Voyage Summary

Executive summary

Scientific objectives

Southern Ocean Time Series (SOTS)

The Southern Ocean has a predominant role in the movement of heat and carbon dioxide into the
ocean interior moderating Earth’s average surface climate. The IMOS SOTS sub-facility uses a set of
two automated moorings to measure these processes under extreme conditions, where they are
most intense and have been least studied. The atmosphere-ocean exchanges occur on many
timescales, from daily insolation cycles to ocean basin decadal oscillations and thus high frequency
observations sustained over many years are required. The current context of anthropogenic forcing
of rapid climate change adds urgency to the work.

Microplastics in the food chain: impact on planktonic organisms and understanding microplastic
distributions.

The project addresses Australia's environmental concerns regarding microplastic pollution (5 mm >
20 um). By focusing on vertical and spatial distribution of microplastics and potential associations
with zooplankton, the study informs policy and management strategies. This study offers evidence-
based insights into microplastic transfer through the food chain. The project aimed to expand the
spatial sampling distribution of microplastic pollution around Australia, quantifying microplastic
abundances, vertical and spatial distributions, and exploring the potential associations with
zooplankton communities. Additionally, the project identifies suitable methods for microplastic
guantification from marine samples and contributes to the model on spatial and vertical movements
of microplastics around Australia.

Adding the Sub-Antarctic to an oceanic latitudinal study of diatom silica production rates

Diatoms are a key group of marine phytoplankton, responsible for 40% of ocean productivity. Their
unique silica-based cell walls aid their export to the deep ocean making them an important link in
marine silicon and carbon cycles. Changes in temperature are known to alter diatom silica
production, yet much of our understanding of the impacts of warming on diatoms comes from short-
term laboratory studies that exclude long-term adaptive traits and inter-species interactions. For this
reason, a significant knowledge-gap exists on actual rates and responses of individual diatoms and
their communities adapted to their ecological niches. To improve the quality and accuracy of our
understanding of ocean processes, better estimates of in situ silica production from thermally distinct
regions are necessary.
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Acoustic survey of basket eel on Patience seamount in Huon AMP and ecological and carbon
sequestration role of zooplankton in the Southern Ocean.

The Huon MP has been identified as the only known location of a spawning aggregation of the
basketwork eel, Diastobranchus capensis — a globally distributed and ecologically important deep-
sea species. In the austral autumn, the spawning aggregation is large and likely the regional-scale
spatial anchor for the species. As such it represents a key natural value in Australia — one with a
hypothesised trajectory of ‘improving status’ following decades long impact from bottom trawling
before the Huon MP was established.

Evolution of the Seafloor of the Australian-Antarctic Southern Ocean.

Areas to the west and south of the SOTS site are unmapped; extending the seafloor mapping
coverage in the region will provide valuable new bathymetry data that will be used to analyse the
seafloor morphology and tectonic fabric (and contribute to the International Seabed 2030 initiative).

No physical rock dating is known to exist to the south of the SOTS study area; magnetic data will
provide valuable indicative ages of the seafloor crust across the region (to cover an anticipated
seafloor age range of ~24 Ma to 10 Ma).

Voyage objectives

Southern Ocean Time Series (SOTS)

The primary objective is to first deploy a new set of SOTS moorings (SOFS-13 and SAZ-26) and then
recover the existing SOTS moorings (SOFS-12, SOFS-11-SWAP and SAZ-25). Each of the SOTS
moorings delivers to specific aspects of the atmosphere-ocean exchanges:

o the SAZ sediment trap mooring collects samples to quantify the transfer of carbon and other
nutrients to the ocean interior by sinking particles and investigate their ecological controls.

e the Southern Ocean Flux Station (SOFS) mooring measures meteorological and ocean properties
important to air-sea exchanges, ocean stratification, waves, currents and biological productivity
and ecosystem structure. Water samples are collected for more detailed nutrient and plankton
investigations after recovery.

Ancillary work will obtain supporting information on atmospheric and oceanographic conditions
using CTD casts, and underway measurements.

Deploy SOFS-13 meteorology/biogeochemistry mooring
Deploy SAZ-26 sediment trap mooring

Recover SOFS-12 meteorology/biogeochemistry mooring
Recover SOFS-11-SWAP mooring

Recover SAZ-25 sediment trap mooring

o Uk wWwN e

CTD sampling (3 cast to 4550m, 2 to 600m) at the SOTS site, including collecting samples for
nutrients, oxygen, dissolved inorganic carbon, alkalinity, and particulate matter analyses

Ship meteorological observations at SOFS buoys for comparisons

Recovery of CalTech and CSIRO gliders on return transit if required (noting that this may require
a route to Hobart further west than the track shown on the map below)

Operated by CSIRO, Australia’s national science agency, on behalf of the nation 2



9. Deployment of two Argo Floats

10. Carry out underway air and water sampling and sensor measurements, including bio-optics and
bio-acoustics

Microplastics in the food chain: impact on planktonic organisms and understanding microplastic
distributions.

1. Along the existing voyage track using available operational time at night, ideally on
continental shelf, conduct paired CTD and Hydrobios horizontal net tows for microplastics
sampling.

Adding the Sub-Antarctic to an oceanic latitudinal study of diatom silica production rates
1. obtain water from the CTD from 4 depths in the upper ocean for diatom incubations.

Acoustic survey of basket eel on Patience seamount in Huon AMP and ecological and carbon
sequestration role of zooplankton in the Southern Ocean.

1. Conduct a towed camera and acoustic survey of Patience Seamount within the ‘Huon’
Marine Park (Huon MP) south of Tasmania, lead remotely by scientists not onboard.

Evolution of the Seafloor of the Australian-Antarctic Southern Ocean.

1. Acquire towed magnetometer data between SOTS and ~-55.7°S, to cover an anticipated
seafloor age range of ~24 Ma to 10 Ma.

2. Acquire multibeam bathymetry data in areas previously unmapped. Areas to primarily target
lie to the west and south of the SOTS site.

Results

Southern Ocean Time Series (SOTS)

All objectives were achieved. The existing SOFS-12 and SAZ-25 moorings were recovered and
replaced by the new SOFS-13 and SAZ-26 moorings which are scheduled to be recovered in May
2025. The SOFS-11-SWAP mooring was recovered. The CTDs were also completed to support

moored sensor interpretations. The ship-SOFS meteorological comparisons were performed.

Deployed Mooring Latitude Longitude

Locations

SOFS-13 46.96493° S 141.35117°E 4656.2 m
SAZ-26 46.80848° S 141.83198°E 4665.5 m
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Ship-Buoy comparisons
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Comparison of air-sea flux data from RV Investigator and SOFS-13 are compared over two
days (April 8" and 9t 2024 UTC) when they are within 37 km.

Bias (Ship-Mooring; Wm?)
Standard Deviation (Wm?)
No. of hourly collocations: 21
Latent Heat Flux -14.0 194
Sensible Heat Flux -2.1 12.6
Net LW -5.7 16.9
Net SW 6.0 32,5
Net Heat Flux -15.8 39.5
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Aerosol Sampling Manifold

Trace metal clean aerosols (weekly-fortnightly) were collected using the ship’s dedicated air intake
system. Samples were collected on acid clean Whatman 41 cellulose filters (pore size 20 mm) using a
trace metal clean aerosol sampling manifold connected to the ships dedicated aerosol sampling
system. The pumps were connected to the ships sector-control, so sampling only took place when
the ship was going into a headwind (see the table for more info on sampling settings). When flow
readings exceeded 100 m3 or more for both channels, the filters were changed over.

Aerosol Sector Control Settings

Averaging duration 10 seconds
Port bearing limit 290°
Starboard bearing limit 70°
Windspeed min 4.3 Knots
Windspeed max 80 Knots
Black carbon concentration min -10.0 ng mg*
Blank carbon concentration limit 5.0 ng mg?

Aerosol sampling manifold in forward aerosol lab.
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Microplastics in the food chain: impact on planktonic organisms and understanding microplastic
distributions.

The project aimed to expand the spatial sampling distribution of microplastic pollution around
Australia, quantifying microplastic abundances, vertical and spatial distributions, and exploring the
potential associations with zooplankton communities. Sampling involved deploying a niskin bottle
rosette with a CTD and, weather permitting, conducting paired hydro-bios net tows at three depths
in the water column of each station (sub-surface, mixed layer, below the mixed layer). For each
station, data was collected from the Acoustic Doppler Current Profiler (ADCP), facilitating our
understanding of the current profiles and will aid in the development of particle tracking models for
collected microplastics.

Results from the voyage include a deeper understanding of spatial and vertical distribution,
abundances, and characteristics of microplastic pollution in the Southern Ocean. Additionally, the
project identifies suitable methods for microplastic quantification from marine samples and
contributes to the model on spatial and vertical movements of microplastics around Australia.

Post-voyage, collected samples will undergo processing at Flinders University. The samples collected
from the niskin bottles will undergo enumeration for microplastic abundances, characteristics, and
chemical composition. Samples from the net tows will be divided into two categories: (i) analysis of
zooplankton communities using standard identification methods and (ii) assessment of
environmental microplastic abundances and associations with zooplankton. The latter will involve
laboratory procedures such as density separation of environmental plastics from the planktonic
community and chemical digestion of biological material to release ingested and associated
microplastics, followed by microplastic enumeration and validation. To ensure data accuracy, results
will be corrected using atmospheric and procedural blanks collected during the voyage. These results
will undergo additional refinement using a contamination library, which includes microplastic
characteristics alongside paired Raman spectra of potential plastic contaminants on board. This
process aims to account for any potential plastic contaminants that the samples might have
encountered during the sampling procedure.

Adding the Sub-Antarctic to an oceanic latitudinal study of diatom silica production rates

The objective was to obtain phytoplankton community samples from two latitudinally distinct
locations, specifically the SOTS site and a more southern site around 55°S degrees. Unfortunately,
during the voyage, the southernmost site was cancelled due to time/weather constraints. We were
however, able to obtain samples at SOTS via CTD from 4 depths (140, 70, 35 and 5m), and
subsequently manually filter concentrated seawater for algal cells which were then fixed in
formaldehyde for transport and later analysis. The algal samples will be taken to the Australia
Synchrotron for Fourier Transform Infrared Micro spectroscopy and x-ray fluorescence microscopy of
individual cells, allowing for semi-quantitative measurements and cellular mapping of silicate content
as well as other biomolecules and elements, which together will provide details on cell-specific
elemental stoichiometries and physiological states. Seawater samples were also filtered to obtain DNA
of algae and prokaryotes for general community assessment at the different depths, and small
samples of seawater were fixed for enumeration of picoeukaryote, cyanobacteria and heterotrophic
bacterial cells using flow cytometry.

Operated by CSIRO, Australia’s national science agency, on behalf of the nation 6



Evolution of the Seafloor of the Australian-Antarctic Southern Ocean.

1. Due to weather and other operational priorities, no magnetometer tow was

undertaken.

2. Although difficult due to weather conditions and overnight timing considerations,
some new multibeam data (with a seafloor coverage of 3,755 km?), was collected to
the south and southwest of the site and predominantly in areas A2 and B.
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Figure 1. Multibeam bathymetry coverage achieved on IN2024_V02 (3,755 km?)
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Voyage narrative

Times are in Australian Eastern Daylight Time (AEDT=UTC+11 hours).

We departed Hobart Sunday 30" April at 0800 under sunny and calm conditions. We proceeded to
Storm Bay where we performed several tests and procedures before continuing on to Patience
Seamount. On arrival mid-afternoon we conducted an acoustic survey followed by a towed camera
survey to observe Basket Eels. We commenced transit to the SOTS site shortly after Midnight.

Once we were off the shelf a CTD test to 1000m was conducted before transiting to the SOTS site.

We arrived at the SOTS site at 0800 (local time) Tuesday 2™ April and performed a CTD deployment
to 600m to calibrate SOFS instruments, completed by 0930. An Argo float was launched at 1044 at
(147.414E, 43.8225S). After a visual inspection of SOFS-12 in preparation for recovery, the ship took
up station around 1300 just downwind of the buoy for meteorological intercomparisons over the
afternoon. A CTD to 500m was performed at 1550 before taking up station overnight to gather
more SOFS -12 comparisons.

We moved 10 NM away from the SOFS-12 site and performed a deep (4600m) CTD between 0800
and 1300. The afternoon was spent slowly making our way over to the SOFS-13 location.

We arrived at SOFS-13 and set up 18NM down weather at round 0300 on Thursday 4% April. The
SOFS-13 deployment commenced at 0500 under moderate conditions. The surface float was
deployed before lunch and the anchor deployed at 2055, followed by anchor triangulation.

On Friday under fine conditions, we spooled wire in preparation for the next mooring operation. A
CTD to 500m depth was performed at 1545, followed by a net tow at 1855-2055 for the
Microplastics sampling project.

The ship was positioned 12NM down weather at 0500 for SAZ-26 deployment on Saturday 6 April.
Deployment commenced after breakfast and was completed at 1418, followed by anchor
triangulation.

On Sunday 7 April SOFS-12 recovery commenced under very light conditions with the float
connected at 0833 (Eastern Australian Standard Time) and secured on board by 1000. The mooring
recovery was completed by 1600. A shallow (500m) CTD was performed between 1830 and 1910.
Swath mapping was performed on the way back to the SOFS-13 site overnight.

The ship performed meteorological observations near the SOFS-13 mooring throughout the morning
before moving away to conduct a CTD to 2000m from 1310 to 1530. After the CTD was completed,
we returned to the SOFS-13 site.

Overnight and into Tuesday 9" April the ship maintained position within a mile of SOFS-13 until 1230
as conditions worsened. The ship headed off to the West on a comfortable course throughout the
day and into the night.

Conditions continued to be rough with 7-meter seas throughout Wednesday.

On Thursday 11™ April SAZ-25 was recovered with the operation starting around 1100 and finishing
before dinner. A CTD was conducted at 1900 to 500m depth.

On Friday under moderate conditions spooling of the mooring line was performed in the morning
while we used the multibeam to map some new areas of the sea floor. A CTD to 300m was
performed at 1530, before further mapping conducted overnight.
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Under light conditions on Saturday the SOFS-11-SWAP mooring recovery commenced at 0800 and
was completed by 1500. We then set course to the Northeast for a glider recovery in the Tasman
Sea.

On Sunday and Monday, we continued our transit. An Argo float was deployed at 1945 on Monday
at 45.7S, 155E. On Tuesday morning an ocean glider was successfully recovered on the first attempt
at 0830 at 45.1S, 156.5E under light winds and moderate 4m swell. At 0930 we commenced transit
for Hobart. We continued transiting on Wednesday and Thursday and arrive in Hobart 0830 Friday
19'" April 2024.

Outreach, education and communications activities

There were 3 PhD students, and 1 MSc student on board the voyage. All students were given the
opportunity to assist with the hydrochemistry sampling from the CTD, and Argo Float deployments,
in addition to their individual project tasks.

Elisabeth Shadwick was interviewed by ABC television on Thursday 18 April 2024 to talk about the
voyage, the moorings and the science and may perform an ABC radio interview on Friday 19 April on
arrival in Hobart.

Summary

The voyage was successful. We continue to maintain an ocean observatory in the inhospitable and
remote Southern Ocean to advance our scientific understanding of how the environment is
changing. We have maintained this presence since 1996 for the SAZ sediment trap mooring and
2010 for the Southern Ocean Flux Station mooring.

Operated by CSIRO, Australia’s national science agency, on behalf of the nation 9



Curation Report
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Delete section if not applicable. Describe the storage location for all data/samples collected during the voyage, with each data/sample type included on a
separate row. Details should include where the data/samples are being archived/curated, who is responsible for their curation, how the data/samples will

be made accessible and to whom, and any further analyses that are underway/will commence.

Item # | Description Storage Access Custodian
SOTS Project: Water and particle | returned to CSIRO Marine and AODN Elizabeth Shadwick, Cathryn Wynn-
samples collected from the CTD, | Atmospheric Research for chemical Edwards
underway seawater supply, and | analyses and then discarded
the SOFS-12 RAS water sampler. | following quarantine protocols.
SOTS Project: Moored sediment | Processed at the University of AODN Elizabeth Shadwick, Cathryn Wynn

trap samples recovered from
the SAZ-25 mooring.

Tasmania IMAS/AAPP
laboratories. 7/10 of each sample
is consumed by analyses for
particulate organic carbon,
particulate inorganic carbon, and
biogenic silica. These results are
provided for public use via the
IMOS Ocean Data Portal. 2/10 of
each sample is archived and can be
made available for
biogeochemical/biological studies
by various groups via agreement
with SOTS Chief Scientist Elizabeth
Shadwick. 1/10 is archived at the
IMAS/AAPP laboratoires.

Edwards
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Track Chart

Voyage Route Map & Bathymetry RV Investigator Voyage IN2024_VO02
140°E 142°E 144°E °

1 Marine Parks {2023)

Links to Further Data and Information

Description Link

SOTS Annual Reports https://catalogue-
imos.aodn.org.au/geonetwork/srv/eng/catalog.search#/metadata/afc166ce-
6b34-44d9-b64c-8bb10fd43a07

SOTS Data at the AODN https://catalogue-
imos.aodn.org.au/geonetwork/srv/eng/catalog.search#/metadata/723a3e85-
04ae-40e6-ac2a-237a93d84abe
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Appendix A — Photographs

SOFS-13 Deployment team. Andrew Woodward, Tim Lane, Pete Jansen, Chris Lambert, Eric Schulz, Darren
Capon, Elizabeth Shadwick, Corey Hazelwood, Max McGuire, Aaron Scott, Jurgen Zier and Haifeng Zhang
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Appendix B — Mooring debrief notes

SOFS-13 Deployment:

The general view was that the operation went smoothly. Despite some minor setbacks (issues with the
grapple gun and net drum), we finished the operation at the expected time. Course adjustments required
from the ship were minor and multiple toolbox meetings were held. There was some early confusion about
communications on deck, particularly between the winch operator and bosun, but these were quickly
resolved.

An atmosphere in which everyone was empowered to speak up was praised.

SAZ-26 Deployment

All went smoothly, and the team worked well together. Improved communication with the bridge about not
becoming overly focused on the anchor ‘target’ should be a focus for next year.

SOFS-12 Recovery

The general view was that the established procedures work well when they are followed. The operation
proceeded slowly and steadily, despite some early confusion about assignment of roles (for tag lines on the
float, this is particularly important, and early emphasis on role assignment and adherence to tasks that have
been assigned to individuals should be a focus for next year).

SAZ-25 Recovery

The release and spotting of the mooring went quickly and smoothly. Despite some early confusion about role
assignment (and an incident involving a member of the MMA deck crew), the recovery proceeded smoothly
and was completed before dinnertime.

SOFS-11-SWAP Recovery

The team worked well together and benefited from having relatively fewer people on the deck. The
adherence to roles was enforced and the operation proceeded smoothly and safely.

* Note that for all operations the deck team was short one IR (initially due to illness, and subsequently due
to injury). With additional Field Ops team members on board, we were able to proceed safely with all mooring
operations *
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Appendix C — Mooring Diagrams

SOFS-13 Deployment
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SAZ-26 Deployment
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