEE evento 54
latude 24921235 longitude  33°47.3573
CastNo | Start | Start Bottom | Bottom | Altimeter | End End | Bottles | Initials | Comments
Time Depth Time Depth Time Depth Fired
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Lruise UY1b/ STainiess Steel LW 10g sneet YurYu Lasts

(Sation | NOF [CTDNo  |¢T05SS [Date 20725

[Latitude | 29°72: 273 M [EventNo | 55 Time UW (GMT) | #:..9  |CTD frame type:
[_'wm 3% 2.249¢  [Depth 2 72 [Time bottom ( "3 3
Filename | C-T0055 < [CastDepth | - <7 [Time OW(GMT) | .17 - <2 88
(Weather | Foc, (AL _WEAR SFA KKK
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DY167 CTD Yo-Yo Log Sheet

Date 26/?.?[.%3 Julian day: .2,.4_.7_ .................

Station No Mﬂ__g ................. Event No 0 S é

Latitude A1I22 6TV longude: 33 .522E

(CastNo | Start |Start | Bottom | Bottom | Altimeter | End End | Bottles | Initials | Comments

Time Depth Time Depth Time Depth Fired
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Lruise Yo/ dtainiess dieel Liv 10g sneet YU ruvu Lasts

5 el Station | NOF CONo 068S - [pale . [0c/awlod]
‘ Lattude | 2525 5o 9/ [EventNo | S  [TmelW(GMT) | %47 |GTD trame type:
Collod-ul Er T ORI 274 |Time bottem (GMT)| ¢ - 23
Filename : [CastDepth | L& 5 [TWme OW(GMT) | /.. .5 | S5
Meather | CLEAR FIAY NEAR ILE
z E :" ::::' Time |tabetio | | o X:‘&;“m 7 e
Lol O I ] Bl - X
O A A R B ) 3%% o X
SINY: 3 | oD ‘ Y
call 1) [ 1T < X[ x X
s [s]s |98 o :
s e |6 [an
AL A x| X X
LA I I 4 3S % T
P e | A X| X X
w | 10 | 10 jo X & ¥
L R O S 59 X v Yy
12 |2 12] 53 Y % B
B3|l < X
o I TN 2 %
15 18| 18] SO e
1|0 |1] So bl X v
7 | | 2| Y3 RSN x | X ¥
18 [18 |18 ]| 3 &‘i X "
CHERED ‘g{ 3b % "
20 |20 [ 20 |l gs% X
2 |2 |a| § 29 | X X 7
2 |2 | a2 S x
2 |23 | & % ! »
2 |2 || 5 332 i .
{Commants
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DY167 CTD Yo-Yo Log Sheet

Date 26/&7/23 Julian day: 207
Station No /V (/i é/ Event No .Q.?:.._....
Latitude 77?..2‘?5_;.3..’1/ Longltude 74753 3E.
CastNo | Start | Start | Bottom | Bottom | Altimeter | End End Bottles | Initials | Comments
Time | Depth | Time Depth Time Depth | Fired
0845|7707 | /2= [172:4 | 120 | — [J7:s | = | — | PH
(070 /2208 | 2 [174% | 120 | — |33 | 2. [ — | PH
o721s |'7:22 ]| 2 |(7:25 120 | — [17227] 2 — Py
0725 [17:24| 2 1731 (o | — 1723 2= | — [P
(g2251/2:35 | 2. [173¢ | 122 — /740 2 — | PH
a74s512:41 | 2 1786 196 — Ihus] 2 — DU /8
07551y | 2 7% [heo | — 757 2 = L&
07651183 2 |vuse [vdeo | — [ygsel 2 = | €M
6775(17.%2] L w02 120 [ — ok | 2 -~ EM
o785 1204 | 2 Jigog [ a6 | — [gw | = — | em
bTas I | 2 [ewe [@e = WA 2 = _|.ém
&S |11z | 2 w20 120 €23 =2 = &P =
®Slisoal 2 [\€a7|iz0 | - 1224 2 | - |4 |
LiS|\R 20l 2 8322 2o - |- 2¢ 2 P
0B35S 1. 39 2 | ®aol120 — &4l 2| = | xP
\2 44| 2 | 1s4aH go - [\&e0l 2 — | 32
OFSS|6: 8 | 2 |1&:54] 120 - g8 9 = =P |»
0S|z € 2 [1901 | 120 - _|Mmos| 2 - |=<F I
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Lruise UY'1o/ Stainiess dieel Liw 10g sneet yUuru Lastis

[Swtion | NO% ~ [coNe. T275  [pate 2070723 [
[Lathude | 79 "2 =37 A/ [EventNo | = Time IW (GMT) [ 1722 |GTD frame typa:
[l_.gbm 31°43.625¢€ Depth 2 71 |Time bottom (GMT)| 1.4 3
Filename | C 1077 - [CastDepth | > - = [Time O/W (GMT) 88
[Weather _FLAT  MEAR ICE

vz : — - -*

Ll EEAIHD IR <,

2 | 2]2 11% S| V.

s 13l ]z\O 375 Y.

L I I AER X

5 | & | s |FS 373 i =

s | s | s |57 o]

7 v |52 KT x| X. Y,

8 |8 |8 [7%h 250 X4 Xd v,

0o le L9 |k 2% x| ¥ Y

0 |w]| w|s? IEL x| X] %

i I E N IR PG 35 XI vl x| v

12 |2 | 2 % 3T X ¥

5o S ngs X,

Lo N P L 327:-__’8 X.

w | s ] s fiS e RS

18 | 16|18 |[US 35% X Y

w [z | w7 [T e R X{ Ad ¥

18 |18 | 18 | % 3o X, x

12 | 18 | 18 ‘% 2al P %

20 |20 | 20 |2 12 X X

I B S 312 st X

2 |2 | 2|9 98 | X X 4

2a|n|ax]s 295 | X

24 |24 |2 | 3% A

lcm' ), i =
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DY167 CTD Yo-Yo Log Sheet

Date 2..6[(...)...2/..23 ...... Julian day: 20 7
Station No Mag.. ............... Event No ..6...0 ..............
Latitude T5_23hare longitude ... L 200 &
‘CastNo | start | start Bottom | Bottom | Altimeter | End End Botties  Initials | Comments
Time Depth | Time Depth Time Depth | Fired
088S (22 | Z  |20:24) /L0 — |20:27]| 2. — | PH
0895 |w2® | 2. |2239| 120 | — 2033 = | — |PH
09S (2034 | 2. 2016 | 120 == el 2 — | FH
041s [2039] 2 leo#d| 120 | — (2045 2 | — | PH
0025 2045 | 2 w120 | — z0%0] 2 — |PH
0A43S |20°51 | 2 (2054|140 — |20:57| 2_ 7
294S | w58 | 2. |21:00 | 140 — 04| 2 | — |PH 1
095S| 21.6¢] 2 |21'08 | A0 - 21 i o R
szl 2 (2018 | o 21119 2 — ol
Q9% (2104 2T [20:22[ 140 - Jjev'eel 2 | - le
0485 21:2% 2 [21:20 | 140 e U 24 2 - | 5P
0YqasS| 2 24| 2 |20U3F% | 40 -~ l2:4| 2 - |4e
WOS [2:472] 2 (2045 (WO — av4a ] 2 - | EéMm
wIS |l Z [9VSL | KO — |2vsl| 2 — | Em
oS [2VS6| 2 12200 W40 — [27206]| 7 €m
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Lruise UY1b/s Stainiess steel L 1v 10g sneet

(Station | NDF [CIbNo (/035  [Date THoT _
latiude | 7> 27150 "N [EventNo | /] [imelW(OMT | 2.0 |cTD frame type:
MQMSLME_P&_% Time botiom (GMT)| |7 2\ ,
Filename |r1y10% Cast Depth | 2 U Time O/W (GMT) Ss |
[W Lt T Eob, FLAT ; A"E-'\-.'T TR

m :é; ?: m Time | LabellD | wits leace Ineru leames WeEna T s qub 3 T

T EEEE FIG : ¥ (152

2 | 2 | 2 | 240

ol T T [ X Y (o3

« [+ [1g0

Ll T I Y % 4‘&’

6 |8 | 8

Tt |55

& |8 | 8 (®)

9o | o | 8

0 |10 ] 10

n 1| n

12 |12 | 22

17 [ 13| a2

| 14 | 14

15 | 156 | 15

6 | 16 | 16

w |17 |

8 |18 | 18 =

19 |19 | 19

20 | 20 | 20

rol Y =

2 |22 | 22

23 |23 |2

“ | 24 | 24

Commants
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Cruise DY167 Stainless Staol CTD log sheet

% & e REY Lf(,m RAAs _Epl—ﬂSMnJ"H
il T B & Ml P2 20F|R6 | 126|074 | R3Ce /¢ 37
< X
o ¥ =
R ek -X 1£8 |50 |106 19,5
. X
5% ;
ek
X |.X X | faX é 200|198 O3 | B7(s/C31v -
LYy
2 Don base
T S, (R ISV, DR P—" M R S| o1 FIRE
26| & Ly X 32 ji‘r 21 0.0
Y #
- X
>
73 T B W X 165 3725901
XX e, : -X 170 %l'; 13910, 2
.X X '{ “"‘1 1o Lb ‘7";
«X
s ¥ CMe
v 7
¢ o |ox % 2 F 74 [113[ 1351 1 4760,/ C
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LIUIDE W10 Quaiiiiesd owwl v i W vy slect
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AN e X ROHLI RS 16 31| 3770/C 31
X [ X 55 |1 1né (N
o ¥
. X E&altSlio? \,.9
" P b x g 121111615 9 18724 /3
h—" — 14 T 5
« X
o X |k - X 32 ‘“7?2_(3‘ ‘?10
«X |oX
T e R e - B i e Dom Gax
X
oy lox L3 X 170 |24 |31 |33
= p— - _‘___1__’____,____-" —l
‘k .X
Xo
4 M feck
4 oX 2
e o X 132121533 (32
: 9 X \ I
- ¥ spalb
b &
o Alek | A o X Lo |2e%]71714(2,5 -9 7L /3
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{*c

ctall €0
X % 36 Ho?[2E 33 | R773 /31
X1.X X 166 [162]56 |7 5
B e e e I { o i — |
X |7 X v | G2lSsY |72+
X % =
oX |- ¥ X | | x 76| 2@ 3233 |[B777/C3 T
X
L DG base.
= x =
S X < ~ 257 321149514 |
% 1 Do b k)
«X i
X X Y 112 174[9,3
it = TS EXI ETAY, KU I
¢ y \ ) >
Y LS AN
v
D . ¥ 40 |61 2, PI57C 3T
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Cruise DY167 Stainless Steel CTD log sheet
2 6 s
B226/¢ 31
Tl X 36| 203[ 16| 0,4
Il 5 LY ¥ SC [10¢[7(% |03 |BF777C2A |
% . R
o X IR A L3 |56 102129
74
P Sa
X X X 7141 20132 |3, 0 |
iy — 1 i
.y PCM (v-Sﬂau)
i
X 253393 HaC 1R
, 2 , 1
Ly . .
5 T = sl A
RN | 26 170 | 2.3 |JI3 2P 8/CaA
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Cruise DY167 Stainless Steel CTD log sheet
CiONo_||1cS loae ____ 103/05/2B

To 3] 777 /c 31

B 2L07<3T]"
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Cruise DY167 Stainless Steel CTD log sheet
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Cruise DY167 Stainless Steel CTD log sheet
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Lruise Urio/ dlainiess dteel LIV 10g sneet TUTv Lasis

N0 [ctoNe 1235 [pate oy_/ggzgl
%U 05;‘ I:%a. Nw SI. 604 W [EventNo | g [TmeWW(GMT) g -2 |CTD frame type:
ocd {.c rﬂgima 162 LidSEE  [Depth 4 \— [Time bottom (GMT)| /e, 1=
L& Qo Filename |22 5 [CasiDepth | L 0O [Tme OW(GMT) |—c 2% B
V‘Q@ |weather
Rose | = Fanh taor
i o o Foaszosles &’n Laberi | i | oas )( el Othe
O 565 | v.
2 |2 |2 g% S ¥, | X . -
s lals |us5 S&7 | x -
4 4 4 l.?() : X A ~
5 |5 | s R ‘
6 |6 | s }tg ?‘;éo“ g A
A WL Al A0 7 57! 2.
8 |8 |8 | T 942 X - "
9 |olo |35 593 | X-|¥ . e e
10 |10 | 10 | % ¥ Y .
1t || n '2% 53"3 bt I ¥
2 2|2 |27 S76 X Y .
HEI £3) ¥ . Wi
1% |4 | u S» A -
w | s | s | 24 s74 X -
to 1o |16 | I $30 ¥ g
7 | [ 7 [y s8] % ¥ 4
w | s | m |9 S &2 A ~
19 | 19 | 19 % S - Y .
20 |20 |20 || %
2 l|la|lal| sy i ~
2 Pz BInNS b) X -
B |35 S5 X,
% |u|u]|5 S8% 5,
Commants
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DY167 CTD Yo-Yo Log Sheet :
L70
Date 0 7/ (i i /Z s Julian day: Z ,q -
Station No M3 Event No M ¢4 Ao
Latitude 7269/‘...%/1/ Longitude / 404 2324
Cast No | Start Start Bottom  Bottom | Altimeter | End End Bottles | Initials | Comments
Time Depth | Time Depth Time Depth Fired
12450706 5 o710 120 — [g7:43] 5 — | pH
12551075 | 8 o7y 2o | — [d724| s 7
126 € |o722] 5 ¢72:25 /24 — |67°28] = — /%)
1275107 5 |67 23] 120 — lo736] 5 — € =i
23S 162°31 S |o7 %1190 ~ Ry | g - |Em
39S [er46] §S o2& an | — [&rse s - | Em
N0 S 675N S 1672660190 | = Igrsa| S = e
S pEool = lotoea] 70 ~ |cscg | & | ~ 4P
1925 [cg o3 = P8 | 120 ~ 0% 2 S - Ar
1238 0% W4 o |0k | 120 - o) < - <@ o
s 08| 5 Jogioe [ we - lgg2al s - o o
355 Wb30| 5 g3 (1o | — |43 [ S | — |/#
(% 5 10837 | 5 |adp] (20 — |4z | =5 — |PH | Swman thops & [205
[37S j0g-& | 5 |ygisi [ 129 | — lo#z4a]| S ~ |2
1% < |05.7%5 S g% 9% | 120 — 1OR200 | S — /%
Bqgs 92| 5 0’.07(276 — 8%12] S — | &M
WOS [0¥VX [ § |09V [\20 ] — Tgana| & > £
s jofa ) s j09'221vo | — 18048 & | — [ém |
LS [pake] S |07 74 | o — ooz 5§ - | Em
1a2s [093s5| S PA36]120 = [faqq] § - 18P i
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DY167 CTD Yo-Yo Log Sheet

Date Qg 22 Julian day: e
satonNo  LLNCZ Event No o7
Latitude 225 608N longitude 5o A4 .2 226
CastNo | Start  [Start | Bottom | Bottom | Altimeter | End End Bottles | Initials | Comments
Time Depth | Time Depth Time Depth | Fired
l44s 104 46| 5  |O944 | /20 -~  |™42| S - 4e
LSS |04 g L loaer]| 20 - o] & - &P
S 1035 5 [W903 | 27 - lte.ps { — |4
147511009 S |t |12z — |1gre | 5 — |/lA
r4€s 112-15 | 5 |ipug |1 — |1z s — | /#
| (U9s |2z | s s | 122 — |2 | & — |74
ts0s [19:281 5 (1631 | /12w — ok | S — /A
SIS [105S] S [10:28 |120 — 10 %I\ S — | Eén
$S o2 | S lieks 190 —~ ol S | - [N
\S3S J1bd | S |wsr Vo — hassl] s = A
SYS11086] & wsa [vio | -~ wo2]| 5 = |€m/3¢
sl er] 5 Job 270 = Juwis 5 - ge
1856S | .1 S n.Ma |20 ~ 22| 5 | =~ <P
s7s w2z | & hag |wo g W7 | 5 el P2 { G
188 S| 220 35 1:23 |12 0 1036 | S — |74
1595 | 1137 4 | 12 — |142] 5 = |/7H
técs Jpras | & |46 | 120 —_— |12g | s — | Py
1615 |J):sz 3 /1'$3 | 12 —- Supfece | — | fH
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Lruise uYlb/ Stainiess dteel L IL 10g sneet yUrv Lasts

Station | N0 S CTDNo [162 S |pate OF/8/
Latide | "Z 2% S1. 607~ [EventNo | B [Time IW(GMT) |12.15 frame type:
Longitude | | 5~ ‘ﬁ}ﬂ‘j Depth Lyl 1~ [Time bottom (GMT)| {2 ; 77 s
Filename |1 plé4 Cast Depth w2~ [Time O/W (GMT) :
Weather
Rose - Y Ankton
A = e R e e om
W T S0 529 | ¥ .| [
212 |2 |0 cq9n | X . Y
| T [ Jfﬂ 2 ¥ ¢
4 4 4 { 54.2 )( ’ x ’
ol I 595 | ¥,
SeanEE s X,
7 7 7 \L\& N ’ 4
e |8 | 8 X Y
LS g% 2991 X | X Y
10 j1w | 1w | a9 59¢ X ¥
THENED 3 S ¥ |5 ¥
12 |12 | 2 | 0 gD X ¥
13 |13 | 13 60! ", v i
1|14 | 14 : HOL | X
15 [ 15 | 18] 9] b ' ¥
% |6 | 6 O X
ol | v | 605 X Y
1B (18| 8| 2\ A& X ¥
9w |19 |19 | 1A 0% X v
2 (20 | 20 | \@ &
ool Bl IS = % ¥ K3
oA B e 5 610 | X
2 s | S0 61/ X
u |z |2 |2 bt X
Comments
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DY167 CTD Yo-Yo Log Sheet
Date ..0 7/ o 2/ 2‘3 Julian day: 2 "{
Station No /V 7 3 . Event No { 00
Latitude AR Y A gt 1104233 £
CastNo | Start | Start | Bottom | Bottom | Altimeter | End End Bottles | Initials | Comments
Time |Depth |Time | Depth Time | Depth | Fired
Mz sz | & [ae | 2o — |R.26] 51 — [ &N
e SI%WIN] 5 [m2S|vag | — 8% 5 | = Ep
6S S|29R] § 132 o | — 3 H - EMm/ 3P
W S1i3261 S |Bup |20 | o= [Baz] % - |ZP
6FS [12: ¢4 | € Tvasg |90 — P25 5 - oC
Wes 135 | & |i2ss| 20 | - [1258] % - %f
6aS (1358 | 5 | 1koH 272 - llailo | s =
1705 | | S5 Tya:14| 120 — |7 | < - |~
(715 40| 5 i ]12e — |1#23 | 5 — I
725 1424 | 5 | 427 122 — |ikW | = i = 0y g
\as (Wi | s s | 1o ~ 3720 S — | Cw
74 S 1 2% S Wk [Vvao — iah ] S — | Eem
155 hWebds] 8 wys |20 W:so | S = e
176S bl | 8§ hess 20| = |ws7l s = _l.em
DS ISE] 8 [iSas | 27 - £y | 5 e 159
\7ES | 1542 o LIk 1'v20 | = S 18] &5 - P
IS | giq | S5 1822 | 120 = 15:45 | & - AP
1€oS | 526 3 lis20 | 120 = [#B] S — | PH
1 s3] 5 1536 | 1o — 1539 [ - | P4
/g2S |1S4¢| 5 lys43] 20 — |/5:8¢ | § — | A

(0
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DY167 CTD Yo-Yo Log Sheet

ke L7/08/23 FAVRNS - 1.
Station No M3 Evant No 00
Latitude J2051. 608 M Longitude (124231 £
CastNo |Start [Start | Bottom | Bottom | Altimeter | End End Bottles | Initials | Comments
4 Time Depth | Time Depth Time Depth | Fired
1835 1s:47| & |Is:4a| o | — [1s:52| 5 | — |PA
845 |15:54 S [isise | izo = [I*%&] & = |
(855|180 | § o4 [296] — [bA | 5 /e
186 SI6:i6 | S [ [1e0 | — s [ 5 =1 -6
82 S | 5 1w | 120 — 62| 5 — oA
\® S11622] 5 (1695 | 140 ~ 6121 S — €M
1A S (W62 S lg-2 [120 = 114783] § — |em/30
p S |6:3¢ | . 5 ||k-37]120 = W26 S - | g
14 S |40 |/58 16:42 | 120 — lig:46] S SIP
w328 6y | 5 16:20 | 124 -~ 22| © = | 5P
14%5S |4 5 53| @ - |70l H ofd
AL E]i7 04 L5 lme7 1275 —_ N s — |7~
qGs |j7:3 5 17.16 | 122 = U9ast] s — | FPH
1%6 5 [17:19 5 1721 | 122 - 17281 ¢ — | /24
w| 1/ 51z25 | & (17227 | 120 — |t%30:| 'S = |
1965 1r7:31 | 5 1733 | rzo — |[mF | 5 =M
195173 | & 7% |[vwo | — [7LV] 5 — | e
w2005 (176 H 5 ks ]|vg — 74| & | — | ém
12018 1I7T64] 5 178290 [ — [1:57] S 2 £
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Lruise ur o/ dStainiess dteel L iv 10g sneet rurv vastis

[Station  [INUS |CTD No 28%5‘ |Date o7fo2/22
[Lattude | 77° S[.¢,0n  [EventNo || Time IW(GMT) | 1% 15 |CTD trame type:
|Longitude | (92 &, 230 E [Depth 19 ¢~ [Time bottom (GMT)| -1y -5
Filename | CTD 2023 |Cast Depth | 40O - [Time OW (GMT) SS .
Weather
Rosc :
z :.‘ ‘"‘: Hm. l::) Labelio | 1 ona |on ﬁ!;gf“’” m*\ Other
I ERTTER0 I X | & 2 ted doser o Bim
2 |2-]2 ] sk ! X | X v
g lasiey o A >
s |sl+]e £1 X X
L] I O B I 2 2SI
¢ |® | a ¢ \ Y
0 M 19 X
8 |8 |8 | 2% ¥ x
9 |9 |9 ? A X ¥ s
19 [ w0 | 10 L2 X ¥ 4‘-
1mIn|n 215 | x|y ¥ .
12 | 12 | 12 2l 62“ Y X
13 | 3| a3 L’} & J \
1 |u|w]| 93 X :
1595115 | ot W
T 3 K 615 Y
17 || v o 624 X Y
18 | 18 | 18 %' A X 4
78 I I T 631 | | X Y i
2 |20 | 2 N o)
2 |n 2] s 5375 | ¥
n|2|2]|3 AL | X
n|la|ln| S %_ e Y
24 24 24 A
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Basents S0« Wefer
: x‘ x. 3 213‘".} ll? C. g
= 2y db s e L
s ’l ul, 120 B rC
\ 1 & S ! ! 391°C
i B 37, B2,31] el " 4.;‘&
b el i 257,] 25, &1 S-2°¢
P EHEE |7o, l&!h 4# 528. -
¥ .. 3u, |27, 2k 657
A \29,]220,| 13] g 7.5C
x Pats .
%
v I7e, 5 1305 544
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Y Pouk
XLt S4; 4, |06 13°d) .
e A 135, 202, [12b | 03
\ \ \ \ A A
‘ y ¥ T SM i
¥
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9.3 Appendix C —Titanium CTD Sample Logs
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Station NOO CTD No 001T Date 14/7/23
Latitude [68° 48.400 N Event No |006 Time /W (GMT) 16:00 CTD frame type:
Longitude |10° 20.194 E Depth 3023 Time bottom (GMT) |16:32 _
Filename Cast Depth |1000 Time O/W (GMT) 1
Weather |Calm, sunny
g'e’g Rosete ok (Pgi’;hhre) (I;il\r;l% LabelID | O, | Nuts |[TDTM | dFe |sFe  |dTM Trai’:r;i‘;[als DoC |cDom| chla | D®0 | Feiso sal Other
1 1 1T
2 2 2T
3 3 3T
4 4 4T
5 5 5T
6 6 6T
7 7 7T
8 8 8T
9 9 9T
10 10 |10T
11 11 |11T7
12 |12 12T
13 13 | 13T
14 14 | 147
15 15 | 15T
16 16 | 16T
17 17 | 177
18 18 | 18T
19 19 | 19T
20 20 |20T
21 21 |217
22 22 |227
23 23 | 23T
24 | 247
Comments Soak Cast | DCM 15m

Bottle 11 broken during cocking |
Bottle 2 did not close at the bottom |

New bottle in position 11 for next cast

New bottle and bottle 2 need to be soaked for next cast
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Station NO1 CTD No 004 T Date 15/7/23
Latitude |70 °59.993 N Event No |009 Time /W (GMT) 15:26 CTD frame type:
Longitude |10 ° 59.992 E Depth 2564 Time bottom (GMT) |16:30 _
Filename Cast Depth Time O/W (GMT) 1
Weather |Calm, slight swell, foggy
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | Feiso sal Other
ure) metals
1 1 1T | 2564 001 T X X X X X X
2 2 25T | Soak
3 3 3T | 2544 003 T X X X X X X
4 4 4T | 2510 004 T X X X X X
5 5 5T | 2200 005 T X X X
6 6 6T | 2000 006 T X X X X
7 7 7T | 1800 007 T X X X
8 8 8T | 1400 008 T X X X X X X
9 9 9T | 1000 009 T X X X
10 10 | 10T | 900 010 T X X X X X X
11 11 | 26T | Soak
12 12 |12T | 750 012 T X X X X
13 13 | 13T | 650 013 T X X X X X
14 14 | 14T | 500 014 T X X X X
15 15 | 15T | 400 015T X X X X X
16 16 | 16T | 300 016 T X X X X
17 17 |17T | 200 017 T X X X X X
18 18 | 18T | 150 018 T X X X X X
19 19 | 19T | 100 019 T X X X
20 20 |20T| 75 020 T X X X X X X X
21 21 |21T | 40 021 T X X X X
22 22 |22T| 30 022 T X X X X X X
23 23 |23T| 25 023 T X X X X X X
24 24 24T | 15 024 T X X X X X X
Comments DCM = ~28m

Bottle 2 replaced with Bottle 25= soak
Bottle 11 replaced with bottle 26=soak
Particles not taken — ?issue with filters and pressure in bottle
sFe not taken — apparatus not ready
Sal not taken
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Station NO2 CTD No 006 T Date 16/07/23
Latitude |72°0.0016 N Event No [011 Time /W (GMT) 14:15 CTD frame type:
Longitude |15° 0.007 E Depth 1128 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Sunny, calm
ggs Rgiiﬁte BN%t.' ('?:?222 (nge) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?;tclce eHs | Nuts | . sal Other
ure) metals
1 1 1T | 1096 025T X X
2 2 25T | 1000 026 T X X X X X X X Sal ID: 645, Crate 26
3 3 3T | 2000 027 T X X
4 4 4T | 800 028 T X X
5 5 5T | 800 029 T X X X X X X
6 6 6T | 650 030 T X X
7 7 7T | 650 031 T X X X X Sal ID: 647, Crate 26
8 8 8T | 500 032T X X X X X X
9 9 9T | 400 033 T X X X
10 10 | 10T | 300 034 T X X X X X Sal ID: 644, Crate 26
11 11 | 26T | 200 035T X X
12 12 |12T | 200 036 T X X
13 13 | 13T | 150 037 T X X X X X
14 14 | 14T | 100 038 T X X X X X
15 15 |15T | 50 039 T X X
16 16 | 16T | 50 040 T X X X X
17 17 |17T | 40 041 T X X X X
18 18 |18T | 30 042 T X X X Sal ID: 646, Crate 26
19 19 |19T | 25 043 T X X
20 20 |20T| 25 044 T X X X X X X X
21 21 |21T | 20 045 T X X
22 22 |22T7| 20 046 T X X X X X X
23 23 |23T| 15 047 T X X
24 24 | 24T | 15 048 T X X X X X X X
Comments DCM =20 m

Bottle 7 leaking from bottom

146




Station NO3 CTD No 121 T Date 6/8/23
Latitude |[72°51.60798 N Event No |095 Time /W (GMT) 15:52 CTD frame type:
Longitude |19° 4.25148 E Depth 418.2 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Sunny + wavy
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T X X
2 2 25T | 395 259 T X X X X X X X X Sal ID 193 Crate 7
3 3 3T | 380 260 T X X X X
4 4 4T | 350 261 T X X X X X Sal ID 194 Crate 7
5 5 5T | 320 262T X X X X
6 6 6T | 300 263 T X X X X X X X Sal ID 195 Crate 7
7 7 27T | 280 264 T X X X X
8 8 8T | 220 265 T X X X
9 9 oT
10 10 | 10T | 180 266 T X X X X X X X
11 1 | 26T
12 122|127
13 13 | 13T
14 14 | 14T
15 15 | 15T
16 16 |16T | 150 267 T X X X X Sal ID 196 Crate 7
17 17 |17T | 100 268 T X X X X X
18 18 |18T | 70 269 T X X X X X X
19 19 |19T | 40 270 T X X X X X Sal ID 197 Crate 7
20 20 |20T| 30 271 T X X X
21 21 |21T | 22 272 T X X X X X X X X X Sal ID 198 Crate 7
22 22 |22T1| 20 273T X X X
23 23 |23T| 15 274 T X X X X X X X
24 24 | 241
Comments Bottle 9 still had water in from previous cast — used bottle 10 instead, bottle 9 to be soaked on another cast

DCM=22m
MLD =18 m
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Station NO4 CTD No 008 T Date 18/7/23
Latitude |[73°43.47 N EventNo (018 Time /W (GMT) 18:29 CTD frame type:
Longitude |23° 22.0012 E Depth 459.3 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Grey & wavy
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T | 436 049 T X X X X X X
2 2 25T | 436 050 T
3 3 3T | 400 051 T
4 4 4T | 400 052 T X X X X X X Sal ID: 650, Crate 26
5 5 5T | 375 053 T X
6 6 6T | 375 054 T X X X X X X
7 7 27T - 055 T
8 8 8T | 350 056 T X X X
9 9 9T | 300 057 T X X X
10 10 | 10T | 275 058 T X X X X
11 11 | 26T | 250 059 T X X X X X
12 12 |12T | 200 060 T X X X
13 13 |13T | 150 061 T X X X X Sal ID: 648, Crate 26
14 14 |14T | 100 062 T X X X X X X
15 15 | 15T | 70 063 T X
16 16 |16T | 70 064 T X X X
17 17 |17T | 40 065 T X
18 18 |18T | 40 066 T X X X X X X X
19 19 |19T | 25 067 T X
20 20 |20T| 25 068 T X X X X X X X
21 21 |21T | 20 069 T X
22 22 |22T7| 20 070 T X X X X X Sal ID: 649, Crate 26
23 23 |23T| 15 071 T X
24 24 24T | 15 072 T X X X X X X X
Comments Bottle 7 replaced (as leaking) with bottle 27
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Station NO5 CTD No 111 T Date 31/7/23
Latitude |74° 36.5974 N EventNo |075 Time /W (GMT) 16:18 CTD frame type:
Longitude |27° 53.9526 E Depth 379.8 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Foggy
ggs Rgiiﬁte BN%t.' (Iljaersgs] (nge) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?;tcwé eHs | Nuts | . sal Other
ure) metals
1 1 1T
2 2 25T | 360 213 T X X X X X X X X X Sal Id 294 Crate 11
3 3 3T | 320 214T X X X
4 4 4T | 260 215 T X X X X X
5 5 5T | 200 216 T X X X X X
6 6 6T | 180 217 T X X X X
7 7 27T | 140 218 T X X X X X X Sal Id 295 Crate 11
8 8 8T
9 9 oT
10 10 | 10T
11 11 | 26T
12 12 |12T
13 13 | 13T
14 14 | 14T
15 15 | 15T
16 16 | 16T
17 17 | 17T
18 18 | 18T | 100 219 T X X X X X
19 19 |19T | 60 220 T X X X X X X X Sal Id 296 Crate 11
20 20 |20T | 30 221 T X X X
21 21 |21T | 20 2227 X X X X X Sal Id 297 Crate 11
22 22 |22T | 17 2237 X X X
23 23 |23T| 15 224 T X X X X X X X X X Sal Id 298 Crate 11
24 24 | 24T
Comments DCM =~10m
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Station NO5 CTD No 010T Date 19/7/23
Latitude |[74° 36.34 N EventNo |024 Time /W (GMT) 16:08 CTD frame type:
Longitude |27° 53.984 E Depth 385.5 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Cloudy, calm
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T | 363 073 T X X X X X X
2 2 25T | 363 074 T X
3 3 3T | 340 075 T X X X X X Sal ID: 651, Crate 26
4 4 4T | 340 076 T X
5 5 5T | 300 077 T
6 6 6T | 250 078 T X
7 7 27T | 250 079 T X X
8 8 8T | 200 080 T
9 9 oT | 150 081 T X
10 10 | 10T | 150 082 T X X X X X X
11 11 | 26T | 100 083 T X X X X Sal ID: 659, Crate 26
12 12 |12T | 80 084 T X X X X X
13 13 |13T | 60 085 T X X X X
14 14 |14T | 50 086 T X X X
15 15 | 15T | 50 087 T X
16 16 |16T | 40 088 T X X X X X X
17 17 |17T | 30 089 T X
18 18 |18T | 30 090 T X X X X X
19 19 |19T | 25 091 T X
20 20 |20T| 25 092 T X X X X X
21 21 |21T | 20 093 T X
22 22 |22T7| 20 094 T X X X X X X Sal ID: 658, Crate 26
23 23 |23T| 15 095 T X
24 24 24T | 15 096 T X X X X X X X
Comments Bottle 5 — Top lid not closed fully > misfire
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Station NO6 CTD No 109T Date 30/7/23
Latitude [76°0.0027 N EventNo |072 Time /W (GMT) 16:15 CTD frame type:
Longitude |29° 59.9716 E Depth 316.1 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Foggy + rain
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T
2 2 25T | 301 197 T X X X X X X X
3 3 3T | 295 198 T X X X X
4 4 4T | 290 199 T X X X X X X Sal Id: 291 Crate 11
5 5 5T | 295 200T X X X
6 6 6T | 260 201 T X X X X X X X Sal Id: 292 Crate 11
7 7 27T | 230 202°T X X X X
8 8 8T | 200 203 T X X X X X X Sal Id: 293 Crate 11
9 9 9T | 170 204T X X X
10 10 | 10T
11 11 | 26T
12 12 |12T
13 13 | 13T
14 14 | 14T
15 15 | 15T
16 16 |16T | 150 205T X X X
17 17 |17T | 100 206 T X X X X X X
18 18 |18T | 60 207 T X X X
19 19 |19T | 45 208 T X X X X X X X X
20 20 |20T| 35 209 T X X X X X Sal ID:289 Crate 11
21 21 |21T | 30 210 T X X X X X
22 22 |22T1| 25 211 T X X X X X X
23 23 |23T| 15 212 T X X X X X X X X Sal Id: 290 Crate 11
24 24 | 24T
Comments
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Station NO7 CTD No CTD 016 T |Date 21/7/23
Latitude |77 °59.99 N Event No |039 Time /W (GMT) 16:13 CTD frame type:
Longitude |29° 59.96 E Depth 297.8 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Foggy, calm
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T | 275 107 T X
2 2 25T | 275 108 T X X X X X Sal ID: 654, Crate 26
3 3 3T | 262 109 T X
4 4 a1 | 225 110 T X
5 5 5T | 225 11T X X X X X X
6 6 6T | 200 1127 X X X
7 7 27T | 160 113 T X X X X
8 8 8T | 100 1147 X X X X X X Sal ID: 655, Crate 26
9 9 9T
10 10 10T
11 11 | 26T
12 12 127
13 13 13T
14 14 | 14T
15 15 15T
16 16 16T
17 17 17T
18 18 18T
19 19 19T
20 20 |20T
21 21 |21T
22 22 |22T
23 23 |23T
24 24 | 24T
Comments Bottles 16-23 not fired correctly (wrong sequence). Surface sampling discontinued, captured on second cast (Event 040).

Bottle 1 failed to close. PTM’s collected from Bottle 25 after TDTM'’s collected
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Station NO7 CTD No CTD 17T |Date 21/2/23
Latitude |77 °59.99 N Event No |040 Time /W (GMT) CTD frame type:
Longitude |29° 59.96 E Depth 298 Time bottom (GMT) .
Filename Cast Depth Time O/W (GMT) T
Weather |Foggy, calm
g'e’g Rosette | Bot. (%?2;2 (gm% LabellD | O, | Chia | DOC |TDTM |dFe  |[sFe o | T | e | e e sal Other
ure) metals
1 1 1T
2 2 25T
3 3 3T
4 4 4T
5 5 5T
6 6 6T
7 7 27T
8 8 8T
9 9 9T
10 10 |10T
11 11 | 26T
12 122|127
13 13 |13T
14 14 | 14T
15 15 | 15T
16 16 | 16T | 80 15T X
17 17 |17T | 80 116 T X X
18 18 |18T | 46 1177 X X X X X X
19 19 |19T | 46 118 T X
20 20 |20T | 35 119 T X X X X X X X Sal ID: 653, Crate 26
21 21 |21T| 20 120T X
22 22 |22T1| 15 1217 X X X X X X X
23 23 23T | 15 1227 X
24 24 | 24T
Comments Second cast at Station NO7 to 90 m only
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Station NO7-X CTD No 106 T Date 28/7/23
Latitude |78° 33.39448 N Event No |068 Time /W (GMT) CTD frame type:
Longitude |30° 2.9700 E Depth 249.8 Time bottom (GMT) _
Filename Cast Depth Time O/W (GMT) 1
Weather |Sunny
ggg Rgziﬁte BNc(’)t.' (IIDD?S;Z (E”M"Te) LabellD | 0, | chia | poc |TDTM |dFe |sFe dT™ F%?QC'Z eHs | Nuts | . sal Other
ure) metals
1 1 1T
2 2 25T | 230 169 T X X Sal ID: 998, Crate 40
3 3 3T | 230 170 T X X X X X X X
4 4 a7 | 220 171 T X X X X
