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2016 Expedition Report

The 2016 Expedition Report is a collection of all cruise reports produced by the participating
research teams of the 2016 CCGS Amundsen summer expedition and assembled by the Chief
Scientists at the end of their leg. This report also includes information about cruises carried out
in support of ArcticNet’s mooring program and the maintenance of long-term ocean
observatories in Hudson Bay (BaySys project) aboard the CGGS Des Groseilliers. The 2016
Expedition Report is divided into two parts:

Part | provides an overview of the expedition, along with the ship track, the stations visited and
a synopsis of operations conducted. It also covers the mooring program in Hudson Bay.

Part Il contains the reports submitted by participating science teams or researchers, with details
on the specific objectives of their project, the field operations conducted and methodology used,
and in some cases, preliminary results. When results are presented, they show the data as they
were submitted at the end of the legs in 2016. The data presented in this report are illustrative
only and have not been quality controlled, thus parties interested in the results should contact
the project leader or the researchers who collected the data.

The sections in Part Il describing each project are organized with atmospheric, surface ocean
and sea ice components first (sections 1 to 7), followed by water column properties, which
include the mooring program (sections 8 and 9), CTD-Rosette operations and physical properties
(section 10), as well as a suite of chemical and biological parameters (sections 11 to 27).
Contaminants cycling in seawater are treated in sections 28 and 29. Subsequent sections cover
benthos sampling (sections 30 to 32), seabed mapping (section 33), sediments sampling
(Sections 34 to 37) and ROV operations (section 38). Finally, section 39 and 40 present a
summary of the School on board program and of the the educational project of GreenEdge.

The 2016 Expedition Report also includes four appendices: 1) the list of stations sampled, 2) the
scientific log of activities conducted, 3) a copy of the CTD logbook and 4) the list of participants
onboard during each leg.

The core oceanographic data generated by the CTD-Rosette operations, as well as
meteorological information (AAVOS, Environment Canada) and data collected using the Moving
Vessel Profiler (MVP), the ship-mounted current meter (SM-ADCP) and the thermosalinograph
(TSG) are available in the Polar Data Catalogue (PDC) at www.polardata.ca.

Following ArcticNet’s data policy, research teams must submit their metadata to the PDC and
insure that their data are archived on the long-term, but it is not mandatory to use the PDC as a
long-term archive as long as a link to the data is provided in the metadata (see
www.arcticnet.ulaval.ca/Docs/data-policy for more details on data policy).
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Part | — Overview and Synopsis of Operations

1 Overview of the 2016 Amundsen Expedition

1.1 Introduction

Understanding the transformation of the Arctic environment is one of the great challenges faced
by Canadians and the national and international scientific communities. ArcticNet is a Network
of Centres of Excellence of Canada that brings together scientists and managers in the natural,
human health and social sciences with their partners from Inuit organizations, northern
communities, federal and provincial agencies and the private sector to study the impacts of
climate change and modernization in the coastal Canadian Arctic.

Since 2004, ArcticNet researchers have been conducting extensive multidisciplinary sampling
programs in the Canadian Arctic using the Canadian research icebreaker CCGS Amundsen. The
overarching goal of the ArcticNet marine-based research program is to study on a long-term
basis how climate induced changes are impacting the marine ecosystem, contaminant transport,
biogeochemical fluxes, and exchange processes across the ocean-sea ice-atmosphere interface
in the Canadian Arctic Ocean. The knowledge generated from this multi-year program is being
integrated into regional impact assessments to help decision makers and stakeholders develop
effective adaptation strategies for the changing coastal Canadian Arctic.

The geographic scope of the ArcticNet marine-based research program includes the Beaufort
Sea in the western Canadian Arctic, the Canadian Arctic Archipelago and Baffin Bay in the
eastern Arctic, and extends into Hudson Bay, Ungava Bay and along the northern Labrador
coast.

In the western Arctic, northern Baffin Bay and Hudson Bay, ArcticNet has established long-term
oceanic observatories. Each observatory consists of a number of moorings equipped with
instruments that gather continuous records of currents, temperature, conductivity, turbidity,
dissolved oxygen and the vertical flux of carbon and contaminants. Some moorings are also
equipped with autonomous hydrophones to record the acoustic background and the
vocalizations of marine mammals.

On Friday, 3 June 2016, the CCGS Amunasen left its homeport of Quebec City for a 126-day
expedition to the Canadian Arctic in support of several research programs, including: ArcticNet’s
annual marine-based research program (see Phase 3 projects-
http://www.arcticnet.ulaval.ca/research/phase3projects.php) and its industry partners, the
ArcticNet ESRF program, financing research to support the decision-making process related to
oil and gas exploration and development on Canada’s frontier lands and the Garfield Weston
Foundation Innovative, aiming at investigating the oceanographic conditions near and
surrounding the shipwreck Erebus in the Queen Maud Gulf; GreenEdge, a project that aimed to
understand the dynamics of the phytoplankton spring bloom and determine its role in the Arctic
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Ocean of tomorrow and NETCARE (Network on Climate and Aerosols: Addressing Key
Uncertainties in Remote Canadian 3 Environments), a project configured around four research
activities that address key uncertainties in the field, including carbonaceous aerosols, ice cloud
formation and impacts, ocean-atmosphere interactions and implications of measurements on
simulations of atmospheric processes and climate, and aimed to improve Canadian climate
models as well as predictions of aerosols climate effects.

Mooring operations were also conducted as part of the BaySys project in Hudson Bay aboard
the CCGS Des Groseilliers.

1.2 Regional Settings

1.2.1 Labrador Sea and Fjords

Between Labrador and Greenland lies the Labrador Sea, a key region that includes the Labrador
Current system. This strong current carries cold water down from Baffin Bay to offshore
Newfoundland and, therefore, strongly influences the oceanographic conditions on the Atlantic
Canadian Shelf. The Labrador Sea acts as a corridor for southward drifting icebergs and ice
islands, inducing risks for activities and operations conducted offshore Newfoundland. From this
perspective, gathering scientific knowledge about the area is of particular importance as to inform
federal departments and the private sector about the risks associated with the exploration and
exploitation of oil and gas.

1.2.2 Batffin Bay and Nares Strait

Baffin Bay is located between Baffin Island and Greenland and connects the Arctic Ocean to the
Northwest Atlantic. It is an important pathway for exchange of heat, salt and other properties
between these two oceans. Baffin Bay’s connection to the Arctic Ocean consists of three
relatively narrow passages through the Canadian Arctic Archipelago (CAA). One of these
passages, Nares Strait, is located between Ellesmere Island and Greenland and includes from
south to north: Smith Sound, Kane Basin, Kennedy Channel, Hall Basin and Robeson Channel.
Each winter, there is a prolonged period during which a land-fast ice arch spans the strait at the
entrance to Robeson Channel and south of Kennedy Channel the southward flux of ice.
However, in the past decade, variability in the formation of the ice arch has been observed with
weaker conditions resulting in an increase in ice flux from the Arctic Ocean into Baffin Bay.

The formation of an ice arch in Nares Strait, the input of warm and salty Atlantic water from the
West Greenland current moving northward along the coast of Greenland, and upwellings of
warmer waters, all contribute to the creation of a large polynya, a year-round expanse of open
waters, in Smith Sound and northern Baffin Bay. The North Water (NOW) Polynya is the largest
(~80,000km?) and most productive polynya in the Canadian Arctic and in addition to the
tremendous marine bird resources in this area, it is of significance to many species of marine
mammals. The NOW polynya has been the subject of intense ecosystem studies, including the
Canadian-led study of the NOW Polynya in 1998.
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Petermann Glacier is part of the Greenland ice sheet and is located east of Nares Strait near
81°N latitude. Two major ice calving events from this glacier have taken place in recent years: In
August 2010, a giant ice island measuring 260 km? broke off from the floating portion of
Petermann Glacier, reducing its area and volume by 25% and 10%, respectively, and in July
2012, a 130 km? ice island (about twice the area of Manhattan), calved from the northern tip of
the glacier. These large ice islands have entered Nares Strait and flowed south into Baffin Bay.

1.2.3 Canadlian Arctic Archipelago

The Canadian Arctic Archipelago (CAA) is a vast array of islands and channels that lies between
Banks Island in the west and Baffin and Ellesmere Islands in the east. While transiting through
the Northwest Passage, the science teams aboard the Amundsen extended their time series of
atmosphere, ice and ocean data. This work is aimed at better understanding how the climate,
ice conditions as well as ocean currents and biogeochemistry are changing under the effects of
climate change and industrialization. With ice extent and volume shrinking in the Arctic, the
Northwest Passage may be ice free and open to navigation during summer in the near future.
Bathymetry data and sub-bottom information were collected while transiting through the
Northwest Passage to map the seafloor and identify potential geohazards and obstacles to the
safe navigation of this new seaway.

1.2.4 Hudson Bay

The CCGS Des Groseillerwas used in Hudson Bay for the BaySys project, a partnership between
ArcticNet, the University of Manitoba and Hydro Manitoba. The aim of the 2016 BaySys cruise
was to recover, service and redeploy moorings. Hudson Bay is a virtually landlocked, immense
inland sea that possesses unique characteristics among the world’s oceans: a limited connection
with the Arctic and Atlantic Oceans, a low salinity, a high volume of freshwater inputs from
numerous rivers that drain central North America, and a winter season in which it is completely
ice covered while summer is characterized by ice-free conditions.

1.2.5 Beaufort Sea

The Canadian Beaufort Sea/Mackenzie Shelf region of the Arctic Ocean has witnessed major
changes in recent years, with decreasing sea ice cover and major shifts in sea-ice dynamics.
The Beaufort Sea is characterized by a broad shelf onto which the Mackenzie River, the largest
river in North America, carries large amounts of freshwater. The mixing of freshwater from the
Mackenzie River and Arctic marine waters of the Beaufort Sea establishes an estuarine system
over the shelf, with associated inputs of land-derived nutrients and freshwater biota. Along the
Mackenzie Shelf stretches the Cape Bathurst polynya, an expanse of open water that exists
year-round and is highly productive. This ecosystem is also exceptional since it provides habitat
for some of the highest densities of birds and marine mammals in the Arctic.

Since 2002, extensive multidisciplinary research programs have been conducted in the Beaufort
Sea area. Major oceanographic research activities were carried out as part of two major
international overwintering research programs conducted on board the CCGS Amundsen in
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2003-2004 (CASES program) and in 2007-2008 (CFL Study). Environmental and oceanographic
research activities were also conducted in the offshore region of the Mackenzie Shelf, shelf slope
and Beaufort Sea since 2009, in partnership with the Oil & Gas industry and within the framework
of the Beaufort Regional Environmental Assessment (BREA, www.beaufortrea.ca) program.
Overall since 2004, a marine observatory of a minimum of five oceanographic annual moorings
(from 5 to 17 moorings) has been deployed and maintained annually in the area by ArcticNet
researchers.

1.3 2016 Amundsen Expedition Plan

1.3.1 General Schedule

The CCGS Amundsen departed from its homeport in Quebec City on 3 June 2016 for a 126-
day expedition to the Canadian Arctic, travelling a total of 17 812 nautical miles. The purpose of
this expedition was to support the ArcticNet Marine Research Program, the GreenkEdge-
ArcticNet Program, the Network on Climate and Aerosols (NETCARE) Program, the Integrated
Beaufort Observatory Project (iBO-ESRF) and a collaboration between ArcticNet, W. Garfield
Weston Foundation and Parks Canada. The expedition was divided into three separate legs.
Based on the scientific objectives, each leg was further subdivided into two segments.

1.3.2 Leg Ta — GreenEdge / ArcticNet (3 June to 23 June 2016) Quebec to Qikigtaruaq

The Amundsen 2016 expedition started on 3 June 2016 for a three-week leg, Leg 1a, focused
on the GreenEdge / ArcticNet program. The objective of this leg was to conduct multiple transect
perpendicularly across the marginal ice zone (MIZ) off Baffin Island, from open water to sea ice
and back again as many times as possible. Each transects were made out of one full station in
open waters, one or more full stations in the MIZ and one or more ice stations. Between those
full stations, succession of less detailed stations were completed. Leg 1a ended on June 23
after the completion of 3 transects across the MIZ. The ship reached Qikigtarjuaq that day, ready
for a science rotation.

1.3.3 Leg 7b — GreenEadge / ArcticNet (23 June to 14 July 2016) Qikigtarnjuaq to lqaluit

The core of Leg 1b was essentialy to continue what had been started in Leg 1a for the
GreenEdge / ArcticNet program. Thus, after a quick science rotation in Qikigtarjuag on 23 June,
the ship headed back to the MIZ off Baffin Island for three weeks of oceanographic sampling,
following the same transect patterns as in Leg 1a. A larger emphasis was given to ice operations
as many ice-cores were taken for analysis. The Amundsen science crew also deployed
autonomous platforms (gliders and bio-Argo floats) and conducted detailed measurements of
processes in the water-column. Leg 1 ended on 14 July with a full crew change in lgaluit.

1.8.4 Leg Za — ArcticNet / NETCARE (14 July to 27 July 2016) Igaluit to Qikigtarjuaq

The Amundsen spent approximately two weeks in Frobisher and Baffin Bay to fulfill specific
objectives of the ArcticNet and NETCARE programs. Operations consisted of ROV dives,
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dedicated multibeam surveys, one deployment of the surface microlayer skimmer as well as
coring activities. Opportunistic deployments of Agassiz trawl, IKMT and benthic beam trawl were
also conducted when aggregations of fish were detected by the multibeam echo sounder. A
lander deployed in 2015 by the teams of Ursula Witte (OceanlLab, Abredeen, Scotland) and
Philippe Archambault (UQAR/ISMER) near Qikigtarjuag was also recovered during Leg 2a. The
Vessel sailed towards Qikigtarjuaq for a science rotation on 27 July.

1.3.5 Leg 2b — ArcticNet / NETCARE/ Fondation W. Garfield Weston (27 July to 25 August
2016) Qikigtanjuaqg to Kugluktuk

The ArcticNet and NETCARE programs continued their journey as teams from W. Garfield
Weston Foundation joined the science effort during Leg 2b. This four-week leg led the ship to
the Canadian Arctic Archipelago, the Baffin Bay and the Nares Strait regions. Oceanographic
sampling and coring operations were conducted in the Baffin Bay and the benthic lander was
recovered off Qikigtarjuag. Other aims of Leg 2b included the deployment of three moorings, the
recovery and redeployment of a mooring in Queen Maud Gulf as well as glacier and sea ice
operations in Northern Baffin Bay and Nares Strait. The ship reached Kugluktuk on 25 August
for a full crew rotation and the end of Leg 2.

1.3.6 Leg 3a - ArcticNet / ESRF (256 August to 17 Septermber 2076) Kugluktuk to Kugluktuk

After the full crew change in Kugluktuk, the ship sailed the Beaufort Sea for a three-week leg led
by chief scientist, Louis Fortier. The core of this leg was the operations surrounding the
deployment of seven moorings and the recovery of five others. Coring operations were also
conducted as well as MVP transects and two benthic landers recoveries. Numerous CTD-
Rosette deployments (79) were performed generating a great collection of oceanographic data.
The Amundsen sailed back to Kugluktuk on 17 September for a science rotation.

1.3.7 Leg 3b - ArcticNet / Fonaation W. Garfield Weston (17 September to 6 October 2076)
Kugluktuk to Quebec City

As Leg 3 carried on, the ship sailed the water of the Canadian Arctic Archipelago, the Baffin Bay
and the Labrador Sea for oceanographic sampling and coring operations. Dedicated multibeam
seafloor surveys were conducted at Bylot Islands as well as opportunistic surveys while the
Amundsen was transiting. IKMT and benthic beam trawl were also deployed when the echo
sounder detected aggregations of fish. The Leg ended with the Amundsen making its way back
to its homeport in Quebec City, accosting on 6 October.

1.4 2016 CCGS Des Grosellliers Expedition Plan

1.4.1 BaySys — 26 September to 12 October — Churchill to Igaluit

The 2016 mooring field program took place in southern Hudson Bay from 26 September
(Churchill) to 4 October (Kuujjuarapik). Opportunistic sampling continued from 5 October to 12
October in northern Hudson Bay, after which the ship returned to lgaluit for crew change and all
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scientists disembarked. During the main eight-day cruise, members of all five multidisciplinary
teams collected CTD profiles, water and sediment samples, and deployed oceanographic
moorings along the full length of the southern coast of Hudson Bay. The focus of this field
program was on the Nelson Estuary region and James Bay mouth, which are the major sources
of riverine fresh water to the Hudson Bay system.
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2 leg 1a-3to 23 June 2016 - Baffin Bay

Chief Scientist: Marcel Babin' (marcel.babin@takuvik.ulaval.ca)
" Takuvik, Université Laval, Québec, QC, Canada

2.1 Introduction and Objectives

Starting on 3 June in Quebec City and ending on 23 June in Qikigtarjuaqg, Leg 1a was dedicated
to the Green Edge program. The overarching goal of GreenEdge is to understand the processes
that control the Arctic phytoplankton spring bloom (PSB) as it expands northward and to
determine its fate in the ecosystem by investigating its related carbon fluxes. To do so, multiple
oceanographic data were collected along transects traced across the marginal ice zone (MIZ) in
Baffin Bay (Figure 2.1).
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Figure 2.1. Ship track and the location of stations sampled in Baffin Bay during Leg 1a.

The project targets the following specific objectives:

¢ Understand the key physical, chemical and biological processes that govern the PSB in the
Arctic Ocean.
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e [dentify key phytoplankton species involved and model their growth under various
environmental conditions.

¢ Predict the fate of the PSB and related carbon transfer through the food chain (from plankton
to humans) and toward the bottom sediments over the next few decades.

¢ Determine how the PSB responded to past climate variations.

2.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 1a. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.

During this leg, the Amundsen traveled from Quebec City (3 June) to Qikigtarjuaq (23 June) and
66 stations were visited with an overall tally of operations and activities as follows:

o 85 CTD-Rosette casts

e 13 box cores sampling of the sediments and 2 bottom grab deployments

e 6 ice sampling operations

e 8 Agassiz trawl deployments, 2 IKMT deployments and 3 beam trawl deployments
e 5 Hydrobios Deployments

e 2 glider deployments

e 6 double square net (DSN) deployments, and 8 five net vertical sampler (6NVS) deployments
¢ 1 Argo float deployment

o 1iSVP deployment

¢ 1 mooring deployment

e 4 MVP profiles

e 13 10P sensors deployments and 13 AOP sensors deployments

e 19 Zodiac deployments both for birds and SCAMP

A detailed scientific log for all sampling operations conducted during Leg 1a with the positions
and depths of the visited stations is available in Appendices 1 and 2.

2.2.1 Timeline of Operations

Scientists embarked the CCGS Amundsen at Quebec City on 3 June for a departure the same
day towards Baffin Bay. Three full days of transit along the St. Lawrence and the Labrador Sea
were necessary to reach the first science station, station ISVP1, where a Polar iSVP was
deployed. The two next days, as the ship progressed towards the marginal ice zone (MIZ) of
Baffin Bay, the RemOceans Argo float was deployed along with a CTD-Rosette (Argo1) and a
glider was recovered near the shore of Nuuk, GL (Glider).

The Amundsen reached the MIZ on the afternoon of 9 June and the first full open water station
(G100) of the Green Edge transects was completed before nightfall. During the night, the MVP
was deployed and kept profiling for over 6 hours (MVP0O1). The next day, 10 June, five stations
were completed (G101, G102, MVP02, G104, G103). The first fast ice was met on 11 June. A
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full station (G107) was completed that day, right in the middle of the transect. Two CTD stations
(G105, G108) and two nutrient stations (G106, G109) were also completed that day, including
zodiac operations as well as glider and hydrobios deployments along with usual deck operations.

The deeper in-ice station of the first transect (G115) was reached on the early morning of 13
June. Ice operations took an important part of the schedule that day besides zodiac activities
and deck operations.

Using the next four days to transect back east of the MIZ, the ship had the opportunity to
complete 15 stations along the way: 3 full stations (G201, G204, G207), 1 basic station (G209),
4 nutrient stations (G200, G203, G206, G211), 5 CTD stations (G202, G205, G207, G208, G210)
and 2 MVP stations (MVP03, MVP04). Those stations included zodiac trips, ice operations and
hydrobios deployments. As the ship sailed back east, the ice got looser and looser until open
water was reached on 17 June, marking the end of the second transect and the beginning of
the third one with a full station (G300) and a nutrient station (G3000).

On 18 June, the ship was already heading back to the fast ice for the beginning of the last stretch
of Leg 1a. Nine stations were completed that day (G303, G304, G305, G306, G306b, G307,
G308, G309, G310), involving zodiac trips, coring operations and a great quantity of
oceanographic sampling. The next three days, the crew and science teams stayed busy, keeping
a nice pace of 5 stations-a-day until reaching G325 on 21 June, the last station of the transect.
Ice operations, zodiac trips and hydrobios deployments were conducted on each of these days.

On 22 June, the ship sailed towards the science rotation destination, Qikigtarjuag. Along the
way, two CTD-Rosette casts were conducted (DIC1, DIC2). Qikigtarjuag was reached that night
as 15 scientists were getting ready to leave the ship the next day and 25 others were preparing
their greetings for the incoming science teams.

2.3 Chief Scientist’'s Comments

The crew was very cooperative. Communication with the bridge was optimal. We achieved as
much as we wanted, perhaps even more. The only logistical problem we experienced was
related to the seawater pumping dedicated to the cooling of front-deck incubators. It stopped
working few times while samples were being incubated, and when we were breaking ice. Those
analyses were lost.
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3 Leg 1b - 23 June to 14 July 2016 — Baffin Bay

Chief Scientist: Jean-Eric Tremblay' (Jean-Eric. Tremblay@bio.ulaval.ca)
' Départermnent de biologie, Université Laval, Québec, QC, Canada.

3.1 Introduction and Objectives

Leg 1b started on 23 June at Qikigtarjuag and ended on 14 July in Igaluit. This leg was the
continuity of what had been started during Leg 1a and aims to collect as many data as possible
along transects across the marginal ice zone (MIZ) in Baffin Bay (Figure 3.1).
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Figure 3.1. Ship track and the location of stations sampled in Baffin Bay during Leg 1b.

The project targets the following specific objectives:

Understand the key physical, chemical and biological processes that govern the PSB in the
Arctic Ocean.

Identify key phytoplankton species involved and model their growth under various
environmental conditions.

Predict the fate of the PSB and related carbon transfer through the food chain (from plankton
to humans) and toward the bottom sediments over the next few decades.

Determine how the PSB responded to past climate variations.
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3.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 1b. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.

During this leg, the Amundsen traveled from Qikigtarjuag (23 June) to lgaluit (14 July) and 95
stations were visited with an overall tally of operations and activities as follows:

e 119 CTD-Rosette casts

e 21 box cores sampling of the sediments

e 6 ice sampling operations

e 7 Agassiz trawl deployments, 4 IKMT deployments and 3 beam trawl deployments

e 5 Hydrobios Deployments

e 1 glider deployment

¢ 10 double square net (DSN) deployments, 14 five net vertical sampler (5NVS) deployments
and 4 iSVP deployment

e 6 MVP profiles

e 16 IOP sensors deployments and 22 AOP sensors deployments

e 21 Zodiac deployments both for birds and SCAMP

e 4 floats deployments

A detailed scientific log for all sampling operations conducted during Leg 1b with the positions
and depths of the visited stations is available in Appendices 1 and 2.

3.2.1  Timeline of Operations

After a science rotation in Qikigtarjuag on 23 June, participants of Leg 1b were ready to carry on
the science effort begun in Leg 1a. The plan was to keep tracing transects across the marginal
ice zone (MIZ) in Baffin Bay while collecting as many oceanographic data as possible. Actions
were taken in that direction as early as June 24", The first station of Leg 1b (G400), completed
on 24 June, marked the beginning of a fourth transect for the GreenEdge teams.

That fourth transect is made out of 23 stations (G400 to G420) and took 5 days to complete.
During those 5 days, people on board deployed valiant efforts to conduct operations in a safe
and efficient manner. Amongst the many scientific activities onboard, ice operations were
completed (G403, G409, G413), zodiac trips were conducted every day, 3 hydrobios were
deployed (G403, G409, G413) and 38 CTD-rosette and 10 box core deployment were carried
out. Eastern station of transect 4 was done by the night of 28 June. The ship then cruised
towards the next transect while collecting precious data from the MVP (MVPO5).

From 29 June to 2 July, the Amundsen was focused on completing the fifth transect of
Greenkdge Expedition. Cruising east to west across the MIZ, the ship covered 26 scientific
stations with that transect (G500 to G521). Along with the usual deck operations, the crew
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deployed two Polar iSVP (G512, G519), one hydrobios (G519) and collected ice data for analysis
(G519). Zodiac trips were also taken each time a full station was getting done (G507, G512,
G519).

On 3 July, after a whole night of transit, the ship reached station G600; beginning of the
GreenEdge Program northest transect. Science activities started in the morning with a full station
involving ice operations (G600). The same day, a CTD station (G601) and a nutrient station (G602)
were completed. During the next 3 days, busy bees onboard managed to complete 16 stations;
2 full stations (G615, G604.5), 3 basic stations (G603, G608, G612), 5 nutrient stations (G605,
G607, GB09, G610, G613), 4 CTD stations (G604, GE06, G611, G614) and 2 MVP lines (MVPOS,
MVP09). These stations involved the usual deck operations, but also zodiac trips (G605, G615,
G604.5) and one iISVP deployement (G604.5). Three more stations were completed on that
transect on 7 July, the ship then headed north to initiate the seventh and last transect of leg 1.

The seventh transect took 4 days and 22 stations to complete (G700 to G719). Amongst the
usual deck operations, 4 bio-Argo floats (G708, G711, Argo3, Argo4) were deployed as well as
an iSVP (Argo4) and a Glider (G713). No ice operations were conducted along that transect.
After a long day of science operations on 10 July, the Amundsen began its journey towards
lgaluit where a full crew change was planned 14 July.

30



4 Leg 2a-14to 27 July 2016 - Frobisher and Baffin Bay

Chief Scientist: Christian Nozais' (Christian nozais@ugar.ca)
" Institut des Sciences de la Mer, Université du Québec a Rimouski, Rimouski, QC, Canada

4.1 Introduction

Leg 2a of the 2016 Amundsen Expedition took place from 14 July to 27 July and was centered
on the ArcticNet marine science and NETCARE programs, with scientific activities in inner and
outer Frobisher Bay, and in the Labrador Sea, Davis Strait and southern Baffin Bay (Figure 4.1).
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Figure 4.1. Ship track and the locations of stations sampled in inner and outer Frobisher Bay, and in the
Labrador Sea, Davis Strait and southern Baffin Bay by the CCGS Amundsen during Leg 2a of the 2016
ArcticNet Expedition.

Specific objectives and priorities of Leg 2a were to:

Conduct ROV dives at stations (numbering reflects order of priority):
ROV1=NE Hatton Basin 1 (dives #1, 2)

ROV2=NE Saglek Cold Seep (dives #3, 4)

ROV5=NE Hatton Primnoa monster (dive #7)

ROV6=SE Baffin Shelf (dive #8)

ROV7=Disko Fan (dives #9, 10)

ROV3=NE Saglek Primnoa coral-rich (Back-Up site)
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¢ ROV4=SE Hatton Basin (Back-Up site)

Sample the atmosphere and quantify gas fluxes at the seawater-atmosphere interface along

the cruise track.

Conduct basic operations at each ROV dive site (5 ROV sites and 5 basic stations)

Undertake six piston coring — box coring in inner Frobisher Bay

Deploy three box cores at three specific sites in inner Frobisher Bay

Sample two basic stations in inner Frobisher Bay

Sample three CTD stations in inner Frobisher Bay

Deploy four box cores in outer Frobisher Bay

Deploy four Agassiz trawl stations in outer Frobisher Bay

Sample three CTD stations in outer Frobisher Bay

Conduct Multibeam and sub-bottom seafloor survey in outer Frobisher Bay (12 hours).

Conduct oceanographic sampling at designated stations in southern Baffin Bay

Undertake opportunistic Zodiac launch for the deployment of the surface microlayer

skimmer

e Undertake opportunistic IKMT or benthic beam trawl deployment if aggregation of fish is
detected with the echosounder.

4.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 2a. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.
During this leg, the Amunadsen traveled from lgaluit (14 July) to Qikigtarjuag (27 July) and 28
stations were visited, with an overall tally of operations and activities as follows:

22 CTD-Rosette casts

6 ROV dives

5 optical profiles, including Secchi disk and PNF.

15 plankton net tows, including oblique and vertical net tows
4 Agassiz trawls to sample the benthic fauna

47 box cores

9 piston cores

1 skimmer deployment

A detailed scientific log for all sampling operations conducted during Leg 2a with the positions
and depths of the visited stations is provided in Appendix 2.

4.2.1 Timeline of Operations

Inner and outer Frobisher Bay

Leg 2a started from Igaluit on July 14th coinciding with a full crew change. The night of the 14
July was dedicated to a multibeam survey in outer Frobisher Bay. Following this multibeam
survey, stations FB6 and FB6-1 were reached to conduct CTD casts and box coring operations.
Thereafter, the Amundsen spent two days (15 and 16 July) conducting piston coring, box coring
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and CTD casts at selected stations in inner Frobisher Bay. Each piston coring site also included
one deployment of the box corer. Piston coring operations were conducted during the daytime
shift. During these two days, basic sampling operations (CTD-Rosette, nets and trawls, piston
cores, and box cores) were also conducted at station FB4. Sampling operations planned at
station FB5 were cancelled due to lack of time. After the sampling operations were completed
in inner Frobisher Bay, the vessel then proceeded toward outer Frobisher Bay to conduct
sampling operations involving CTD-Rosette, box cores, and Agassiz trawl deployments at
stations FB7 and FB8. Once operations were completed in outer Frobisher Bay in the early
morning of 17 July, the Amundsen started its transit toward site ROV1.

Labrador Sea, Davis Strait, and Southern Baffin Bay

The Amundsen arrived on station (site ROV1) in the late night of the 17 July. The first operation
to be conducted at site ROV1 was the 10-hour multibeam survey. This survey was completed in
the early morning of 18 July. The morning of 18 July was then dedicated to ROV operations at
site ROV1. At this site, the dive was shortened due to issues with the video. Basic sampling
operations (Optical profiles, CTD-Rosette, nets, and box cores) followed at this site. Upon
completion, a multibeam sonar and sub-bottom profile survey was carried out at site ROV4,
about 15 nautical miles to the south of site ROV1. Site ROV5 was the second site to be visited
for ROV operations on the 19 July. Prior to the dive, basic sampling operations (Optical profiles,
CTD-Rosette, nets, and box cores) were conducted at this site. The ROV dive took place
thereafter but had to be shortened due to the loss of hydraulic pressure. The vessel then
proceeded toward site ROV2. Since the ROV needed to be repaired, no dive was completed at
the site. A multibeam sonar and sub-bottom profile survey was however completed at this site
followed by basic sampling operations (Optical profiles, CTD-Rosette, nets, and box cores) on
the 20 July. With favourable weather conditions, the zodiac was also launched for the
deployment of the surface microlayer skimmer. Additional multibeam data were then collected
en route to site ROV3. This site was reached in the early morning of 21 July and basic sampling
operations (CTD-Rosette, nets, and box cores) were conducted at this site before the ROV dive.
Diving operations followed but had to be refrained due to very strong currents. The Amundsen
then sailed toward site ROV6 that was reached on the 22 July. At this site, the dive had to be
cancelled after a transect of 260 metres due to issues with the ROV cage camera. It was
followed by basic sampling operations (Optical profiles, CTD-Rosette, nets and Agassiz trawl,
and box cores). The Amundsen then headed for the site ROV7 that was reached in the early
morning of 24 July. Two sub-bottom profiles were collected prior to arrival at this site. Two ROV
dive operations took place at this site (24 July and 25 July) and were followed by piston coring
and basic sampling operations (Optical profiles, CTD-Rosette, nets, and box cores). The last
activity at site ROV7 was the deployment of artificial substrates for taphonomy experiments.
Upon completion, the vessel proceeded toward stations 181 (nutrient station), 180 (basic
station), and 179 (nutrient station). After sampling operations at these stations, the Amundsen
sailed toward the lander station. The lander deployed in 2015 near Qikigtarjuag by the teams of
Ursula Witte (OceanlLab, Abredeen, Scotland) and Philippe Archambault (UQAR/ISMER) was

33



successfully recovered early morning on the 27 July. It was drifting at the surface since the 19
July. Leg 2a ended in Qikigtarjuag on 27 July with a science crew change.

4.3 Chief Scientist’s Comments

The cruise was carried out according to the Expedition plan with almost all stations visited and
operations involving the multibeam sonar, sub-bottom profiler, the CTD and water sampling
rosette, nets, box corer, and Agassiz trawl successfully conducted between 14 July and 27 July.
On the other hand, science participants expressed disappointment with the ROV performance.
Indeed, frequent ROV breakdowns compromised some scientific objectives of the cruise. The
CSSF ROV pilot Vincent Auger wrote a separate ROV operations and maintenance report
highlighting the ROV problems that should be addressed before the 2017 field season.

The Chief Scientist and all the science participants would like to thank the Commanding Officer,
officers and crew of the CCGS Amundsen for their hard work and dedication during all the
scientific operations.
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5 Leg 2b - 27 July to 25 August 2016 - Canadian Arctic
Archipelago, Baffin Bay and Nares Strait

Chief Scientist: Tim Papakyriakou' (tim.papakyriakou@umanitoba.ca)
'Centre for Earth Observation Science, Department of Environment and Geography, University of
Manitoba, Winnipeg, MB, Canada

5.1 Introduction

Leg 2b was carried out from 27 July to 25 August. The leg focused on the ArcticNet and
NETCARE collaboration with the W. Garfield Weston Foundation with scientific operations
conducted in Baffin Bay, Nares Strait and the Canadian Arctic Archipelago (Figure 5.1).
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Figure 5.1 Ship track and the location of stations sampled in the Canadian Arctic Archipelago, Baffin Bay and
Nares Strait during Leg 2b.

The specific objectives and priorities of Leg 2b were to:

e Recover a benthic lander off Qikigtarjuag;
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¢ Conduct oceanographic sampling and coring operation off the Baffin Island Coast/Shelf and
at designated stations in Nares Strait, Lancaster Sound, Northwest Passage and Queen
Maud Gulf;

¢ Deploy triplicate box core at stations 177 (Qikigtarjuag), station 170 (Scott Inlet), station 323

(Lancaster Sound) and at Basic station 314 (Queen Maud Gulf);

Conduct multibeam seafloor survey in Buchan Gulf;

Deploy two moorings along with CTD-Rosette at station M1 and station M2 in Baffin Bay;

Sample the Greenland-Ellesmere transect across Baffin Bay;

Conduct MVP transect at Carey Islands in Baffin Bay;

Deploy one CASQ core and triplicate box core at Full station 117;

Conduct glacier operations at Trinity Glacier on Ellesmere Island ;

Conduct sea ice operations in Northern Baffin Bay and Nares Strait including the deployment

of on-ice met towers and ice beacons;

Conduct a mooring recovery and redeployment in Queen Maud Gulf;

e Deploy the surface microlayer skimmer and fine scale pCO,, temperature and salinity
measurements;

e (Conduct opportunistic melt pond sampling;

e Conduct opportunistic IKMT or benthic beam trawl deployment when aggregation of fish are
detected with the echo sounder.

e Conduct a multibeam bathymetric survey at sites of previous ice island groundings near
Coburg Island and in Kane Basin.

e Recover the GreenEdge gliders.

5.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 2b. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.

During this leg, the Amundsen travelled from Qikigtarjuaqg (27 July) to Kugluktuk (25 August) and
69 stations were visited with an overall tally of operations and activities as follows:

e 87 CTD-Rosette casts

e 60 box cores sampling of the sediments, 6 CASQ cores and 4 gravity cores

o 28 Agassiz trawl deployments, 4 IKMT deployments and 14 beam trawl deployments

e 28 double square net (DSN) deployments, 28 five net vertical sampler (5NVS) deployments
e 4 Bioness deployments

e 4 mooring deployments and 2 mooring recoveries

e 5 MVP transects

e 21 optical profiles, including Secchi disk and PNF

e 6 Zodiac deployments

e 2 Helicopter rides

A detailed scientific log for all sampling operations conducted during Leg 2b with the positions
and depths of the visited stations is available in Appendices 1 and 2.
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5.2.1  Timeline of Operations

The ship left Qikigtarjuaq after a science rotation on 27 July. The easy weather and ice conditions
remained stable for much of the leg allowing science operations to proceed reasonably
unimpeded. First science operations started the next day when a full station (177) and an ice
island station (PII-A-1-f) were completed. Stations 178 to 166 were sampled between 29 July
and 3 August along the east coast of Baffin Island. Days from 31 July to 2 August were mainly
dedicated to coring operations near Scott Inlet as gravity core, box core and CASQ core were
deployed from the deck (LGM-AMU-2016-03, LGM-AMU-2016-02, LGM-AMU-2016-01). The
coring efforts continued on 3 August as the geology teams deployed a gravity core near the
shore of Pond Inlet (LGM-AMU-2016-04).

During the next two days, a 5-station transect was conducted between Baffin Island and Devon
Island (325, 324, 323, 300, 322). As the completion of the transect ended in the early morning
of 5 August, the crew kept busy for the rest of the day by deploying 2 moorings along with CTD-
rosette casts (M2=BA=16, M1=BA=16).

From 6 August to 10 August, ship operations were going at a fast pace as scientists and crew
members performed a 15-station transect across Nares Strait. In order to allow sufficient time
between basic and full stations, sampling alternated between basic stations (103, 104, 105,
110), CTD stations (106, 108, 111), nutrient stations (102, 107, 109, 113) and full stations (101,
108, 115) operations. Collection of valuable data was made possible because of the realization
of this ambitious transect.

On 11 August, The CCGS Amundsen met heavy ice conditions as it sailed further north through
the Nares Strait. However, the crew were still able to complete 10 stations (TS233, TS233N,
139, KANE_1, 134, 136, 133, KANE_5, 127, 119) and conduct 3 MVP transect profiles (133,
119) within ice openings over the period between 11 August and 15 August.

16 August was a transit day as the ship had to travel the whole way from Nares Strait to the
Canadian Arctic Archipelago. The seascape was mainly ice free with small bergy bits and isolated
floes along the way. During the first few days in the Canadian Arctic Archipelago, basic and
nutrients stations were getting complete at a nice pace. On 20 August, the Amunasen entered
Queen Maud Gulf, slowly making its way toward Kugluktuk while pursuing the oceanographic
sampling effort. The next day, the last mooring station (WF1) allowed to recover 1 mooring and
to deploy 2 more moorings. After 3 basic stations on the 22" (QMG1, GMG3, GMG4), the ship
replicated a transect for surface pCO. previously sampled by the Martin Bergmann on 23 August,
then resumed sampling operations at station 314.

The next day, a nutrient station (316) marked the end of scientific operations for Leg 2b. The ship
used the rest of the day to slowly cruise toward Kugluktuk while scientists on board prepared for
the full crew change and their return in warmer weather.
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5.3 Chief Scientist’s Comments

This leg was ambitious both in terms of the number of stations and geographic domain covered.
The ship and crew exceeded expectations sampling more stations than those identified in the
cruise plan. For the most part the weather and ice were supportive of operations. There were
occasions where sampling continued only because of the expertise and experience of the
captain, officers and crew of the Amundsen. The Chief Scientist’s tasks were greatly supported
by an experienced and accommodating ship and science crew. | complement and extend
thanks to all Coast Guard and Science personnel for a truly productive and enjoyable cruise.
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6 Leg 3a - 25 August to 17 September 2016 — Beaufort Sea

Chief Scientist: Louis Fortier' (louis.fortier@bio.ulaval.ca)
" Département ade biologie, Université Laval, Québec, QC, Canaada.

6.1 Introduction

Leg 3a of the 2016 Expedition took place from 25 August to 18 September and focused on
achieving the objectives of ArcticNet’s integrated Beaufort Observatory (iBO) program funded by
the Environmental Studies Research Fund (ESRF). The ESFR program finances research to
support the decision-making process related to oil and gas exploration and development on
Canada’s frontier lands. This year, the research efforts were concentrated in the Beaufort Sea
(Figure 6.1).
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Figure 6.1. Ship track and the location of the stations sampled in Beaufort Sea during Leg 3a.

Specific objectives and priorities of Leg 3a were to:

¢ Conduct mooring operations at stations CA08, CA05, BR-K, BR-G, BR-3, BR-1;
e Conduct oceanographic sampling at designated stations in the Beaufort Sea and in M’Clure
Strait;
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Deploy triplicate box core at Full station 435, at Basic station 465, at Nutrient Station 476
and at Mooring station BR-G;

Deploy additional CTD-Rosette for large volume (10L) sampling for mercury analyses at
Basic stations 421 and 434;

Conduct coring operations in Amundsen Gulf, in Banks Island Shelf and in M’Clure Strait.
Conduct sea-ice operations NW of Banks Island;

Conduct opportunistic deployment of IKMT or benthic beam trawl if aggregation of fish are
detected with the echo sounder;

Conduct opportunistic surface water sampling at 3 Moorings stations with passive sampler;
Deploy the vertical net from 100 m to the surface between Mooring stations BR-K and BR-
G;

Deploy the E-Z-Net to study the diurnal cycle in vertical distribution of fish larvae;

Recover and redeploy the Benthic lander;

Conduct opportunistic oceanographic sampling at the Thomson River plume on northern
Banks Island for contaminants measurements.

6.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 3a. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.

During this leg, the Amundsen traveled from Kugluktuk (25 August) to Kugluktuk (17 September)
and 74 stations were visited with an overall tally of operations and activities as follows:

79 CTD-Rosette casts

29 box cores sampling of the sediments, 9 piston cores, 1 bottom grab deployment and 4
gravity cores

3 IKMT deployments and 11 beam trawl deployments

20 double square net (DSN) deployments, 15 five net vertical sampler (BNVS) deployments
1 E-Z-Net deployment and 3 hydrobios deployments

2 lander deployments

7 mooring deployments and 5 mooring recoveries

6 MVP profiles

11 optical profiles, including Secchi disk and PNF

31 radiosonde launches

3 Uptempo buoy deployments

3 Zodiac deployments

A detailed scientific log for all sampling operations conducted during Leg 3a with the positions
and depths of the visited stations is available in Appendices 1 and 2.
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6.2.1 Timeline of Operations

Leaving Kugluktuk on 25 August, the Amundsenheaded west toward the Beaufort Sea for a full
three-week journey of oceanographic sampling. The first station (AMDO0416-4) was reached
before noon on 26 August and the beginning of science operations was launched by a box core
deployment (AMD0416-4). Another box core deployment followed at the next coring station
reached the same day (AMD0416-3). A basic station and a full station were both completed in
the next two days in the clear open water of the Amundsen Gulf (405, 407).

On 28 and 29 August, a total of 12 stations were completed in order to perform a transect across
the Amundsen Gulf. Nutrient and CTD station types were alternated along that transect. Those
two days were also used to deploy 2 moorings and recover another one (407, CA-05).

The ship reached the Beaufort Sea on the morning of 30 August prepared for a two-day South-
to-North transect. A total of 18 stations were completed along that transect and allowed the
recovery of two moorings (BR-G, BR-K), the deployment of the Uptempo buoy #11 (BR-G) as
well as the collection of precious oceanographic data (stations 421 to 434). Two lander recovery
operations also occurred during those days; one successful (GSC Lander-2) and one where the
Lander could not be found (GSC Lander-1).

The next three days, 1 to 3 September, were dedicated to the oceanographic sampling of the
Mackenzie Trough. During those days, the crew proceeded to a mooring recovery, a mooring
deployment and an Uptempo buoy deployment (BR-1) as well as to many water sampling
operations with the CTD-Rosette (482, 480, 478, 476, 474, 472, 470).

4 September was a busy day on board as 2 moorings were deployed (BR-G, BR-K), 2 landers
were deployed (GSC Lander-1, GSC Lander-2) and sampling and coring operations were
conducted at 4 different stations.

The ship used the next 5 days to sail to the northeast stations of Leg 3a, stopping multiple time
along the way in order to conduct different science operations. Amongst those operations, one
mooring was recovered (BR-3), Uptempo buoy #15 was deployed (BR-3) and 3 piston core
deployments were conducted (Lakeman-03a, Lakeman-06) as well as gravity core and box core
deployments (Lakeman-05).

The CCGS Amundsen reached the northeast station of Leg 3a in tight ice conditions on the
afternoon of 10 September, ready to conduct a two-day North-to-South transect. 5 stations
were completed in order to fulfill that transect, one full station (575) and four nutrient stations
(677, 579, 581, 583). The ice conditions remained heavy along the transect, but ice got looser
as the ship sailed south.

On 12 September, two stations were completed (585, Lakeman-08) before the ship started to
slowly make its way back to Kugluktuk. En route, a total of 9 stations were completed allowing
to conduct one mooring deployment (BR-3b) and 5 MVP profiles (BR-3b, 525, 403, 405, 406).
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Science activities ended with coring operations in Coronation Gulf on the night of 16 September
(AMDO0416-5).

The ship reached Kugluktuk on 17 September full of excited scientists ready to go back to work
with their new samples.

6.3 Chief Scientist’'s Comments

Science operations were interrupted for 15 hours on September 15t by the need to meet with a
fuel barge at Hershel Island to get additional fuel. Service from the fuel provider were not
particularly impressive. On top of this, on September 4" the Amundsen had to backtrack to
assist that provider as the barge got separated from its tug in bad weather, losing an additional
34 hours of science operations.

For 14 years now, heavy ice (often multiyear ice) has prevented the scientific exploration of
M’Clure Strait by the CCGS Amundsen. Again this year, several objectives could not be
completed as ice conditions did not allow safe operations deep into the Strait. A narrow band of
open water and loose ice along northern Banks Island could have enabled us to reach some of
the planned stations, but the risk of this narrow channel closing on the Amundsen with some
change in wind direction was deemed too high, especially as time constraints to reach Kugluktuk
on schedule developed during the leg.
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7 Leg 3b — 7 September to 6 October 2016 — Canadian Arctic
Archipelago, Baffin Bay and Labrador Sea

Chief Scientist: Louis Fortier' (louis.fortier@bio.ulaval.ca)
" Département de biologie, Université Laval, Québec, QC, Canada

7.1 Introduction

Leg 3b started in Kugluktuk on 17 September and ended in Quebec City on 6 October (Figure
7.1). This segment of the Expedition focused on the ArcticNet program and W. Garfield Weston
Foundation collaboration and marked the end of the 2016 CCGS Amundsen Expedition.
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Figure 7.1. Ship track and the location of the stations sampled in the Canadian Arctic Archipelago and the
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The specific objectives for Leg 3b were to:
e (Conduct oceanographic sampling at designated stations in Queen Maud Gulf, McClintock

Channel, Barrow Strait, Lancaster Sound, along the Baffin Island coast and in the Labrador
Sea;
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Deploy triplicate box core at Basic stations QMG2 and 312 (Queen Maud Gulf);

Conduct coring operations in McClintock Channel;

Conduct multibeam seafloor survey at Bylot Island (up to 8 hours);

Conduct ice island PII-A-1-f sampling near Qikigtarjuag;

Recover a cargo at Qikigtarjuag;

Conduct opportunistic IKMT or benthic beam trawl deployment if aggregations of fish are
detected with the echo sounder;

e Conduct opportunistic atmospheric sampling at ice island PII-A-1-f.

7.2 Synopsis of Operations

This section provides a general synopsis and timeline of operations during Leg 3b. Detailed cruise
reports provided by onboard participants and including specific objectives, methodology and
preliminary results for projects conducted during this leg are available in Part Il of this report.

During this leg, the Amunadsen traveled from Kugluktuk (17 September) to Quebec City (6
October) and 30 stations were visited with an overall tally of operations and activities as follows:

e 30 CTD-Rosette casts

o 22 box cores sampling of the sediments, 1 piston core and 2 gravity cores

o 1 IKMT deployment and 14 beam trawl deployments

e 15 double square net (DSN) deployments, 13 five net vertical sampler (5NVS) deployments
e 1 Bioness deployment and 1 hydrobios deployment

e 15 radiosonde launches

e 1 SX90 deployment

e 3 Zodiac deployments

A detailed scientific log for all sampling operations conducted during Leg 3b with the positions
and depths of the visited stations is available in Appendices 1 and 2.

7.2.1  Timeline of Operations

Leg 3b started in Kugluktuk on 17 September as 20 scientists from Leg 3a remained on board
and 20 others were replaced by new arrivals including 12 high-school students and their mentors
for the Schools-on-Board program. The SoB contingent and 4 scientists left the ship in Pond
Inlet on 25 September to be replaced by an international group of 16 researchers and dignitaries
from universities, funding agencies and philanthropic organizations, who left the ship on 28
September after conducting a workshop on the funding of Arctic research and participating in
the science operations between Pond Inlet and Qikigtarjuag. Two additional scientists boarded
on 28 September for the Qik-Quebec segment. Scientific operations began on 18 September
with the completion of two basic stations in Coronation Gulf (314, 316).

During the three next days, 19 September to 21 September, 8 basic stations were conducted in
Queen Maud Gulf allowing multiple CTD-rosette, beam trawl, 5NVS, DSN and box core
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deployments. The cruise through Queen Maud Gulf was also an opportunity to deploy the
Bioness (310E) and launch the radiosonde five different times (QMG4, QMG2, 312, 310E, 310W)
in order to collect valuable atmospheric data. The last station in that region was a coring station
(AMDO0416-7) where a box core and a gravity core were deployed.

On 22 September, a full station and a coring station were completed (307, Furze-04). The ship
then sailed through the Canadian Arctic Archipelago for 3 more days during which a short 5-
station transect was completed (346, 304, 345, 344, 343) along with a coring station (Furze-07)
and a basic station (301).

The Amundsen reached Bassin Bay in the morning of 26 September and started sampling the
region by completing a basic station near Pond inlet. The 27" was a transit day and the next
basic station in Baffin Bay (177) was only reached by the afternoon of the 28™, where the first
small icebergs were seen. 29 September was a busy day as 4 nutrients stations were completed
both from the ship deck (1, 2) and from the zodiac (Downstream 3, Downstream 4).

The Amundsenthen started its stretch toward Québec City across the Labrador Sea. On its way,
the ship stopped four different times for science purposes. First two times were on 1 October,
when 2 nutrient stations were completed and the third and last times were on 2 October, when
a nutrient and a coring stations marked the end of the 2016 Amundsen Expedition.

Between the 3@ and the 6", the ship transited to Quebec City without any interruptions as the
scientists started cleaning the laboratories and packing their belongings. The Amundsen docked
in its homeport of Quebec City on 6 October.

7.3 Chief Scientist’'s Comments

The return leg at the end of the season is often the opportunity to conduct special activities such
as the Schools-on-Board program, and to welcome representatives from different organizations
who then becomes ambassadors for the science mission of the NGCC Amunadsen. Such
activities should be encouraged as they contribute to the reputation of the science program and
help renew funding. They often result in major advances and spin-offs for ArcticNet and
Amundsen Science. The outstanding contributions of the ship’s personnel and scientists to the
success of such activities is to be commended.
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Part || — Project reports

1 Network on Climate and Aerosols: Addressing Key Uncertainties in

Remote Canadian Environments — Legs 2a and 2b
Project leader: Jonathan Abbatt! (jabbatt@chem.utoronto.ca)
Cruise Participants - Leg 2a: Matthew Boyer?, Rachel Chang?, Roya Ghahreman?, Victoria Irish*
and Alexander Moravek’
Cruise Participants - Leg 2b: Matthew Boyer?, Rachel Chang?, Douglas Collins', Roya Ghahreman?,
Victoria Irish* and Alexander Moravek'

'Department of Chemistry, University of Toronto, Toronto, ON, Canada

2Department of Physics and Atmospheric Science, Dalhousie University, Halifax, NS, Canada
SDepartment of Physics and Astronomy, University of Calgary, Calgary, AB, Canada
‘Department of Chemistry, University of British Columbia, Vancouver, BC, Canada

1.1 Introduction

Atmospheric aerosols have important implications for climate due to their radiative properties in
the atmosphere, including scattering and absorbing incoming solar radiation as well as
influencing cloud properties. In the summertime Arctic atmosphere, local sources of aerosols are
particularly important because long-range transport from lower latitudes is almost non-existent.
Despite their importance, little is known about the specific sources of aerosol particles in the
Arctic.

From 14 July to 25 August 2016, NETCARE participated in Leg 2 of the CCGS Amundsen's
annual cruise. This study was a follow-up from the study that took place in 2014, also on board
the CCGS Amundsen following a similar route. The overall goal of this year’s study was to use
an array of atmospheric and oceanographic measurements to improve the current
understanding of local aerosol sources, their chemical and physical properties and the role of
biology on these properties across the Canadian Arctic.

The objectives of the study fell under two major categories:

1) To measure ambient atmospheric gases and the chemical and physical properties of aerosols.
Specific objectives were to:

a) Observe secondary and primary aerosols in marine environments using aerosol sizing
instruments and chemical composition measurements

b) Study the ability of arctic aerosols to activate as ice crystals and cloud droplets

C) Study sulphur compounds in the atmosphere, including dimethyl sulphide in the gas
phase and methane sulphonic acid and sulphate in aerosol, rain and fog

d) Determine sources of ammonia in Arctic atmosphere

2) To investigate the potential impact of ocean biology on atmospheric particles by conducting
controlled experiments on seawater collected during the cruise. Specific objectives included to:
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a) Study the biology and chemistry of the sea surface microlayer and compare with bulk
seawater

b) Investigate the impact of biological activity and ocean chemistry on sea spray aerosol
production

1.2 Methodology

Operations were based on the icebreaker CCGS Amundsen. Observations of ambient Arctic air
using a variety of techniques were conducted with measurement frequencies that depended on
the goal of the measurement, and are listed in Table 1.1. Surface microlayer and bulk water were
also collected using a rotating glass plate collector deployed from the zodiac at the stations listed
in Table 1.2. Experiments will be conducted on these samples in the laboratory to discern
differences in the properties of the microlayer versus the bulk water. Sea surface water samples
were collected between stations and analyzed on board for ammonium. Finally, water was
collected from the CTD-rosette at the stations listed in Table 1.3 to study the sea spray aerosol
production efficiency of different water masses using a tank in which sea spray was generated
in a controlled manner. Measurements of the number concentration, size distribution, cloud and
ice nucleation properties, and chemical composition of sea spray particles conducted using both
real-time analytical techniques and sample collection for offline analysis. Seawater collection was
coordinated with biological sampling from the CTD-rosette, and water was further collected
before and after experiments for surfactant analysis. All aerosol and water samples for offline
analysis ashore were stored at -20° C.

Table 1.1. Ambient arctic air measurements, locations and frequency

Measurement Instrument Location(s) Sgr:rri)(l)lgg Contact
Aerosol number | Ultrafine condensation particle | Foredeck laboratory 1s DC
concentration counter
(d>3nm)

Aerosol size | Scanning mobility particle sizer Foredeck laboratory, | 5 min DC, RC
distributions Scatterometer
(d=10-500 nm) laboratory
Aerosol size | Aerodynamic particle sizer Foredeck laboratory, | 1 min DC, RC,
distributions Scatterometer VI
(d=0.5-20pm) laboratory, above the
bridge

Black carbon | Single particle soot photometer | Foredeck laboratory DC
concentration
Carbon monoxide CO Monitor (Thermo) Foredeck laboratory 5 min DC
Size-segregated Micro-orifice  uniform  deposit | Foredeck laboratory 100 hours | DC
aerosol chemical | impactor; high flow cascade
composition impactor; Teflon filter sampler
Ammonia Quantum cascade laser | Foredeck laboratory 1s AM

spectrometer
Cloud condensation | Cloud condensation nuclei | Scatterometer 1 hour MB
nuclei concentrations | counter laboratory
Atmospheric dimethyl | GC-SCD Above the bridge 2x/day RG
sulphide
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Measurement Instrument Location(s)* ngpllng Contact
eriod

Size-resolved aerosol | Hi-Vol sampler Above the bridge RG
MSA, SO4
Fog composition Strand fog water collector Above the bridge RG
Precipitation Above the bridge RG, AM
composition
Atmospheric DNA Hi-Vol sampler Above the bridge 48-72hrs | VI
Ice nucleating | Single stage impactor Above the bridge 2x/day VI
Particles
CO2 LiCor Above the bridge 2s RG

*Foredeck laboratory: container located on the starboard side of the foredeck (aka — Bioness Ctrl Container);
Scatterometer Lab: located on port side, amidships, Room 423

Table 1.2. Stations and locations of skimmer deployment

Date Stn Lon (W) Lat (N) Subsample’
2016-07-20 1 062°10.750 60°17.921 Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-28 2 063°22.067 67°23.466 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-01 3 070°30.236 71°17.200 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-06 4 071°11.418 76°20.341 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-08 5 071°47.267 76°43.777 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-09 6 075°42.963 76°18.789 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-11 7 076°29.841 77°47.213 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-13 8 062°40.774 81°20.041 Sal, 018, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-15 9 074°33.757 78°18.659 Sal, DIC, Bio, DMS, DNA, INP, NH4, Ox, Hygr
2016-08-21 10 100°49.010 68°19.199 Sal, Bio, DMS, DNA, INP, NH4, Hygr
2016-08-23 11 105°30.022 68°58.699 Sal, Bio, DMS, DNA, INP, NH4, Ox, Hygr

'Sal=Sallinity, DIC=Dissolved inorganic carbon, Bio=Biological variables (DOC/TOC, Bacteria, pico- & nano-
phytoplankton, Chl a, nutrients, taxonomy, photosynthetic performance, surfactants, transparent
exopolymers), DMS=aqueous dimethylsulphide & dimethylsulphide propionate, DNA=gPCR analysis, INP=ice
nucleating particles, Ox=Laboratory oxidation experiments, Hygr=hygroscopicity measurements

Table 1.3. Stations and locations of sea spray tank experiments

Date Stn Lon (W) | Lat (N) Measurements'
2016-07-22 ROV6 60.66 63.00 SMPS, APS, CCNC, SSI
2016-07-25 ROV7 91.25 67.99 SMPS, APS, CCNC, SSI
2016-08-01 169 70.52 71.27 SMPS, APS, CCNC, SSI, MOUDI
2016-08-04 323 80.45 7416 SMPS, APS, CCNC, SSI, MOUDI, CPC, Surf
2016-08-08 117 71.81 76.74 SMPS, APS, CCNC, SSI, MOUDI, CPC, Surf
2016-08-09 108 74.56 76.27 SMPS, APS, CCNC, SSI, MOUDI, CPC, Surf
2016-08-10 101 77.38 76.38 SMPS, APS, CCNC, SSI, MOUDI, CPC
2016-08-13 139 62.79 81.35 SMPS, APS, CCNC, SSI, MOUDI, CPC, DMS, Surf
2016-08-14 Kane1 69.81 79.97 SMPS, APS, CCNC, SSI, MOUDI, CPC, DMS, Surf
2016-08-15 127 74.53 78.29 SMPS, APS, CCNC, SSI, MOUDI, CPC, Surf
2016-08-18 305 94.98 74.33 SMPS, APS, CCNC, SSI, MOUDI, CPC, DMS, Surf
2016-08-20 312 100.68 69.18 SMPS, APS, CCNC, SSI, MOUDI, CPC, Surf

'SMPS: Scanning Mobility Particle Sizer, APS: Aerodynamic Particle Sizer, CCNC: Cloud condensation nucleus
counter, SSI: Single Stage Impactor (ice nucleation), MOUDI: Micro-orifice uniform deposit impactor (chemical
composition), CPC: condensation particle counter, DMS: gas-phase dimethyl sulfide, Surf: surfactant analysis
of seawater
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1.3 Preliminary Results

1.3.1 Ambient Size-Distribution Measurements

Continuous measurements of aerosol number concentrations and size distributions revealed that
high concentrations of particles were observed in a variety of locations along the cruise track,
and that a significant fraction of the particles were of ultrafine size (diameter < 20 nm). Ongoing
investigation of these data will be conducted in the context of characterizing the prevalence and
identity of local primary and secondary aerosol production in the summertime Canadian Arctic,
and will be used to support detailed studies of the chemical and physicochemical properties of
the aerosol. Soot particle and carbon monoxide measurements will be used to identify the
possible influence of biomass burning aerosol transported from the south, so influences from
local sources can be of principal focus. Chemical composition measurements on size-resolved
aerosol samples will be used to understand the quantitative relationship between the ambient
aerosol and potential sources, such as sea spray aerosol (SSA), complemented by the direct
measurement of SSA from sea spray tank experiments.

1.3.2 Sinks and Sources of Armmonia (INH3)

Mixing ratios of atmospheric ammonia were generally low ranging between O to about 1.5 ppbv.
Especially during rainy and foggy periods, values were close to zero, indicating scavenging of
ammonia by water droplets. Values above 0.5 ppb were rare and were mostly observed during
sunny weather conditions. Also, higher mixing ratios of ammonia in the vicinity of coastlines
indicate the influence of ammonia emissions from bird colonies. The sources of ammonia from
bird colonies is discussed in literature as a major source for ammonia in the Artic, but still has to
be validated through further analysis for the data set of this cruise.

To investigate the air-sea exchange of ammonia, measured atmospheric ammonia levels must
be compared to concentrations of ammonium in the surface sea water. As atmospheric
measurements are potentially contaminated by stack emissions when on station, sea surface
water samples were taken when the ship was in transit between stations. For this a closed PVC
pipe was used and lowered down from the side of the ship while transiting. Altogether 14
samples were taken during Leg 2b and analyzed onboard using a fluorometer (TD-700).
Ammonium concentrations of those samples were generally very low, often just above the
detection limit (20 nM) of the instrument. The retrieved values were similar to the ones observed
by analysis of the sea surface microlayer (Table 1.2) and the surface water samples collected
with the rosette. The low concentrations of ammonium in the surface bulk water and the sea
surface microlayer suggest an uptake of atmospheric ammonia by the ocean in the Canadian
Artic in summertime. However, the data has to be still further analyzed and investigated in detail.
To complete the picture of sources and sinks of ammonia, precipitation samples of fog and
rainfall were taken during the leg and will be analyzed in the laboratory later.
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1.3.3 Other Measurements

Tank experiments showed that size distributions and number production fluxes varied with water
mass. Additional analysis will be required to understand the cause. Preliminary ambient
atmospheric DMS measurements revealed that DMS was higher than average although
quantification will require additional analysis in the work. Other measurements will be analyzed
off-line in the laboratory.

1.4 Comments and Recommendations

We understand that the schedule of the ship was in flux due to the economic situation, which
made it difficult to plan this year’s expedition. While we greatly appreciate the amount of space
that was made available to us, especially with less than one month before mobilization, we could
have improved our planning of the campaign if we had known earlier.

We were very pleased with the amount and quality of the space that we were able to use
throughout the ship. It allowed us to pursue numerous scientific objectives which would have
been very challenging with less space. One challenge that we faced was that the Foredeck
container (where the Bioness is controlled) suffered from over-heating due to the number of
instruments present from all the users of the container. The high temperatures in the container
caused some of our sampling equipment to fail and the signal of others to significantly drift.
Increased ventilation and exchange of air with the outdoors would be of great benefit.

None of the participants felt that their immediate safety was an issue. A challenge that we mostly
overcame was the lack of locations to which we could secure our equipment. This was especially
an issue for our instrument rack in the Foredeck container but also in the Scatterometer lab.
While these were handled during mobilization, the foredeck lab solution involved re-purposing
the new securement space for gas cylinders, resulting in a cylinder being stored outdoors on
deck in the end. Another concern was that announcements could not be heard clearly in any of
the spaces in which we normally worked: the Foredeck container, the Met Ocean container, the
Scatterometer lab. The latter location also did not have a telephone which made it hard for people
to locate us.

Shipboard atmospheric sampling presents the basic analytical challenge of collecting genuine
ambient samples, while avoiding artifacts from emissions of the sampling platform itself. The best
conditions for atmospheric aerosol and trace gas measurements aboard the ship chiefly include
wind directions that are within a 60-90° azimuth range centered about the ship’s heading.
Coordinating other scientific operations while maximizing a favorable ship orientation with
respect to the wind direction would be advantageous for optimizing the value of ship time for
atmospheric investigators. During Legs 2a and 2b of this expedition, stretches of continuous
steaming were included in the cruise plan. Such stretches, including those to and from
Petermann Glacier, and then southward toward Resolute Bay (enhanced by re-scheduling the
Lancaster Sound transect earlier in the timeline), provided substantial 6-40 hour periods of clean
sample time for atmospheric measurements, which were enhanced by the fortune of favorable
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wind directions and wind speeds. Further real-time prioritization of oceanographic station
sequencing (as is coordinated by the Chief Scientist during the expedition) in response to wind
conditions could further enhance periods of opportunistic ship/wind co-orientation and could
provide improved returns on the investment of ship time for atmospheric investigators aboard
the CCGS Amundsen. Access to the CCGS Amundsen, especially for expedition cruise tracks
that span wide spatial extents of the Arctic as in Leg 2 of the 2016 expedition, is an opportunity
of substantial value to the atmospheric chemistry community, as it allows for observations to be
made over a large spatial extent of the under-studied Arctic boundary layer, and measurements
are co-located with chemical and biological sampling of the surface ocean, which can affect the
strength of local sources and sinks of atmospheric aerosols and trace gases.
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2 Carbon Exchange Dynamics, Air-Surface Fluxes, Surface Climate

and Greenhouse Gas Distribution — Legs 1, 2 and 3
Project leader - leg 1: Tim Papakyriakou' (tim.papakyriakou@umanitoba.ca)
Project leaders - leg 2: Tim Papakyriakou' and Brent Else?
Project leaders leg - 3: Tim Papakyriakou' and Philippe Tortell®
Cruise Participant - Leg 1: Tonya Burgers'
Cruise Participants - Leg 2a: Ida Rosendahl', Tonya Burgers' and Mohamed Ahmed?
Cruise Participants - Leg 2b: Tim Papakyriakou' and Mohamed Ahmed?
Cruise Participant - Leg 3: David Capelle'

" Centre for Earth Observation Science, University of Manitoba, Winnjpeg, MB, Canada

2 Geography Department, University of Calgary, Calgary, AB, Canada

9 Department of Earth, Ocean and Atmospheric Science, University of British Columbia, Vancouver,
BC, Canada

2.1 Introduction

The biogeochemical cycling of carbon is continually changing within the Arctic Ocean as a
consequence of climate change. The Arctic Ocean itself has undergone significant change in
recent years, with large reductions in sea ice cover, increasing sea surface temperatures, and
increased freshwater inputs. The objective of our research is to investigate such changes to the
Arctic marine system and their influence on carbon dynamics, both within the water column and
at the air-sea (or air-ice) interface.

Specific objectives of this research include:

1) Develop a process-level understanding of the exchange of CO,, heat and
momentum between the sea surface and atmosphere.

2) Forecast how the ocean’s response to climate change and variability will affect
the atmosphere-ocean cycling of CO»,

3) Extrapolate the CO. fluxes by using remote sensing data with the collected field
measurements.

Polar oceans are important regions for sea-air exchange of the greenhouse gases carbon-
dioxide (CO,) and methane (CH.). Large quantities of CO. are exported to the deep ocean
within sinking water formed during both sea-ice formation and surface cooling of poleward
flowing water, but changes in seawater temperature, sea ice cover and upwelling intensity may
reduce the oceanic sink of CO» in Arctic regions. Methane is released to the atmosphere from
vast CH4 deposits found in several shallow coastal shelf regions and terrestrial systems, and
this may be accelerated by anthropogenic warming of terrestrial permafrost and marine
sediments. At present, the spatiotemporal variability in the distributions and fluxes of these
gases are poorly quantified. Moreover, the changes in the sea-air exchange rates of these
gases in response to ocean warming and summer sea ice loss are uncertain. We aim to develop
regional budgets for sea-air flux and marine inventories of these gases in the Canadian Arctic
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Region. We hypothesize that warming and loss of summer sea ice will lead to net increase in
the sea-to-air flux of these gases from Arctic regions.

2.2 Methodology

Multiple observation platforms have been utilized throughout the cruise to collect data pertaining
to the atmosphere and the surface ocean, such as a meteorological tower on the ship’s foredeck,
an underway pCQO, system in the engine room, and radiation sensors above the wheelhouse of
the ship (Figure 2.1). Table 2.1 lists the variables that are monitored, the location where the
sensor is installed and height, the purpose of each variable, along with the sampling and
averaging frequency (if applicable).

Table 2.1. Summary of variable inventory and instrumentation. Rail and deck height above sea surface was
measured on 23 August at 8 m and 7.15 m respectively.

At L) Ht above Sié"rggA
Variable Instrumentation Location Purpose Main sea srfc, | Frequency
Deck (m) (S)

Air temperature | HMP155A foredeck tower meteorological 8.16 15.31 1/60
(Ta) parameter
Relative HMP155A foredeck tower meteorological 8.16 15.31 1/60
humidity (RH) parameter
Wind speed RM Young foredeck tower meteorological 9.65 16.8 1/60
(ws-2D) 05106-10 parameter
Wind direction | RM Young foredeck tower meteorological 9.65 16.8 1/60
(wd-polar) 05106-10 parameter
Barometric RM Young foredeck tower meteorological 2.0 9.15 1/60
pressure 61302V parameter
(Patm)
Incident solar Eppley wheel-house heat budget and | On top of 2/60
radiation Pyranometer platform microcliimate wheelhou

se
Incident long- Eppley wheel-house heat budget and | On top of 2/60
wave radiation | Pyrgeometer platform microcliimate wheelhou

se
Photosynthetic | Kipp & Zonen wheel-house heat budget and | On top of 2/60
ally active PARLite platform microclimate wheelhou
radiation (PAR) se
Wind speed Gill Wind Master | foredeck tower air-sea flux 7.5 14.65 0.1 (10
3D (u, v, w) Pro Hz)
Sonic Gill Wind Master | foredeck tower air-sea flux 7.5 14.65 0.1
temperature Pro (10 Hz)
(Ts)
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Ht above

Sample/A

. : . : Ht above verage
Variable Instrumentation Location Purpose Main sea srfc | Frequency
Deck (m) ®)
Atm. water LICOR LI7500A foredeck tower air-sea flux 7.29 14.44 0.1
vapour & LI7000 (10 Hz)
concentration
(pv)
Atm. LICOR LI7500A foredeck tower air-sea flux 7.29 14.44 0.1
concentration & LI7000 (10 Hz)
of COz (pc)
Rotational Systron Donner foredeck tower air-sea flux 6.8 13.95 0.1
motion (accx, MotionPak (10 Hz)
accy, acey, rx,
Ys r—Z)
Upper sea General under-way system, air-sea flux and ~-5m 3/60
water Oceanics 8050 foreward engine ancillary
temperature PCO2 room information
(Tsw)
Sea water General under-way system, air-sea flux and ~-5m 3/60
salinity (s) Oceanics 8050 foreward engine ancillary
PCO2 room information
dissolved CO2 | General under-way system, air-sea flux and ~-5m 3/60
in seawater Oceanics 8050 foreward engine ancillary
PCO2 room information
pH General under-way system, air-sea flux and ~-5m 3/60
Oceanics 8050 foreward engine ancillary
PCO2 room information
dissolved Oz2in | General under-way system, air-sea flux and ~-5m 3/60
seawater Oceanics 8050 foreward engine ancillary
PCO2 room information
Weather Campbell digital | wheel-house meteorological 15 min
conditions camera platform parameter
Particle WCPC3785 Foredeck tower Particle flux 1/60
number
concentration

Additionally, water samples were collected from the rosette for the analysis of dissolved inorganic
carbon (DIC), total alkalinity (TA), stable oxygen isotopes (0'%0), and salinity. These
measurements will allow us to study the carbon chemistry of various water masses and identify
freshwater inputs within Baffin Bay, Nares Strait and Northwest Passage. Samples from the
rosette were only collected during the first half of Leg 1 (Leg 1a) along the G100 and G300
transects. These water samples were only collected at nutrient stations, in order to collect
samples throughout the entire water column. At full and basic stations all of the rosette bottles
were utilized to sample the surface waters and the deep chlorophyll maximum. Samples from
the rosette were collected mainly during leg2b (~20 stations) with only three stations during Leg
2a. These water samples were collected at full, basic, and nutrient stations. The salinity samples
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were analyzed onboard in the salinometer room by using the AUTOSAL machine to compare it
with the salinity log obtained from the CTD rosette. In addition to continuous underway sampling,
discrete water samples for dissolved CH, and Nitrous-oxide (N-O) were collected from multiple
depths (typically surface, 10, 20, 40, 60, 80, 100, 120, 160, 200, 250, 300, 400, 500, 600, 800,
1000m, where applicable) from the following stations during leg 3: 405, 437, 408, 420, 434, 432,
430, 428, 426, 424, 472, 470, 474, 476, 478, 480, 482, 421, 535, 554, 314, 312, 343 and 344.

Figure 2.1. The radiation sensors and digital camera ocated above the wheelhouse of the Amundsen. Shown
are the pyrgeometer (left), pyranometer (right) and PAR sensor (centre). The automated digital camera is
mounted on the rail below and to the left of the prygeometer.

2.2.1 Micrometeorology and Eddy Covariance Flux Tower

The micrometeorological tower located on the front deck of the Amundsen provides continuous
monitoring of meteorological variables and eddy covariance parameters (Figure 2.2). The tower
consists of slower response sensors that record bulk meteorological conditions (air temperature,
humidity, wind speed/direction, surface temperature) and fast response sensors that record the
eddy covariance parameters (CO./H.O concentration, 3D wind velocity, 3D ship motion, air
temperature). All data was logged to Campbell Scientific data loggers; a model CR3000 logger
was used for the eddy covariance data, a CR1000 logger for the slow response met data. Eddy
covariance data were sampled at 10 Hz while slow response sensors were scanned every 2 s
and saved as 2 minute averages. All loggers were synchronized to UTC time using the ship’s
GPS system as a reference. This year our one functioning LI7500A sensor became damaged
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during some rough sea conditions in eastern Baffin Bay early in Leg 1 and did not operate for
the remainder of the experiment.

Atmospheric CO, and H>O concentration was monitored using two sensors. Prior to it being
damaged, the gas concentration was measured using a LICOR open path LI7500A. Additionally,
a LI7000 was installed in the foredeck container drawing air through approximately 30 m of tube
(Synflex Type “1300” ¥4” OD) from an intake located just beneath the EC instrument arm,
approximately 7.4 m from the ship’s deck. An external pump (GAST DOA-V722) drew air through
the gas analyzer. Internal cell pressure was less than atmospheric. As measured gas
concentration is a function of cell pressure, calibration (zero and span) was undertaken daily at
operating pressure using UHP nitrogen and traceable standard (477.18 ppm). An attempt was
made to maintain constant cell pressure. Early in the leg pressure was maintained at
approximately 72 kPa, but later changed to 60 kPa to match the cell pressure associated with
the closed-path system. Gas concentrations were output from the gas analyzer using the
sensors DAC output channels, and stored as 2 minute averages by the CR1000 data logger
housed on the foredeck tower.

During Leg 2b, a closed-path eddy covariance system was installed and operated over the
period between 14-23 August. The system was identical to that last deployed during the 2011
cruise. The closed-path system was situated at the base of starboard rail inside a weather proof
enclosure, approximately 3 m from the tower base. Air was drawn through the gas analyzer from
the inlet secured to the base of the EC arm by a high output pump housed in the foredeck
container through %" Synflex Type “1300” tube. The air stream between the inlet and gas
analyzer was heated (10 C) and dried. The drying system consisted of a nafian drier (Perma Pure
PD-100T-48SS) and zero gas generator (Aadco model 747-30). Counter flow through the nafian
drier was maintained between 13 and 14 Ipm. The inlet air was drawn 13 m to the gas analyzer
through a heated tube at a flow rate of 11 lpm. The inlet was secured to the support arm for the
EC system, at 6.9 m up on the tower (just beneath the sonic anemometer). Internal cell pressure
was maintained at 59 kPa using a T-fitting, and valve located in the closed system between the
analyzer outlet and pump. Flow was measured using a flow meter installed in the system and
situated just upstream of the analyzer measurement cell B. Reference gas (UHP Nj) was
continuously run through cell A of the analyzer at a rate of 0.1 lpm.

The 2011 version of the system was fully automated (flow control, span, zero, climate control)
controlled by data logger programming and making use of serial communication with the LI7000
gas analyzer. A power issue however damaged serial communications between the logger and
LI7000 and therefore the system was modified to operate manually. The concentration of COx,
H-O, cell pressure and temperature were output using the analyzers DAC channels and sampled
by the CR3000 on the main flux tower at 10 Hz. Span and zero were performed twice, once just
prior to deployment at operating cell pressure and at the end of the deployment.

In addition, we added a particle counter (WCPC3785) on the foredeck tower to measure particle
number concentrations for calculating the particle flux. The particle counter was maintained by,
lda Rosendaul, who is working in the Arctic Research Centre at Aarhus University in Denmark.
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Figure 2.2. Meteorological tower located on the foredeck of the Amundsen with EC flux system (inset).

2.2.2 Underway pCO- System

A General Oceanics 8050 pCO. system has been installed on the ship to measure dissolved CO,
within the upper 5 m of the sea surface in near real time (Figure 2.3). The system is located in
the engine room of the CCGS Amundsen, and draws sample water from the ship’s clean water
intake. The water is passed into a sealed container through a shower head, maintaining a
constant headspace. This set up allows the air in the headspace to come into equilibrium with
the CO, concentration of the seawater, and the air is then cycled from the container into an LI-
7000 gas analyzer in a closed loop. A temperature probe is located in the equilibrator to provide
the equilibration temperature. The system also passes subsample of the water stream through
an Idronaut Ocean Seven CTD, which measures temperature, conductivity, pressure, dissolved
oxygen, pH and redox. All data is sent directly to a computer using software customized to the
instrument. The LI-7000 gas analyzer is calibrated daily using ultra-high purity N2 as a zero gas,
and a gas with known CO, concentration as a span gas. Spanning of the H,O sensor is not
necessary because a condenser removes H>O from the air stream before passing into the
sample cell.
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Figure 2.3. The underway system located in the engine room of the Amundsen.

2.3 Preliminary Results

We have CO, data at roughly 1 minute intervals from the surface water and lower atmosphere
since the start of the expedition in early June, 2016. A very cursory examination of the raw data
(unfiltered for outliers and contaminated or excessive sensor drift) reveals some notable trends
in CO. over time and space (Figure 2.4). There was much higher atmospheric CO, partial
pressure (pCO.atm.) variability during the first half of the expedition (Jun 5 - ~Jul 25) as compared
to the second half (Jul 25 - Sep 18). This may reflect the relatively high diversity of environments
sampled during the early legs, from the FI. St. Laurent, up through the Labrador Sea, then into
Baffin Bay, and through the Arctic Archipelago finally arriving in Kugluktuk, NU on Aug. 25 (Figure
2.5). Surface water pCO.aq was generally lower in the southern and eastern portions of the
cruise (150 - 350ppm) than in the Beaufort Sea region (Aug 20 - Sep 18) (Figure 2.4). However,
there were some notably high pCO. concentrations observed in the early portions of the cruise,
but these were not consistently associated with any deviations in salinity or temperature (Figure
2.4). In contrast, periods of high surface ocean pCO.aq. in the Beaufort Sea (Aug 20 - Sep 18)
were associated with increases in surface salinity (Figure 2.4), which suggests that upwelling was
responsible for supplying CO.-rich water to the surface. Further analysis is required to determine
whether these surface pCO.aq. Concentrations were sufficient to make the ocean a net source
of CO, to the atmosphere, but it appears likely. The lack of sea ice in the Beaufort combined
with strong winds could have played a role in driving this upwelling. Loss of sea ice and changes
in persistent atmospheric pressure gradients associated with climate change have the potential
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to increase the occurrence of such upwelling events, and may limit the ability of the Beaufort
region to act as a sink for atmospheric CO»
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Figure 2.4. Scatter plot showing raw (uncorrected or filtered) continuous underway data including dissolved
CO:2 at 5m (panel a, blue dots), atmospheric CO: (panel a, red dots), and surface water (5m) temperature (panel
b, red dots) and salinity (panel b, blue dots).
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Figure 2.5. Map showing surface (5m) uncorrected dissolved CO2 concentrations along cruise track between
Jun 01 and Sep 18.

2.4 Comments and Recommendations

Next year, we will plan to compile our collected field data with the ship navigation and motion
data (e.g. POS/MV data) directly to save time and increase efficiency. A kind reminder that when
we are at station that the ship be pointed into the wind (when possible) so that the ship’s smoke
is not blown towards the met tower.
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3 Glaciers, Iceberg and Ice Islands — Legs 2b and 3b

Project leaders - Leg 2b: Luke Copland’ (luke.copland@uottawa.ca) and Derek Mueller?
Project leader - Leg 3b: Derek Mueller? (derek.mueller@carleton.ca)

Cruise participants - Leg 2b: Luke Copland' and Abby Dalton'

Cruise participants - Leg 3b: Anna Crawford' and Ronald Saper!

" Laboratory for Cryospheric Research, University of Ottawa, Ottawa, ON, Canada

2Department of Geography and Environmental Studies, Carleton University, Ottawa, ON, Canada

3.1 Introduction

3.1.1 Leg 2

Tidewater glaciers drain glaciers, ice caps and ice sheets and terminate into the ocean where
they discharge icebergs and ice islands (large tabular icebergs). The Canadian Ice Service (CIS)
produces charts which identify the presence of icebergs, but currently has little knowledge about
the sources and sinks of icebergs in Canadian waters. It is important to understand where these
icebergs and ice islands originate from, where they drift, how they deteriorate and the time scale
of these processes. Trinity and Wykeham Glaciers on SE Ellesmere Island have increased iceberg
production from 22% of total iceberg discharge from the CAA (Canadian Arctic Archipelago) in
2000 to 62% in 2016. They are the only two glaciers in the Canadian Arctic to have shown
consistent acceleration between 1999 and 2015, making them an area of significance for the
study of ice discharge into Canadian Waters (Van Wychen et al., 2016). Observations and
measurements made during this leg will address the following gaps in knowledge surrounding
the production and movement of icebergs and ice islands in Canadian waters:

1) Which tidewater glaciers are the sources of icebergs and ice islands in Canadian waters
and where do they drift?

2) Are there changes in the size, shape or timing of iceberg production in the recent past
and is this linked to glacier dynamics?

3) Do sea ice conditions impact the production of icebergs at the termini of tidewater
glaciers?

4) How is the velocity of Trinity Glacier changing over time?

3.1.2 Leg 3

Three large calving events, 31 km?, 253 km? and 130 km? in surface area, occurred at northwest
Greenland’s Petermann Glacier in 2008, 2010, and 2012, respectively (Environment Canada,
2012; Falkner et al., 2011; Johannessen et al., 2012). This resulted in an influx of ice islands,
large and tabular icebergs, within water bodies such as Nares Strait, Baffin Bay and the Labrador
Sea where they pose as hazards to shipping and natural resource extraction industries
(McGonigal et al, 2011; Peterson, 2011). Accessing ice islands for field data collection is strife
with logistical difficulties, and this has led to a paucity of the in-situ data which is necessary for
the calibration and validation of drift and deterioration models as well as remote-sensing
techniques for identification and deterioration detection. The CCGS Amundsen has provided
access to numerous ice islands since 2011 (Crawford et al., 2015; Forrest et al., 2012; Hamilton
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et al., 2012; Stern et al,. 2015; Wagner et al., 2015), and it would again be used to access a
Petermann Ice Island (PIl) fragment during Leg 3 of the 2016 ArcticNet science cruise.

The 2016 ice island field campaign had two objectives. The first was to maintain the two systems
which were installed on an ice island, ‘Petermann Ice Island (PIl)-A-1-f” in 2015, which are
collecting in-situ mass balance data. The first system, an ice penetrating radar, records ice
thickness data and provides information on the magnitude of thinning which the ice island
experienced over 2015-2016. A meteorological station was the second system and was
instrumented to collect surface melt, ice and air temperature, and location data.

The second objective of the 2016 campaign was to collect on-ice data and ice samples. A mobile
ice penetrating radar transect which was originally done in May 2016 was to be re-conducted.
This would provide information on thickness change over a greater spatial area. Ablation stakes
along the transect would be re-measured, and temperature loggers would be switched out.
Finally, ice cores would be taken, with their orientation in respect to that of the ice island, for
investigations into ice island detection with space-borne synthetic aperture radar (SAR).

The concurrent datasets of surface melt and ice thinning will provide the highest temporal
resolution of ice island mass balance yet gathered. The ice thickness dataset will also be utilized
specifically by cruise participant A. Crawford to model the surface and basal melt contributions
to anice island’s overall thinning. The study of ice island mass balance is important for industrial
operations in two ways. First, the assessment of thickness, and the magnitude of thinning
expected at varying latitudes and environmental conditions, can be utilized in the planning of
pipeline installations and thereby mitigate pipeline or well-head ruptures due to ice island
scouring of the seabed. Ice island keel depths are also an important parameter to accurately
input into drift models which provide offshore operators with predictions of their movement and
thus allow for adequate planning of collision mitigation measures. Finally, the assessment of ice
island mass balance during drift through decreasing latitudes can be utilized as a proxy for the
deterioration of higher latitude ice features resulting from future climate change.

Secondary objectives were included for Leg 3 in the event that more time was available for ice
island operations. These included CTDs, both far-field and down-current from the ice island, to
better understand changes to the water column due to the ice island’s presence. Finally, we also
planned bathymetric and keel mapping with the ships EM302 multi-beam sonar and SX90 sonar.
These were previously used for the same mapping purposes in October 2015 and July 2016,
thus providing excellent data for detecting changes to the seafloor due to ice island scour and
evolution of the ice island’s keel.

3.2 Methodology

3.2.1 Jce Island Measurements

Ice island PII-2012-A_1-f, grounded near Qikigtarjuag, was visited on 27 July 2016 on behalf of
Derek Mueller and Anna Crawford (Carleton University) to service weather stations, make
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measurements of surface melt and changes in ice depth. Nine ice depth measurements were
made along a transect previously marked by Crawford using a ground penetrating radar (GPR)
system 2 which will be compared with past measurements made at the same locations.
Continuous measurements were unable to be made along the entire transect because of issues
with the GPR receiver so spot measurements were made instead. Ablation stakes at each
waypoint were measured to determine levels of surface melt since the previous survey in May
2016. Five additional ablation stakes located near the weather station in the view of camera were
measured. A new 5m hole was drilled for the sonic ranger at the weather station.

Figure 3.1. Weather station and ablation stakes on Ice Island PII—201_2—A_1 -f, July 27, 2016. Photo courtesy of
Luke Copland.

3.2.2 [lceberg Beacon Deployment

Between 31 July and 14 August 2016 a total of 13 tracking beacons were deployed on icebergs
and ice islands in Baffin Bay. Through a contract with Environment and Climate Change Canada
(ECCQC) six CALIB beacons were deployed onto icebergs and ice islands within Baffin Bay and
Nares Strait (Table 3.1). Two beacons were deployed onto targets chosen by CIS and the
remaining four targets were chosen based on size, location and whether they were likely to drift
(Figure 3.2). Five of six beacons have since successfully transmitted data remotely. One of the
beacons deployed (ID#: 300234011758690) is suspected to have had issues with the battery
and has not transmitted any data since being deployed.

Table 3.1. CIS beacon deployment summary.

Latitude N
Deployment | Deployment Longitude W
IMEl # | WMOID | Asset Name Date Time (UTC) (st.a.rt (start position) iz
position)
300234 4701652 | ICALIB 02-Aug-16 [11:30 AM 72.06178 | -73.31847 |Buchan Guilf Iceberg. Faulty|
011758 (4701652- Device - Not working
690 8690)
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Latitude N
Deployment | Deployment Longitude W
R R e Date Time (UTC) (st.a.rt (start position) itz
position)
300234 4701653 | ICALIB 02-Aug-16 [12:20 PM 71.88914 | -72.25875 [Unk_S1 Ice Island
061763 (47016583-
030 3030)
300234 4701654 | ICALIB 09-Aug-16 [11:35 UTC 76.30836 | -74.81636 |S Nares Strait Ice Island
063515 (4701654-
450 5450)
300234 4701655 | ICALIB 09-Aug-16 [12:45 UTC 76.84956 | -75.88631 [East of Manson Icefield
061761 (4701655- Ice Island
040 1040)
300234 4701657 | ICALIB 14-Aug-16 [11:31 AM 79.74294 | -64.96186 [Humboldt Glacier Ice
063513 (4701657- Island
450 3450)
300234 4701656 | ICALIB 14-Aug-16 [11:49 AM 79.83578 | -67.35725 [Kane Basin Ice Island
061768 (4701656-
060 8060)

Figure 3.2. Example of placement of CIS beacon. Deployed on iceberg near Buchan Gulf (72.06178N, -
73.31847W), August 2, 2016. Photo courtesy of Luke Copland.

Seven additional beacons were deployed containing iridium GPS receivers (RockStar),
batteries and solar panels (Figure 3.3). Three of these beacons were deployed onto icebergs/ice
islands within Baffin Bay (Figure 3.4) and four were deployed within Trinity Fiord to track
movement of icebergs produced by Trinity Glacier within and out of the fiord (Table 3.2).
Positions of these seven beacons will be tracked hourly to monitor movement and identify
drift patterns of icebergs around Baffin Bay. Initial results show that one beacon drifted >100
km within the first two weeks after deployment (Figure 3.5).
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Figure 3.3. Example of placement of RockStar beacon on ice island. Deployed SE of Sam Ford
Fiord, July 31, 2016. Photo courtesy of Abby Dalton.

Table 3.2. RockStar beacon deployment summary

Unit # | Deployment | Time (local) Latitude N Longitude W | Deployment Location
3655 [31-Jul-16 18:37 70°45'46.76" 67°51'26.50" |SE of Sam Ford Fiord
3534 |06-Aug-16 18:34 76°11'02.29" 9°55'31.80" [SW of Thule
3651 |06-Aug-16 18:58 76°35'15.51"  [71°35'00.91" W of Thule
20781 |10-Aug-16 17:54 77°57'01.57"  [78°31'25.99"  [Trinity Terminus
3635 [10-Aug-16 17:59 77°56'07.96' [78°08'41.42" [Trinity Island
20785 [10-Aug-16 10:22 77°56'30.47"  [77°55'50.91"  [Trinity Mid Fiord
20784 |10-Aug-16 10:28 77°54'17.19"  [77°29'8.83" Trinity Outer Fiord

Figure 3.4. Example of an iceberg that was tracked with RockStar unit # 3651 to the west of Thule, Greenland,

August 6, 2016. Photo courtesy of Luke Copland.
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Figure 3.5. Drift track of the same iceberg between August 6 and 23, 2016.
3.2.3 Differential GPS System Installation

Two differential GPS systems (dGPS) were installed on Trinity Glacier on August 10, 2016 to
monitor changes in glacier velocity (Figure 3.6). The first station is located down glacier
(78°01'54.94"'N, 78°50'56.40''W) and contains a battery and solar powered dGPS system
(Trimble NetR9) and Iridium transceiver (Xeos XI-100). The second station is located up-
glacier (78°01'51.75"N, 79°12'14.62"'W) and contains a battery and solar powered dGPS
(Trimble R7). The lower station transmits data remotely through Iridium and include south-
looking solar-powered time lapse cameras (SpyPoint) facing ablation stakes marked with 5
cm increments to monitor surface melt rates. Timelapse cameras are programmed to take
photos hourly.

Figure 3.6. (a) Lower dGPS station and (b) Upper dGPS station on Trinity Glacier, August 10, 2016. Photos
courtesy of Luke Copland.
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3.2.4 Time Lapse Camera Installation

A DSLR camera (Canon EOS Rebel T6i with EF-S 24mm /2.8 STM lens) was installed on a
nunatak between Trinity and Wykeham Glaciers (77°55'50.64''N, 78°37'27.31"W) on
August 10, 2016. The camera is housed within a Harbortronics unit mounted on a tripod.
The camera is connected to a battery for power through the winter with a solar panel
mounted on the tripod to recharge the battery during the summer months. The camera faces
the terminus of Trinity Glacier and is set to take photos every hour to monitor iceberg calving
events (Figure 3.7).

o

Figure 3.7. DSLR timelapse camera facing Trinity Glacier, August 10, 2016. Photo courtesy of Abby Dalton.

Three additional SpyPoint cameras were installed around Trinity Fiord on August 10, 2016
to monitor iceberg production and sea ice/iceberg movement within the fiord (Figure 3.8).
Two cameras were installed between Trinity and Wykeham Glaciers (adjacent to the DSLR
camera location), one facing the terminus of Wykeham Glacier and one facing outward
towards the mouth of the fiord. A third camera was installed on an island directly in front of
Trinity Glacier (77°57'21.23"N, 78°07'54.25"'W) to monitor movement of sea ice and ice
melange at the terminus.
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Figure 3.8. SpyPoint time lapse cameras (a) facing the terminus of Wykeham Glacier, (b) facing outward into
Trinity Fiord and (c) on an island facing the terminus of Trinity Glacier, August 10, 2016. Photos courtesy of
Luke Copland.

3.2.5 Glacier Thickness Measurements

Helicopter landings were made on the terminus of a number of glaciers along the coastline
of eastern Ellesmere Island to measure their thicknesses with a 10 MHz ground penetrating
radar system (Figure 3.9). This included two glaciers in Dobbin Bay and 5 glaciers around
Manson Icefield. These thickness measurements were the first for most of these glaciers,
with averages of ~150 m. These measurements help to constrain iceberg flux calculations
from these glaciers.

Figure 3.9. Making ground-penetrating radar mesureents of ice thickness on Mittie Glacier, Manson Icefield,
August 16, 2016 (N76° 53.732’, W78° 58.774’). Ice thickness at this location was ~220 m. Photo courtesy of
Luke Copland.
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3.2.6 Mass Balance

Updates on the location and size of PII-A-1-f were monitored with synthetic aperture radar (SAR)
imagery from the RADARSAT-2 (Canadian Space Agency), Sentinel-1 (European Space Agency)
satellites and MODIS optical imagery (NASA). Positions were provided by collaborators at the
Canadian Ice Service (Environment Canada) and the PolarView and Worldview web interfaces.

PlI-A-1-f, a fragment of the 2012 Petermann Glacier calving event, was grounded at 67°23’N,
63°18’"W- approximately 35 km southeast of Qikigtarjuag, NU (Figure 3.1). This is the same
location as in 2015, however it had decreased in surface area from 14 km? to 11 km? and had
rotated 180° around its grounding point on a shoal which has been mapped by the Amundsen’s
EM302 sonar and the SX90 fishing sonar.

Team personnel consisted of Anna Crawford (team leader), Ron Saper (PhD student and safety
leader), Lauren Candlish (volunteer) and Hugo Jacques (crew member and bear monitor). The
team and equipment were transferred to PIlI-A-1-f starting at 7:00 am EST on September 28,
2016. Ron Saper was not with the team on this date, but would join the team for the following
day of work on September 29. A documentary film maker joined the team on the ice for the full
day. Three trips were made by the helicopter to bring small groups of VIPs to the ice island for
short sojourns. Approximately 2.2 km of the planned 3 km mIPR transect were completed during
the 3 hours which the team had on the ice on September 28. Eight ablation stakes were
measured en route, and 2 temperature loggers which were located on the two ablation stakes
marking the far corners of the transect were switched out.

A large melt channel had cut to 10 m depth across the mIPR transect. For this reason, the team
decided to complete all of the work on the far side of the channel on day 1 of field work, and
would continue work on the installation side of the channel during their full day of field work on
day 2. However, the second day of field work did not occur due to a helicopter maintenance
issue. Crawford and Jacques did make it to the sIPR on day 1 to download the year worth of
thickness data. However, there was a malfunction with the instrument after this. There had
previously been some issues due to inconsistent satellite transmission of the data, but all
transmissions ceased on Sept 28 and a solution was not possible with the cancellation of the
second day of field work.

A number of ship-based operations were conducted on day 2. One far field CTD cast and 4
down current casts close to the ice island were taken. A number of circumnavigations of the ice
island were conducted for mapping purposes. The EM302 successfully mapped the seafloor
and, with the SX90, also mapped the keel of the ice island.

Data was also collected for a University of Manitoba research project on the microclimate of ice
islands. This included surface water sampling as well as 50 m deep CTD casts from the zodiac
and circumnavigating around the ice island for atmospheric data collection. Crawford and Saper
joined one of the Zodiac trips and took GoPro video footage and oblique photos with a Nikon
D7100 for possible 3D modeling of the ice island’s sidewalls with structure-from-motion
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photogrammetry. A small ice sample was retrieved by Saper during the Zodiac trip and will be
analyzed for c-axis ice crystal structure, leading to further future investigations which theorize
that this structure is implicated in the signal returned to a SAR satellite by an ice island.

3.3 Preliminary Results

Initial results are included in the text above, such as the finding that one of our tracked icebergs
drifted >100 km between Greenland and Ellesmere Island over the space of two weeks in August
2016. However, most results will only be known at a later time once the iceberg trackers have
been followed for several months, and the dGPS instruments and time lapse cameras at Trinity
Glacier are downloaded in the future.

3.3.1 Mass Balance

Data has been transmitted daily by both systems, with only the camera operating at a different
time frequency (weekly photo). Table 3.3 shows an example of data transmitted from the met.
station. We have seen over 6 m of total thickness change from sIPR data since October 2015.
Approximately 2 m of this change is from surface ablation, as seen with the SR50 sonic ranger.
The IPR system has recorded and transmitted daily radargrams since it was installed (Figure 3.11).

Ice thickness has changed from approximately 110 m to 104 m.
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Figure 3.10. Sample radargram from the ice penetrating radar on October 22 2015. The airwave is first and the
bed-wave is second at approximately 170 ns (Time).
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Table 3.3 Raw data sampled from the meteorological station
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4 Waves-in-Ice Dissipation and Turbulence in the Marginal Ice Zone
Project leaders: Dany Dumont' (dany.dumont@ugar.ca), Marie-Noélle Houssais?, Pascale Bouruet-
Aubertot? and Caroline Sévigny'

Cruise participants - Leg 1a: Dany Dumont' and Anda Claudia Vladoiu?

Cruise participant - Leg 1b: Caroline Sévigny'

" Institut des Sciences de la Mer, Université du Quebec a Rimouski, Rimouski, QC, Canada
[ aboratoire d’océanographie et du climat, Université Plerre et Marie Curie, Paris, France

4.1 Introduction

The marginal ice zone (MIZ) is a region of vigorous interaction between the atmosphere, sea ice
and the ocean, including the coupled wave-ice processes. They act altogether to affect the upper
ocean dynamics and its connection with the interior, the morphology of sea ice and atmosphere-
ocean heat, momentum and moisture fluxes. The 2016 GreenEdge Amundsen expedition offers
the opportunity to:

1) Observe the dissipation of wave energy in this particular zone by the deployment of wave
buoys and high frequency current profiler;
2) ldentify the mixing processes active at and near the MIZ.

While the first objective was conducted as an experimental platform to samples waves in ice
covered regions (under favorable ocean conditions), the second was more general. Its mainly
seeks to sketch the spatial variability of active turbulence, to identify the main physical processes
responsible of the observed mixing and to specify the role played by the turbulence in the
development of the bloom (i.e. mean diffusive nitrate fluxes).

4.2 Methodology

4.2.1 SCAMP - Turbulence Sampling

Figure 4.1. The SCAMP (left panel) and its deployment conducted from the Zodiac (right panel).
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Between 10 June and 10 July 2016, more than 100 microstructure profiles were collected at 25
stations using a Self-Contained Autonomous Microstructure Profiler (SCAMP, Precision
Measurement Engineering Inc.) designed to measure small-scale temperature fluctuations (Figure
4.1). This SCAMP was equipped with two fast response thermistors (FPO7, time constant ~10
ms), a slower and more stable thermistor-conductivity sensor pair, and a pressure transducer all
protected by a probe guard. The accuracy of the fast and precision thermistors were 0.05°C and
0.02°C, respectively. With a sampling rate of 100 Hz and a typical fall speed of 0.1 m s, the
instrument detects variations down to scales of the order of 1 mm, enabling a quasi-complete
resolution of the small-scale behavior of diffusive temperature. The profiling was conducted from
a ship's zodiac (in downward mode). Only two peoples were required for the deployment of the
instrument and its recovery. Typically 3-5 profiles were recorded at each station with a maximum
depth of ~100 m while ship drift at a distance of 1 km from main sampling sites. The first two
meters of the profiles were discarded in order to eliminate the stabilization phase of the fall rate
and any potential boat-induced movements.

Microstructure Data Processing

Microstructure measurements are susceptible to noise that reduces the range of dissipation
rates observable in field studies, the lower end limit being estimated to be 107" to 10° m s, The
adverse effect of contamination can be limited by the use of a denoising filter as the fourth-order
Butterworth bandstop filter or the high-order Lanczos filters which remove narrow-band,
spurious components caused by vibrations.

Sampling Stations

The SCAMP operations were conducted in every full stations. Table 4.1 lists the geographical
positions of these stations.

Table 4.1. Geographical positions of the sampling stations and their locations within the MIZ.

Station Date UTC Location Lat (N) Lon (W)
G107 2016-06-11 | MIZ 59°16.425 | 68°31.187
G110 2016-06-12 | Ice-covered sea 60°8.725 68°31.563
G115 2016-06-13 | Ice-covered sea 61°21.798 | 68°26.353
G201 2016-06-14 | Ice-covered, 59°57.057 | 68°37.995

icebergs
G204 2016-06-15 | Ice-covered-sea 59°16.038 | 68°42.655
G207 2016-06-16 | MIZ, small icebergs | 58°33.804 | 68°47.928
G309 2016-06-18 | MIZ 58°44.212 | 69°00.002
G312 2016-06-19 | MIZ 59°35.989 | 69°01.357
G318 2016-06-20 | MIZ 60°57.783 | 69°00.183
G324 2016-06-21 | Ice-covered sea 62°20.443 | 68°20.443
G402 2016-06-25 | Ice-covered sea 68°04.422 | 61°36.509
G409 2016-06-26 | Ice-covered sea 68°06.387 | 59°58.056
G413 2016-06-27 | Drifting ice floes 68°07,309 | 58°58.185
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G418 2016-06-28 | Open water 68°06.873 | 57°45.239
G507 2016-06-30 | Open water 70°01.023 | 59°04.784
G207 2016-07-01 | Open water 70°00.080 | 60°21.385
G518 2016-07-02 | MIZ 70°00.895 | 62°25.656
G600 2016-07-03 | lce-covered sea 70°30.119 | 64°00.068
G605 2017-07-04 | Ice-covered sea 70°27.907 | 62°27.975
G615 2016-07-05 | Open water 70°29.982 | 59°35.778
G604.5 2016-07-06 | Near ice edge 70°29.939 | 62°37.580
G703 2016-07-07 | Open water 69°29.998 | 58°43.317
G707 2016-07-08 | Open water 69°30,595 | 59°48,458
G713 2016-07-09 | Open water 69°30.187 | 61°35.259
G719 2016-07-10 | MIZ 69°30.181 63°13.693

4.2.2 Aquadopp and wave buoys: wave-in-ice dissipation
Aquadopp Deployment

The Aquadopp is an acoustic Doppler current profiler that enables high precision measurements
within a small range of depths, under the ice (every 7 mm in the 0-0.87 m depth layer). In the
course of the Greenkdge field campaign, it was deployed on small ice floes within the marginal
ice zone, while wave conditions were favorable. It was fixed head down within an ice floe of less
than one meter thick and maintained at the surface with a square float (Figure 4.2, left panel).
The Aquadopp was coupled with two wave buoys used to record the wave field (i.e. amplitude,
period) either on the floe (Figure 4.2, left panel) or in the open water close to it. As the sea
conditions encountered during the Leg 1 were mainly calm, with no significative wave amplitude
or swell within the MIZ, only one Aquadopp deployment was realized (June 19, 2016; see Tab.
2 for details).

Figure 4.2. Deployment of the Aquadopp on an ice flog, within the MIZ (left panel), and the wave buoys alone
(right panel).

Wave Buoys Deployment

At some stations, the wave buoys were deployed alone, either both on an ice floe (Figure 4.2,
right panel) or one on the ice and the other within the open water. Over all, wave measurements
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were conducted in seven stations, in parallel to SCAMP deployments. Table below gives the
details of the stations concerned.

Table 4.2 The geographical positions of the wave buoy sampling stations. The Aquadopp deployment was
realized on June 19.

Station Date UTC Location Lat (N) Lon (W)
G107 2016-06-11 MIZ 59°16.425 | 68°31.187
G115 2016-06-13 Ice-covered sea 61°21.798 | 68°26.353
G201 2016-06-14 Ice-covered, icebergs | 59°57.057 | 68°37.995
G204 2016-06-15 Ice-covered-sea 59°16.038 | 68°42.655
G309 2016-06-18 MIZ 58°44.212 | 69°00.002
G312 2016-06-19 MIZ 59°35.989 | 69°01.357
G604.5 2016-07-06 Near ice edge 70°29.939 | 62°37.580
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5 Seabird Survey Report — Leg 3b
Project leader: Carina Gjerdrum' (carina.gjerdrum@canada.ca)
Cruise participant - Leg 3b: Danielle Fife'
" Canaadian Wildlife Service, Environment Canada, Dartrmouth, NS, Canada

5.1 Introduction

The East Coast of Canada supports millions of breeding marine birds as well as migrants from
the southern hemisphere and northeastern Atlantic. In 2005, the Canadian Wildlife Service (CWS)
of Environment Canada initiated the Eastern Canada Seabirds at Sea (ECSAS) program with the
goal of identifying and minimizing the impacts of human activities on birds in the marine
environment. Since that time, a scientifically rigorous protocol for collecting data at sea and a
sophisticated geodatabase have been developed, relationships with industry and DFO to
support offshore seabird observers have been established, and over 100,000 km of ocean track
have been surveyed by CWS-trained observers. These data are now being used to identify and
address threats to birds in their marine environment. In addition, data are collected on marine
mammals, sea turtles, sharks, and other marine organisms when they are encountered

5.2 Methodology

Seabird surveys were conducted from the port side of the bridge of the CCGS Amundsen from
29 September - 5 October 2016. Surveys were conducted while the ship was moving at speeds
greater than 4 knots, looking forward and scanning a 90° arc to one side of the ship. All birds
observed on the water within a 300m-wide transect were recorded, and we used the snapshot
approach for flying birds (intermittent sampling based on the speed of the ship) to avoid
overestimating abundance of birds flying in and out of transect. Distance sampling methods
were incorporated to address the variation in bird detectability. Details of the methods used can
be found in the CWS standardized protocol for pelagic seabird surveys from moving platforms.

5.3 Preliminary Results

We surveyed 681.1 km of ocean from 29 September - 5 October 2016. A total of 728
birds were observed in transect (9674 birds in total, including 4 flocks of Snow Geese, each
exceeding 500 individuals in the St. Lawrence estuary) from 9 families (Table 5.1). Bird densities
averaged 3.3 birds/km? (ranging from 0 — 64.3 birds/km?). The highest densities of birds (> 20
birds/km?) were observed off the southeast coast of Baffin Island, and points off the central and
southern coast of Labrador (Figure 5.1).

Alcids accounted for 70% of the sightings (Table 5.1), which were primarily Dovekie. The
Dovekie are considered the most numerous bird in the North Atlantic, the majority of which breed
in Greenland and winter in Atlantic Canada. Gulls made up a combined 30% of the birds
observed, most of which were Black-legged Kittiwake.
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Table 5.1 List of bird species observed during surveys from the CCG Amundsen, 29 Sep - 5 Oct, 2016

Number Total
Family Species Latin obs%rved number
transect | OPserved
Gaviidae Common Loon Gavia immer 1 1
Procellariidae Northern Fulmar Fulmarus glacialis 64 170
Sooty Shearwater Ardenna griseus 2 2
Sulidae Northern Gannet Morus bassanus 11 33
Phalacrocoracidae | Double-crested Cormorant | Phalacrocorax auritus 0 2
Anatidae Snow Goose Chen caerulescens 0 8150
Unidentified Ducks All duck genera 0 2
Laridae Black-legged Kittiwake Rissa tridactyla 80 343
Ring-billed Gull Larus delawarensis 7 31
Glaucous Gull Larus hyperboreus 24 28
Great Black-backed Gull Larus marinus 4 21
Herring Gull Larus argentatus 7 19
Unidentified Gulls Larus 4 259
Unidentified Jaegers Stercorarius Jaegers 3 3
Scolopacidae Unidentified Phalaropes Phalaropus 7 7
Alcidae Dovekie Alle alle 236 277
Thick-billed Murre Uria lomvia 88 89
Atlantic Puffin Fratercula arctica 12 12
Common Murre Uria aalge 7 8
Razorbill Alca torda 3 4
Black Guillemot Cepphus grylle 1 1
Murre or Razorbill Uria or Alca 5 6
Unidentified Murres Uria 38 40
Unidentified Auks Alcidae 123 155
Passeriformes Unidentified Passerines Passeriformes 1 11
TOTAL 728 9674
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Figure 5.1 Density of bird species observed during surveys from the CCG Amundsen, 29/09/16 to 05/10/16
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6 Marine Mammal and Bird Observation in Baffin Bay — Leg 1
Project leader: Anders Mosbech' (amo@bios.au.dk)
Cruise participant - Leg 1: Svend Erik Garbus'

" Danish Center for Environment and Energy, Arctic Research Center, Aarhus University, Aarhus,
Danemark

6.1 Introduction

Little is known about the distribution, abundance and diet of marine mammals and birds in the
Canadian/Danish-Greenland Artic. The objective was to monitor marine mammals and birds in
the Southern and Central Baffin Bay during the phytoplankton springbloom 2016. To describe
the geographical (GPS position) relationship among species and observations across the MIZ.
Relate the distribution and abundance of birds to the local abundance and biomass of juvenile
Polar cod across the MIZ. Perform bird sampling with a shotgun from the zodiac to later compare
the diet of sampled birds (Northern Fulmar, Thick-billed murre, Little auk, Black-legged Kitty wake
and Glaucious gull) and polarcod to find any overlap. Test the hypothesis that seabirds prey on
Polar cod.

6.2 Methodology

According to the Marine Mammal and Seabird Observer (MMSO) manual by Johansen et al.
(2015) location (GPS-position), species, group size and behaviour was recorded for each
observation by the MMSO during the different transects in the survey. Further the weather data
and ice concentration was recorded. The active survey was conducted visually by a combination
of binoculars and naked eye by one observer (Svend Erik Garbus, Aarhus University) from the
bridge (15,2-16,6 meters above seawater) while the ship was transiting or transecting.
Unsystematic observations were also performed outside the active surveys by the MMSO with
help from the crew and other scientists.

6.2.1 Active Survey Method

All birds on the water within 300 m perpendicular to the trackline (90°) of the ship are recorded
at beam with the ship and subdivided into designated distance bands (1-4) parallel to the
trackline (Figure 5.1). Flying birds were also counted by the means of the snapshot technique (to
reduce over estimation of birds). Within the transect strip at a certain distance ahead of the ship
the birds were quickly counted at a certain moment of time (every 2 minutes).
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2 min observation period Snapshot Snapshot

(identified by start time 1542) zone zone Off transect
bend 300 m transect strip
band 3 on one side of the ship

2
band 1 Ship route
Off transect
1542 1544 1546 1548 UTCTime
Transect start Transect stop

Figure 1. Schematic representation of the survey methodology. In the illustrated case observation periods are 2 minutes long
and snapshot counts are made every minute (two snapshots per observation period).

Figure 6.1. Figure 1 from Johansen et al. (2015)
6.2.2 Bird Sampling

Bird sampling was conducted in Danish-Greenland waters by the MMSO/DVM (Svend Erik
Garbus, Aarhus University). For the sampling a permit was issued by the Greenland authorities.
Sampling was performed in good weather conditions from the zodiac with a 12 G 3"
semiautomatic shotgun with a 2/4-3/4 choke. Birds were shot on the flight or on water using
steel shots size 1-3 (4.0-3.5 mm) (larger birds) and steel shots size 5 (3.0 mm) (smaller birds) 32-
36 grams pellet load. For further veterinary and chemical analyses blood was sampled from the
dead birds. Blood was transferred to lithium-heparin tubes (green top) for plasma harvest and
EDTA-tubes (purple top) for blood smears. Plasma was stored at -20° C and is planned to
undergo biochemical analysis in Denmark. Blood smears were collared with hemo-collar for later
microscopically blood differential counts.

Figure 6.2. Birds were shot on the flight or on the water with a 12 G 3” shotgun with 2/4-3/4 choke, steel shots
(82-36 gram) size 1-3 (4.0-3.5 mm) for larger birds and size 5 (3.0 mm) for smaller birds. Empty shells were
collected at every sampling. Photo: S.E. Garbus 2016.
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Figure 6.3. Blood smear collared with the hemo-collar technique. Plasma from centrifuging. Photos: S.E.
Garbus 2016.

6.3 Preliminary Results

Systematic observing has been conducted during ship transit time and at stations. A total of 20
different bird species and a total of 8 different mammal species have been identified. Northern
Fulmar, Thick-billed murre and Little auk are the most common bird species observed. Ringed
seal, Hooded seal and Harp seal are the most common seals. Long-finned pilot whale is the
most common observed whale species observed. A total of 10 Polar bears have been observed.
Thick-billed murre and the Little auk are most abundant in the area of the ice-edge but the murres
are observed in great number within the ice in water ponds. Seals are most abundant on the ice.
A total of 14 bird samplings from the zodiac were conducted with the result of 121 shot birds in
Danish-Greenland waters as we had no permit for Canadian-Nunavat waters. All five different
bird species within the Greenland permit was collected. All 121 birds were weighed, on 109 birds
tracheal swabbing’s were performed for later microbiological investigations. Blood smears were
made and collared from 76 birds for a later blood cell differential count. Blood plasma was yielded
from 76 birds for later biochemical blood parameters (BCCPs), hormones and pollutants. Full
blood was also collected. On 61 birds a necropsy was initiated for extraction of liver-tissue,
muscle-tissue and adipose tissue for chemical analyses by G. Massé and his team.

Table 6.1. Number of bird sampled during leg1

Sampled
Fulmar 40
Thick-billed murre 36
Little auk 29
Glaucious gull 7
Black-legged kitty wake | 9
Total 121

Birds will be sent back to Denmark for a fully examination and necropsy and for extraction and
analyses of the intestinal content in relation to fish-ortholits and microbiological flora. Therefor no
preliminary results are available at present regarding the Gl-canal of the birds.

Collaboration
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The different analyses should be seen in relation to the investigation of fish and zooplanction and
foodweb connections between birds and Polar cod by Mathieu LeBlanc.
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7 PRO-ICE: Deployment of Biogeochemichal Argo Floats during

Green Edge Cruise
Project leader: Marcel Babin' (marcel.babin@takuvik.ulaval.ca)
Cruise participants - Leg 1a: Marcel Babin', Claudie Marec', Eric Rehm' and Guislain Bécu'
Cruise participants - Leg 1b: Claudie Marec', José Lagunas', Eric Rehm' and Edouard Leymarie?

1 Takuvik, Université Laval, Québec, QC, Canada
2 Laboratoire d'Océanographie de Villefranche-sur-Mer, Villefranche sur mer, France

7.1 Introduction

The goal of this project is to deploy instrumented autonomous platforms that will profile between
0 and 1000m until their end of life (hopefully 3 years) in the Baffin Bay. They are dedicated to
measure the biogeochemical parameters in the water column.

7.2 Methodology

1 PRO-ICE
Equipped with a restricted payload (CTD and Oxygen sensor) was deployed in the Labrador Sea.

takapm019B (WMO number: 4901801)
during leg1a, on 7" June 2016

Lat: 58°33,655'N / Long: 52°50,267'W
Bathymetry 3388m

This float was deployed as a prototype for navigation on cold waters.
It works perfectly till now. Its data are available on Villefranche server and will be soon available
in Coriolis database.

4 PRO-ICE

During Leg 1a, we did a study of the possible zone for deployment, (thanks to Eric Rehm’s
simulations and Dany Dumont’s advice about the dynamics of the zone). Four theoretical
positions were chosen according to those discussions and bibliography about the currents in
the area.

Those 4 positions were still sea-ice covered. A daily study of geo-referenced Radarsat ice maps
(when available) lead to a decision of a late deployment to ensure to have an ice area.

The final position of 2 of the 4 deployments was adapted to fit with a CTD transect (700).

takapm009B (WMO 6902667) deployed on 9th, July 2016
lat: 69°30.062°'N / Long 60°08.815’'W
bathymetry 1547m
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This float is equipped with CTD, OCR wavelengths:380, 412, 490nM, PAR, fluo chla, fluo
CDOM, Backscattering, Suna (nitrates), Optode (Oxygen)

takapm013B (WMO 4901802) deployed on 9th, July 2016

lat: 69°30.029’N / Long 61°00.658'W

bathymetry 1785m

This float is equipped with CTD, OCR wavelengths:380, 412, 490nM, PAR, fluo chla, fluo
CDOM, Backscattering, Suna (nitrates), Optode (Oxygen)

takapm05B (WMO 4901803) deployed on 9th, July 2016

lat: 69°19.341’N / Long 60°58.997’'W

bathymetry 1800m

This float is equipped with CTD, OCR wavelengths:380, 412, 490nM, PAR, fluo chla, fluo
CDOM, Backscattering, Optode (Oxygen)

takapm014B (WMO 6902668) deployed on 9th, July 2016

lat: 69°20.209'N / Long 60°13.251°'W

bathymetry 1627m

This float is equipped with CTD, OCR wavelengths:380, 412, 490nM, PAR, fluo chla, fluo
CDOM, Backscattering, Optode (Oxygen) and Optical sea-ice detector developed by
José Lagunas (Takuvik)

Tasks performed onboard before the deployments included:

e programming of the floats patterns and sensors resolution.
e Acquisition of O, sensor values during 30min (wet) for calibration purposes.
CTD casts were performed at each deployment; HPC and nutriments analysis were performed

on the casts dedicated to floats takapm09B and takapm13B, both equipped with a nitrate
sensor.

7.3 Preliminary Results

Data are available on the Villefranche server.
Collaboration

LOV (Edouard Leymarie, Christophe Penkerc’h) and DFO (Greg Smith, Pierre Pellerin, Fraser
Davidon for support for floats simulation trajectories.
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8 ArcticNet Mooring Program
Project leader: Louis Fortier' (louis.fortier@bio.ulaval.ca)
Cruise participants : Shawn Meredyk’, Luc Michaud', Alexandre Forest'
"TAmundsen Science, Université Laval, Québec, QC, Canada

8.1 Introduction

Sampling year 2016 was part of a summer-fall campaign involving two legs and three support
vessels, studying the air-sea interactions, underwater sound ecology, ocean circulation variability
and basin-shelf sediment interactions of the southern Beaufort Sea, Amundsen Gulf, Hudson
Bay, Queen Maud Gulf and northern Baffin Bay.

Mooring operations during Leg 2b (July 27 — August 24, 2016) included two continuing mooring
programs (Weston and LTOQO). The ArcticNet — Parks Canada — Weston Foundation moorings
investigate the oceanographic conditions near and surrounding the shipwreck Erebus in the
Queen Maud Gulf serviced by the CCGS Amundsen and Marty Bergmann. Where the new Baffin
Bay LTOO moorings were deployed to study the bottom current rounding southern Greenland
and it's interactions with the Nares Strait and Lancaster Sound water masses.

Mooring operations during Leg 3a (August 25 — September 17, 2016) were part of the ArcticNet
Long-Term Ocean Observatory (LTOO) project / and Integrated Beaufort Observatory (iBO; partly
supported by the Environmental Study Research Fund (ESRF)). The LTOO moorings in the Cape
Bathurst Polynya are a continuation of the LTOO dataset studying these productive waters. The
iBO mooring sites are based on key locations identified by the Southern and Northeastern
Beaufort Sea Marine Observatories project funded under the former Beaufort Regional
Environmental Assessment (BREA) initiative from 2011 to 2014.

Mooring operations onboard the Laurier (September 20 — October 17, 2016) during the
Amundsen Leg 3 concerned the re-deployment of iBO associated moorings maintained by the
Institute of Ocean Sciences (IOS, Fisheries and Oceans Canada). The details of which can be
found in the 2016 IOS cruise report (DFO, 2016).

Mooring operations onboard the DesGrossilliers (September 25 — October 12, 2016) were
managed by the University of Manitoba's research scientists (Sergei Kirilov, Igor Dimentrenko)
with assistance from Quebec-Ocean's marine technician Sylvain Blondeau. The objectives of this
mission was to deploy four moorings near the mouth of the Nelson River. In-order to study the
plume effects of outflow of the river (high current environment). A secondary objective was to try
to recover ANO1-13 (ArcticNet), which is part of the long-term BaySys program financed by
HydroManitoba and the University of Manitoba's Center for Earth and Ocean Studies (CEOS).
The details of this mission can be found in the 2016 BaySys cruise report (BaySys, 2016).

The total ArcticNet managed mooring operations, during leg 2 and 3 onboard the Amundsen,
included nine moorings deployed (2016) and seven moorings were redeployed in the
southeastern Beaufort Sea, NE Baffin Bay, Amundsen Gulf and in the Queen Maud Gulf.
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8.2 Methodology

8.2.1 Areas of Focus

Western Arctic

The Amundsen Gulf is an area where the air-sea interactions occurring in the ice-free sections
of the southern Beaufort Sea and Amundsen Gulf were investigated. This productivity hotspot is
of interest, to monitor the intermittent upwelling of cold-saline water on the eastern shelf, despite
the fact that the origin of the upwelling is much closer to Cape Bathurst (e.g. CA06). In fact,
ocean circulation is highly variable here, but the along-shelf flow of Pacific-derived water entering
the Amundsen Gulf can be potentially monitored at depth. Mooring CA08-15 is the center of the
'‘Cape Bathurst polynya' as defined in Barber and Hanesiak (2004). This location is a very good
candidate for the long-term monitoring of particle flux, as it has all the advantages of catching
adequately both the seasonal signal and the inter-annual variability of marine productivity in the
Amundsen Gulf, without having too much of the terrigenous inputs that characterize the
moorings close to the Mackenzie Shelf.

Capturing the Beaufort gyre’s anti-cyclonic (west) movement relative to a long-shore counter-
current (east) plays an important role in understanding deep and shallow water movements
relative to nutrient and particle fluxes.

Ice cover, examined by moored ice profilers and satellite imagery, plays a significant role in terms
of affecting momentum transfer from wind to water, constrained (in the case of landfast ice) and
enhanced (in the case of drift ice) by wind.

Hydrophone recordings on the shelf-slope area will monitor biocacoustics vocalizations
throughout the year to better understand the potential impact that future operations in the
Beaufort Sea could have on the marine mammals.

The Mackenzie Trough, a cross-shelf canyon in the Beaufort Sea shelf, has been observed to be
a site of enhanced shelf-break exchange via upwelling (caused by wind- and ice-driven ocean
surface stresses). The canyon provides a conduit for bringing deeper, nutrient rich water to the
shelf. Shelf waters in the area are seasonally influenced by freshwater output from the Mackenzie
River, both in terms of temperature-salinity properties and suspended sediments / turbidity.

Central Arctic
The ArcticNet — Parks Canada — Weston-Garfield Kitikmeot Marine Ecosystems Study moorings

(WF1 and WF2), investigate the oceanographic conditions affecting the shipwreck Erebus in the
Queen Maud Gulf while creating a baseline oceanographic water properties dataset.
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8.2.2 Individual Mooring Objectives — 2016

i.  Continued LTOO Moorings CA08-16 (400m) and CA05-16 (200m) were deployed, in an
effort to collect data in the center and NW extent of the Amundsen Gulf. New LTOO
moorings BA05-16 (535m) and BA06-16 (541m) were deployed in the NE Baffin Bay.

ii.  Moorings BRK-16 (170 m), BRG-16 (700 m), BR3-16 (714m), BR3b-16 (690m), BR1-16
(699m) were re-deployed as part of the ongoing effort to assess ocean circulation (the
southern extent of the Beaufort gyre current near the Mackenzie Shelf), biogeochemical
fluxes and sea ice motion and thickness distribution in key areas of the Mackenzie shelf-
slope system (Figure 8.1).

BR3-16 () BR3-15

CAOS-16 a0 15
cans-15 ©

© Ccags-15

K-15
g BERG-16

P e R e oty TS WA, Tt | T 3

Figure 8.1 Mooring Locations 2014-2015-2016: iBO, LTOO and Weston Moorings (Green dot = 2015, white
dot = 2016). Alternate iBO moorings DFO-1, DFO-2, and DFO-9 as well as other DFO moorings and MARES
moorings are not provided in this report and can be found in the I0S cruise report 2016-13 (DFO, 2016).
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8.2.3 BREA & ArcticNet Mooring Designs

Recoveries

CA05-15

Mouth of
Amundsen
Gulf

Target Instrument
Depth (m)

e = |instrument

91.85

145.9

177.2

1831

192.15

199.65

30" MSI syntactic spherical buo

Ice Profiling Sonar IPS4/5 #

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

5/16" Amsteel 2 rope; 10m

2 x U2" galv shackle, swivel, 2 x /2" galv shackles

ISUS#: . CLW: LALW: . CT:

ISUS frame (estimate)

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

[5/16™ Amsteel 2 rope: 10 m

2 x 1/2" galv shackle

Aural Hydrophone

32 kHz 25% duty cycle

2 x 1/2" galv shackle and pear link

|5/16" Amsteel 2 rope;10 m

2 X 2" galv shackle, swivel, 2 x /2" galv shackles

Nortek 470kHz ADCP (UL)#

Continetal frame

[Continetal frame panther buoys (6)

RBR-XR420 CT

2 x 1/2" galv shackle, D-Ring, 2 x 1/2" galv shackles

Nortek 470kHz ADCP (DL)#

Continetal frame’

Continetal frame panther buoys (6)

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

[5/26” Amsteel 2 rope; 30m

2 x 1/2" galv shackle and Pearl Link

[Technicap PPS 3/324 S sediment trap #

2 x 1/2" galv shackle

P/ie“ Amsteel 2 rope; 20m

|2 x 1/2" galv shackle

MSI 30" Syntactic Foam Buoy

2 x 1/2" galv shackle and pear link

[5/16” Amsteel 2 rope: 30m

2 X 2" galv shackle

FCM / Seaguard #

|2x 172" galv shackle , swivel and pear link

|5/16™ Amsteel 2 rope: 5m

2 x 1/2" galv shackle and pear link

17" Vitrovex Glass Floats (4x with Eddy Grip)

2x 1/2" galv shackle

|5/16" Amsteel 2 rope; 5m

2x 1/2" galv shackle

1 x 5/8" galv shackle and pear link

[865A Tandem#L: w2

Tandem assembly (2x chain SS)

3 x 7/8" shackle, pear link

5-8m 3/4" polysteel drop line w/ large Ring

Figure 8.2 CA05-15 Design
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Mouth of
Amundsen
CA08-15 Gulf

Target Instrument
Depth (m) Z ~ |Instrument

—

65 ORE 30" Steel Buoy

[Argos Beacon#:

Novatech RF/Flasher #

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

5/16" Amsteel 2 rope; 10m

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

765 " SUs#____ctw: AW __cT

ISUS frame (estimate)

£
e iy

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

5/16" Amsteel 2 rope; 10 m

2 x 1/2" galv shackle

[Aural Hydrophone #

32 kHz 25% duty cycle

2 x 1/2" galv shackle and pear link

5/16" Amsteel 2 rope; 10 m

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

Continetal frame

Continetal frame panther buoys (6)

&3 [RBR-XR420 CT

2 x 1/2" galv shackle, D-Ring. 2 x 1/2' galv shackles

1014 Nortek 470kHz ADCP (DL)#

ontinetal frame

Continetal frame panther buoys (6)

2 x 1/2" galv shackle, swivel, 2 x 1/2" galv shackles

5/16" Amsteel 2 rope; 40m

2 x 1/2" galv shackle and Pear Link

1431 [ Technicap PPS 3/3 24 S sediment trap #48

2 x 1/2" galv shackle

5/16" Amsteel 2 rope; 40m

2 x 2" galv shackle

185.4

ORE 30 Steel Buoy

2 x 1/2" galv shackle

5/16" Amsteel 2 rope; 100m

2 x /2" galv shackle

Swivel, 2 x 112'galv shackles

286.7

Nortek Aquadopp Current Meter AQD

[Aquafin instrument cage

5/16" Amsteel 2 rope; 50m

2 x /2" galv shackle

1x Dering

2 x 112"galv shackles

337.3 Nortek Aquadopp Current Meter AQD

[Aquafin instrument cage

2 x 1/2" galv shackle, swivel_and pear fink

[5/16" Amsteel 2 rope; 50m

2 x 1/2" galv shackle

388.2 17" Vitrovex Glass Floats (4x with Eddy Grip)

1x /2" galv shackle and pear ink

1x 5/8" galv shackle

392.1 865A Tandem#1:

L #2
Tandem assembly (2x chain SS)

|3 x 7/8" shackle and pear link

5-8m 3/4" polysteel drop line w/ large Ring

|15 m chain

=

399.6 i3 train wheels'

Figure 8.3 CA08-16 Design
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Site BR-K-15

Shelf edge
between
Ajurak and
Pokak Area

Target Instrument
Depth (m)

Instrument

145.0

146.0

146.8

152.3

153.7

156.7

169.70

300 kHz WH ADCP #102

Xt BC for ADCP #3835

Benthos 27kHz UAT

SPMD (attached on cage)

Swivel, galv shackles

300 m ellipsoid float

1 |5/16" Amsteel 2 rope; 5m

galv shackle

XR420CTm+Tu+FI+DO #22043

LISST-100x particle analyzer #1445

instrument frame

SPMD

galv shackles, swivel

1 MHz Nortek Aquadopp Current Profiler AQD #9711

instrument cage with vane

5/16" Amsteel 2 rope; 2 m

Swivel, galv shackles

dual CART releases #31037 & #31091

Tandem assembly

D-ring 3/4-inch shackle

10m 3/4" polysteel drop line

~2 m chain + 7/8" shackle

1 train wheel

Figure 8.4 BR-K-15 Design
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BR-G-15

Slope in Pokak \

Target Instrument
Depth (m)

Instrument \

61.0

1249

127.9

182.2

310.0

467

589.7

691.5

702.7

flce Profiing Sonar PS5 #51108
MSI cage

30" MSI syntactic spherical buoy
Benthos Pinger

RBRXR420 CT logger #15273

Swirel, galv shackles

[SPMD (clamped to mooring line)

|§/16" Amsteel 2 rope, 63 m

2 12B3 floats with prusek hitch
Stainless shackle

[ Techr PPS 3/3-24S sediment trap #45 motor #12_27

Stainless shackle

RBRXR420 CTD-Tu-DO clamped to mooring line 1 m below
trap #10419

5/16" Amsteel 2 rope; 40 m

Galv schackle
|5/16" Amsteel 2 rope; 15 m

|Stainless shackle

150 kHz QM ADCP DR #12841
Ext batt case (4 BP) #2038

Flotec M40 1500m extended frame
NovaTech flasher

RBRXR420 CT logger #15258
Benthos Pinger

Swivel, galv shackles

'SPMD (clamped to mooring line)

Galv shackle
5/16" Amsteel 2 rope, 50 m

|§/16" Amsteel 2 rope, 75 m

Stainless shackle
Technicap PPS 3/3-24S sediment trap #45 motor #12_21
[

Stainless shackle

|5/16" Amsteel 2 rope; 150 m

Galv shackles

75 kHz ADCP DR #12892
External battery case (4 BP) #2028
Flotec M40 1500m extended frame.
SPMD

RBRXR420 CT logger #15266

Galv shackles, swivel

NovaTech flasher and Benthos Pinger

'SPMD (clamped to mooring line)

|5/16" Amsteel 2 rope; 125 m
galv shackle; prusek

16" Flotec Hard Ball (3000m)
shackles

Nortek Aquadopp Current Meter #9846
|Aquafin instrument cage

5/16" Amsteel 2 rope; 100 m

shackles

1000 m ellipsoid float

shackles

Nortek Aquadopp Current Meter #8434
MSI instrument cage with welded vane
RBR CT #15280

galv shackles
|5/16” Amsteel 2 rope; _2m

Swivel, galv shackles

dual CART releases #31904 & #33736
Tandem assembl;

chain, D-ring 5/8-inch shackle

5m 3/4" polysteel drop line

Figure 8.5 BR-G-16 Design
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BR-03-15

Slope near Banks Island

Target Instrument
Depth (m)

Instrument

60

124.9

127.9

182.0

185

457

585

686

698

Ice Profiling Sonar IPS5 #51104
30" MSI syntactic spherical buoy
MSI cage

RBRXR420 CT logger clamped to mooring line #15270

'gtam\ess shackle, Swivel, galv shackles

|SPMD (clamped to mooring line)

2x12B3 floats with prusek hitch

5/16" Amsteel 2 rope, 63 m
Stainless shackle

Technicap PPS 3/3-24S sediment trap #39 motor #11_17

|Stainless shackle

RBRXR420 CTD clamped to mooring line 1 m below trap
#17351

5/16" Amsteel 2 rope; 40 m
5/16" Amsteel 2 rope; 15 m
[
[
Stainless shackle

150 kHz QM ADCP DR #12824
|Ext batt case (4 BP) #2031

Flotec M40 1500m extended frame
NovaTech Flasher

RBRXR420 CT logger #15269
Benthos Pinger

Swivel, galv shackles

'SPMD (clamped to mooring line)

5/16" Amsteel 2 rope, 125 m
Stainless shackle

Technicap PPS 3/3-24S sediment trap #47 motor #12 18

Stainless shackle

@

/16" Amsteel 2 rope; 100 m
Galv schackle
5/16" Amsteel 2 rope; 45 m

Stainless shackle

BaR

|75 kHz ADCP DR #12942

|External battery case (4 BP) #33578
Flotec M40 1500m extended frame
NovaTech flasher

Benthos Pinger

RBRXR420 CT logger #15272

Galv shackles, swivel

|5/16" Amsteel 2 rope; 125 m
galv shackle; prusek

16" Flotec Hard Ball (3000m)
shackles

Nortek Aquadopp Current Meter AQD #6109
Aquafin cage

'2/16” Amsteel 2 rope; 100 m

shackles

N[1000 m ellipsoid float

i[shackies

Nortek Aquadopp Current Meter AQD #8541
Aquaiin cage

shackles

5/16" Amsteel 2 rope; 2m

FR)@420 CT logger #15278

Swirel, galv shackles

dual 8242 releases #33697 & #33698
Tandem assembl!

chain, D-ring 5/8-inch shackle

5 m 3/4" polysteel drop line

~2 m chain, 7/8" shackle
3 train wheels

Figure 8.6 BR-03-15 Design
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Slope in Mackenzie Trough

Target Instrument Depth
(m)

~ |Instrument hd

63

127.9

130.85

182

462

589

741

744.4

752.4

Ice Profiling Sonar IPS5 #51105
MSI cage

30" MS| syntactic spherical buoy
Benthos 364\EL 27kHz 47752

RBRXR420 CT logger #15262

Swivel, galv shackles

2 12B3 floats with prusek hitch

5/16" Amsteel 2 rope, 63 m
Stainless shackle

Technicap PPS 3/3-24S sediment trap #28 motor #07341

Stainless shackle

RBRXR420 CT logger #? clamped to mooring line 1 m

below tray
5/16" Amsteel 2 rope; 52 m (1 x 40m, 1 x 12m;

Stainless shackle

150 kHz QM ADCP DR #

Ext batt case (4 BP) # 2032

Flotec M40 1500m extended frame

Benthos 364A/EL acoustic pinger 27 kHz #47747

RBRXR420 CT logger #15279
Novatech RF/Flasher: X06-065

Swivel, galv shackles

5/16" Amsteel 2 rope, 125 m

Stainless shackle

Technicap PPS 3/3-24S sediment trap #29 motor #11_16

Stainless shackle

5/16" Amsteel 2 rope; 125 m

5/16" Amsteel 2 rope; 25 m

Stainless shackle

Novatech RF/Flasher: X06-067

75 kHz ADCP DR #

External battery case (4 BP) #2039

Flotec M40 1500m extended frame
Benthos 364A/EL acoustic pinger 27 kHz #47292

RBRXR420 CT logger #15267
Galv shackles, swivel

5/16" Amsteel 2 rope; 125 m

Nortek Aquadopp Current Meter #
Agquafin instrument cage
RBRXR420 CT logger #15268

5/16" Amsteel 2 rope; 150 m

shackles

1000 m ellipsoid float

shackles

RBRXR420 CTD Titanium logger #
Nortek Aquadopp Current Meter #
Aquafin instrument cage
shackles
5/16" Amsteel 2 rope; 2m

Swivel, galv shackles

dual CART releases # & #
|Tandem assembly

chain, D-ring 5/8-inch shackle

5m 3/4" polysteel drop line

2 m chain, 7/8" shackle

/ 3 train wheels

Figure 8.7 BR-1-15 Design
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WF1-15

Near Victoria
Island

Target Instrument
Depth (m)

-

¥ |Instrument b

66

78

90

97

Nortek 470kHz ADCP (UL)#6088

Continental frame

Continental frame panther buoys (6)

I [ALEC ALW #73, CLW #8, CTW #145

i [ XEOS beacon# 300234062790570

Swivel, 4x SS shackles
5/16" Amsteel 2 rope; 10m

'S

1 x 1/2" SS shackle and Rope Loop

Technicap PPS 3/3 24 S sediment trap # motor
# 12-23 ; Disc# 132

5/16" Amsteel 2 rope; 10m

1 x 1/2" SS shackle

/S

1 x 1/2" galv shackle

SF-30-300m elliptical MSI buoy

1x 1/2",1x 7/16" galv shackles, swivel

2 x 1/2" SS shackle

1 x 5/8" SS shackle

dual 865-A Benthos releases # 41442, 41456

Tandem assembly

D-ring 3/4-inch shackle

3m 3/4" polysteel drop line

~2 m chain + 7/8" shackle + Pear Link

1 train wheels

Figure 8.8 WF1-15 Design
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Wilmot Bay

Instrument

MSI Benthic Tripod wA 16 Kg lead ballast

Sentinel V ADCP w\ ext. batt pack #

RBR ConcertoDuo CTD+Tu #

Figure 8.9 WF2-15 Design

Northeast
Baffin Bay

WF2-15
Target Instrument Depth
(m)
19.5
Deployments
BA05-16
Target Instrument Depth (m)
418
521
526
535

Instrument

Nortek 470kHz ADCP (DL)#6064

Continetal frame

Continetal frame panther buoys (6)

Benthos Pinger

SPMD (attached on cage)

2 x 1/2" galv. shackle, swivel, 2 x 7/16" Galv. Shackles

5/16" Amsteel 2 rope; 100m

2x 1/2" SS shackle

2 x Double Panther Floats

5/16" Amsteel 2 rope; 2m

1x5/8" SS shackle, 1 x 1/2" SS Shackle

Seaguard # 30

- Single point with CTD , DO, Tu

Link

17" Vitrovex Glass Floats (4x with Eddy Grip) - Orange

¥ [2x 3/8 " SS shackle , swivel

1 x 5/8" SS shackle and Rope Link

865A Tandem#1: 41452 L #2 - 41438

Tandem assembly (2x chain SS)

1 x 7/8" galv shackle, pear link

5m 3/4" polysteel drop line w/ large Ring

1.5 m chain

2 train wheels

Figure 8.10 BA05-16 Design
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BAO06-16

Northeast
Baffin Bay

Target Instrument Depth (m)

342

535

540

549

Instrument

Nortek 190kHz ADCP (DL)#6116

j| Continetal frame

Continetal frame panther buoys (6)

Benthos / RJE Pinger # 1002

M| SPMD (attached on cage)

2 x 1/2" galv. shackle, swivel, 2 x 7/16" Galv. Shackles

5/16" Amsteel 2 rope; 190m

2x 1/2" SS shackle

2 x Double Panther Floats

5/16" Amsteel 2 rope; 2m

1 x 5/8" SS shackle, 1 x 1/2" SS Shackle

Seaguard # 292

- Single point with CTD , DO, Tu

Link

17" Vitrovex Glass Floats (4x with Eddy Grip) - orange

i [2x 3/8 " SS shackle , swivel

1 x 5/8" SS shackle and Rope Loop

865A Tandem#1: - 41441 , #2 - 41449

Tandem assembly (2x chain SS)

1 x 7/8" galv shackle, pear link

5m 3/4" polysteel drop line w/ large Ring

1.5 m chain

|2 train wheels

Figure 8.11BA0B-16 Design
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Near Victoria
Island

Instrument

WF1-16
Target Instrument Depth (m)
80
94
106
115

RDI Sentinel V 300 kHz ADCP #24314

Sentinel V Ext. Batt Case #82706

. |ASL Dual Frame

RBR CTD-Tu #65774 (clamped to cage)

XEOS beacon# 300234062790570

Swivel, galv shackles

5/16" Amsteel 2 rope; 10m

2 x 1/2" galv shackle and Rope Link

Technicap PPS 3/3 24 S sediment trap #56

disc# 136 , motor# 12-25

2 x 1/2" galv shackle

5/16" Amsteel 2 rope; 10m

2 x 1/2" galv shackle and Pear Link

SF-30-300m elliptical MSI buoy

galv shackles, swivel

42 x 1/2" galv shackle

dual CART releases #55660 & #33748

Tandem assembly

D-ring 3/4-inch shackle

5m 3/4" polysteel drop line

~2 m chain + 7/8" shackle + Pear Link

1 train wheels

Figure 8.12 WF1-16 Design

WF2-16

Wilmot Bay

Target Instrument Depth

(m)

Instrument

11.5

MSI Benthic Tripod wA 16 Kg lead ballast

Sentinel V ADCP w\ ext. batt pack #23590;
#75169

RBR ConcertoDuo CTD+Tu #65715

Figure 8.13 WF2-16 Design

98



CA08-16

Amundsen
Gulf Polynya

Target Instrument Depth (m)

57

1345

176.8

3280

378.9

384.0

391.0

MSI 30" Spherical Buoy

2 x 1/2" galv shackle

RBR CT-Tu-FI-DO#17113
Clamped on line

2 x 1/2" galv shackle, swivel, 2 x 7/16" galv shackles
[5/16" Amsteel 2 rope; 20 m

2 x 1/2" galv shackle

| JASCO Hydrophone #M8E- 32

32 kHz 45% duty cycle

2 x 1/2" galv shackle and pear link

[5/16" Amsteel 2 rope; 10 m

1x 1/2" Galv.shackles

Nortek 470kHz ADCP (UL)#6070
Continetal frame

Continetal frame panther buoys (6)

2 x 1/2" galv shackle, swivel, 2 x 7/16" galv shackles

Nortek 190kHz ADCP (DL)#6112
Continetal frame
Continetal frame panther buoys (6)

1x 1/2" Galv.shackle

|5/16" Amsteel 2 rope; 40m
2 x 3/8" SS Shackle, Safety Rope Link

Technicap PPS 3/3 24 S sediment trap #48 Titanium;
motor #12_45

Trap disc#

2 x 3/8" SS Shackle

5/16" Amsteel 2 rope; 40m

2 x 1/2" galv shackle

MSI 30" Spherical Buoy

|2x 172" galv shackle
5/16" Amsteel 2 rope; 100m
1x 1/2" Galv.shackles

[
5/16" Amsteel 2 rope; 50m
2 x U2" galv shackle

Nortek Aquadopp Current Meter AQD #9847
|Aquafin instrument cage
[ALEC ACTW #321

1x 1/2" Galv.shackles
[5/16™ Amsteel 2 rope; 50m
2 x 1/2" galv shackle

17" Vitrovex Glass Floats (4x with Eddy Grip)

1 x 5/8" SS shackle,SS Ring

Benthos Tandem #41444_& #41450
Tandem assembly (2x chain SS)

1x 3/4", 1 x 5/8" Galv shackle and pear link
5m 3/4" polysteel drop line w/ large Rin:

1.5 m chain

2 train wheels

Figure 8.14 CA08-16 Design

99



CA05-16

Mouth of
Amundsen
Gulf

Target Instrument Depth (m)

Instrument v

60

97.25

129

151.3

177.6

188.5

193

200

30" MSI syntactic spherical buoy
Ice Profiling Sonar IPS5 #51103

'SPMD (clamped to mooring line)
5/16" Amsteel 2 rope; 10m
2 x 1/2" galv shackle, swivel, 2 x 7/16" galv shackles

RBR CT-Tu-FI-DO#17114

2 x 1/2" galv shackle
[5/16" Amsteel 2 rope; 10 m

2 x 1/2" galv shackle

MultiElectronique Aural M2 #33

32 kHz 45% duty cycle
1TB drive

2 x 1/2" galv shackle and rope link
5/16” Amsteel 2 rope;10 m

1 x 1/2" galv shackle
300 kHz WH ADCP #3045

2 x /2" galv shackle, swivel, 2 x 7/16" galv shackles

Nortek 470kHz ADCP (DL)#6063
Continental frame
Continental frame panther buoys (6)

2 x 1/2" galv shackle

5/16" Amsteel 2 rope; 30m
2 x 1/2" galv shackle and Pearl Link
|§ale|y rope.

Technicap PPS 3/3 24 S sediment trap #44 Titanium;
motor #13 51

2 x 1/2" galv shackle
5/16" Amsteel 2 rope; 20m

2 x 1/2" galv shackle

MSI 30" Syntactic Foam Bu

2 x 1/2" galv shackle and pear link
5/16" Amsteel 2 rope; 25,

1x5/8", 1X1/2" SS shackle

RCM11 #285

1x5/8", 1x1/2" SS shackle and rope link
5/16" Amsteel 2 rope; 10m

2 x 1/2" galv shackle

SF-30-300m elliptical MS| buoy Green - Viny inside

2x 1/2" galv shackle , pear link

[5/16" Amsteel 2 rope; 2m
1x 1/2" SS shackle

1x 5/8" SS shackle

865A Tandem #41437 & #41453

Tandem assembly (2x chain SS;

1x 7/8", 1 x 5/8" galv shackle, pear link

1.5 m chain

3 train wheels

Figure 8.15 CA05-16 Design
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Site BRK-16

Shelf edge
between
Ajurak and
Pokak Area

Target Instrument Depth (m)

Instrument

145.3

146.3

147.1

152.6

154.0

157.0

170.00

300 kHz WH ADCP #7844

MSI Ellipsoid float (buyancy to be checked)

MSI steel cage

SPMD (attached on cage)

Swivel, 2x 7/16" galv shackles, 2 x 1/2" galv. Shackle

300 m ellipsoid float

5/16" Amsteel 2 rope; 5m

2 x 1/2" galv shackle

=2 x 1/2" galv shackle

29 RBR CT-Tu-FI-DO#17112

LISST-100x particle analyzer #1445

instrument frame

Swivel, 2x 7/16" galv shackles, 2 x 1/2" galv. Shackle

1 MHz Nortek Aquadopp Current Profiler AQD #11147

instrument cage with vane

5/16" Amsteel 2 rope; 2 m

Swivel, 2x 7/16" galv shackles, 2 x 1/2" galv. Shackle

dual CART releases #33744 & #33746

Tandem assembly

D-ring 3/4-inch galv. shackle

10m 3/4" polysteel drop line

~2 m chain + 7/8" shackle

1 train wheel

Figure 8.16 BRK-16 Design
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BRG-16 Slope in Pokak

Target Instrument Depth (m) Instrument

62 ice Profiling Sonar IPS5 #51106
MSI cage

30" MS! syntactic spherical buoy

RBRXR420 CT logger #15271

2x 1/2" 2 x 7/116" Galv, Swivel

'SPMD (clamped to mooring line)

5/16" Amsteel 2 rope, 60 m (45m +15m)
1x 1/2" Galv shackles
|1 x Double Viny

1x 1/2

|5/16" Amsteel 2 rope,2 m

2x 1/2" SS shackles

Technicap PPS 3/3-24S sediment trap #45 Titanium;
motor #11_16

Safety rope

2x 1/2" SS shackles

SBE37SM #12236 clamped to mooring line 1 m belov
5/16" Amsteel 2 rope; 50 m

127.4

129.2

2x 1/2"

150 kHz QM ADCP #12699

Ext batt case (4 BP) #2030

Flotec M40 1500m extended frame
NovaTech flasher

RBRXR420 CT logger #15264

179.5

2x 1/2" 2 x 7/116" Galv, Swivel

182

PPMD (clamped to mooring line)

|5/16" Amsteel 2 rope, 125 m
2x 1/2" SS shackles

Technicap PPS 3/3-24S sediment trap #24 Stainless;
motor #12_27

Safety rope

2x 1/2" SS shackles

|5/16" Amsteel 2 rope; 150 m

2x 1/2"

461.6 75 kHz ADCP LR #12943

External battery case (4 BP) #2033

Flotec M40 1500m extended frame

Benthos Pinger (New 2016)

RBRXR420 CT logger #15275

2x 12" 2x 7/16" Galv, Swivel
NowaTech flasher

'SPMD (clamped to mooring line)

|5/16" Amsteel 2 rope; 125 m
2x 1/2"

16" Flotec Hard Ball (3000m)
2x 1/2"

Nortek Aquadopp Current Meter #8419
Aquatin instrument cage

[5/16" Amsteel 2 rope; 100 m

2x 1" galv shackle:

1000 m ellipsoid float

2x Y" galv shackle;

683.8 Nortek Aquadopp Current Meter #8442

[Aquatin instrument cage

2x 1.
5/16" Amsteel 2 rope; 2m

SBE37SM #10852 (clamped to mooring line)
2x 1. 2 x 7/116" Galv, Swivel

690.8

692.0 dual CART releases #33738 & #33745

[Tandem assembly

chain, D-ring 5/8-inch shackle

5m 3/4" polysteel drop line

~2 m chain, 7/8" shackle

3 train wheels

Figure 8.17 BRG-16 Design
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BRO1-16

Slope in Mackenzie Trough

Target Instrument Depth (m)

Instrument

60

130.2

133.15

182.3

310

462

590

742

743.8

745.0

753.0

Ice Profiling Sonar IPS5 #51109
MS| cage
30" MSI syntactic spherical buoy

RBRXR420 CT logger #15263

2x 1/2" Galv.shackles, 2 x 7/16" Galv, Swivel

5/16" Amsteel 2 rope, 65 m (1 x 50m, 1x 15m

2x 1/2" Galv.shackles
1 x Double Viny
2x 1/2" Galv.shackles

5/16" Amsteel 2 rope, 2 m

1x 1/2", 1 x 7/16" Galv shackles with plastic inserts
Technicap PPS 3/3-24S sed trap #27 Stainless ;motor
#12_22
Safety rope
1x 1/2", 1 x 7/16" Galv shackles with pastic inserts

SBE37 CTD logger #12235 clamped to mooring line 1 m
below trap
5/16" Amsteel 2 rope; 50 m

2x 1/2" Galv.shackles
150 kHz QM ADCP DR #12823

Ext batt case (4 BP) #2028
Flotec M40 1500m extended frame

RBRXR420 CT logger #15274
Novatech RF/Flasher:
2x 1/2" Galv.shackles, 2 x 7/16" Galv, Swivel

5/16" Amsteel 2 rope, 125 m

1x 1/2", 1 x 7/16" Galv shackles with plastic inserts
Technicap PPS 3/3-24S sediment trap #40 Titanium;
motor #1228
Safety rope
1x 1/2", 1 x 7/16" Galv shackles with pastic inserts

5/16" Amsteel 2 rope; 75 m
2x 1/2" Galv.shackles
5/16" Amsteel 2 rope; 75 m

2x 1/2" Galv.shackles

Novatech RF/Flasher:

75 kHz ADCP DR # 13079

External battery case (4 BP) #83853

Flotec M40 1500m extended frame

Benthos Pinger (New 2016)
RBRXR420 CT logger #17352
2x 1/2" Galv.shackles, 2 x 7/16" Galv, Swivel

5/16" Amsteel 2 rope; 125 m

16" Flotec Hard Ball (3000m)
2x 1/2" Galv.shackles

Nortek Aquadopp Current Meter # 8543
Aquafin instrument cage

5/16" Amsteel 2 rope; 75 m

2x 1/2" Galv.shackles

5/16" Amsteel 2 rope; 75 m

2x ¥" Gal shackles

Nortek Aquadopp Current Meter # 8448
Aquafin instrument cage
2x 1/2" Galv.shackles

5/16" Amsteel 2 rope; 2m
SBE37SM #10850 (clamped to mooring line)
2x 1/2" Galv.shackles, 2 x 7/16" Galv, Swivel

dual CART releases #33737 & #33749
|Tandem assembly

chain, D-ring 5/8-inch shackle

5m 3/4" polysteel drop line

Figure 8.18 BR0O1-16 Design
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BR03-16

Slope near Banks Island

Target Instrument Depth (m)

Instrument

62

126.8

120.7

178.9

181

306.55

459

576

678

680.1

681.5

690

Ice Profiling Sonar IPS5 #51108
30" MSI syntactic spherical buoy
MSI cage

RBR DUO CT logger #61550

2x 1/2" Galv.shackles, 2 x 7/16" Galv, Swivel

'SPMD (clamped to mooring line)

5/16" Amsteel 2 rope, 60 m (20m + 40m)

2x 12"

1 x double viny float

2x 12"

5/16" Amsteel 2 rope, 2 m

2 x 1/2" SS shackles

Technicap PPS 3/3-24S sediment trap #47 Titanium
motor #09_345

Safety rope
2 x 1/2" SS shackles

SBE37 CTD clamped to mooring line 1 m below traj
1410851

[5/16" Amsteel 2 rope; 50 m

2x 1/2" Galv.shackles

150 kHz QM ADCP DR #8784

Ext batt case (4 BP) #2035

Flotec M40 1500m extended frame
|NovaTech Flasher

RBR DUO CT logger #61551

Benthos Pinger (New 2016)

2x 12" 2 x 7/16" Galv, Swivel

SPMD (clamped to mooring line)

5/16" Amsteel 2 rope, 125 m

2 x 1/2" SS shackles

Technicap PPS 3/3-24S sediment trap #39 Titaniun
motor #12_23

Safety rope

2 x 1/2" SS shackles

|5/16" Amsteel 2 rope; 150 m

2x 1/2" Galv.shackles

75 kHz ADCP DR #18785
|External battery case (4 BP) #2036
Flotec M40 1500m extended frame
NovaTech flasher

RBRXR420 CT logger #15281
2x 12" 2 x 7/16" Galv, Swivel

[5/26" Amsteel 2 rope; 115 m (70m + 45m)
[galv shackle: prusek

16" Flotec Hard Ball (3000,
2x_1/2" Galv.shackles

Nortek Aquadopp Current Meter AQD #8447
Aquafin cage

2x 112"

F/w‘ Amsteel 2 rope; 100 m

2 x 12" galv. shackles

1000 m ellipsoid float

Swivel, 2x 7/16" galv shackles

Nortek Aquadopp Current Meter AQD #9473
Aquafin cage

2x 12"

5/16" Amsteel 2 rope; 2m

SBES37SM #10849 (clamped to mooring line)

Swivel, 2x 7/16" galv shackles

dual 8242 releases #33697 & #33698
 Tandem assembly

chain, D-ring 5/8-inch shackle

5 m 3/4" polysteel drop line

~2 m chain, 7/8" shackle

Figure 8.19 BR03-16 Design



BR3b-16

Slope near Banks Island

Target Instrument Depth (m)

Instrument

60

62

202

682

690

30" MSI syntactic spherical buoy

Ice Profiling Sonar IPS5 #51104

2 x 1/2" galv. shackle, swivel, 2 x 7/16" Galv. Shackles

5/16" Amsteel 2 rope; 125m

SBE37SM #10196 (clamped to mooring line)

2x 1/2" Galv shackle

5/16" Amsteel 2 rope; 15m

2x 1/2" Galv shackle

MSI Ellipical Buoy 33"

2x 1/2" Galv shackle

5/16" Amsteel 2 rope; 475m (125m + 100m x 3 + 50m)

2 x 1/2" galv. shackle, swivel, 2 x 7/16" Galv. Shackles

1 x 5/8" SS Shackle, 1 x 1/2" SS shackle, Swivel ,Rope Link

b [17" Vitrovex Glass Floats (4x with Eddy Grip) - orange

2x 3/8 " SS shackle , swivel

1 x 5/8" SS shackle and Rope Loop

865A Tandem#1: - 41453 , #2 - 41451

Tandem assembly (2x chain SS)

1 x 7/8" galv shackle, pear link

5m 3/4" polysteel drop line w/ large Ring

1.5 m chain

2 train wheels

Figure 8.20 BR0O3b-16 Design
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8.3 Preliminary Results

8.3.1 201716 Deployment Summary

Four moorings were deployed during Leg 3a\3b. Two LTOO moorings CA08-15 and CA05-15
during Leg 3a and two Weston Foundation — ArcticNet — Parks Canada moorings (WF1-15 and
WF2-15) were deployed during Leg 3b. Benthic Tripod Mooring WF2-15 was deployed from the
CCGS Marty Bergrman by Parks Canada submarine archeological dive team, led by Marc-Andre
Bernier. The benthic tripod ADCP and CTD-Tu sensor were pre-programmed by the ArcticNet
Mooring Team (Shawn Meredyk) and the tripod was assembled and equipment attached to the
frame by the dive team.

8.3.2 2076 Mooring Recovery Surmmary

All seven moorings from the Beaufort Sea (BR1, BR3, BRK and BRG), the Amundsen Gulf (CA05
and CA08) and the Queen Maud Gulf (WF1) were successfully recovered using the CCGS
Amundsen and CCGS Marty Bergmann (WFZ2) (Table 8.1).

Table 8.1 Mooring Locations Summary Table of Moorings Recovered in 2016

Mooring_ID | LAT_DD | LONG_DD | Deploy | Recovery | Depth_m
CA05-15 71.2795 | 71.2795 2015 2016 200
CA08-15 71.0076 | 71.0076 2015 2016 391
BR1-15 70.4324 | 70.4324 2015 2016 757
BR3-15 73.4094 | 73.4094 2015 2016 690
BRK-15 70.8629 | 70.8629 2015 2016 170
BRG-15 71.002 71.002 2015 2016 700
WF1-15 68.2411 | 68.2411 2015 2016 97
WF2-15 68.0188 | 68.0188 2015 2016 20

8.3.3 2076 Mooring Data Recovery Summary

The seven moorings recovered aboard the CCGS Amundsen between August-September 2016
were 100% successfully recovered from their original deployment locations. Table 8.2 presents
a summary of the raw data recovery success, which cumulates overall at 87% recovery. The
results are from the ArcticNet QA/QC 2015-2016 DataYear Report, which contains detailed
information and data plots from the recovered instruments

Table 8.2 2015-2016 Mooring Equipment Summary

Site InstrumentID TimeFirstGoodData TimelLastGoodData Nominal | Raw Data
Depth Recovery
(m)

BR1-15 | ASL_IPS5_51106 30-Sep-2015 22:38:00 | 01-Sep-2016 15:53:00 56 100.00%
BR1-15 RBR_XR-420-CT_15262 30-Sep-2015 22:40:00 | 01-Sep-2016 15:50:00 57 100.00%
BR1-15 RBR_XR-420-CT_15268 30-Sep-2015 22:40:00 | 01-Sep-2016 15:50:00 124 100.00%
BR1-15 RDI_QM_12698 30-Sep-2015 22:45:00 | 01-Sep-2016 15:30:00 176 100.00%
BR1-15 RBR_XR-420-CT_15279 30-Sep-2015 22:40:00 | 01-Sep-2016 15:50:00 180 100.00%
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BR1-15 | Technicap_PPS_3-3 _motor_11-16 01-Oct-2015 00:00:00 | 01-Sep-2016 15:58:00 306 99.70%
BR1-15 | RDI_LR_12884 30-Sep-2015 22:30:00 | 01-Sep-2016 15:30:00 468 100.00%
BR1-15 | RBR_XR-420-CT_15267 30-Sep-2015 22:40:00 | 01-Sep-2016 15:50:00 470 100.00%
BR1-15 | Nortek_Aquadopp_2792 30-Sep-2015 23:00:00 | 01-Sep-2016 15:30:00 606 100.00%
BR1-15 | Nortek_Aquadopp_2701 30-Sep-2015 23:00:00 | 25-Aug-2016 06:56:32 758 97.92%
BR1-15 | RBR_Concerto-CTD_60270 30-Sep-2015 22:40:00 | 01-Sep-2016 15:50:00 762 100.00%
BR3-15 | RBR_XR-420-CT_15270 31-Aug-2015 22:20:00 | 07-Sep-2016 23:00:00 40 100.00%
BR3-15 | ASL_IPS5_51104 31-Aug-2015 22:30:00 | 07-Sep-2016 23:00:00 40 100.00%
BR3-15 | Technicap_PPS_3-3_motor_11-17 01-Sep-2015 00:00:00 | 01-Sep-2016 00:00:00 100 98.12%
BR3-15 | RBR_XR-420-CTD_17351 31-Aug-2015 22:30:00 | 07-Sep-2016 23:00:00 105 100.00%
BR3-15 | RBR_XR-420-CT_15269 31-Aug-2015 22:20:00 | 07-Sep-2016 23:00:00 160 100.00%
BR3-15 | RDI_LQM_12824 160 0%

BR3-15 | Technicap_PPS_3-3_motor_12-18 01-Sep-2015 00:00:00 | 01-Sep-2016 00:00:00 300 98.12%
BR3-15 | RBR_XR-420-CT_15272 31-Aug-2015 22:20:00 | 07-Sep-2016 23:00:00 443 100.00%
BR3-15 | RDI_LR_12942 31-Aug-2015 23:00:00 | 07-Sep-2016 22:00:00 443 100.00%
BR3-15 | Nortek_Aquadopp_6109 31-Aug-2015 23:00:00 | 31-Jan-2016 01:00:00 588 41.02%
BR3-15 | RBR_XR-420-CT_15278 31-Aug-2015 22:20:00 | 07-Sep-2016 23:00:00 696 100.00%
BR3-15 | Nortek_Aquadopp_8541 31-Aug-2015 23:00:00 | 07-Sep-2016 22:00:00 696 100.00%
BRG-15 | ASL_IPS5_51108 28-Aug-2015 19:00:00 | 01-Sep-2016 00:20:00 30 100.00%
BRG-15 | RBR_XR-420-CT_15273 28-Aug-2015 19:00:00 | 01-Sep-2016 00:20:00 30 100.00%
BRG-15 | Technicap_PPS_3-3_motor_12-27 01-Sep-2015 00:00:00 | 01-Sep-2016 00:00:00 101 98.92%
BRG-15 | RBR_Concerto-CTD-Tu-DO_10419 | 28-Aug-2015 19:00:00 | 01-Sep-2016 00:00:00 102 100.00%
BRG-15 | RDI_QM_12841 28-Aug-2015 19:15:00 | 31-Aug-2016 23:59:59 159 99.73%
BRG-15 | RBR_XR-420-CT_15258 28-Aug-2015 19:10:00 | 01-Sep-2016 00:20:00 159 100.00%
BRG-15 | Technicap_PPS_3-3_motor_12-21 01-Sep-2015 00:00:00 | 01-Sep-2016 00:00:00 290 98.92%
BRG-15 | RDI_LR_12892 28-Aug-2015 19:00:00 | 31-Aug-2016 23:30:00 449 99.73%
BRG-15 | RBR_XR-420-CT_15266 28-Aug-2015 19:00:00 | 01-Sep-2016 00:20:00 449 100.00%
BRG-15 | Nortek_Aquadopp_9846 28-Aug-2015 19:00:00 | 01-Sep-2016 00:00:00 592 100.00%
BRG-15 | Nortek_Aquadopp_8434 28-Aug-2015 19:00:00 | 01-Sep-2016 00:00:00 702 100.00%
BRG-15 | RBR_XR-420-CT_15280 28-Aug-2015 18:50:00 | 01-Sep-2016 00:20:00 702 100.00%
BRK-15 | RDI_WHS_102 27-Aug-2015 15:00:00 | 01-Sep-2016 02:00:00 145 100.00%
BRK-15 | RBR_XR-420-CT+Tu-DO- 27-Aug-2015 15:00:00 | 01-Sep-2016 02:00:00 152 100.00%
BRK-15 gléaii(i):iISSﬁ 00x_1445 27-Aug-2015 15:00:00 | 01-Sep-2016 02:00:00 152 100.00%
BRK-15 | Nortek_AquaPro_9711 27-Aug-2015 15:00:00 | 01-Sep-2016 02:00:00 154 100.00%
CA05-15 | ASL_IPS5_51075 24-Aug-2015 21:27:00 | 29-Aug-2016 15:01:00 55 99.73%
CA05-15 | JFE-ALEC_Infinity-CLW-USB_7 67 0%

CA05-15 | JFE-ALEC_Compact-LW_74 24-Aug-2015 22:00:00 | 29-Aug-2016 16:00:00 67 99.73%
CA05-15 | JFE-ALEC_Infinity-CTW-USB_147 24-Aug-2015 22:00:30 | 18-May-2016 17:30:46 67 72.04%
CA05-15 | Satlantic_ISUS-V3_135 24-Aug-2015 22:00:00 | 30-May-2016 11:00:00 67 75.27%
CA05-15 | Multielectronique_ AURAL_35 78 0%

CA05-15 | Nortek_Continental_6085 24-Aug-2015 21:30:00 | 29-Aug-2016 15:00:00 87 99.73%
CA05-15 | Nortek_Continental_5815 24-Aug-2015 21:30:00 | 29-Aug-2016 15:00:00 90 99.73%
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CA05-15 | Technicap_PPS_3-3 motor_12-22 | 01-Sep-2015 00:00:00 | 29-Aug-2016 16:06:00 | 124 97.58%
CA05-15 | Aanderaa_RCM11_270 24-Aug-2015 00:00:00 | 18-Jul-2016 11:00:00 | 185 88.44%
CA08-15 | Satlantic_ISUS-V3_134 23-Aug-2015 21:00:00 | 22-Jan-2016 12:07:00 76 40.97%
CA08-15 | Multielectronique_ AURAL_33 23-Aug-2015 21:00:00 | 28-Aug-2016 00:00:00 76 100.00%
CA08-15 | JFE-ALEC_Compact-LW_66 23-Aug-2015 21:00:00 | 27-Aug-2016 23:00:09 76 99.73%
CA08-15 | JFE-ALEC_Infinity-CTW-USB_320 76 0%
CA08-15 | Nortek_Continental_6068 23-Aug-2015 20:50:00 | 28-Aug-2016 00:00:00 88 100.00%
CA08-15 | Nortek_Continental_6071 23-Aug-2015 20:50:00 | 28-Aug-2016 00:00:00 | 100 100.00%
CA08-15 | Technicap_PPS_3-3_motor_12-28 | 01-Sep-2015 00:00:00 | 28-Aug-2016 05:07:00 | 134 97.57%
CA08-15 | Nortek_Aquadopp_9839 23-Aug-2015 21:00:00 | 23-Aug-2016 00:14:11 | 287 98.65%
CA08-15 | Nortek_Aquadopp_2754 23-Aug-2015 21:00:00 | 20-Aug-2016 07:58:07 | 337 97.84%
WF1-15 | JFE-ALEC_Compact-CTW_145 66 0%
WF1-15 | JFE-ALEC_Infinity-CLW-USB_8 66 0%
WF1-15 | JFE-ALEC_Compact-LW_73 21-Sep-2015 05:50:00 | 26-May-2016 22:50:17 66 74.25%
WF1-15 | Nortek_Continental_6088 21-Sep-2015 01:13:31 | 20-Aug-2016 23:23:31 66 100.00%
WF1-15 Technicap_PPS_3-3_motor_12-23 01-Oct-2015 00:00:00 | 20-Aug-2016 23:23:31 78 97.01%
WF2-15 | RBR_Concerto-CTD-Tu_65715 07-Sep-2015 15:45:00 | 31-Aug-2016 23:05:00 12 100.00%
WF2-15 | RDI_SV100_23590 07-Sep-2015 15:45:00 | 31-Aug-2016 21:31:53 12 100.00%
8.3.4 Lessons Learned Summary
Table 8.3 Summary table of Lessons Learned throughout the mission
Problem Solution Operation
Tygon Tubing can cause pit | Custom Plastic bushings could be | Deployment
corrosion on stainless steel eyelets | made to replace the tygon tubing.
on AQD finned frames.
Stainless Steel Shackle Corrosion Buy Titanium Shackles or stop using | Deployment
stainless shackles altogether
RDI end-cap / Bulkhead | Use enough silicone grease around | Recovery
connectors are susceptible to pin | pins. Use a heat gun for effective
corrosion and rubber delamination if | horizontal connector pulling.
mishandled in colder air temps.
Diligence is needed when replacing O- | Recovery
rings.
RDI battery case flooding through | Have all RDI battery cases BH
bulkhead connector connectors inspected and use a heat
gun for effective horizontal connector
pulling.
Technicap motor movement can be | Verify the turning direction of the motor | Deployment
reverse sometimes before deployment
Nortek Bulkhead connectors can | Tighten BH connectors on Nortek | Deployment

become loose and cause water

ingress

Aguadopp units before deployment
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JFE-Alec devices are becoming
unreliable for long deployments

Use more Microcat and RBR CT/D
units in the future

Deployment
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9 BaySys Mooring Program — CCGS Desgroseilliers Expedition
Project leader: David Barber' (david.barber@umanitoba.ca)
Cruise participants: Jens Ehn', Claire Hornby', Sergei Kirillov', Igor Dmitrenko’, Sylvain Blondeau?,
Lisa Matthes', Atreya Basu', Michelle Kamula', Zakhar Kazmiruk', Jake (Janghan) Lee?, Masoud
Goharrokhi? and Mary O’Brien

1 Centre for Earth Observation Science, University of Manitoba, Winnjpeg, MB, Canada
2 Quebec-Océan, Departrment of Biology, Universite Laval, Québec, QC, Canada

9.1 Introduction

9.1.1 Program Objectives

BaySys is a four-year collaboration among industry partner Manitoba Hydro (Hydro Québec and
Ouranos) and the Universities of Manitoba, Northern British Columbia, Québec a Rimouski,
Alberta, Calgary, Laval and Trent to conduct research on Hudson Bay. The overarching goal of
the project is to understand the role of freshwater in Hudson Bay marine and coastal systems,
and in particular, to create a scientific basis to distinguish climate change effects from those of
hydroelectric regulation of freshwater on physical, biological and biogeochemical conditions in
Hudson Bay.

This project will address the main objective from a “systems” perspective, with sub-objectives to
examine the climate, marine, and freshwater systems, and to study the cycling of carbon and
contaminants. As such, five research teams have been organized to investigate five
interconnected subsystems, with continuous consultation, integration and feedback from
Manitoba Hydro and other project participants:

(Team 1) Marine and Climate Systems

(Team 2) Freshwater System (not involved in field work)
(Team 3) Marine Ecosystem

(Team 4) Carbon Cycling

(Team 5) Contaminants

9.1.2 Background and Regional Setting

As the largest continental shelf sea in the world, Hudson Bay (low Arctic, Canada) receives an
annual freshwater loading of about 760 km® from more than 42 rivers within a drainage basin of
over 3x106 km? in area. An even larger seasonal freshwater flux, estimated at 1200 km? or more,
is withdrawn from or added to the water column due to the formation or decay of sea ice in the
Bay. The timing, duration, volume and location of freshwater loading to Hudson Bay thus have
a major influence on the properties and processes of the marine waters and the dynamics of sea
ice, which in turn strongly influence primary productivity, carbon and contaminant cycling in the
Bay. Distinguishing between runoff and sea-ice melt is especially important in Hudson Bay
because each contribute considerable annual fluxes of freshwater to Hudson Bay, and yet they
may be affected differently by climate change and regulation. To address the overarching goal
of providing a scientific basis to separate climate change and regulation impacts on the Hudson
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Bay system, BaySys (2015-2019) will integrate field-based experimentation with coupled
climatichydrological-oceanographic-biogeochemical modeling.

The 2016 mooring field program took place in southern Hudson Bay from September 26
(Churchill) to October 4 (Kujjaurapik) (Figure 9.1). Opportunistic sampling continued from October
5 to October 12 in northern Hudson Bay (Figure 9.1), after which the ship returned to Igaluit for
crew change and all scientists disembarked. During the main eight-day cruise, members of all
five multi-disciplinary teams collected CTD profiles, water and sediment samples, and deployed
oceanographic moorings along the full length of the southern coast of Hudson Bay. The focus
of this field program was on the Nelson Estuary region and James Bay mouth, which are the
major sources of riverine fresh water to the Hudson Bay system.
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Figure 9.1 BaySys 2016 cruise track, mooring sites and CTD stations
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BaySys- Nelson Estuary [ Legend
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Figure 9.2 CTD water sampling (by zodiac) and mooring sites in the Nelson River Estaury

9.2 Methodology

9.2.1 Mooring Operations

Mooring Instrumentation

Five oceanographic moorings were deployed from September 26- October 1, 2016 (Table 9.1).
All mooring components and their depths are show in Figure 9.3 to Figure 9.7. Three of the
moorings located in deeper waters (i.e. ANO1, NEO3 and JB02) included custom-built buoyant
mooring frames with upward looking Nortek Signature 500 Acoustic Doppler Current Meters
(ADCPs). These are capable of measuring high-resolution near surface current profiles, ice draft
and surface wave characterization. The TRDI Workhorse ADCPs, located further below mounted
inline or in trawl-resistant bottom mounts, provide an additional current profile of the water
column and surface tracking. Only the JBO2 lacked a TRDI Workhorse ADCP; however instead
it included a downward looking Nortek Aquadopp 600 kHz ADCP to provide observations of the
currents below ~50 m depth (Figure 9.7). Trawl-resistant bottom mounts were deployed in the
inner (NEO1; Figure 9.5) and outer estuary (NEO2;Figure 9.6) stations where higher water column
dynamics are expected leading to high current speeds and ice ridging. Numerous RBR
conductivity (C) and temperature (T) loggers, some with an additional Seapoint turbidity meter
(Tu), were provided in-kind by Manitoba Hydro and attached to the mooring lines at select
locations. In addition, 7 Wetlabs ECO triplet loggers were attached to near surface locations and
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on the trawl-resistant bottom mount on NEO1 (inner estuary,Figure 9.5) to record chlorophyll-a
fluorescence, CDOM fluorescence and turbidity.

A special addition to ANO1, NEO1 (however lost), NEO2 and NEO3, were the buoyant tubes
moored at depths near the surface so that instrument imbedded within the tubes can record
surface layer properties near the ice cover. Due to the length and smoothness of the tubes, they
will resist being caught and carried off by drifting ice ridges. The drifting ice ridges, with sufficient
draft to reach the tubes, will (hopefully) push down the tubes instead of catching them. However,
in the event of tubes getting trapped and dragged by drifting, weak links were placed on the lines
connecting the tubes to the moorings so that only the tube component of the moorings would
be lost. Four sediment traps (see next section) were attached to ANO1, NEO2, NEO3 and JB02
(Table 9.1), and are a contribution from Dr. Zou Zou Kuzyk of BaySys Team 4/5.

The mooring components are programmed for a one-year deployment with the planned recovery
in the fall 2017. However, in the event that there is no suitable ship available for the fall 2017,
they will be recovered in June/July 2017 during the CCGS Amundsen cruise in Hudson Bay.

Table 9.1 Summary of BaySys mooring locations, station IDs, sediment trap depths, and bottom depth at
deployment

Mooring . . Bottom [Sediment trap| Trap serial
DETS location 12 Lt Lemgivets Depth (m) | depth (m) number
Churchill o , ° )
Sept 26 ANO1 59°58.156°N 91°57.144'W 109 85 718630
Estuary
Nelson
Sept 27 [Estuary NEO2 57°30.007’N 91°48.095'W 46 35 718631
(outer)
Nelson
Sept 28 [Estuary NEO3 | 57°49.762'N 90°52.888'W 54 28 718632
(shelf)
Nelson
Sept 29 [Estuary NEO1 57°07.923’'N 92°24.704'W 29.7 No trap
(inner)
Oct1 [amesBay | JB02 54°40.973’'N 80°11.226'W 101 75 718633*

* The rosette and motors for these two sediment traps were accidently swapped.
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Figure 9.3 ANO1 (Churchill shelf) mooring configuration, location and depth
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Figure 9.4 NEOS (Nelson River outer shelf) mooring configuration, location and depth
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Figure 9.6 NEO2 (Nelson Outer Estuary) mooring configuration, location and depth
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Figure 9.7 JB02 (James Bay) mooring configuration, location and depth
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Mooring Deployment

All moorings (except NEO1) were deployed from the foredeck by using the crane at the starboard
side of the ship. The relatively short length of all moorings allowed deploying them “anchor last”.
The design of mooring ANO4, NEO2 and NEOS included a second component (surface buoyant
tubes or TRBM) connected to a major line with a long rope near the bottom. Since each mooring
carries two acoustic releases only, such a connection aims to increase the mooring survivability
in a case of one of releases failure. The connecting line also facilitates the recovery by dragging
in a case of both releases fail to respond at the moment of recovery.

Two elements of mooring NEO1 were deployed separately in the inner estuarine area from
helicopter. The deployment was supported by crew and scientist in the zodiac: the mooring
elements were smoothly dropped into the water in the designated areas marked from zodiac
with the small anchored surface floats.

Sediment Traps

The objective of the sediment trap program, as part of BaySys Team 4/5, is to determine the
sinking fluxes of particulates (organic and lithogenic) through the water column. Four Gurney
Instrument “Baker Type” sequential type sediment traps were deployed from the CCGS Des
Groseilliers fixed to moorings ANO1, NEO2, NEO3 and JB02 at depths ranging from 28 to 85 m
below the water surface (Table 9.1).

Methods

Prior to embarking the ship, sediment trap solution, or density gradient solution, was prepared
at the Churchill Norther Studies Centre (CNSC). To prepare the solution, 10L of sea water was
collected from the port wharf and filtered through 0.7 um GF/F filter. The salinity of the filtered
seawater was adjusted from 26.7 psu to 37 psu with 88.0659 of ultra clean sea salt. Borax (44.4
g) was slowly added to 37% formaldehyde (0.45L) and placed on a magnetic stir plate overnight
to dissolve. The solution was removed from the stir plate and, after settling for approx. 4 hours,
was decanted and poured into 8.55 L of filtered sea water. The solution was stored in a 10L
polypropylene aqua pak water container until sediment traps were ready to be assembled, which
took place before deployed.

Once onboard the ship, all four sediment trap motor/timers were removed from their cases,
checked over, including batteries and o-rings, and timer intervals were set simultaneously in
central standard time (Table 9.2). All four sediment trap motors (Figure 9.8) were turned on at
exactly 18:00 on 25-September-16 (interval 0) so that, simultaneously, they would began
collecting particulates at 0:00 CST 4-October-16 (interval 1).
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Table 9.2 Sediment trap sample intervals

Start End
Int. |Start Date| Time | End Date | Time Interval Days Collection Area
(CsT (CST)
delay| 25-Sep-16 | 18:00 | 4-Oct-16 | 0:00 8.25 N/A
1 | 4-Oct-16 0:00 | 8-Nov-16 | 0:00 35 0.032 m
2 | 8-Nov-16 0:00 |13-Dec-16| 0:00 35 0.032 m
8 | 13-Dec-16| 0:00 |17-Jan-17 | 0:00 35 0.032 m
4 | 17-Jan-17 0:00 |21-Feb-17 | 0:00 35 0.032m
5 | 21-Feb-17 | 0:00 |28-Mar-17 | 0:00 35 0.032m
6 |28-Mar-17 | 0:00 | 2-May-17 | 0:00 35 0.032m
7 |2-May-17 | 0:00 | 6-Jun-17 | 0:00 35 0.032m
8 | 6-Jun-17 0:00 | 11-Jul-17 | 0:00 35 0.032 m
9 | 11-0u17 | 000 |[15-Aug-17| 0:00 35 0.032 m’
10 15-Aug-17 0:00 |19-Sep-17| 0:00 35 0.032m

Figure 9.8 Sediment trap timers All timers were set simultaneously and turned on at the exact same time at

0:00 Hr on 4-October-2016.
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_ Ly,
Figure 9.9 Sediment trap equipment, methods and deployment

(Top left) Mary O’Brien fills sediment trap tubes with density gradient solution that are housed in a rosette
assembly that also contains the motor/timer, and (top right) then places and secures the corresponding PVC
tube that houses an asymmetrical funnel over the sediment trap tubes. (bottom left) Michelle Kamula and Mary
O’Brien ensure the sediment trap tubes are lined up with the asymmetrical funnel and that the rosette,
motor/timer smoothly rotates inside the PVC tube. (bottom right) Prior to deployment, a fin is secure fastened
to the sediment trap and attached to the mooring line
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Prior to deployment, each sediment trap was assembled by placing 10 sample tubes in the
corresponding sediment trap rosette and filled to the surface with density gradient solution,
leaving no head space (see preparation above and Figure 9.9). The rosette was set to position
“0” or the start position, which held no tube. The corresponding PVC tube that houses an
asymmetrical Teflon funnel was washed thoroughly using fresh water to remove any dust or
particles and placed over top of the motor/timer and sample tube rosette assembly (Figure 9.9).
Using a magnet, the rosette was turned slowly and each sample tube was checked to ensure it
lined up with the funnel and that the rosette rotated smoothly inside the PVC tube housing (Figure
9.9). Fins containing a weight at the bottom were assembled and attached to the sediment trap
directly before deployment (Figure 9.9). The sediment trap assembly was attached to the
mooring by shackles and lowered into the water by crew and crane operator.

Attempted Mooring Retrieval

On September 26, the BaySys and Des Groseilliers crew attempted to retrieve lost ArcticNet
mooring ANO1. Several efforts were made to communicate with the mooring with the use of an
acoustic release. Unfortunately, no signal was located. The ship then attempted to dredge for
the mooring (Figure 9.10) and were unsuccessful. We will attempt to retrieve this mooring again
using a multibeam survey with the CCGS Amundsernin June 2017.
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Figure 9.10 Map of dredging locations in attempt to locate lost ANO1 mooring
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9.2.2 Water Sampling

The second objective of our shipboard fieldwork was to characterize the physical and chemical
properties in the water column, such as temperature, salinity, fluorescence, dissolved oxygen
concentration, light penetration and turbidity. Water sampling was carried out using a CTD-
Rosette (donated by Quebec Ocean), niskin bottles and bucket (in the river systems).

Table 9.3 Water sampling parameters collected by BaySys teams 1, 3, 4, 5

Conductivity temperature depth probe of two manufacturers
CTD (Seabird, Idronaut)
SPM Suspended particular matter
CDOM Colored dissolved organic matter
80 Oxygen Isotopes
ap Particle absorption
HPLC High-performance liquid chromatography
POC Particular organic carbon/ nitrogen
Lugol Preserved phytoplankton samples
FlowCam Dynamic imaging particle analyzer
NOgz, NO2, Si, PO4 Nitrite, nitrate, orthophosphate and orthosilicic acid
NH4 Ammonium
Chl a Chlorophyll a

CTD-Rosette

We used a SBE 25CTD with various other sensors (Table 9.4 and Table 9.5) mounted on a
cylindrical frame known as a rosette. The rosette frame was originally equipped with 12 x 8 liter
bottles but due to the maximum safe working load of the winch, it was limited to 10 bottles
(Figure 9.11). The rosette supplied water samples, surface and at depth, for the teams on board.
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Probes Calibration

1) Seabird CT Probes temperature, conductivity and oxygen have been calibrated at the
Sea-Bird factory prior the ship departure from Quebec City.

2) Seabird Pressure sensor have been calibrated at Laval University prior the ship departure
from Quebec City

3) Biospherical light sensor was new

4) Seatech fluorometer and transmissometer could not be calibrated but verified for min and
max measurement and worked properly.

Figure 9.11 Rosette (10 bottle) operations on board CCGS Des Groseiliers
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Table 9.4 Rosette Sensors

Instrument Manufacturer Type & Properties Serial Number
Data Logger SeaBird SBE-25 0039
Sampling rate : 8 Hz
!l Temperature SeaBird SBE 3 031116
Range: -5°C to + 35°C
Accuracy: 0.001
Pressure SeaBird Accuracy: 0.015% of full range | 290114
| Conductivity SeaBird SBE 4C 040819
Range: 0to 7 S/m
Accuracy: 0.0003
Oxygen SeaBird SBE-43 431007
Range: 120% of saturation
Accuracy: 2% of saturation
PAR Biospherical QSP2300 70422
Fluorometer Sea Tech Minimum Detectable Level
0.02 pg/! 149
Gain Sens, V/(ug/l)
Range/(ug/l),
30x 1.05
10x 0.33 15
3x 0.1 50
1x 0.033 150
Transmissometer | SeaTech Path length: 25 cm 171
Sensitivity: 1.25 mV
Table 9.5 Sensor Specifications
P t Sensor R A R luti
arameter Gamseny TS e ange ccuracy esolution
Attached to the Rosette
Data Logger SeaBird SBE-25 600 m
-5°C a
Temperature SeaBird SBE-03 2 +35°C 0.001°C 0.0002°C
. 0-7 S/m 0.0003 S/ 0.00004 S/m
Conductivity SeaBird SBE-4G 2 (0- S ome  (0.0004
70mmho/cm) (0.003mmho/cm) mmho/cm)
up to 600m (1 0.015% of full scale 0.01% of full
Pressure .
000psia) scale
120% of
Dissolved oxygen SeaBird SBE-43 2 surface 2% of saturation unknown
saturation4
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Light intensity (PAR)

Biospherical QSP-2300° 400-700 nm
Chlorophyll-
Fluorescence 0-5V unknown
SeaTech fluorometer
Transmissiometer SeaTech 0-5V unknown

Notes: ' Maximum depth of 600m; 2 Maximum depth of 6800m; 2 Maximum depth of 2000m

Salinity Samples

Salinity samples have been taken on most of the rosette cast for comparison with the

conductivity sensor on the rosette.

Rosette Water Sampling

Water was sampled with the rosette according to each team’s requests. To identify each water
sample, we used the term “rosette cast” to describe one CTD-rosette operation. A different cast
number is associated with each cast. The cast number is incremented every time the rosette is
lowered in the water. The cast number is a seven-digit number: xxyyzzz, with xx: The last two
digits of the current year; yy: A sequential (Québec-Océan) cruise number; zzz: The sequential
cast number. For this cruise, the first cast number is: 1606001. To identify the nine rosette bottles
on this cast we simply append the bottle number: 1606001nn, where “nn” is the bottle number

(01 to 09).

Two types of CTD-Rosette casts are defined as follows:

CTD casts: CTD profiles are only to collect data from water column

Rosette casts: Samples are obtained for Chlorophyll, Nutriment, Dissolved Oxygen, CDOM,

Salinity, Flow Cam etc.

Sampling Stations

All the information concerning the Rosette casts is summarized in the CTD Logbook (one line
per cast) and an example shown here in Figure 9.12. The information includes the cast number
and station ID, date and time of sampling in UTC, latitude and longitude, bottom and cast depths,

and comments concerning the casts.

AJOUTER UN CAST COPIE DE SAUVEGARDE [ AIDE ]

Cruise NAME ArclicMet SUPPRIMER UN CAST FERMER LE FICHIER SAUVER LE FICHIER Ocean

Cast  Station  Dale début UTC  Heure UTC Lat. (N} Long. (W) Fond {m} Prof. cast (db) Commentaires Type Init
a0 pebe2 30 0 o9 [f 19 8 43 | 71 [* 5450 | 071 % 50.920 696 6a7 Full 58
oo pebed 01 i 10 [ 13 5 11 | TO * 46,042 072 % 15.617 444 437 basic LB
003 Gibbs N 01 o 10 [f 22 |1 58 | T1 % TATE | Ov0* 57.670 446 438 Nutrient LB
o04 176 0z | 10 [ 13 0 13| B9 % 35527 065 % 26.024 183 187 Nutrignt LB
005 179a 03 o 10 [f 08 @ 34 | 867 [* 20380 082 % 36.947 10 6.4 Nutrient LB
o0G 17a 03 i 10 [ 10 & 22 | 67 % 24974 062 % 11.004 180 182 Nutrignt 58
aor 180 03 o 10 [f 13 @ 55 | 67 [* 28.666 081 % 45.314 210 200 basic-n 58
ocs 181 03 i 10 [ 16 3 41 | 67 |* 33,189 061 % 22.588 1140 1130 Nutrignt LB
aca 640 o N 10 [ 17 ¢ 20 | 58 [* 55486 082 % 9276 143 1358 MNutrient LB
012 645 o8 F 10 [ 04 & 16 | 56 % 42206 058 % 42,230 118 108 Nutrignt s8
a1 830 o8 ) 10 [f 19 8 51 | 53 [* 48.263 | 055 % 26.112 204 195 | Nutrient LB

Figure 9.12 CTD Logbook example, one line per cast
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An Excel® Rosette Sheet was created for every single cast. This file includes the same
information as the CTD Logbook, plus a table of what was sampled and at what depth. Weather
information at sampling time was also included in each Rosette Sheet, and is summarized in a
Meteorological Logbook (one line per cast). For every cast, data from three seconds after a bottle
is closed, to seven seconds later, is averaged and recorded in the ascii ‘bottle files’ (files with a
btl extension). The information includes the bottle number, time and date, trip pressure,
temperature, salinity, light transmission, fluorescence, dissolved oxygen. These files will be made
available as soon as the data is processed and corrected, if necessary.

Problems Encountered with CTD-Rosette

We encountered a transistor failure in the power supply of the transmissometer and fluorometer
sensors at the beginning of the cruise. In order to fix the problem technician Sylvain Blondeau
had to short-cut the transistor circuit to bring power back to the sensors. However, when the
pump was activated after some time in the salt water, the current drawn to the batteries was too
much causing it to lose memory and configuration of the ctd, ultimately stopping the connectivity
with the computer on deck. After a few casts, the pump finally burst. After this, the oxygen and
conductivity had to be disconnected from the pump and positioned vertically so that water could
pass thru them during the cast. The ctd was then configured so that it would not activate the
pump during the cast.

Preliminary Results of Thermohaline Stratification in Hudson Bay (CTD profiles)

Temperature and salinity was recorded from the inner to the outer Nelson estuary as well as at
James Bay mouth by the Idronaut CTD probe. Vertical CTD profiles show the distribution of
riverine freshwater coming from Nelson river into Hudson Bay (Figure 9.13). Fresh and salty water
start mixing in shallow water, whereby a strong outflow current of Nelson river might be the
reason why salinity above 20 is measured in deeper water further away from the estuary. The
warmer temperatures of the river water are following the same trend.

The high riverine freshwater input in James Bay is causing a strong thermohaline stratification at
the entrance to Hudson Bay (Figure 9.14). A 20 m thick layer of less salty, warm water was found
at the surface. According to the five CTD profiles in centre of James Bay mouth, the halocline
was slightly lower (30 m) than the thermocline (20 m).
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Figure 9.13 Temperature and salinity profile of Nelson Estuary CTD profiles (black lines) were taken in the inner
and outer estuary
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Figure 9.14 Temperature and salinity profile of James Bay mouth CTD profiles (black lines) were taken in the
deep center of the opening to Hudson Bay
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Freshwater Dynamics

In order to understand the freshwater dynamics of the Hudson Bay before the onset of winter,
water samplings were carried out by members of Team 1 all along the south and southeast
coastal belt of Hudson Bay. The emphasis was on assessing the distribution of runoff from the
Nelson and Churchill River and also from the James Bay which normally accounts for 80% of
the riverine input into the Hudson Bay. Few water samples were also collected in the northern
Hudson Bay, near Coats and Mancel Island. Water samples collected, were intended for Total
Suspended Solid (TSS) analysis along with CDOM and 80 measurement. In field processing of
the water samples was carried out for TSS retrieval, using vacuum filtration technique. Filters of
pore size of 0.7 pm were used, and the filtered samples were stored in -4°C freezer. CDOM
samples were prepared by syringe filtration using a 0.2 pm filter in 40ml amber coloured bottle.
The filtered CDOM samples were stored in the +4°C refrigerator. Also O and salinity samples
were prepared. Salinity samples will serve as a calibration for the field measured salinity profile
using the idranaut/ Rosette CTD. The filtered TSS and CDOM samples along with the 0O and
salinity has been brought back to CEOS for laboratory analysis.

Nutrients and Biological Sampling

The composition and distribution of the phytoplankton community in Hudson Bay fluctuates
throughout the year depending on the thermohaline stratification, nutrient supply and the
availability of solar radiation. The main goals for BaySys Team 3 were to assess the nutrient
loading, phytoplankton biomass and size distribution of the micro- and nanofraction with respect
to inshore/ offshore gradients in oceanographic parameters (main focus on underwater
downwelling irradiance) and the influence of regulated or unregulated rivers. The aim of the
participation in the fall cruise was to gain a baseline in biological productivity when there is
sufficient light but a likely low nutrient concentration found in the upper water column.

Optical and Biological Characterization of pre-Freezing Condlitions

The spectral light climate of the euphotic zone was investigated by in situ measurements of
downwelling and upwelling irradiance as well as hyperspectral attenuation and transmission
along the coast of southern Hudson Bay from Churchill, crossing James Bay, to Kuujjuarapik
and at the entrance of the Bay between Coats Island, Mansel Island and Ivujivik. In Hudson Bay,
a massive freshwater input by river runoff causes a strong stratification restricting upward nutrient
flux into the surface layer and limiting phytoplankton production particularly in summer. The
resulting low chlorophyll a concentration is expected to cause a high light transmission in the
upper water column. However, coastal waters are strongly influenced by the sediment load from
the numerous rivers which has a direct effect on the light attenuation coefficient. The aim of this
investigation (under Team 1) was to describe the light conditions and inherent optical properties
of the upper euphotic zone of Hudson Bay in fall before sea ice starts to form. To do so, a metal
frame equipped with two UV-visible spectral radiometers (spherical RAMSES-ASC, TriOS
GmbH, Germany) and one hyperspectral VIS photometer (VIPER G2, TriOS) was lowered from
the front of the vessel in the direction of the sun.
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Measurements were taken from the surface to a depth of 30 m every 0.5 m, roughly. Incident
solar radiation was recorded with one UV-visible spectral radiometer (Cosine RAMSES-ACC,
TriOS GmbH, Germany) at the same time. Inherent optical properties of the water column were
investigated in terms of particle absorption, chlorophyll a concentration and the content of
particulate organic carbon and nitrogen. Water for filtration was sampled by a rosette at three
different depth levels: surface water between 1 m and 5 m, the depth of the chlorophyll maximum
and 10 m above the bottom. For laboratory analysis of particle absorption (as) by
spectrophotometry as well as the analysis of chlorophyll a concentration by high-performance
liquid chromatography (HPLC) at the University of Manitoba, water samples of 1L were filtered
through 25 mm Whatman GF/F filters and stored in a -80 °C freezer. Particular organic carbon
and nitrogen (POC/N) samples (0.5L) were filtered through 21 mm Whatman GF/F filters and
stored at -80 °C.

...........

Figure 9.15 Measurements of incident solar radiation (left, radiometer attached to a stick pointing upward), total
underwater irradiance and hyperspectral absorption and transmission within the water column (right,
radiometers mounted to a metal frame and lowered with a weight a straight alignment)

Characterizing the Size Distribution of the Present Micro- and Nanophytoplankton

Water samples (100 mL) from the three depths were preserved with Lugol’s solution in Amber
bottles for later microscopic analysis. Furthermore, particles in the water from the same depth
levels were directly analyzed by automated imaging technology (FlowCam, Fluid Imaging
Technologies, INC., USA). The FlowCam as a dynamic imaging particle analyzer examines a fluid
under a microscope which is pumped through a flow cell. An integrated camera takes images of
particles within the fluid and characterizes them in terms of particle size and shape. For this
project, water samples of 10mL were pre-filtered through a 100 um mesh to analyze the particle
size fraction between 10 — 100 um.
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Preliminary FlowCam results support the assumption of a low number of phytoplankton in the
water column. Many particles of the investigated size fraction were identified as zooplankton
(protozoa), detrital organic matter and inorganic sediment. Additionally, plankton appeared to
differ in size and composition between Southern and Northern Hudson Bay. One reason might
be the massive river runoff in the South flushing freshwater species into the Bay while in the
northern part marine species are mainly found due to the strong inflow of seawater from the
Atlantic Ocean. Differences in size might be linked with the low nutrient supply in the stratified
southern Hudson Bay and the high nutrient concentration of the salty Atlantic water in the North.
Particle composition also varied with depth. Small sediments as well as plankton with extensions
(spikes, flagella) were mainly found in the upper water column. Penetrate phytoplankton of high
abundance was often found in the bottom water. The following images represent a selection of
imaged particles from different stations and depth levels.

Station M0O6 — Nelson Estuary
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Figure 9.16 MQ06 - Surface water (1m)

Property Shouwn:

Figure 9.17 M06 - Bottom water (20m)

Station NEO3 — Outer Nelson Estuary
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Figure 9.20 NEQ3 - Bottom water (50m)

Station JB0O5 — James Bay

Property Shown: ID

Figure 9.21 JBO5 - Surface water (1m)
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Figure 9.22 JBO5 - Bottom water (20m)

Station C101 — Coats Island, Norther Hudson Bay

Figure 9.24 C101 - Chlorophyll maximum depth (40m)
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Figure 9.25 C101 - Bottom water (184m)

Distribution of Phytoplankton

Samples for inorganic nutrients (ammonium, nitrite, nitrate, orthophosphate and orthosilicic acid)
were taken at the stations (Table 8.6) to establish detailed vertical profiles. Nitrite, nitrate,
orthophosphate and orthosilicic acid samples were stored at -20 °C in a freezer and sent for
analysis using a Bran+Luebbe AutoAnalyzer 3 based on standard colorimetric methods adapted
for the analyzer (Grasshoff et al. 1999) at home laboratory. Ammonium samples were processed
immediately after collection using the fluorometric method of Holmes et al. (1999). Water samples
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for chl a in the water column (maximum 100 m depth) were filtered through 25mm GF/F filters
and the filters were incubated in 90% acetone in a fridge (4 °C) for 24 h. Chl a concentrations
were measured using the fluorometric method of Parsons et al. 1984.

Carbon Cycling

The objective of Team 4 was to collect dissolved inorganic carbon (DIC) and dissolved organic
carbon (DOC) in order to understand the carbon cycle in the costal Arctic ocean environment.

Methods

We collected almost 100 DIC and DOC samples along the coast of Hudson Bay, from the
Churchill River to James Bay. A novel experimental incubation approach, involving Pyro Science
technology, was used to measure dissolved oxygen (DO) (Figure 9.26). The objective of this
experimental approach is to evaluate the rates of terrestrial OC remineralization in the Hudson
Bay coastal waters during the June 2017 cruise.

Figure 9.26 Incubation setup, method and equipment

Sediment Sampling

One of Team 5’s main sampling objectives was to collect significant quantity of suspended
sediment in the Hudson Bay by applying two techniques.
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Methods

One approach was to use an industrial centrifuge device (3'W * 4’L * 2'H; weighs 315 kg; 2 hp
motor; 115/230V; 22.6/11.3 amp AC power), which was fixed to the deck of the ship with straps
(Figure 9.27). Fortunately, no electrical modifications needed to accommodate the centrifuge.
The other form of sediment collection was the filtration system.

In order to run whole suspended sediment collection while the ship was moving, an inline water
system (fire hydrant on the forward deck) was used to draw seawater from the ship's plumbing.
During the entire period of the trip, suspended sediments were frequently collected and stored,
approximately every 12 hours (Figure 9.27). Later, by matching the ship track to the time of
sample collections (Figure 9.1), the physical and chemical properties of the suspended
sediments will be linked back to the locations and the origin (source) of the materials in the
suspended sediment can be determined by using fingerprinting technique.
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Table 9.6 Water Parameter Collected

Investigated parameters at each station and depth level [m] of the BaySys Des Groseilliers field work between September 26 and October 8, 2016
Botto | CTD | CTD Vertical
Date Stn | m (Sea | (idro- |SPM | CDOM| O1g | Salinity| light ap HPLc | POC/N 1) ygor | Flow :82- s NH4 | Chl a
depth | bird) | naut) profile cam O, X
09/26/16 | ANOT 107 X X 5,30 | 5, 30, 5,80, | 5, 30, 0-30 5, 5,80, | 5,30, - - 5, 30, 100 5, 5,
100 100 100 30, 100 100 30, 30,
100 100 100
09/27/16 | ANO4 60 X X 1, 1, 20, 1, 1, 20, 0-30 1, 1, 20, 1, 20, 1, 20, 1, 20, 1, 20, 50 1, 1,
20, 50 20, 50 20, 50 50 50 50 20, 20,
50 50 50 50 50
NEO2 45 X X 1, 20 1, 20, 1, 1, 20, 0-30 1, 1, 20, 1, 20, 1, 20, 1, 20, 1, 20, 35 1, 1,
35 20, 35 20, 35 35 35 35 20, 20,
35 35 35 35
09/28/16 | NEO3 55 X - 1, 1, 20, 1, 1, 10, 0-30 1, 1, 20, 1, 20, 1, 20, 1, 20, 1, 10, 20, 30, 1, 1, 10,
20, 50 20, 20, 20, 50 50 50 50 40, 50 10, | 20, 30,
50 50 30, 40, 50 20, 40, 50
09/29/16 | NEO4 11 - X - - - - 0-30 - - - - - - - -
B3 3.5 - X 1 1 1 1 - 1 1 1 1 1 1 1 1
B5 5.8 - X 1 1 1 1 - 1 1 1 1 1 1 1 1
M6 23 - X 1, 20 1, 1, 20 1, 20 - 1, 1, 20 1, 20 1, 20 1, 20 1,10, 20 1, 1,
20 20 10, 10,
B7 12 - X - - - - - - - - - -
B8 5.7 - X - - - - - - - - - - - - -
B11 12 - X - - - - - - - - - - - - -
B12 6.8 - - - - - - - - - - - - - - -
09/30/16 | SEOT1 63 X X 1, 1,15, 1, 1,15, 0-30 1, 1,15, 1, 15, 1, 15, 1,15, 1,15,25,35, |1,15, 1, 15,
15, 56 15, 56 15, 56 56 56 56 45, 56 25, 25, 35,
56 56 56 35, 45, 56
SRO1 - - - 1 1 1 1 - - - 1 - - 1 1 1
WEO1[ 110 X x | 240] 240, | 240, |2 40, 0-30 2, | 2,40, | 2 40, 2,40, | 2,40, | 2,15,40,70, 12,15, 2,
100 100 100 100 40, 100 100 100 100 100 40, 15,
100 70, 40,
WRO1 - - - 1 1 1 1 - - - 1 - - 1 1 1
10/01/16 | JB0O2 78 X X 1, 1, 25, 1, 1, 25, 0-30 1, 1, 25, 1, 25, 1, 25, 1, 25, 1,15,25,35, |1,15, 1, 15,
25, 65 25, 65 25, 65 65 65 65 45, 65 25, 25, 35,
65 65 65 35, 45, 65
JBO1 50 X - 1 1 1 1 - - - 1 - - 1 - -
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JBOO| 46 2, 2,10, 2, 2,10, | 0-30 2, [ 210, 2,10, 2,10, | 2,10, [1,10,20,30, [1,10,[ 1,

10, | 37 10, | 37 10, 37 37 37 37 | a7 20, 10,

37 37 37 30, | 20,

10/02/16 | JBO3| 111 1 1 1 - - - - 1 - - 1 - -

JBo4| 107 1 1 1 - - - - 1 - - 1 - -

JBO5 | 97 7, 7,20, 7, - - 7, | 7,20, | 7,20,87 | 7,20, | 7,20, | 7,20, 7,20, 7,

20, | 50,87| 20, 20, 87 87 87 | 30,50, 30, | 20,

50, 50, 87 60, 87 50, | 30,

JBos | 77 1 1 1 - - - - 1 - - 1 - -

JBO7| 63 1 1 1 - R - - 1 R - 1 - -

JBo8| 45 1 1 1 - - - - 1 - - 1 - -

JBO9| 33 2, 2,10, 2, - - 2, | 2,10, | 2,10,26 | 2,10, | 2,10, | 5,10, 5,10, 5,

10, | 26 10, 10, 26 26 26 | 15, 20, 15, 10,

26 26 26 26 20, 15,

JBo9.| 27 521 521 | 521 | - - - - 5 - - 5, 21 5,21 -
5

JBos.| a7 527 | 527 | 527 | - - - - 5 - - 5,27 5,27 -
5

10/03/16 | JB10| 24 5 5 5 - - - - 5 - - 5 - -

JB11| 47 537 | 587 | 537 | - - 5 | 537 5, 37 537 | 537 |5,37 5,37 | 5,37

37

JB12| 64 5,50 | 5,50 | 550 | - - - - 5, 50 - - 5, 50 5,50 | 5,50

JB13| 95 586| 586 586 | - - 5 | 5 86 5, 86 586 | 5,86 | 52045, 5,20,4| 5,20,

86 86 5, 4

86 | 5,86
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JB14| 105 5, | 545] 5 |- 0-30 5, | 545, | 545097 | 5,45, | 5 45, | 5, 45,97 5,45 5,
45, | o7 45, 45, | o7 97 97 97 | 45,
97 97 97 97
JB15| 170 5, | 530] 5 |53, | 0-30 5, | 530, | 530,70, | 5,30, | 5 30, | 5 40, 5,40, 5,
70, | s0, 30, | 50,70, 30, | 160 160 160 | 160 | 50,70, 50, | 40,
160 | 70, 50, | 100, 160 100, 70, | 50,
10/04/16 | KUo2| 97 4 | 445 4 |- - 4, | 4,45, | 44587 | 445, | 4,45, | 410, 4,10, 4
45, | 87 45, 45, | 87 87 87 |30, 45, 30, | 10,
87 87 87 70, 87 45, | 30,

KUO1| 43 N - - - - - 5 - |5 5
10/06/16 | Clo1 | 194 1, | 1,40, 1, | 1,40, | 0-30 2, | 240, | 240, | 240, | 2 40, | 2 15, 2,15, | 2,
40, | 160, | 40, | 160, 40, | 184 184 184 | 184 | 40,60, 40, | 15,
160, | 184 | 160, | 184 184 100, 60, | 4o,
10/07/16 | Wio1 | 108 B - - - - - - - - - -
10/08/16 | Clo3 | 106 540 | 5,40 540 | 5 40 - 5 | 540 | 540 | 540 | 540 |5 20, 520,| 5,
40 30, 40 30,40| 20,
30,
10/08/16 | Clo2 | 208 5, | 520 5 | 5 20 - 5, | 520, | 520 | 520 |5 20 |5,20, 520,| 5
20, | 100, | 20, | 100, 20, | 199 199 199 | 199 | 40, 60, 40, | 20,
100, | 199 | 100, | 199 199 100, 60, | 4o,
MI02 | 125 2, | 2,10,| 2 | 210, | 0-30 2, | 210, | 210, | 210, | 210, | 2 10, 2,10, 2,
10, 10, 17 10,
60, | 60, 60, | 60, 10, | 117 117 | 117 | 20, 40, 20, | 20,

17 | 117 | 117 40,
17 117 60, 100, 60, | 40,

100,
117 117 | 60
Mo | 68 5, | 515| 5 | 515 | 0-30 5, | 515 | 51560 | 5 15, | 5 15, | 5 15, 515, 5,
15, | 60 15, | 60 60 15,

60

60 15, | 60 60 | 25, 35, 25, | 25,

35,
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10 CTD/Rosette, LADCP and UVP operations — Legs 1, 2 and 3
Cruise participants - Leg 1: Claudie Marec?, Pascal Guillot" and Marc Picheral®
Cruise participants - Leg 2: Juergen Zier' and Jeff Finniss’
Cruise participants - Leg 3: Stephane Aebischer' and David Simpson'

" Amundsen Science, Université Laval, Quebec, QC, Canada.
2 Takuvik, Université Laval, Québec, QC, Canada
% CNRS -L.OV Observatoire Océanologique, Villefranche sur mer, France

10.1 Introduction

The objective of our shipboard fieldwork is to characterize the water column physical and
chemical properties: temperature, salinity, fluorescence, CDOM, dissolved oxygen
concentration, nitrate concentration, light penetration and turbidity. We use a SBE 911 CTD with
various other sensors (see Table 10.1) mounted on a cylindrical frame known as a rosette. The
rosette also supplies water samples for biologists, chemists and geologists.

For the GreenEdge cruise (Leg 1), another 300 kHz Lowered Acoustic Doppler Current Profiler
(LADCP) was attached to the rosette frame. An UVP5 (Underwater Video Profiler) is also mounted
to the rosette and connected with the Seabird CTD providing pictures of the particles in the water
column.

70°N (=%

65°N

-

60°N 1'— '
I
| .

55°N

50°N

Ocean Data View

N

80°w 70°W 60°W 50°wW 40°wW

Figure 10.1. GreenEdge study region in Eastern Canadian Arctic, Leg1.
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Figure 10.2. ArcticNet/Geotraces study region in Eastern Canadian Arctic, Leg 2.

140°W 120°W 100°W 80°wW 60°W

Figure 10.3. ArcticNet study region in Northern Canadian Arctic, Leg 3
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10.2 Methodology — CTD-Rosette

For Leg 1, the rosette frame was equipped with twenty-two (22) twelve (12) liter bottles (Figure
10.4) (2 bottles must be removed to install the upward LADCP). For leg 2, the rosette frame
was equipped with twenty-four (24) twelve (12) liter bottles. The sensors attached to the rosette
are described in Table 10.1 and Table 10.2. At the beginning of the Leg 3a, a second fluorometer
was installed on top of the CTD-Rosette to detect the maximum of chlorophyll while sampling

up, on demand of Marjorie Blais.

Figure 10.4. CTD-Rosette, right picture: Jessy Barrette

Table 10.1. Rosette sensors

Instrument Parameter Properties Serial Number Calibration date
Sea-Bird SBE CTP Sampling rate : 24 Hz 09P24760-
911plus 0679
2 SBE 3plus Temperature Range: -5°C to + 35°C 03P4204 01-Dec-2015
Accuracy: 0.001 03P4318
Paroscientific Pressure Accuracy: 0.015% of full range 0679 12-Jan-2016
Digiquartz®
2 SBE 4C Conductivity Range: 0 to 7 S/m 042876 01-Dec-2015
Accuracy: 0.0003 042696
SBE 43 Dissolved Oxygen Range: 120% of saturation 430427 20-Dec-2015
Accuracy: 2% of saturation
MBARI-ISUS Nitrates Range: 0.5 to 200 uM 137 18-May-2016
Satlantic Accuracy: + 2 uM
QCP-2300 PAR PAR Dynamic Range: 1.4x10® 7270 9-Dec-2015
Biosherical to 0.5 YyE/(cm? sec)
QCR-2200 Surface PAR PAR Spectral Response: Equal 20147 9-Dec-2015
Biosherical (better than +10%) quantum
response from 400 to 700nm
2 Seapoint Fluorometer Minimum Detectable Level 0.02 SCT-3120 1-Jan-2016
ug/l NA
Gain Sens, V/(ug/l) Range/(ug/l),
10x  0.33 15
Wetlabs C- | Transmissometer Path length: 25 cm CST-671DR 16-Jan-2016
Star Sensitivity: 1.25 mV
Teledyne Altimeter Range: 50 m from bottom 1065 Feb 2014
PSA-916
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http://seabird.com/products/spec_sheets/911data.htm
http://seabird.com/products/spec_sheets/911data.htm
http://www.seabird.com/products/spec_sheets/3pdata.htm
http://www.paroscientific.com/
http://www.paroscientific.com/
http://www.seabird.com/products/spec_sheets/4data.htm
http://www.seabird.com/products/spec_sheets/43data.htm
http://www.satlantic.com/details.asp?ID=11&CategoryID=2&SubCategoryID=0
http://www.satlantic.com/details.asp?ID=11&CategoryID=2&SubCategoryID=0
http://www.biospherical.com/BSI%20WWW/Products/Listing.htm
http://www.biospherical.com/BSI%20WWW/Products/Listing.htm
http://www.biospherical.com/BSI%20WWW/Products/Listing.htm
http://www.biospherical.com/BSI%20WWW/Products/Listing.htm
http://www.seapoint.com/scf.htm
http://www.wetlabs.com/cstar
http://www.wetlabs.com/cstar
http://www.benthos.com/undersea-acoustic-releases-altimeter-PSA916.asp
http://www.benthos.com/undersea-acoustic-releases-altimeter-PSA916.asp

Instrument Parameter Properties Serial Number Calibration date
WetlLabs ECO fluorometer FL(RT)D FLCDRTD-2344 8-Jun-2016
(CDOM) Digital output resolution : 14 bit
Analog output signal: 0-5V
Range: 0.09-500ppb
Ex/Em: 370/460nm
Underwater Hydroptic 203 04-Jun-2016
Vision Profiler
(UVPY)
Table 10.2 Sensor specifications
Parameter Sensor Range Accuracy Resolution
Compagny Instrument Type
Attached to the Rosette
Data Logger SeaBird SBE-9plus
Temperature SeaBird SBE-03' 5°Ca +35°C 0.001°C 0.0002°C
0-7 S/m 0.0003 S/m 0.00004 S/m
Conductivity SeaBird SBE-4C ! (0-70mmho/cm)  (0.003mmho/cm)  (0.0004 mmho/cm)
up to 10 500m 0.015% of full scale  0.001% of full
a2
Pressure Paroscientific ~ 410K-105 (15 000psia) scale
120% of surface 2% of saturation unknown
Dissolved oxygen SeaBird SBE-43 8 saturation*
i 0.5t0 2000 UM  £2 M +0.5 uM
Nitrates Satlantic MBARI-ISUS 5T ©
concentration
Light intensity (PAR) | Biospherical QCP-2300
sPAR Biospherical ~ QCR-2200
. - 0.02-150 pg/! unknown 30
Fluorescence Seapoint Chlorophyl ¢
fluorometer
Transmissiometer Wetlabs C-Star 0-5V unknown 1.25mV
Altimeter Benthos PSA-916 7 0-100m unknown 0.01m
CDOM fluorescence | Wet Labs FL(RT)D’ 0.09-500ppb unknown 14 bit
Notes: ' Maximum depth of 6800m
2 Depending on the configuration
8 Maximum depth of 7,000m
4In all natural waters, fresh and marine
5 Maximum depth of 1,200m
8 Maximum depth of 1,000m
7 Maximum depth of 6,000m
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Figure 10.5. Example of data provided by the CTD-Rosette.

The solution TritonX was used to clean the conductivity cell at the end of the cruise (Aug 24,
2016).

10.2.1 Probes Calibration — Salinity
Seabird CTD
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Water samples were taken on several casts with 200 ml bottles (Figure 10.6). They were
analyzed with a GuildLine, Autosal model 8400B. Its range goes from 0.005 to 42 PSU with
an accuracy better than 0.002 (Figure 10.7 to Figure 10.10). This part was mostly performed
by the Geotraces team members for Leg 2.

Figure 10.6. Water samples bottles
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Figure 10.7. CTD salinity validation with in situ titrations (Leg 1).
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Figure 10.8. CTD salinity validation with in situ titrations.
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Figure 10.9. STD salinity validation with samples > 80m.
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Figure 10.10. CTD salinity validation with in situ titrations.
Seabird TSG

Water samples were taken at different times during the transit from the surface
thermosalinograph to measure salinity and fluorescence. The probe is located in the engine
room. The samples were also analyzed with the GuildLine. The data collected from the TSG and
the corresponding samples analyzed with the AutoSal were not assessed for agreement. The
AutoSal data can be found in the excel file with the Rosette sample calculations. Fluorescence
was analyzed with a fluorometer, which was tested once or twice during Leg 3a and 3b
(Marjolaine Blais, Michéle Pelletier-Rousseau and Pierre Larouche). As far as the fluorescence is
concerned, the samples were analysed with a fluorometer.

Problem Encountered

Leg 7
There were some problems with the autosal analyser disturbing the analyzing step:

e the pump stopped working correctly, one tube was blocked.

e a piece of the machine (allowing a good mixing of the water in the tank) broke.
Leg 2

A special attention has been made to keep the autosal room at an appropriate temperature
(22°C). It is a crucial point to get accurate salinity values. A problem occurred at the end of the
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cruise leading to unreliable data. The electrodes were rinsed with isopropilic alcohol (70 %).
Figure 10.8 shows the accuracy of the CTD probe, this graph shows a large difference between
the CTD probe and the Autosal at depths < 80m. Figure 10.9 shows little difference between the
CTD probe and the Autosal at depths >80m. This difference at shallower depths could be
attributed to a greater mixing of the water column at these depths. It could also be the result of
the location of the CTD probe on the rosette. The water that is being sampled in the bottles must
be flushed before the bottles are closed. This is due to the water being pulled up with the rosette
as it is raised. The CTD has a pump to flush it, meaning the CTD sensor may be flushed before
the water inside the sampling bottles has had time to flush, creating a variance in the results.
Further analysis of the sensor and the setup are required to fully understand these results.

Leg 3

A special attention has been made to keep the autosal room at an appropriate temperature
(22°C). It is a crucial point to get accurate salinity values.

Figure 10.10 shows a comparison of the rosette salinity sensors and the corresponding samples
analyzed with the AutoSal machine. The graphs show a higher degree of agreement for higher
salinity values than lower salinity values. Typically, the lower salinity values were from Niskin
bottles closed higher in the water column, where salinity and other parameters change more
rapidly with depth than deeper in the water column where values are more stable (Figure 10.10).
Therefore, it is possible that the AutoSal and Rosette salinity measurements are less in
agreement in shallow depths because the salinity measurement from the Niskin Bottles is
essentially an average of the salinity sampled from a column of water equal to the length of the
bottles themselves, whereas the conductivity sensors sample at a very discreet point roughly
half a meter below the bottom of the Niskin Bottles. However, we can not rule out that the
Seabird Conductivity sensor is not skewed, so further investigation is necessary.

10.2.1 Probes Calibration — Oxygen

Oxygen sensor calibration was performed based on dissolved oxygen concentration measured
in water samples using Winkler’'s method and a Mettler Toledo titration machine. This part was
performed by the ArcticNet team members for leg 2 and 3 (Figure 10.11 to Figure 10.15). During
Leg 3, the plots show significant discrepancies between the samples taken from the Niskin
Bottles and the measurements made by the sensor on the Rosette (Figure 10.17 to Figure
10.20). It is likely that these errors are derived from; the bad quality of the reagent (Figure 10.16)
and imprecision done during the manipulation. We should have redone our reagent and looked
the values before the end of the cruise. In the future it might be a good idea to inform this to the
next rosette operator, during the quick formation.
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Problems Encountered

Reagent Blanks: During the process of titrating the blanks, during leg 2, the thiosulfate ran out
after the first 4 titrations of samples. This caused the first 4 samples to be discarded, and a new
thiosulfate calculation was performed. Those first 4 data points were not included in Figure 9.12,
as they were no longer relevant once a new thiosulfate calculation was done.

10.2.1 Water Sampling

Water was sampled with the rosette according to each team’s requests. To identify each water
sample, we used the term “rosette cast” to describe one CTD-rosette operation. A different cast
number is associated with each cast. The cast number is incremented every time the rosette is
lowered in the water. The cast number is a seven-digit number:

XXyyzzz, with:

xx: the last two digits of the current year;

yy: a sequential (Québec-Océan) cruise number;
zzz: the sequential cast number.

For Leg 1, the first cast number is: 1601001. To identify the twenty-four rosette bottles on this
cast we simply append the bottle number: 1601001nn, where “nn” is the bottle number (01 to
24).

For Leg 2, the first cast number is: 1602001. To identify the twenty-four rosette bottles on this
cast we simply append the bottle number: 1602001nn, where “nn” is the bottle number (01 to
24).

For Leg 3, the first cast number is: 1603001. To identify the twenty-four rosette bottles we simply
append the bottle number: 1603001nn, where “nn” is the bottle number (01 to 24).

All the information concerning the Rosette casts is summarized in the C7D Logbook (one row
per cast). The information includes the cast and event number and station id, date and time of
sampling in UTC, latitude and longitude, bottom and cast depths, and minimalist comments
concerning the casts (Appendix 4).

An Excel® Rosette Sheet is also created for every single cast. It includes the same information

as the CTD Logbook plus a table of what was actually sampled and at what depth. Weather
information at the sampling time is included in each Rosette. For every cast, data from three
seconds after a bottle is closed to seven seconds later is averaged and recorded in the ascii
‘bottle files’ (files with a btl extension). The information includes the bottle number, time and date,
trip pressure, temperature, salinity, light transmission, fluorescence, dissolved oxygen, irradiance
and CDOM measurements.

All those files are available in the directory “Data\Rosette” on the ‘Shares’ folder on the
Amundsen server. There are six sub-directories in the rosette folder.
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\Rosette\log\: Rosette sheets and CTD logbooks.

\Rosette\plots\: plots of every cast including salinity, temperature, oxygen, light transmission,
nitrate, fluorescence and irradiance data.

\Rosette\odv\: Ocean Data Viewer file that include ctd cast files.

\Rosette\svp\: bin average files to help multibeam team to create a salinity velocity profile.
\Rosette\avg\: bin average files of every cast.

\Rosette\LADCP\: LADCP post-process data results.

Problems Encountered with the CTD-Rosette

One of the conductivity sensor has a problem during the first cruise: the shift with the other
sensor was about 0.003 PSU. We tried to fix the problem by cleaning the sensor with triton and
bleach without success. We continue to sample salinity (at deepest depths) in order to have
enough field data for an efficient post-cruise calibration.

The nitrate Isus sensor sn 132 had a problem during the first cruise and was replaced by the
instrument sn 137.

During leg 2, several elastics were tightened due to leaking problems. A second fluorometer was
added to the top of the rosette in order to collect a better SCM during the up cast. The Isus
nitrate sensor was replaced, as well as recalibrated using the Field Calibration procedure outlined
in the user manual.

Directly after leaving Kugluktuk at the outset of Leg 3a, Thomas, the Amundsen Science
technician, re-terminated the Rosette electro-mechanical cable. He did this to avoid problems
with the well-used termination at a more inconvenient time. However, there were problems with
the electrical system for the next five days. Short circuits persisted, and always the short was
identified as being the in termination of the sea cable. Re-terminating the cable worked for a
limited time, before a short circuit (usually on a deep cast) would cause a system failure and
another lengthy period of down time while the cable was again re-terminated and the resin was
allowed to cure around the splice. This occurred three times before the cause of the short
circuits, water infiltration into the electro-mechanical sea cable, was ultimately identified. The
cable was being cut with an electric grinder, which heated the cable and dispersed or evaporated
any water from the cable that would have otherwise been seen. For the last re-termination, the
steel cable was cut with a hand saw, and a bead of water was then seen protruding from a
conductive wire within the cable. To avoid further short circuits and delays, 500m of cable was
cut from the winch. The cable was re-terminated, and no problems persisted for the rest of the

leg.
Several Niskin Bottle elastics were tightened and replaced (see the operator verbose)

During Leg 3a, a scientist studying nutrients believed there were some problems with the closing
of Niskin Bottles. The passage below was circulated to all scientists sampling Rosette water:
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Greetings CTD Water sampler. Following his analysis, Jonathan noticed inconsistencies with
water sampled from Bottle 12, Cast 61, Station 554, 405, 403. His findings are more
representative of surface water, rather than that of water sampled at 60m, where bottle 12 was
meant to be closed. The records in the Rosette Shack confirm that this bottle was indeed fired
to close at 60m, however, it is possible that the firing mechanism malfunctioned and remained
open until the Rosette was at the surface, where it then closed. There is no way for us, the
Rosette operators, to know with certainty whether this happened, but it is a possibility. We
therefore recommend you review your findings from this sample.

10.3 Methodology — Lowered Acoustic Doppler Current Profiler (LADCP)

A 300 kHz LADCP (a RD-Instrument Workhorse®) was mounted on the rosette frame. The
LADCP gets its power through the rosette cable and the data is uploaded on a portable
computer connected to the instrument through a RS-232 interface after each cast. The LADCP
is programmed in individual ping mode (one every second). The horizontal velocities are averaged
over thirty-two, 8 m bins for a total (theoretical) range of 100 to 120 m. The settings are 57600
bauds, with no parity and one stop bit. Since the LADCP is lowered with the rosette, there will
be several measurements for each depth interval. The processing is done in Matlab® according
to Visbek (2002).

Figure 10.20. RDI LADCP mounted on the bottom of the SBE32 caroussel on the Amundsen.
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Station : GreenEdge 1601 : Cast 45 down/up looker Figure 1
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Figure 10.21. An example of profile velocities provided by the dual LADCP system during leg 1.
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Station : GreenEdge 1603 : Cast 2 downlooker Figure 1
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Figure 10.22. Example of current velocities for cast 002 as recorded by the LADCP.
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Problems Encountered

During leg 1, no significant problem occurred with the Ladcps.

During leg 2, thanks to new power supply upgrade, the ADCP intensity was sufficient even for
deep cast. Sometimes and probably due to the new power supply, it was difficult to
communicate with the LADCP from the BBtalk software. An investigation should be done to fix
the problem.

10.3.1 Underwater Vision Profiler (UVP)

The UVP5 is an instrument designed to take pictures of a slice of water illuminated by 2 rows of
flashing LEDs while profiling or while being moored (Figure 10.23). An image processing
performed either onboard while profiling, or in delayed mode after data recovery (at the user's
convenience), estimates the particles size distribution and stores vignettes of the particles found
in the images. The pixel size of the camera is approximately 150 microns, so that the particles
detected by the UVP range from 150 microns up to a few centimeters.

The UVP main cylindrical case includes a camera, containing itself a hard drive (HD) and a flash
drive (FD). There are 2 modes that can be used to record the images and process them. In clear
waters; the "mixfd" mode is given preference; it processes the images while acquiring data, and
stores only vignettes taken from the entire images. In more turbid waters, the "fullhd" mode is
preferred; it stores the entire image on the camera hard drive (64Go USB drive).

During leg 1, 201 profils were done (ALL CTD casts except 2) for 1 300 000 images (80% sorted
on board).

Figure 10.23. UVP mounted on the bottom of the SBE32 caroussel on the Amundsen

Problems Encountered

At the end of transect 500, the UVP stopped working. The problem was fixed quite rapidly
(change of mother board), but casts 144 ad 145 were performed without UVP and cast 146 with
the spare UVP.

Reference

Visbeck, 2002, J. Atmos. Ocean. Tech., 19, 794-807

157



11 High Resolution Survey of Oceanic Dimethylsulfide in Contrasted

Marine Environments of the Canadian Arctic — Legs 1 and 2
Project leaders: Maurice Levasseur' (maurice.levasseur@bio.ulaval.ca) and Guillaume Massé'
Cruise participant - Leg 1a: Guillaume Leguen?
Cruise participants - Leg 1b: Marti Gali' and Guillaume Leguen?
Cruise participants - Leg 2: Martine Lizotte’ and Robin Bénard'

" Biology Department, Université Laval, Québec, QC, Canada
2 Intechmer, Tourlaville, France

11.1 Introduction

Dimethylsulfide (DMS) is a gas produced by marine microbial food webs through the
decomposition of dimethylsulfoniopropionate (DMSP), a compound synthesized by
phytoplankton. DMS dissolved in seawater is emitted to the atmosphere, where it rapidly oxidizes
to sulfate and other species and contributes to the formation and growth of aerosols. These
aerosols can modify the brightness and lifetime of low-level marine clouds, as well as precipitation
rates, by increasing the cloud droplet concentration, and can therefore have an impact on climate
(Charlson et al. 1987). This is particularly true in non-polluted atmospheres, such as the
summertime Arctic atmosphere, where background aerosol levels are low and DMS represents
the dominant source of atmospheric sulfur (Leaitch et al. 2013). DMSP production differs strongly
among different phytoplankton groups (Stefels et al. 2007). Thus, the species composition of the
phytoplankton community strongly determines DMS concentrations and emission fluxes.
Bacteria can also produce DMS from DMSP, so the composition and activity of the bacterial
community is another important factor determining DMS production, together with grazing,
which makes algal DMSP available to bacteria. In the 2016 Amundsen Expedition, we aimed at
describing DMS and DMSP concentrations and dynamics across the ice edge, and their
relationship to the composition and activity of planktonic communities. These data may help us
understand the response of Arctic DMS emission in the context of dramatic environmental
changes, such as the decline of summertime ice cover and the varying occurrence of under-ice
and ice-edge blooms (Levasseur 2013).

Conspicuous alterations in the Arctic Ocean are underway and include reductions in snow cover
as well as sea ice extent and thickness, the occurrence of which is linked to profound
modifications in light availability in surface waters below the ice and at its margin. How these
physical changes will impact the dynamics of bloom-forming micro-organisms and their
production of the biogenic climate-active gas dimethylsulfide (DMS) are still unknown. Within
both ArcticNet and Netcare research programs, questions such as: « What are the relative
contributions of marginal ice blooms, under ice blooms and melt ponds to the production and
sea-air exchanges of DMS? And “What is the relationship between phytoplankton blooms and
DMS production/emission in Arctic waters?” are explored during this 2016 field season. The
main objectives of Leg 2 included:
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1) Deploying a high-frequency autonomous underway sampling instrument (MIMS -
Membrane Inlet Mass Spectrometer) in order to obtain greater spatial and
temporal resolution of surface concentrations of DMS across contrasted
environments (open waters, ice, marginal ice zones, etc);

2) Sampling a selection of ArcticNet rosette stations (Basic and Full) located in
Lancaster Sound, Baffin Bay, Kennedy Channel, Kane Basin, Peel Sound and
Queen Maud Gulf to augment the existing time-series in this region of the
Archipelago;

3) Opportunistic sampling of surface microlayer waters to increase the extent of
measurements made in 2014 during the first Netcare campaign.

11.2 Methodology

11.2.1Leg 7

Initially, we had planned to measure DMS in semi-continuous mode using a membrane inlet
mass spectrometry (MIMS) system fed by the underway pump of the ship. However, the
automatic system used to extract dissolved gases from the underway seawater flow did not
work. After unsuccessful attempts to fix the system during Leg 1a, our team decided to switch
to manual DMS analysis in discrete samples from the CTD-rosette.

During Leg 1b, seawater samples were taken at 5 depths in the water column at all FULL stations
(16), and at 6 BASIC stations (2 depths, surface and subsurface chlorophyll maximum, SCM).
DMS samples were analyzed immediately after collection. 20 mL of filtered seawater were
purged for 15 minutes using ultrapure He (flow rate 50 mL/min) and pre-concentrated onto a
glass liner filled with Tenax adsorbent placed in a cryogenic trap. The DMS trapped on Tenax
was then thermally desorbed and analyzed by gas chromatography-mass spectrometry (GC-
MS). The GC-MS was calibrated with injections of isotopically marked DMS; d3- and d6-DMS
were used both as internal standards, injected along with natural samples, and to make
calibration curves spanning the 0.5 - 45 nM range. Given the presence of Phaeocystis sp., we
compared different sample collection procedures to avoid overestimation of DMS
concentrations. In selected Niskin bottles (N = 20), samples were collected in duplicate using
either a 100 um or a 5-um mesh to screen out Phaeocystis cells or colonies, and the resulting
DMS concentrations were compared.

Total DMSP (DMSPt) samples were collected in 20 mL glass vials directly from the Niskin bottle.
To collect dissolved DMSP (DMSPd) samples, gravity filtration cups fitted with a 47 mm GF/F
filter were loaded directly from the Niskin with 45-50 mL seawater, and allowed to drip into 20
mL vials. All DMSP samples were preserved using the microwaving method followed by
acidification (Kinsey and Kieber 2016), and will be analyzed on land by gas chromatography and
sulfur-specific flame photometric detection.
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11.22Leg 2

The MIMS was successfully deployed between 21 July and 18 August 2016. During this time we
prioritized the ship’s transits between stations to increase the chances of capturing fronts and
physical features related to the presence of ice. After some initial troubleshooting with labview
code components and communication issues with the ship’s thermosalinograph (TSG) and GPS,
the system was fully operational for the greater part of the cruise. One significant bottleneck of
our system was the accessibility to liquid nitrogen (N2). The multimodal injector used to
cryogenically trap dimethylsulfide within the GC/MS requires a constant and large supply of liquid
N.. Unfortunately, the liquid N2 plant on board was not able to furnish the daily requirements
(35L) to our system and we could only deploy the MIMS every other day, at best, in order to
allow the N, plant to replenish its reservoir. On 18 August, the N. plant stopped working
altogether and a puncture was discovered in one of the compression lines. The copper line was
rapidly fixed by Coast Guard and Amundsen Science personnel (we wish to thank Thomas
Mainville, David Quirion and Simon Morisset for their invaluable help with this). However, re-filling
the N2 reservoir was very long thereafter and we were not able to redeploy the MIMS for the rest
of the journey. During the year to come (2017), we will focus our attention on trying to find an
alternative to this system of cryogenic trapping in order to reduce our dependence to liquid Na.

During underway analysis of DMS on the MIMS our team sampled for various discrete variables;
DMS using a Purge and Trap system (in order to validate and calibrate the MIMS method), total
dimethylsulfoniopropionate (DMSP%), dissolved dimethylsulfoniopropionate (DMSPy), nutrients,
chlorophyll a (chl 8, phytoplankton taxonomy (preserved in both lugol and formaldehyde). A new
collaboration was developed with Dr. Dimitri Kalenitchenko (Prof. Connie Lovejoy lab, Laval
University) with whom we joined efforts during MIMS sampling. Dr. Kalenitchenko took samples
for DNA during selected transits in order to test the method and provide a basis upon which we
will build in order to pursue this collaborative work for years to come. The idea would be to
include an automated sampling-scheme for DNA in association to the DMS-MIMS automated
data. This collaborative work will be conducted at Laval University during the fall of 2016 and
winter 2017.

As an addition to the underway sampling, 24 stations were sampled for water column vertical
profiles of DMS, DMSP; and DMSPg4: NE Hatton Basin ROV1, NE Hatton Basin ROV5, SE Cold
Seep Saglek ROV2, SE Baffin Shelf ROV6, Stn 180, Stn 177, Stn 169, Stn 160, Stn 323, Stn
115, Stn 111, Stn 116, Stn 108, Stn 105, Stn 101, Ts233 (Trinity Glacier), Stn 139 (Peterman
Glacier), Stn 133, Stn 127, Stn 119, Stn 305, Stn 310e, Stn 312, And Stn QMGM. The vertical
profiles of DMS, DMSP: and DMSPg included three light depths (100%, 50%, 1%), as well as the
subsurface chlorophyll 2 maximum (SCM) and a deep cast of 100m for a total of five depths at
every station. All the DMS samples were analyzed swiftly on-board using the GC/MS during
periods of down time at the MIMS. DMSP; and DMSP4 samples will be taken back to Laval
University after demobilization for post-cruise analysis.

Eleven microlayer stations were sampled opportunistically along the cruise track (see Microlayer
report for further information). Contrary to 2014, sampling of the microlayer was made possible
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through the use of an automated catamaran called the skimmer (as opposed to the use of a
glass plate as was the case in 2014). Although a few issues arose with the skimmer, the sampling
team composed of Vickie Irish and Matt Boyer were able to collect large volumes of microlayer
nonetheless. We sub-sampled this microlayer water and associated bulk water for a suite of
variables: DMS, DMSPt, DMSPd, nutrients, and TEP (transparent exopolymer particles). TEP
samples were filtered and stained directly onboard and will be sent to Dr Oliver Wurl in Germany
for analysis through a collaboration fostered within Netcare. After testing and comparing
microlayer water collected through the two methods (skimmer and glass plate), we have come
to the conclusion that the skimmer method may under-estimate concentrations of DMS likely
through enhanced ventilation during sampling. We suggest to keep the glass plate method when
it comes to sampling gases in the microlayer.

Finally, we also had the chance to analyze rainwater and fog water for the presence of DMS
through a collaboration with Roghayeh Ghahremaninezhad (Prof. Ann-Lise Norman lab,
University of Calgary).

11.3 Preliminary Results

11.3.1Leg 7

DMS concentrations spanned between 0.4 and 53 nM, an unusually wide range (note that these
concentrations can change slightly after validation). The maximal concentration was measured
at 30 m depth (station G615), in a prominent SCM with the possible presence of Phaeocysts,
an outstanding DMS(P) producer. Surface concentrations were also high, with values around 10
nM at some stations and a maximum of 14 nM at station G703. There was a stark contrast
between ice-covered and open water stations, in terms of both magnitude and shape of the
vertical DMS profiles, as illustrated in Figure 11.1.

These results suggest the existence of sharp gradients in the biological and physical processes
that control DMS concentration across the marginal ice zone. A clearer picture will emerge when
our results are analyzed in relation to phytoplankton and bacterioplankton dynamics, stratification
and vertical turbulent diffusivity in the upper water column, ice cover and meteorological
conditions.
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Figure 11.1. DMS concentrations at some ice- covered and open water stations. The distinction is sometimes
ambiguous close to the ice edge, which may have been covered by ice until recently.

11.8.2Leg 2

Because the MIMS provides real time data, we were able to detect an event during a transit
between Station 172 and Buchan Gulf (Figure 11.1). We captured a transitional area between
open waters and a large ice floe. The TSG data showed a decrease in salinity, which was
mirrored by an increase in dimethylsulfide as the ship entered the ice floe (Figure 11.1). As the
ship exited the ice floe, the salinity increased and dimethylsulfide levels returned to pre-ice floe
values. This tool is very powerful and highly useful. Thanks to the images captured by the
cameras we were able to pinpoint the moment when the ship entered the ice floe, have a good
appreciation of the type of ice that had surrounded us during the transit within the floe (presence
of melt ponds for example) and know precisely the moment when the ship exited the ice. We are
grateful for this new tool and will be keen users of this service provided by ArcticNet. Overall,
levels of oceanic DMS were found to be highly variable throughout the Archipelago, ranging from
3 nmol L to 30 nmol L.

Collaborations

Leg 1

In collaboration with Julie Dinasquet and Laetitia Dadaglio (Pl Fabien Joux), we conducted two
enrichment experiments to determine the response of bacterial communities to different
methylated substrates. Surface seawater from two contrasting stations (one with open water
and the other ice-covered) was filtered through 0.2 pm, inoculated with bacteria from the same
station and spiked with one of the following compounds at 10 uM C concentration: methanal,
trimethylamine oxide, DMSP, DMS or acrylate. Triplicate bottles for each treatment (plus one
control) were incubated in the dark, and bacterial production and methanol consumption rates,
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as well as DMS, DMSP and acrylate concentrations, were monitored for a 9-day period. Samples
for gPCR wiill be analysed on land.

Leg 2

In collaboration with the laboratory of David Kieber (SUNY, Syracuse), some DMSP samples will
be further analyzed for dimethylsulfoxide (DMSO) and acrylate. DMSO is an oxidation product of
DMS and DMSP, and acrylate is produced upon DMSP cleavage. The dynamics of these
compounds in marine waters, especially acrylate, are poorly known to date.

11.4 Comments and Recommendations

Dynamic scheduling. The science-scheduling monitor near the officer’s lounge is a wonderful
addition to the science operations of the Amundsen. It has the potential of becoming a very
powerful and useful tool. For the moment however it is not optimal at all. What is meant to be an
easy and dynamic way of updating changes in the science operations has become source of
frustration and disappointment. The fact that only the chief scientist can change the schedule is
a nuisance. Our team strongly recommends that the coding for this chart be changed so that
the Wheelhouse officers can change the times. To us it makes sense that the “brain” of the entire
operations has access to this (the wheelhouse operates 24/7 and knows everything at all times),
especially during the night when the chief scientist is sleeping and cannot get up every minute
to check if the operations are on time. We have had a series (several weeks) of frustrating nights
when the schedule was updated only to say “completed” but in reality everything was “EARLY”
so that the little sleep we thought we were getting turned out to be very short indeed when we
got awaken last minute. The schedule should be easier to change, times should be changed (not
just the status: completed, on time or late... this doesn’t help in any way when the schedule is
ahead or when its late... early or late by how much? One hour, two hours?). So times need to
be updated as well as the status. This is imperative if this system is to be operational and user
friendly.

Pre-filters on the fume hoods. We noticed that many of the pre-filters on the fume hoods were
extremely dirty (already at the beginning of Leg 2). We believe that changing these pre-filters
more often could prolong the life of the actual filters, which probably cost more than the pre-
filters. It would also give the fume hood users more confidence that the hoods are doing what
they are supposed too: aspirating fumes efficiently.

Dangerous good containers. When we embarked at the beginning of Leg 2, there were no more
10L dangerous goods containers. This led to many problems for numerous teams. A reminder
to empty these DG containers in the large volume containers near the rosette should be done
by the chief scientist at the end of every leg so that the next people on board are not faced with
emptying others team dangerous goods or trying to cope with other make-shift containers.

Storage allocation. Storage space allocation for empty and consumable boxes this year was not
so easy. We found our boxes scattered all over the ship during the cruise despite the fact that
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they had been placed in a specific area of the Bow Thruster before the sea trials. Some lids and
certain boxes were never found after possible displacement via other teams from previous Legs.
We understand and appreciate the immense challenge the entire process may entail but perhaps
fixed and identified spaces for each team would be beneficial.
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12 Microlayer — Legs 1 and 2
Project leaders: Maurice Levasseur' (maurice.levasseur@bio.ulaval.ca) and Guillaume Massé'
Cruise participant Leg 1a: Guillaume Leguen?®
Cruise participants Leg 1b: Marti Gali' and Guillaume Leguen?

Cruise participants Leg 2a and 2b: Martine Lizotte' and Robin Bénard'

" Biology Department, Université Laval, Québec, QC, Canada
2Intechmer, Boulevard de Collignon, Tourlaville, France

12.1 Methodology

Surface microlayer (SML) and bulk water (BW) samples were taken on 11 different days during
the Amundsen expedition to the Arctic in July and August 2016. Samples were collected using
a skimmer (automatic and manual use). After sampling, SML and BW were each homogenized
and were divided and treated according to protocols for different analyses (Table 12.1).

BW samples were subsampled in the same way for all variables mentioned in Table 12.1.
Additional samples were taken from a niskin bottle at 0.5m deth for DIC/Alk, salinity and O18.
The BW for DIC/Alk was stored in glass bottles using the gas-clean technique, then poisoned
on the zodiac with HgCI2 and stored in a cooler until back at the ship where they were stored at
4°C. The O18 samples were taken directly after and stored in 10ml tubes. Salinity was taken in
100ml glass bottles from the same niskin and stored at 4°C.

Table 12.1 Synopsys of analyses

Analyses LAl 33“'3'6 Max sample vol | Immediate sample handling | Storage temp
Temperature/ Bulk: Bulk: Homogenise, put in glass bottles. | Glass bottles
Salinity 100ml 100ml Temp: room
(Lisa Miller)

Surfactants ulayer +bulk: ulayer +bulk: Method 1: Freeze in HDPE | HDPE bottles
(Lisa Miller) 25ml of each 50ml (2 x 25ml) of | bottles. Temp: -20C
each

DOC/TOC One replicate Two replicate Subsample 8 ml in each tube, | Borosilicate
(Leg 2a: Joannie | player: 55 ml player: 75 ml acidify with HCI and store at 4° C | tubes; Temp:
Leg 2b: until analysis on a Shimadzu TOC | 4°C
Marjolaine & analyzer at UQAR/ISMER
Aude) Bulk: Bulk: 75 ml

55 ml
Bacteria (Leg 2a: | One replicate Two replicate Pour 4 ml in each cryovial, add | Cryovials;
Joannie; Leg 2b: | player: 12 ml ulayer: 17 ml glutaraldehyde, freeze quickly in | Temp: -80°C
Marjolaine & liquid nitrogen and then store
Aude) at -80° C until analysis by flow

Bulk: Bulk: 17 ml cytometry at UQAR/ISMER

12 ml
Pico- and | One replicate Two replicate Pour 4 ml in each cryovial, add | Cryovials;
nanophytoplankt | player: 13 ml player: 18 ml glutaraldehyde, freeze quickly in | Temp:-80°C
on abundance liquid nitrogen and then store
(Leg2a: Joannie; at -80° C until the analysis by flow
Leg 2b: | Buk: Bulk: 18 ml cytometry at UQAR/ISMER
Marjolaine & [ 13 ml
Aude)
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Chlorophyll a

One replicate

Two replicate

Filtration on Whatman GF/F filter

None;  analysis

(Leg 2a: Joannie; | player: 50 ml player: 100 ml (nominal porosity of 0.7 um), 18- | done onboard

Leg 2b: 36h acetone extraction in a fridge

Marjolaine & | Bulk: Bulk: 500 ml at  4°C and fluorometric

Aude) 250 ml determination (Turner Designs 10-

AU) of the pigments onboard the
ship

Nutrients One replicate Two replicate Filtration and filtrate is kept frozen | Polyethylene

(NO3+NO2, PQs, | player: 60 ml player: 110 ml in 15 ml acid-washed | centrifuge tubes;

Si(OH)4) (if polyethylene tubes for later | Temp.: -20°C

nobody of JET analysis on a nutrient autoanalyzer

team is onboard) | Bulk: Bulk: 110 ml onboard the ship

(Leg 2a: Joannie; | 60 ml

Leg 2b:

Marjolaine &

Aude)

Taxonomy One replicate No replicate Pour 50ml (ulayer) or 200ml (bulk) | 4°C

(Leg 2a: Joannie; | player: 65 ml into a glass jar and add acidic

Leg 2b: lugol. Store at 4°C

Marjolaine &

Aude) Bulk:

215 ml

Photosynthetic One replicate Two replicate Fil a borosilicate with water | None;  analysis

performance player: 10 ml ulayer: 20 ml sample and measure natural | done onboard

(Leg 2a: Joannie; fluorescence. Add DCMU and

Leg 2b: measure again.

Marjolaine & | Bulk: Bulk:

Aude) 10 ml 20 ml

DMS/DMSP ulayer+ bulk: 150 | player+ bulk: 1L of | Purge and trapping on tenax. GC | Analysed

(Martine/ ml of each each MS analysis onboard within 12 | onboard.

Marjo/Maurice) hours DMSP stored at

4°C.

INP (Vickie) ulayer+ bulk: | ylayer+ bulk: Some water used directly in | If not used
30ml @x12ml | 60ml (4x12ml plus | droplet freezing assays. Rest of | directly in
plus rinse) of | rinse) of each water stored. experiments,
each stored at -80C

DNA (Vickie) ulayer: 250ml player: 500ml Water directly into sterile falcon | -80°C
bulk: 250ml bulk: 500ml tubes.

Hydroscopicity ulayer+ bulk: | player+ bulk: | Stored in 100ml bottles. -20°C

(Rachel/ Matt) 100ml of each 500ml

Oxidation (Doug) | ulayer+ bulk: | ylayer+ bulk: 1L Put in glass bottles and stored in | -20°C
100ml of each freezer.

TEP (Oliver) player+ bulk: | player+ bulk: | Filtered and alcian blue stained -20°C
100ml of each 250ml

Ammonium (Alex) | player+ bulk: | player+ bulk: 40ml | Analysed onboard
20ml of each of each

DAWT player: 100ml ulayer: 200mI? If tank experiments did not take | -80°C

experiments (~78ml  for a | (~155ml for a | place straight away samples were

(Jon/ Rachel/ | microlayer microlayer frozen at -80C

Matt/ Vickie/ | thickness of | thickness of

Doug) 500um) 1000um)
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Table 12.2 Station numbers, dates and subsamples taken. (green indicates variable was taken and measured)

Station > 1 2 3 4 5 6 7 8 9 10 11
Date 16-07-20 | 16-07-28 | 16-08-01 | 16-08-06 | 16-08-08 | 16-08-09 | 16-08-11 | 16-08-13 | 16-08-15 | 16-08-21 | 16-08-23
Start Lat: Lat: Lat: Lat: Lat: Lat: Lat: Lat: Lat: Lat: Lat:
location 60°17.921 67°23.466 71°17.200 76°20.341 76°43.777 76°18.789 77°47.213 81°20.041 78°18.659 68°19.199 68°58.699
Long: Long: Long: Long: Long: Long: Long: Long: Long: Long: Long:
062°10.750 | 063°22.067 070°30.236 | 071°11.418 | 071°47.267 075°42.963 076°29.841 062°40.774 | 074°33.757 100°49.010 105°30.022
Variable

Salinity

018

DIC

Biological
variables

Ammonium

Oxidation
Hygro-
scopicity
Tank
experiments
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Station 1 — 20July 2016

Figure 12.1 Conditions at station 1

Foggy with some sun trying to break through. Sea surface rippled but with a decent sized swell.
Beaufort scale approx. 3-4.

Table 12.3 Timeline of operations — station 1

Time (UTC) Notes

18:31 Latitude: 60° 17.921 Longitude: 062° 10.750
Skimmer sampling started at bottle 1.

18:47 Going in to see skimmer as she doesn’t seem to be changing bottles.
She had stopped on Bottle 5.

18:54 Carried on sampling using bottle 6.

19:00 Lost connection with the princess.

19:18 Emptied SML bottles in one large SML homogenising bottle. Same done for BW. Salinity
47.6 mS/cm.

* The princess’ computer died between stn 1 and stn 2 so we re-purposed her to manually sample
(see manual crank in picture below)

Figure 12.2 Manual sampling
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Station 2 — 28 July 2016

Figure 12.3 Conditions at station 2

Sunny. Next to ice island (same one as from 2014). A few icebergs nearby. Can see land.
Beaufort scale approx. 2.

Table 12.4 Timeline of operations — station 2

Start time | Time taken :
(UTO) to fill bottle Bottle | rotations Notes

15:37 3min 4 100 Latitude: 67° 23.466 Longitude: 063° 22.067

15:41 2min 15s 5 100

15:45 3min 53s 6 228 Did not push down on skimmer therefore took
longer.

15:52 2min 7s 7 102

15:56 2min 8 76 Amundsen went past doing ice island mapping
approx. 50m away.

16:00 1min 45s 1 75

16:03 2min 2 100

16:06 2min 10s 3 90

16:10 Emptied SML bottles in one large SML homogenising
bottle. Same done for BW.

16:21 1min 41s 5 78

16:23 1min 49s 6 90

16:26 1min 30s 7 80

16:28 1min 35s 8 85

16:31 2min 40s 1 93

16:33 1min 25s 2 85

16:35 1min 45s 3 83

16:37 1min 50s 4 87 Finish sampling. Latitude: 67° 22.957 Longitude:
063° 23.289

17:15 Salinity 44.9 mS/cm Temp: 5.1°C

17:20 Cast 1 niskin. DIC/O18 and salinity samples.
Latitude: 67° 22.77 Longitude: 063° 24.174

17:40 Finished all sampling. Latitude: 67° 22.779
Longitude: 062° 24.855
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Station 3 — 1 August 2016

Figure 12.4 Conditions at station 3

Partly sunny. Light winds. Near Sam Ford Fjord. A few icebergs approx. 200m away. Can see
land. Beaufort scale approx. 3.

Table 12.5 Timeline of operations — station 3

Start time | Time taken .
(UTC) to fill bottle # rotations Notes

12:56 Latitude: 71° 17.200 Longitude: 070° 30.236
Cast 1 niskin.

13:10 Finished DIC, O18 and salinity sampling. Salinity
probe 38.2 mS/cm, Temp 6.6 °C

13:36 1min 20s 65 Latitude: 71° 17.635 Longitude: 070° 29.747
Started skimmer#1 deployment.

13:3 Tmin 14s 55 Bird ~5m nearby.

13:39 1min 9s 53

13:43 1min 3s 53

13:44 1min 2s 52 Noticed small bubbles around skimmer and near
zodiac

13:46 1min 3s 56

13:47 1min 12s 63

13:49 1min 4s 58 Latitude: 71°17.977 Longitude: 070° 29.567
Finished skimmer#1 deployment. Bird gone.

14:00 SML and BW in homogenising bottles.

14:07 1min 26s 86 Latitude: 71° 18.011 Longitude: 070° 29.530
Started skimmer#2 deployment.

14:10 1min 13s 70

14:11 1min 7s 70

14:13 1min 19s 81

14:14 1min 18s 79 2 birds ~5m nearby again.

14:16 1min 17s 80

14:18 1min 16s 73 Birds now only ~1m away.

14:20 1min 27s 85 Latitude: 71° 18.173 Longitude: 070° 29.467

14:30 SML and BW into homogenising bottles. Finished all
sampling.

Station 4 — 6 August 2016
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Figure 12.5 Conditions at station 4

Can see Greenland. Overcast, rippled sea surface but a bit of a swell. Beaufort scale ~2.

Table 12.6 Timeline of operations — station 4
Start

time ;E;r?iﬁ :)%ﬁz # rotations Notes

(UTQ)

13:05 Latitude: 76° 20.341 Longitude: 071° 11.418
Cast 1 niskin.

13:39 Latitude: 71° 20.506 Longitude: 070° 12.082
Started skimmer#1 deployment.

13:39 53s 51

13:40 1min 8s 60

13:42 1min 11s 62

13:43 1min 13s 65

13:45 1min 30s 81

13:47 1min 20s 71

13:49 Tmin 11 63

13:50 1min 5s 60 Latitude: 76° 20.576 Longitude: 071° 12.357

Finished skimmer#1 deployment.

Microlayer conductivity: 49.8 mS/cm T: 7.4C
Bulk conductivity: 50 mS/cm T:6.9C

14:06 Latitude: 76° 20.676 Longitude: 071° 12.568
Started skimmer#2 deployment.

14:06 1min 03s 71
14:07 | 53s 58
14:09 1min 70
14:10 | 53s 62
14:12 | 57s 66
14:183 | 54s 62
14:14 | 56s 65
14:15 56s 70 Latitude: 76° 20.759 Longitude: 071° 12.762

Finished skimmer#2 deployment.

Station 5 — 8 August 2016
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Figure 12.6 Conditions at station 5

Sunny,slight swell,rippled surface. Beaufort scale~3/4

Table 12.7 Timeline of operations — station 5

Start time Time taken rotations Notes
(UTQ) to fill bottle

10:30 Latitude: 76° 43.777 Longitude: 071° 47.267
Cast 1 niskin.

10:56 Latitude: 76° 43.573 Longitude: 071° 46.774
Started skimmer#1 deployment.

10:56 1min 7s 64

10:58 1min 6s 65

10:59 1min 17s 70

11:00 1min 11s 65

11:01 1min 19s 72

11:03 1min 14s 65

11:05 1min 18s 68 Kathy is seasick,did not use this bottle. Finished

deployment #1

Latitude: 76° 43.418 Longitude: 071° 46.457
Finished skimmer#1 deployment.

Microlayer conductivity: 50.1mS/cm T: 7.7C
Bulk conductivity: 50.9 mS/cm T:7.0C
Moved to another location.

11:21 Latitude: 76° 43.313 Longitude: 071° 46.011
Started skimmer#2 deployment.

11:21 1min 16s 71
11:23 1min 11s 67
11:24 1min 15s 68
11:25 1min 24s 77
11:27 1min 18s 72
11:29 1min 21s 75
11:30 1min 19s 72 Latitude: 76° 43.185 Longitude: 071° 45.843

Finished skimmer#2 deployment.

Station 6 — 9 August 2016
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Figure 12.7 Conditions at station 6

Glorious and sunny, rippled waves. Icebergs more than 2miles away. Beaufort scale 2

Table 12.8 Timeline of operations — station 6

Start time Time taken rotations Notes
(UTQ) to fill bottle

14:30 Latitude: 76° 18.789 Longitude: 075° 42.963
Cast 1 niskin.

14:47 Latitude: 76° 18.723 Longitude: 075° 42.378
Started skimmer#1 deployment.

14:47 1min 20s 88

14:48 1min 18s 77

14:50 1min 9s 76

14:52 1min 3s 62

14:54 1min 4s 62

14:55 1min 7s 64

14:56 1min 6s 65

14:58 1min 12s 68 Latitude: 76° 18.658 Longitude: 075° 41.984
Finished skimmer#1 deployment.
Microlayer conductivity: 48.7mS/cm T: 8C
Bulk conductivity: 49.6 mS/cm T:6.5C

15:15 Latitude: 76° 18.587 Longitude: 075° 41.641
Started skimmer#2 deployment.

15:15 1min 19s 78

15:16 Tmin 17s 74

15:17 1min 18s 68

15:18 1min 23s 82

15:20 1min 23s 80

15:22 1min 13s 72

15:24 1min 10s 68

15:25 Forgot to get lat long.
Finished skimmer#2 deployment.

Station 7 — 11 August 2016
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Figure 12.8 Conditions at station 7

A lot of ice and icebergs. Starting to spit rain. Overcast. Polar bears in vicinity.

Table 12.9 Timeline of operations — station 7

Start time | Time taken Rotations Notes
(UTQ) to fill bottle

16:45 Latitude: 77° 47.213 Longitude: 076° 29.841
Cast 1 niskin.

17:11 Latitude: 77° 47.114 Longitude: 076° 29.884
Started skimmer#1 deployment.

17:11 2min 20s 164

17:14 1min 1s 73

17:15 59s 73

17:16 53s 68

17:17 1min 21s 97

17:20 1min 10s 86

17:21 59s 73 Raining a little harder

17:29 Start skimmer#2 deployment
Latitude: 77° 47.058 Longitude: 076° 30.008

17:29 1min 35s 117

17:30 1min 19s 93

17:33 58s 68

17:34 57s 67

17:35 1min 13s 97

17:36 1min 1s 80

17:37 1min 80

17:40 Latitude: 77° 47.007 Longitude: 076° 30.120
Microlayer conductivity: 41.8mS/cm T: 5.4C
Bulk conductivity: 43.8 mS/cm T:4.4C
Finished skimmer#2 deployment.

Station 8 — 13 August 2016
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Figure 12.9 Conditions at station 8

Overcast. Ice bits around. Beaufort scale ~1. No polar bears...yet.

Table 12.10 Timeline of operations — station 8

Start time | Time taken Rotations Notes
(UTC) to fill bottle

10:05 Latitude: 81° 20.041 Longitude: 062° 40.774
Cast 1 niskin.

10:26 Latitude: 81° 20.107 Longitude: 062° 39.829
Started skimmer#1 deployment.

10:26 7min 47s 540 Latitude: 81° 20.162 Longitude: 062° 38.387
Finished skimmer#1 and started skimmer#2.

9min 49s 640 Latitude: 81° 20.207 Longitude: 062° 38.917

Finished skimmer#1 and 2.
Microlayer conductivity: 48.1mS/cm T: 2.2C
Bulk conductivity: 48.4 mS/cm T:1.6C

Station 9 — 15 August 2016

Figure 12.10 Conditions at station 9
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The stillness in the air reflects the condition in Matt’s heart. Sunny, ice bits, 1/10" ice. BS 0.
Clouds 1/9' cirrus. I'mmoved by the unmovement of things around us (Robin). In the emptiness
of sound the chak chak of murder can be heard (Manu).

Table 12.11 Timeline of operations — station 9

Start time | Time taken .
(UTC) | tofill bottle | Hotations Noies
13:55 Latitude: 78° 18.659 Longitude: 074° 33.757
Started skimmer#1 deployment.
13:55 10min 18s 700 Latitude: 78° 18.627 Longitude: 074° 33.574
Finished skimmer#1 and started skimmer#2.
40s 44 DMS sampling.
14:15 9min 41s 640 Latitude: 78° 18.581 Longitude: 074° 33.267
Finished skimmer#1 and 2.
Microlayer conductivity: 45.1mS/cm T: 7.2C
Bulk conductivity: 46.2 mS/cm T:5.3C
5min 49s 40 dips DMS and INP hand sampling with glass plate.

Station 10 — 21 August 2016

Figure 12.11Conditions at station 10
BS ~4, sunrise, clear skies, most wavy conditions yet.

Table 12.12 Timeline of operations — station 10

Start time | Time taken Rotations Notes
(UTQ) to fill bottle
09:55 Latitude: 68° 19.199 Longitude: 100° 49.010
Started skimmer#1 deployment.

10:05 10min 49s ~700 Skimmer handle had come off so clog was rotated
(based on | manually, not as smoothly as with handle. Only 2L
av from | was collected.
other Latitude: 68° 19.303 Longitude: 100° 49.118
outings) Finished skimmer#1 deployment.

Salinity probe used once back on ship:
Microlayer conductivity: 34.6 mS/cm T: 9.8C
Bulk conductivity: 33.8 mS/cm T:10.8C
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Station 11 — 23 August 2016

Figure 12.12 Conditions at station 11

Conditions: BS ~3, sunrise, mostly cloudy.

Table 12.13 Timeline of operations — station 11

Start time

Time taken

(UTC) | tofil bottle | Hotations Neies

10:40 Latitude: 68° 58.699 Longitude: 105° 30.022
Started skimmer#1 deployment.

10:50 7min 22s 500 Latitude: 68° 58.849 Longitude: 105° 30.247
Finished skimmer#1 deployment, started skimmer#2
deployment.

10:56 6min 51s 450 Latitude: 68° 59.037 Longitude: 105° 30.525
Finished skimmer#2 deployment.

Microlayer conductivity: 42.7 mS/cm T: 7.2C
Bulk conductivity: 43.3 mS/cm T:7C

3 min 10s 28 dips DMS sampling

59s 10 dips INP sampling
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13 Measurement of pH and Total Alkalinity (TA) in Seawater — Leg 3

Project leader: Alfonso Mucci' (alfonso.mucci@mcdill.ca)

Cruise Participant - Leg 3a: Constance Guignard'

Cruise Participant - Leg 3b: Olivier Sulpis'

" Department of Earth & Planetary Sciences, McGill University, Montreal, QC, Canada

13.1 Introduction

Since the beginning of the industrial period in the late 18th century, humans have emitted large
quantities of CO: into the atmosphere, mainly as a result of fossil-fuel burning, but also because
of changes in land-practices (e.g., deforestation). Whereas atmospheric concentrations
oscillated between 180 and 280 ppm over much of the past 400,000 years, current atmospheric
concentrations have now reached 403 ppm, diverging wildly from the very reproducible, eleven
last glacial-interglacial cycles. Hence, it is hard to argue that anthropogenic activities are
unrelated to this increase in atmospheric CO, concentration and the associated rise in global
temperatures.

The impact of climate change is disproportionately large in the high latitudes. Rapid warming in
the northern polar region has resulted in significant glacial and sea-ice melt, affecting the fresh
water budget and circulation of the Arctic Ocean and feeding back on Earth’s radiation balance.
Likewise, the uptake of anthropogenic CO: is accelerated in high latitude waters because the
solubility of CO. in water increases with decreasing water temperature and salinity.
Consequently, high latitude waters are more susceptible to ocean acidification.

A study of large-scale processes that modulate the spatial and temporal variability of the pH in
surface waters, the pCO. gradient at the air-sea interface, and exchange of CO. with sub-
thermocline waters and across oceanic basins. In addition to measurements of carbonate

parameters (pH, TA), the stable carbon isotope composition, §'*C(DIC), of dissolved inorganic

carbon (DIC) will be determined to differentiate between inorganic (atmospheric CO. uptake,
alkalinity exclusion, ikaite precipitation/ dissolution) and metabolic processes (photosynthesis,
microbial degradation of allochtonous and autochtonous organic matter) in the ice and water
column to CO, exchange. These results will be combined with historical data acquired since
2003 (i.e., CASES, IPY-CFL, IPY-Geotraces, Malina) to construct time-series of the saturation
state of the waters with respect to aragonite in order to evaluate the impact of increasing
atmospheric CO, concentrations, physical and biological processes on Arctic water acidification.

In order to elucidate the role physical mixing of various source waters, the stable oxygen isotope
composition, §'80O(H-0), of water will be combined to other conservative (e.g., SP, T, TA) and

non-conservative tracers (e.g., O, Ba, nutrients) to quantify the relative contribution of freshwater
inputs (river, sea-ice melt, snow and glacier melt) and oceanic water masses (Pacific, Atlantic) to
the vertical structure of the water column and the transfer of heat, salt and carbon between the
North Pacific and North Atlantic through the Canadian Arctic Archipelago. Results of this water

178


mailto:alfonso.mucci@mcgill.ca

mass analysis will also serve as a template for the interpretation of the distribution of trace
elements and their isotopes that are measured by other researchers involved in the Geotraces
program.

13.2 Methodology

pH samples (Table 13.1) were collected from the rosette using a rubber tube and stored in LDPE
125 ml bottles. While sampling the Niskin bottle, with a low water flow, the air was carefully
removed from the sampling tube which was held at the bottom of the bottle. The water was then
allowed to overflow at about the same volume as the bottle before the tube was slowly removed
from it, in order to leave enough water at the neck of the bottle to avoid having air inside while
putting the cap on or having as little air as possible. The bottle was then closed air tight. The
samples were, right after the sampling, equilibrated at 25°C, in a Digital One Rte 7 temperature
controlled water bath, and analyzed immediately by colorimetry, using a UV-VIS
spectrophotometer, model HP 8453 from Agilent Technology, using two pH indicators: phenol
red and cresol purple. The sample was poured in a 50 mm quartz cell and used to measure the
blank. Absorbance measurements were taken after adding the pH indicator to the sample. The
method is described in Baldo, Morris and Byrne (1985) and in Clayton and Byrne (1993). TRIS
buffers, prepared in our laboratory with the method described in Millero & al (1993), of salinities
35 and 25 were used to calibrate the spectrophotometer.

Alkalinity analyses were performed by titration, using an automatic titrator, model TTT865 titration
manager, titralab, from Radiometer Analytical. The samples were collected from the Niskin
bottles, using a rubber tube, and, stored in 250 ml glass bottles. They were poisoned, right after
they were collected, with mercuric chloride as a preservative. Apiezon grease was put on the
glass stoppers before closing the bottles and they were then clipped to keep them air tight. The
samples were equilibrated at 25 C in a Digital One Rte 7, controlled temperature water bath, and
then, titrated with a 0.03N hydrochloric acid solution. The titrant was standardized using Dickson
water, which is a reference material for oceanic CO. measurements, and also a reference for
alkalinity measurements. The reference material was purchased from Scripps Institution of
Oceanography, in La Jolla, California, USA.

Samples for 80 and C were also collected. The *C samples were collected in 30ml amber
glass bottles and poisoned with mercuric chloride for preservation. The 80O samples were
collected in 13 ml plastic test tubes with no special treatment. Those samples will be analyzed
at Geotop, UQAM further in time.
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Table 13.1. List of the station samples and the type of analysis performed on each depth (Leg 3a)

Station Position Depths sampled
(m)
Lat(N) Lon(W)

407 70°59.984 126°4.124 Bot, 300, 200, 100, 70, 50, 30,
20, 10, 5, Surface

437 71°48.007 126°29.726 Bot, 200, 100, 70, 50, 30, 20, 10, 5,
Surface

412 71°33.682 126°55.637 Bot, 10, Surface

408 71°17.140 127°33.310 Bot, 100, 70, 50, 30, 20, 10, 5,
Surface

418 71°9.617 128°10.048 Bot, 20, 10, Surface

420 7102.774 128°31.024 Bot, 20, 10, Surface

434 70°10.561 133°32.887 Bot, 30, 20, 10, Surface

428 70°47.413 133°41.772 Bot, 50, 30, 20, 10, Surface

472 69° 36.641 138°13.495 Bot, 100, 70, 50, 30, 20, 10, 5,
Surface

476 69°58.990 138°39.076 Bot, 10, Surface

482 70°31.447 139°22.240 Bot, 200, 100, 70, 53, 30, 20, 10,
Surface

435 71°4.871 133°37.530 Bot, 200, 100, 70, 50, 30, 20, 10,
Surface

421 71°028.124 133°53.177 Bot, 900, 600, 300, 200, 100, 70,
50, 30, 20, 10, Surface

535 73°25.024 128°11.207 Bot, 200, 100, 70, 50, 30, 20, 10, 5,
Surface

554 75°44.434 126°28.416 Bot, 200, 100, 70, 50, 30, 20, 10,
Surface

575 76°9.602 125°54.497 Bot, 200, 100, 70, 50, 30, 20, 10,
Surface

585 74°30.029 123°14.431 Bot, 200, 100, 70, 50, 30, 20, 10,
Surface

405 70°36.538 123°1.528 Bot, 400, 300, 200, 100, 70, 50, 28,
20, 10, Surface

403 70°5.975 120°5.960 Bot, 200, 100, 70, 50, 35,
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Table 13.2. List of the station samples and the type of analysis performed on each depth (Leg 3b).

Station Cast Lat. (N) Long. (W) Analyses Depth
316 80 68°23.400' 112°07.200' pH, TA, 613C, bottom, 100, 74, 50, 30, 20,
5'80 10, surface
314 81 68°58.218' 105°28.239' pH, TA, 613C, @ bottom, 41, 30, 20, 10, surface
5'80
QMG-4 82 68°29.090' 103°25.745' 5'80 bottom, 50, 30, 20, 10, surface
QMG-3 83 68°19.670' 102°56.530' 5'80 bottom, 30, 20, 10, surface
QMG-M 84 68°18.166' 101°44.473' pH, TA, §°C, bottom, 80, 60, 40, 20, 10,
580 surface
QMG-2 85 68°18.820' 100°48.010' pH, TA, §°C, bottom, 30, 20, 10, surface
5'80
312 86 69°10.200' 100°41.979' pH, TA, §'°C, bottom, 40, 20, 10, surface
5'80
311 87 70°16.854' 98°31.619' pH, TA, §°C, bottom, 120, 80, 50, 30, 10,
5'80 surface
310W 89 71°27.572' 101°16.283' pH, TA, §°C, bottom, 120, 80, 50, 30, 10,
580 surface
307 90 74°06.606' 103°06.952' pH, TA, §°C, bottom, 300, 200, 120, 80, 50,
580 30, 10, surface
304 93 74°14.781' 91°31.078' pH, TA, §°C, bottom, 200, 120, 80, 54, 30,
5'80 10, surface
301 97 74°07.307" 83°19.183' pH, TA, §°C, bottom, 500, 300, 200, 100,
580 75, 50, 30, 10, surface
165 99 72°42.949' 75°45.438' pH, TA, §°C, bottom, 500, 300, 200, 125,
580 80, 50, 30, 10, surface
177 100 67°28.568' 63°47.407"' pH, TA, §°C, bottom, 250, 150, 80, 50, 30,
580 10, surface
645 107 56°42.000' 59°42.000' pH, TA, §°C, bottom, 100, 70, 50, 30, 20,
5'80 10, surface
650 108 53°48.000' 55°25.800' pH, TA, §°C, bottom, 150, 100, 60, 40, 20,
5'80 10, surface

13.3 Preliminary Results

Here is an example of results from pHr and TA analysis at the station 301 (74°07.307N;
83°19.183W) (Figure 13.1). The other variables of the carbonate system, such as DIC, pCO,, or
the saturation state with respect to minerals like calcite or aragonite will be estimated using the
software CO.SYS (Pierrot et al., 2006). Results concerning §'®0 and §'*C are not available yet,
and their analysis will be performed later at Geotop.
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Figure 13.1. Depth profiles of pHr and total alkalinity at the station 301.

More variables are needed to fully interpret these data, but we can already attempt to formulate some
hypotheses. High pH values observed at the surface may be due to photosynthetic organisms that are taking
out CO:2 from seawater and releasing O2 through the photosynthetic reaction. Around 100 m, the pH is lower,
probably due to respiration, that releases CO:z in seawater, and we observe a small increase at the bottom of
the water column. The total alkalinity depth profile indicates a homogeneous gradient, from relatively low
alkalinities at the surface to high alkalinities at depth.

13.4 Comments and Recommendations

The transect schedule is made for people who just sample and store their samples for analysis
that will be performed when they are back in their own lab. For those of us who have to sample,
treat and analyse on board the ship, it is impossible to sample a whole transect. The tightness
of the schedule denies a lot of the participants the chance to sample most of the stations of the
transect besides the ones at both ends and maybe one in the middle. We understand that this
type of scheduling has been used for a long time; however, as new participants are added in the
group, sampling needs change, and, for those who have to process their samples on board, it
is most likely impossible to sample when the transit and residence times are too short, unless
they remain awake for insane amounts of time, which is against the regulation of the ship,
increasing in the same time the risk of accidents. | believe that a discussion regarding this issue
should take place during the next ArcticNet general meeting.

The possibility that the night sampling can be a half hour or an hour ahead of schedule makes
us cut on sleep time that is especially precious during the times of intense sampling. We have to
get up one and a half to two hours earlier, sometimes more, than our sampling time just in case
something took less time or was cancelled while we are asleep. Since we cannot know in
advance the schedule modifications that occur while we are sleeping, we think the night schedule
should not be touched, as it was the case during Leg 3a last year.
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14 Marine Productivity: Carbon and Nutrients Fluxes - Legs 1, 2 and
3

Project leader: Jean-Eric Tremblay' (Jean-Eric. Tremblay@bio.ulaval.ca)

Cruise participants - Leg 1a: Gabriele Deslongchamps', Gabrielle Filteau'

Cruise participants - Leg 1b: Jean-Eric Tremblay', Gabriéle Deslongchamps' and Gabrielle Filteau'
Cruise participants - Leg 2b: Jonathan Gagnon' and Vincent Marmillot'

Cruise participant - Leg 3a: Jonathan Gagnon'

Cruise participants - Leg 3b: Vincent Marmillot' and Gabriéle Deslongchamps’

" Département ade biologie, Université Laval, Québec, QC, Canaada.

14.1 Introduction

The Arctic climate displays high inter-annual variability and decadal oscillations that modulate
growth conditions for marine primary producers. Much deeper perturbations recently became
evident in conjunction with globally rising CO. levels and temperatures (IPCC 2007).
Environmental changes already observed include a decline in the volume and extent of the sea-
ice cover (Johannessen et al. 1999, Comiso et al. 2008), an advance in the melt period (Overpeck
et al. 1997, Comiso 2006), and an increase in river discharge to the Arctic Ocean (Peterson et
al. 2002, McClelland et al. 2006) due to increasing precipitation and terrestrial ice melt (Peterson
et al. 2006). Consequently a longer ice-free season was observed in both Arctic (Laxon et al.
2003) and subarctic (Stabeno & Overland 2001) environments. These changes entail a longer
growth season associated with a greater penetration of light into surface waters, which is
expected to favoring phytoplankton production (Rysgaard et al. 1999), food web productivity
and CO. drawdown by the ocean. However, phytoplankton productivity is likely to be limited by
light but also by allochtonous nitrogen availability. The supply of allochtonous nitrogen is
influenced by climate-driven processes, mainly the large-scale circulation, river discharge,
upwelling and regional mixing processes. In the global change context, it appears crucial to
improve the knowledge of the environmental processes (i.e. mainly light and nutrient availability)
interacting to control phytoplankton productivity in the Canadian Arctic. Also, changes in fatty
acid proportions and concentrations will reflect shifts in phytoplankton dynamics including
species composition and size structure, and will reveal changes in marine energy pathways and
ecosystem stability.

The main goals of our team for ArcticNet 2016 were to establish the horizontal and vertical
distributions of phytoplankton nutrients, to measure the primary production located at the
surface of the water column using O./Ar ratios and to assess the fatty acids concentrations in
phytoplankton as well as zooplankton. The secondary objectives were to quantify biological
nitrogen fluxes and primary production by doing incubations with °N tracer (nitrate assimilation
and photosynthesis versus irradiance curves). Auxiliary objective was to calibrate the /SUS nitrate
probe attached to the Rosette.
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14.2 Methodology

14.2 .1 Nutrients

Samples for inorganic nutrients (ammonium, nitrite, nitrate, orthophosphate and orthosilicic acid)
were taken at all NUTRIENTS/BASIC/FULL stations (Table 14.1, Table 14.2, Table 14.3, Table 14.4)
to establish detailed vertical profiles. Samples were stored at 4°C in the dark and analyzed for
nitrate, nitrite, orthophosphate and orthosilicic acid within a few hours on a Bran+Luebbe
AutoAnalyzer 3 using standard colorimetric methods adapted for the analyzer (Grasshoff et al.
1999).

14.2.2 Ammonium

Additional samples for ammonium determination were taken at all Full stations for leg 1, all Basic
stations for Leg 3, and at stations where incubations were performed. Ammonium samples were
processed immediately after collection using the fluorometric method of Holmes et al. (1999).

A quadrupole mass spectrometer (PrismaPlus, Pfeiffer Vacuum) was used to measure the
dissolved gases (N2, O,, CO,, Ar) coming for the underway seawater line located in the 610
laboratory. O, to Ar ratios will later be analyzed to measure primary production that occurred up
to 10 days prior of the ship’s passage in all the areas visited.

During Leg 1, samples for measuring phytoplankton pools of inorganic nutrients were taken at
all FULL stations. To do so, 1L of seawater collected at the surface and SCM was filtered through
a pre-combusted GF/F filters. Boiled MilliQ water was then added to the filters and nutrient
concentration was determined with the Auto-Analyzer.

To determine NOs™ uptake rates and primary production, water samples from the surface were
incubated with different concentrations of nitrate (0.1 and 10 pM) along with '*N and '3C tracers.
The bottles were then incubated for 24 h using on deck incubator. After 24 h, the water samples
were filtered through a pre-combusted GF/F filters and the filters dried for 24 h at 60°C for further
analyses. Nutrients at Tp and Tena Were measured with the Auto-Analyzer.

Additional water samples from surface were incubated during 6 h using temperature and light
controlled incubators (two modules) to establish the relation between photosynthesis and
irradiance. The first module was set at the same temperature as the surface water while the
second module was set at T" + 5. Spikes of '*C and ®N were added to each bottle. Other
nutrients (phosphate and silicate) were also added to the bottles to prevent a limitation from
these nutrients during the incubation period. Incubations were then terminated by filtration
through a pre-combusted GF/F filters and stored for further analyses. Isotopic ratios of nitrogen
and carbon from all GF/F filters will be analyzed using mass spectrometry at the home laboratory.

During legs 2 and 3, in order to examine the potential effects of environmental conditions (e.g.
acidity, alkalinity, free C0O,) on energy transfer through the food chain, we realized at Full and
Basic stations, 3L filtrations in duplicate from surface and SCM water with pre-combusted GF/C,
to analyse the lipids composition, which is the densest form of energy, in particulate organic
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matter (POM). Samples of 100 mg to 1000 mg of earlier and adult stage of copepods were also
realized and stored on GF/F filters at -80°C to aims our objectives. Moreover, the pH at surface
and SCM was measured by spectrophotometry using red phenol and cresol purple colorants.
Additional 500 ml samples from both depths were used to determine the alkalinity of water. Most
of the samples were analyzed on board before the end of the cruise (leftover samples will be
analyzed soon at McGill University). Urea samples from surface and SCM were also collected
and analyzed at incubation stations using spectrophotometry.

Water samples from the surface were incubated with N and '*C tracers to determine nitrate,
ammonium and urea uptake rates and primary production. To do so, 600 mL samples were
incubated for 24h using on deck incubator. After 24h, the water samples were filtered through a
pre-combusted GF/F filters and the filters were dried for 24 h at 60 °C for further analyses. Filtrate
samples from ammonium uptake were also kept to determine nitrification and regeneration rates.
Finally, POC/PN, POP, BSi filtrations on GF/F filters were also done at surface and SCM. Isotopic
ratios of nitrogen and carbon from all GF/F filters will further be analyzed using mass
spectrometry.

Table 14.1. List of sampling stations and measurements during leg 1

Natural |Internal | Nitrate Pl
Date Station| Type |Nutrients| Ammonium T e Qp— Uil incu:atio

09-06-2016 | G100 | Full X X X X X X
10-06-2016 | G101 | Nut X
10-06-2016 | G102 | Full X X
10-06-2016 | G104 | Basic X X X X
10-06-2016 | G103 | Nut X
11-06-2016 | G106 | Nut X
11-06-2016 | G107 | Full X X X X X X
12-06-2016 | G109 | Nut X
12-06-2016 | G110 | Full X X
13-06-2016 | G112 | Nut X
13-06-2016 | G115 | Full X X X X X X
14-06-2016 | G200 | Nut X
14-06-2016 | G201 Full X X X X X X
15-06-2016 | G203 | Nut X
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15-06-2016 | G204 | Full
16-06-2016 | G206 | Nut
16-06-2016 | G207 | Full
16-06-2016 | G209 | Nut
16-06-2016 | G211 | Nut
17-06-2016 |G3000| Nut
17-06-2016 | G300 | Full
18-06-2016 | G302 | Nut
18-06-2016 | G303 | Basic
18-06-2016 | G305 | Nut
18-06-2016 | G308 | Nut
18-06-2016 | G309 | Basic
19-06-2016 | G310 | Basic
19-06-2016 | G312 | Full
19-06-2016 | G313 | Nut
20-06-2016 | G315 | Basic
20-06-2016 | G317 | Nut
20-06-2016 | G318 | Full
21-06-2016 | G320 | Nut
21-06-2016 | G321 | Basic
21-06-2016 | G323 | Nut
21-06-2016 | G324 | Full
22-06-2016 | G325 | Nut
22-06-2016 | DICT | Nut
22-06-2016 | DIC2 | DIC
24-06-2016 | G400 | Basic
25-06-2016 | G402 | Nut
25-06-2016 | G403 | Full




26-06-2016 | G405 | Nut
26-06-2016 | G406 | Basic
26-06-2016 | G408 | Nut
26-06-2016 | G409 | Full
27-06-2016 | G411 | Nut
27-06-2016 | G412 | Basic
27-06-2016 | G414 | Nut
27-06-2016 |G413/1| Full
27-06-2016 |G413/2| Full
28-06-2016 | G418 | Full
29-06-2016 | G417 | Nut
29-06-2016 | G420 | Nut
29-06-2016 | G500 | Basic
30-06-2016 | G502 | Nut
30-06-2016 | G503 | Basic
30-06-2016 | G505 | Nut
30-06-2016 | G507 | Full
30-06-2016 | G506 | Basic
01-07-2016 | G509 | Nut
01-07-2016 | G510 | Basic
01-07-2016 |G512/1| Nut
01-07-2016 |G512/2| Full
01-07-2016 | G514 | Nut
02-07-2016 | G515 | Basic
02-07-2016 | G517 | Nut
02-07-2016 | G519 | Full
03-07-2016 | G521 | Nut
03-07-2016 | G600 | Full




04-07-2016 | G602 | Nut X

04-07-2016 | G603 | Basic X

04-07-2016 |G605/1| Nut X
04-07-2016 |G605/2| Full X
05-07-2016 | G615 | Full X
06-07-2016 | G613 | Nut X

06-07-2016 | G612 | Basic X

06-07-2016 | G610 | Nut X
06-07-2016 |G604,5| Full X
06-07-2016 | G607 | Nut X

07-07-2016 | G608 | Basic X

07-07-2016 | G609 | Nut X

07-07-2016 | G617 | Nut X

07-07-2016 | G618 | Basic X

07-07-2016 | G703 | Full X

08-07-2016 | G700 | Basic X

08-07-2016 | G701 | Nut X
08-07-2016 | G705 | Nut X
08-07-2016 | G707 | Full X
09-07-2016 | G708 | Nut X
09-07-2016 | G711 | Nut X
09-07-2016 | G713 | Full X
10-07-2016 | G715 | Nut X

10-07-2016 | G716 | Basic X

10-07-2016 | G718 | Nut X

10-07-2016 | G719 | Full X

Table 14.2. List of sampling stations and measurements during Leg 2b
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Station

NOs, NO2,
Si, PO

Urea (surface
and SCM only)

CHN, POP, BSi,
Fatty acids
(phyto), Fatty
acids (zoo)

pH, Alkalinity

15N-tracers
uptake

experiments

176

ROvVe

ROvV7

180

181

174

173

FB4

ROV1

ROV5

169

170

171

172

166

160

325

324

323

300

322

115

113

111

ROV2

179

177

178

138b

116

110

108

107

105

103

101

XIX|IX|IX|X|XIX|X|IX|X|X[X[|X|X[X[|X[X|X|X[I[X|X|X[|X|X[I[X|X|X[X|X[IX|X|X|X|X|X|X]|X

X

TS233




CHN, POP, BSi, pH, Alkalinity
Station NQs, NO2, NHs Urea (surface Fatty acids 15N-tracers
Si, PO4 and SCM only) (phyto), Fatty uptake
acids (zoo) experiments
TS233CASQ X
139 X
KANE1 X
134 X
136 X
133 X X X X
KANES5 X
127 X X X X X
119 X X X X
AllenBay X X X
305 X X X X X
306 X X X
310F X X X X X
311 X X X
312 X X X
QMGM X X X X X
QMG2 X
QMG1 X X
QMGS X
QMG4 X X X
314 X X X X X
316 X X

Table 14.3. List of sampling stations and measurements during Leg 3a.

CHN, POP,
Stations N%%j& NH4 Ur::g(:?l:lc)r;face chslcljsFarl;[I:y 15’1‘};{:&38 NOsisotopes
Alkalinity
407 X X X
437 X X
410 X
412 X
414 X
408 X X X X X
418 X
420 X X
434 X X X X X
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432
430
428
426
424
472
470
474
476
478
480
482

435

421
535
554
575
577
579
581
583
585
545
525
405
406
403
402

DX X XXX X XX XXX XXX X XXX X[ XX [X]|X|[X]|X|X|X

Table 14.4. List of sampling stations and measurements during Leg 3b

CHN, POP,

BSi, Fatty | '®N-tracers NOs
acids, pH, uptake isotopes
Alkalinity

Urea
NH4 (surface and
SCM only)

NO3, NO2,

Stations Si. PO4

316
314
QMG4
QMG3
QMGM
QMG2
312
311
310E
310W

X IX|X[X[|X|X[X|X]|X]|X
XIX|X[X[|X|X[X|X|X]|X




307 X X X X X
364 X
304 X X X
345 X
344 X
343 X
301 X X X X X
165 X X X X X
Ice Island X
177 X X X X X X
640 X X X X X X
645 X X X
650 X X X X X X

Collaboration

During Leg 1, collaboration with the MIO, Marseille (Nicole Garcia and Pierre Coupel) for
ammonium measurements and nitrate assimilation incubations.
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15 Biogenic Elements, Primary Production and Nitrogen Cycle
(*3C/"*N productions) — Leg 1
Project leader: Patrick Raimbault! (patrick.raimbault@mio.osupytheas.fr)
Cruise participants - Leg 1a: Nicole Garcia'
Cruise participants - Leg 1b: Pierre Coupel'?

" Mediiterranean Institute of Oceanography, Batiment Médiiterranee, Marseille, France
2Département de Biologie, Université Laval, Québec, QC, Canada

15.1 Introduction

The objectives of this project are to:

e Determine the distribution of biogenic elements C/N/P.

e Determine the new and regenerated primary production (NHs, NOs) (double labeling °C
and "°N) at different levels of the euphotic layer, associated with the contents of particulate
and dissolved organic matter.

e Quantify ammonium regeneration and nitrification (**N marking).

15.2 Methodology

e 13 Full stations were sampled during Leg 1a and 15 full stations during Leg 1b.
e 1 ice station was sampled during Leg 1a and 5 during Leg 1b.
e Rosette samples :
(0] NH4
o MOT
0 5L jerrican at each depth
e From the jerrican :
o0 18 production flasks
0 inoculation with tracers
0 incubation with simulated depth’s light
* The depths were determined before each cast by studying the fluorescence and PAR/licor
profiles of the preceding cast. In Leg 1b, the depths of samples were determined by the
IOP/AOP measurements made a few hours before the rosette by Edouard Leymarie rather than
by the PAR/Licor measures of the rosette. At the ice stations, light measurements were taken

under the ice.
e Samples of 6x1L for the MOP and filtrations.

e Samples of 3x20ml for SN, filtration and fixation for conservation.

Table 15.1 and Table 14.2 shows the sampling operations during Leg 1a and Leg 1b
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Table 15.1. Sampling Leg 1a

Parameters Treatment Analvsis st100 | st102 | st107 | st110 | st115 | st115 | st201 st204 st207 st300 st309 st312 st318 st324 Total
Y cast4 | cast7 | cast13 | cast18 | cast25 ice cast29 | cast34 | cast40 | cast49 | castb8 | cast66 | cast73 | cast81
12 12 12 12 12 2 22 12 12 20 12 12 12 12 176
Ammonium (To | Measure Fluorimeter
and Tash) on board on board
) 10 10 6 6 12 1 11 6 6 10 6 6 6 6 102
Total organic 20 ml Automatic
matter § sample analyzer AA3
P Axflow
) 30 36 18 18 36 4 22 18 18 26 18 18 18 18 298
Nutrients (3 '
Automatic
flasks 3 samples analvzer AA3
NO2/NO/PQs- | of 20m| Axﬂg’w
SiOH4-Urea)
7 7 7 7 7 1 7 7 7 11 7 7 7 7 96
Partlcylate 1L sample | Automatic
organic matter h | AA3
(6 fiters +1 then analyzer
blank-filter) filtration Axflow
0.6L 6 6 6 6 6 1 10 6 6 6 6 6 6 6 83
sample,
13 /15 incubation | Mass
C/™NOs 24h, spectrometer
Production
6 levels of Sercon
light then
filtration
1 1
0.6L 6 6 6 6 6 0 6 6 6 6 6 6 6 83
sample,
18~ /15 incubation | Mass
C/ NC.)A 24h, spectrometer
Production
6 levels of Sercon
light then
filtration
0.6L 6 6 6 6 6 1 0 6 6 6 6 6 6 6 73
sample,
18~ /15 incubation | Mass
C/ Urga 24h, spectrometer
Production
6 levels of Sercon
light then
filtration
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recovery of 6 6 6 6 1 10 6 6 6 6 6 6 83
incubation Mass
SNO4 filtrates spectrometer
Regeneration 250 ml for Spercon
6 depths
recovery of 1 1 1 1 2 1 1 1 1 1 1 15
incubation Mass
SNO3 filtrates spectrometer
Nitrification 250 ml for Sp
surface ercon
Table 15.2. Sampling Leg 1b
Station 403 403 403 409 409 413 413 418 507 512 519 519 600 600 605 615 604.5 703 707 713 719
Cast 90 90 ice 98 Ice 408 Ice 111 124 135 144 Ice 148 Ice 156 160 168 176 184 193 202 Total
?FTQ:]%”'TUQ:?]) 12 | 14 2 12 2 10 3 12 | 12 | 14 9 2 10 2 11 12 | 12 6 12 | 12 | 12 | 181
In‘i;ﬁgfrga”'c 10 6 1 6 3 5 1 6 6 6 3 4 5 3 5 6 6 3 6 6 6 | 93
Nutrients (3
flasks
NO/NOs/PO | 30 | 18 3 18 9 15 6 18 | 18 | 18 9 12 | 15 | 12 | 15 | 18 | 18 9 18 | 18 | 18 | 285
4-SiOHz-
Urea)
Particulate
organic
matter (6 7 7 2 7 3 6 1 7 7 7 3 4 6 3 6 7 7 4 7 7 7 | 108
filters +1
blank-filter)
13, 15|
Pgdu'\cl%n 6 8 1 6 1 5 1 6 6 7 6 0 5 0 6 6 6 3 6 6 6 | 91
13, 15|
Pgdu';‘%n 6 8 1 6 1 5 1 6 6 7 6 0 5 0 6 6 6 3 6 6 6 | 91
13, 15
Pr%/du%;%i 6 | 8 1 6 1 5 1 6 6 6 6 0 5 0 5 6 6 3 6 6 | 6 | 89
BNO.4
Regoneration | © 8 1 6 1 5 1 6 6 7 6 0 5 0 6 6 6 3 6 6 6 | 91
15
Ni':'rﬁgaﬁon 1 1 1 1 1 1 1 1 1 1 1 0 1 0 2 1 1 1 1 1 1] 19
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15.3 Preliminary Results

Only ammonium measurements were made on board. The fluorimeter was calibrated daily with
deep water free of ammonium (13 standards/day). Measurements of dissolved, total organic and
particulate mineral matter will be made in the laboratory with an AA3 AXFLOW self-analyzer,
using the wet oxidation method for organic matter. '*C-'N tracer incorporation measurements
and characterization measurements of particulate matter will be performed with a SERCON mass
spectrometer.

Some samples will be brought back at the end of the leg:

e Particulate organic matter (1 box of 20cm x 10cm of 96 2ml glass tubes containing dried
filters of seawater: no chemicals or dangerous materials)

e Nitrogen production (3 boxes of 20cm x 10cm of 96 2ml glass tubes containing dried
seawater filters: no chemicals or dangerous substances)

e Other samples (Nutrient Salts, Filtrates, Total Organic Matter will be landed at the end of
Leg 1b at Igaluit, brought back to Quebec, stored at 5°C and sent to France with the
material in October)

15.4 Comments and Recommendations

Set up temperature and flow monitoring of the incubation tanks at the beginning of the mission
to avoid uncertainties about the incubation conditions. Thanks to the machine and deck team
who helped with the installation and improvements.

Collaboration

Collaboration with Jean-Eric TREMBLAY, Laval University, Pierre COUPEL, CDD MOI
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16 Biogeochemistry of the Inorganic Carbon Cycle — Leg 3
Project leader: Helmuth Thomas' (helmuth.thomas@dal.ca)
Cruise participant - Leg 3: Jacoba Mol'
" Department of oceanography, Dalhousie University, Halifax, NS, Canada

16.1 Introduction

The primary objective is to characterize the marine carbonate system at the stations sampled
during this expedition. Dissolved inorganic carbon (DIC) and total alkalinity (TA) have been
chosen, since for these two parameters certified reference materials are available, which are
used internationally to warrant quality and comparability in time and space of the data. From
these parameters, all relevant species of the carbonate system can be computed, anchored to
the reference material. The data will be used to investigate carbonate system and pH conditions
of water masses encountered at the sampled stations, especially investigating the Mackenzie
Shelf region. Furthermore the data complement data from earlier expedtions into the region, e.g.,
CFL and ArcticNet, carried out by Dr. Alfonso Mucci's and Dr. Lisa Miller's groups, which will
facilitate investigations of the spatiotemporal variability of the carbonate system and ocean
acidification.

16.2 Methodology

Rosette sampling for DIC and TA was conducted in vertical profiles at all stations as shown in
Table 16.1. DIC and TA samples were poisoned with 250ul saturated HgCl. solution and stored
in the dark at 4°C to await analysis at Dalhousie University. DIC will be determined by coulometric
titration and TA determined by potentiometric titration from the same sample simultaneously.
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Table 16.1. Station locations and sample dates for dissolved inorganic carbon (DIC) and alkalinity (TA) samples.

Station

407
437
412
408
418
420
434
432
428
472
470
474
476
478
482
435
421
535
554
575
585
545
405
1402
316
314
QMG4
QMG3
QMGM
QMG2
312
310E
307
304
301
165
177

Latitude
70° 59" 94" N
71°47' 98" N
71° 33" 83" N
71°17°19”N
71° 09" 63" N
71°02' 84" N
70° 10’ 60" N
70° 23 63" N
70° 47 42" N
69° 36’ 63" N
69° 25’ 79" N
69° 47 81" N
69° 59’ 09” N
70° 10’ 00" N
70° 31" 51" N
71°04’ 76" N
71°28" 13" N
73°25' 00" N
75° 44’ 46" N
76° 09’ 66” N
74° 29" 99" N
74°10' 70" N
70° 36’ 56" N
70° 32" 89" N
68° 23" 30" N
68° 58’ 20" N
68° 29’ 20" N
68°19' 67" N
68° 18" 44" N
68° 18’ 82" N
69° 10’ 28" N
70° 49" 89" N
74° 05" 89" N
74° 14’ 65" N
74° 07’ 28" N
72°42° 70" N
67°28 57" N
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Longitude
126° 04’ 65" W
126° 29" 74" W
126° 55’ 57" W
127° 33 14" W
128° 10’ 09" W
128° 31 09" W
133° 32" 89" W
133° 36" 43" W
133° 41" 74" W
138° 13 57" W
137° 59’ 54" W
138° 26’ 45" W
138° 39 11" W
138° 54’ 21" W
139° 22’ 38" W
133° 37’ 83" W
133° 63’ 95" W
128° 11" 30" W
126° 28’ 59" W
125° 54’ 80" W
123°14' 67" W
126° 49" 40" W
123° 01’ 83" W
117°38 05" W
112° 07’ 39" W
105° 28 27" W
103° 26" 35" W
102° 56’ 42" W
101° 45’ 00" W
100° 47 95" W
100° 41’ 89" W
099° 04’ 36" W
103° 02’ 39" W
091° 30’ 72" W
083° 19’ 08" W
075° 45 61" W
063° 47’ 46" W

Date Sampled

28 August 2016
28 August 2016
29 August 2016
29 August 2016
30 August 2016
30 August 2016
30 August 2016
30 August 2016
30 August 2016
2 September 2016
2 September 2016
2 September 2016
2 September 2016
2 September 2016
3 September 2016
5 September 2016
5 September 2016
8 September 2016
10 September 2016
10 September 2016
12 September 2016
13 September 2016
15 September 2016
16 September 2016
18 September 2016
19 September 2016
19 September 2016
19 September 2016
19 September 2016
19 September 2016
20 September 2016
21 September 2016
22 September 2016
24 September 2016
25 September 2016
26 September 2016
28 September 2016



17 Silicon Cycle during the Spring Phytoplankton Bloom in Baffin Bay
Project leaders: Karine Leblanc' (Karine.Leblanc@univ-amu.fr), Aude Leynaert?, Brivaéla
Moriceau? and Bernard Quéguiner’

Cruise participants - Leg 1a: Sandrine Hillion® and Bernard Quéguiner’
Cruise participants - Leg 1b: Camille Brunet' and Brivaéla Moriceau?

" Mediiterranean Institute of Oceanography, Aix-Marseille Universite, Marseille, France

2 Laboratoire des Sciences de I'Environnement Marin, Institut Universitaire Européen de la Mer,
Technopdle Brest-lroise, Plouzané, France

5 IMAGO, Technopdle Brest-iroise, France

17.1 Introduction

Diatoms are an important component of phytoplankton in phytoplankton blooms of polar waters.
In Baffin Bay, their importance has been stressed by fieldwork conducted during the NOW
experiment (Michel et al., 2002, Tremblay et al., 2002). However, the complete silicon cycle has
not been described hitherto and this was the goal of our present study. We aim at documenting
the complete silicon cycle in the seasonal receding sea-ice zone by complementary tools
enabling quantification of stocks (silicic acid, lithogenic, and biogenic silica), fluxes (biogenic silica
production and silicic acid regeneration or dissolution), and estimation of diatom activities at the
community level (silicic acid uptake kinetic parameters) and species-specific level (Figure 17.1).

Dissolution
kinetics

Figure 17.1. Scheme of the processes affecting the silicon cycle in the pelagic domain, together with specific
methods used for quantifying silicon fluxes and stocks.
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17.2 Methodology

17.2.1 Silica Distribution

Sampling for particulate and dissolved silica was done at 10 to 15 water depths during “full
stations’, in the 10 last centimeters at the bottom of the ice when ice operations were possible,
in sediment traps and in sediments. For water sampling, 100 mL to 1 L seawater (according to
the seawater particulate load) were filtered onto 0.6 pm 47 mm polycarbonate membranes, then
placed in eppendorf tubes and allowed to dry at 60°C overnight. Filtrates were stored at 4°C
until analysis in Brest. Ice cores were sliced between 0 and 3 cm and between 3 to 10 cm. 5 to
10 cores were pooled and melted in 4 to 6 litres of 0.2um-filtered seawater sampled on the
previous nutrient station. Ice melted in 24 to 48 h, and 500 ml were filtered for bSiO2 and
dissolved silica. Traps were recovered at the end of Leg 1b, particulate silica will be one of the
core parameters (collaboration with C. Lalande). For sediment samples, sediment cores were
sliced and split in between different core parameters, of which biogenic silica (collaboration N.
Morata). At the laboratory, biogenic and lithogenic silica measurements will be made following
the triple extraction procedure of Ragueneau et al. (2005) and dissolved silica will be measured
using the protocol described in the same studly.

17.2.2 Biogenic Silica Production by the ¥Si Method

Sampling for silica production was done at 5 to 7 photometric levels during every ‘full stations",
including the bottom of the ice. 170 mL of seawater were sampled in polycarbonate bottles then
inoculated with 40 pL of an H4*SiO, solution (12 334 Bg mL™"). After tracer addition samples
were placed for 24 h in a deck board incubator cooled with circulating surface seawater and
covered with neutral density screens to simulate the photometric depths of collection. At the end
of incubation samples were filtered onto 0.6 um 47 mm polycarbonate membranes, which were
then rinsed with filtered seawater (0.2 um), and stored in plastic scintillation vials for radioactivity
counting back in the laboratory.

Different kinetic uptake experiments have been done during the two legs. For each, six to eight
170 mL samples, collected at the Subsurface chlorophyll maximum, received increasing HaSiO4
additions. These samples were spiked with %Si, like samples for silica production rate
measurements, and incubated over 8 h to 24 h in deck incubators covered with appropriate light
screens. After incubation, samples were filtered and stored as described for samples for silica
production rate measurements. Growth limitations have been tested simultaneously by adding
different nutrients (Si(OH)s and All nutrient) to some of the samples, or by incubating them at
different light conditions (ice light profile vs water light profile).

17.2.3 Biogenic Silica Production and Dissolution by the *°Si Method

Sampling for silica dissolution was done at 3 photometric levels during some ‘full stations’. We
followed the isotopic dilution technique of Fripiat et al, (2009) adapted from Corvaisier et al.
(2005), which enables to simultaneously measure the rates of silica production and biogenic silica
dissolution in the same seawater sample. After spiking with a solution enriched in °Si, samples
are incubated and the production rate is estimated from the change in isotopic composition of
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the particulate phase (increase in *°Si), while the isotopic dilution (increase in 28Si) in the °°Si
enriched seawater is used to derive the dissolution rate. For each depth, 5 L of seawater were
sampled. One liter was subsampled and immediately filtered through 0.6 pm 47 mm
polycarbonate membranes to obtain natural silicon isotopic ratios in the particulate and the
dissolved phases (filtrate). The membranes were dried at 60°C overnight and the filtrate was
directly preconcentrated (see below). The remaining seawater volume was subsampled in two
2L aliquots spiked with H4*°SiO4-enriched solution. One aliquot, devoted to production
measurements, was spiked with a spike contribution representing less than 10% of natural
concentrations to minimize the perturbation (Nelson and Goering, 1977a). In order to improve
the method’s dissolution detection limit, a second 2L aliquot was spiked by adding the same
amount of H4*°SiO4 as natural silicic acid. Immediately after spike addition and gentle mixing, 1L
of each aliquot was filtered through 0.6 pm 47 mm polycarbonate membranes to obtain initial
(to) silicon isotopic ratios in the particulate and the dissolved phases (filtrate). The remaining 1L
of each aliquot was poured into polycarbonate incubation bottles and placed respectively for 24
h (10% spiked samples) and 48 h (100% spiked samples) in a deck board incubator cooled with
circulating surface seawater and covered with neutral density screens to simulate the
photometric depths of collection. At the end of incubation, samples were filtered and treated as
described above to characterize the final conditions of the incubation (t24 or tss). Preconcentration
of H4SiOy4 in the filtrates (for both production and dissolution measurements) was made on board
using a protocol adapted from the MAGIC method (Karl and Tien, 1992; Reynolds et al., 2006).
The HiSiO4 of seawater was scavenged by the brucite precipitate (Mg(OH).) obtained by adding
1mL of 14M NaOH to the 1L of seawater sample in a separatory funnel and stirring strongly. The
precipitate was recovered by decantation and centrifugation, then dissolved in 4.5 mL of 3N HCI,
and stored in polyethylene vials for further treatment at the laboratory (mass spectrometer for
determination of the different isotopic ratios).

17.2.4 Diatorn Species-Specific Silicic Acid Deposition Assessed by the PDMPO Method

[2-(4-pyridyl)-5{[4-dimethylaminoethyl-aminocarbamoyl)-methoxy]phenyl}oxazole], or PDMPO
(Lysosensor™ Yellow/Blue DND-160), selectively binds to polymerizing silica and emits an
intense fluorescence under ultraviolet (UV) excitation wherever newly formed silica is deposited
(Shimizu et al., 2001). Following the protocol developed by Leblanc & Hutchins (2005), 170 mL
of seawater were sampled (at the same depths as for 2°Si incorporations) in polycarbonate
bottles then inoculated with 210 uL of a PDMPO solution (1 mM solution in DMSO diluted ten
times just prior to spiking). After tracer addition spiked samples and not spiked blanks (controls)
were placed for 24 h in a deck board incubator cooled with circulating surface seawater and
covered with neutral density screens to simulate the photometric depths of collection. At the end
of incubation spiked 100 mL of samples were filtered onto 0.6 pm 47 mm polycarbonate
membranes, the placed in 15 mL TPX (polymethylpentene) tubes and silica extraction was
performed by addition of 200 pL of 2.5N HF. After 1 hour extraction, 2.8 mL saturated HsBO3
were added and fluorescence was measured with a Turner Trilogy fluorometer after excitation
by UV light (a complete calibration curve was also prepared and measured on board in the same
conditions). The remaining 70 mL were centrifuged two times at 3000 rpm for ten minutes and
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the final pellet was resuspended in 10 mL absolute methanol, then placed into polyethylene vials
stored at 4°C for further processing (microscopic slides preparation and examination) at the
laboratory. The non-spiked control was treated the same way except that the remaining 70 mL
were preserved by 0.4 mL of a Lugol solution for further counting and taxonomic identification
at the laboratory.

17.2.5 Particle Formation

At four different full stations of Leg 1b, the aggregation ability of the phytoplankton community
has been tested by incubating the water from the chlorophyll maximum in 3 to 12 roller tank.
Roller tank were then incubated in the dark in a cold room, on a roller table at the speed of 2
rotation per minutes following the method by Shanks and Edmondson (1989) to promote
aggregation. As soon as aggregates formed their orbital trajectory were recorded to measure
their sinking rates (Ploug et al. 2010). Once the size spectrum stabilized, their number and size
were assessed by taking a picture of the roller tank content after settling of aggregates to the
bottom of the tank. Once the picture taken, the aggregates were carefully sampled with some
water and filtration of aliquots were used to measure their silica and carbon content and their
species composition.

Following the aggregation experiment on the diatom Melosira, 18 copepods Calanus borealis
have been added to one of the tank to assess the impact of large copepods on particle size
spectra. The change in the particle size spectrum and particle sinking rates have been monitored
everyday using a video camera. Biovolume, biochemical composition, phytoplankton
composition and the amount of fecal pellets produced will be measured back at the laboratory
of LEMAR (Brest).

Full stations sampled during Leg 1a and 1b for 30Si and PDMPO analysis:

e Leg 1a: 100, 102, 110, 115, 204, 207, 300, 309 and 318
e Leg 1b: 403, 409, 418, 507,512,600, 615,700,707 and 713

17.3 Preliminary Results

For production and biomass, the work on board consisted mainly in filtrations for particulate silica
samples and incubations using the tracers (°2Si, %Si, and PDMPQO). Sample treatment will be
performed at the laboratory and no preliminary result is available at present.

However, we had preliminary results on aggregation, showing that microzooplankton tend to
decrease aggregation. Moreover, we only observed consistent aggregation when diatoms
dom