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Background

Australia has one of the world’s largest marine estates that includes many vulnerable habitats and a
high biodiversity, with many endemic species crossing a wide latitudinal range. The marine estate is
used by a variety of industries including fishing, oil & gas, and shipping, in addition to traditional,
cultural, scientific and recreational uses. The Commonwealth government manages the Australian
Marine Parks (AMPs), the largest network of marine protected areas (MPAs) in the world (Cochrane
2016). These marine parks complement existing MPA networks in State and Territory waters.

Monitoring the impacts of these uses on the marine environment is a massive shared responsibility
that can only be achieved by making the best use of all the information that is collected. Australia
has a number of significant long-term marine monitoring and observing programs (Hedge et al.
2021, see Table 1 for ecological and biological programs), as well as a national ocean data network
(aodn.org.au). Without some common and agreed standards, information collected may not be
comparable with other areas or sectors. This may reduce its value to regional and national
management, while the individual project or survey may lose the opportunity to interpret results in a
regional or national context.

Australia is uniquely placed to develop standardised national approaches to monitor the marine
environment. This objective integrates with one of the high-level recommendations identified by the
National Marine Science Plan (2015-25): Recommendation 2 is to ‘establish and support a national
marine baselines and long-term monitoring program, to develop a comprehensive assessment of
our estate, and to help manage Commonwealth and state marine reserves” (Hedge et al. 2021).
Standardised national approaches will also contribute to the effective coordination across the
marine science and observing community (including industry and citizen scientists). Such
coordination has been recognised as integral to a governance system for sustained and effective
monitoring in Australia’s marine environment (Hayes et al. 2015) and yet was identified as highly
variable and frequently inadequate in the 2016 State of the Environment Report (Evans et al. 2017).
A 2019-20 audit of marine baselines and monitoring programs identified 371 programs (Hedge et al.
2021), with the sheer number of such programs making it challenging to coordinate among
programs and apply consistent methods. In order to facilitate objective and robust conclusions about
the status and trends of the marine ecosystems, it is crucial that sampling methods are as
consistent as possible while still allowing for practical differences among equipment, vessels, and
weather conditions. This need for consistent methodology has been identified in several reports on
regional and national marine monitoring frameworks (Hedge et al. 2013, Bowden et al. 2015, Hayes
et al. 2015, Hedge et al. 2021), and its contribution to supporting a blue economy is also recognised
(Golden et al. 2017).

Although many biological monitoring programs focus on single elements of the marine environment
(e.g. Wraith et al. 2013), several large-scale marine monitoring programs that include multiple areas
are currently under development or implementation in Australian waters. Table 1 lists some of these
programs, as well as the associated indicators to be measured or sampling platforms if specified.
Standardised marine monitoring has been done successfully in Australian waters for shallow waters
(e.g. underwater visual census in Reef Life Survey) and pelagic animals (e.g. acoustic tagging in
IMOS Animal Tracking Facility), but prior to the development of Version 1 of these SOPs, it had not
been developed, implemented, and adopted at a national scale for most other biological sampling
platforms.
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Table 1: Some of the large-scale biological or ecological monitoring programs currently operating or under development in
Australia as of Dec 2023. UVC = underwater visual census, DOV = diver-operated video, ROV = remotely operated
vehicle, AUV = autonomous underwater vehicle, BRUV = baited remote underwater video, MBES = multibeam
echosounder.

Reference
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Continuous Plankton
Recorder (CPR)

IMOS Animal Tracking
Facility

IMOS Ships of Opportunity

IMOS National Mooring
Network
Aquawatch
Australian Microbiome
Initiative
Reef 2050 Integrated

Monitoring and Reporting
Program

Marine Integrated
Monitoring Program

WAMSI
program

RedMap”

estuary science

Reef Life Survey”

Long-Term
Program (AIMS)

Monitoring

VIC Signs of Healthy Parks
monitoring program

WA marine monitoring
program

NESP field manual
package’

Global

National

National

National

National

National

GBR

NSW

WA
National
Global
GBR

NW
Australia

and

VIC

WA

National

Plankton assemblages,
colour index

Marine megafauna
movement

Temperature, salinity,
water column

backscatter, biochemistry

Nutrients,
phytoplankton,
zooplankton,
environmental factors

microbes,

Various

Microbial and

zooplankton DNA

Various

Various

Various

Fish, invertebrates

Demersal fish and
benthic invertebrate
assemblages

Fish and benthic
invertebrate assemblage,
coral health and cover

Various

Various

Various

Acoustic telemetry,
satellite tracking
Bathythermograph,
echosounder,
biogeochemical
meteorological
Sensors

and

Moored Sensors,
water sampling

Satellites, water

sampling

water sampling

Various

Aerial imagery, UVC,
BRUVs, AUVs, towed
imagery, grabs, DOVs,
ROVs

Various

UVC, observations

uvC

UvC, DOV, Towed
imagery

UVvC, drone/UAV,
AUV, BRUVS, ROV,

towed video, aerial
photography

Various

MBES, AUV, BRUV,
Towed camera,
Sled/trawls,
Grab/corer, ROV,
microplastics, drop
camera,

socioeconomic survey

Hosie et al. 2003

Taylor et al. 2017

Alory et al. 2007

Sloyan and

O’Kane 2015

https://www.csiro.
au/en/about/chall
enges-missions/a
quawatch
van de
2019

Kamp

GBRMPA 2015

Aither 2022

Thomson et al.
2017

Pecl et al. 2019

Stuart-Smith et al.
2017

De’ath et al. 2012

Parks  Victoria's
Technical Series
Dept Biodiv
Conserv
Attractions 2017

Current study

* Primarily benthic and demersal platforms, but also includes an emergent pelagic method (Pelagic BRUVs)
** Citizen science program
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Due to the large geographic area, diverse flora and fauna, and range of environmental conditions
represented by the Australian Marine estate, a single method of sampling is neither practical nor
desirable (Bouchet et al. 2018, Przeslawski et al. 2018). For this reason, we present a standard
approach for each of eight key marine benthic sampling platforms that were identified based on
frequency of use in previous open water sampling and monitoring programs:

e Multibeam sonar (MBES),
Autonomous Underwater Vehicles (AUVSs),
Benthic Baited Remote Underwater Video (BRUVSs),
Towed imagery,
Grabs and box corers,
Sleds and trawils,
Remotely operated vehicles (ROVs), and
Wide-field stereo drop cameras (drop cam).

Each of these platforms targets a discrete data type (bathymetry, imagery, samples) within particular
environments (consolidated, unconsolidated substrates) (Table 2), with specific advantages (Table
3).

We also provide four additional field manuals:

e Survey design to provide guidance on robust sampling design to underpin most of the other
field manuals (see Survey Planning section below),

e Pelagic BRUVs as a concept sampling method in pelagic ecosystems due to its similarity to
benthic BRUVS,

e Knowledge, attitude and practice (KAP) surveys to account for the importance of considering
social and cultural values in marine monitoring, and

e Microplastics, a field manual based on the collected data rather than the sampling platforms.

Importantly, the inclusion of these sampling platforms and data in the current version is not an
assessment of their value but instead an indication of their frequency of use and suitability for
national monitoring (e.g. established methods, dedicated users, integration with existing national
programs).

One of the main challenges in assessing marine biodiversity is the lack of standardised approaches
for monitoring it (Duffy et al. 2013, Teixeira et al. 2016). As such, the overarching goal of these field
manuals is to reduce the bias and variance in data from differences in sampling procedures, thereby
ensuring that patterns in data are due to patterns in the community rather than patterns of how or
when the community was sampled. If the measured ecological variable and the variation in sampling
techniques are confounded, it is challenging if not impossible to objectively determine if observed
changes are due to real ecological change or sampling technique. If variability is sufficiently high,
real changes that would trigger appropriate management may not be detected in time, if at all.

Importantly, many state marine monitoring programs use their own standard operating protocols
(SOPs) relevant for wetland, estuarine, embayment, or intertidal habitats (Table 1). The current
package of field manuals is not meant to replace them, but rather to complement them for deeper
waters and national monitoring purposes. At the same time, we hope that individual state marine
monitoring programs will also identify opportunities to adjust current practices to increase national
consistency and that the SOPs will provide an opportunity for industry and industry consultants to
contribute to national monitoring through standardising their ongoing activities (Teytelman 2018). To
that end, marine managers from all states and territories in Australia were engaged in the process of
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developing these field manuals. This ensured that methods were similar whenever possible and
differences were clearly explained in relation to marine monitoring in Commonwealth waters.

Table 2: Summary of prioritised benthic sampling platforms and their acquisition targets. See text above for definition of
abbreviations and acronyms.

_ Data Type Data Target Spatial w Chapter
coverage

MBES Bathymetry, Seafloor Continuous
backscatter
AUV Imagery Epifauna, Continuous All 4
habitat
BRUV Imagery Demersal fish, Point (qualitative) = All 5
habitat
Towed Imagery Epifauna,habitat = Transect All 7
Grab/Boxcore Biological and Macrofauna, Point Unconsolidated 8
sediment samples infauna substrate
Sled/Trawl Biological and Megafauna, Transect Consolidated 9
sediment samples epifauna (qualitative) substrate
ROV Imagery* Epifauna, Transect All 10
habitat
Drop cam Imagery Epifauna, Point (qualitative)  All 11
habitat
Survey design n/a, this field manual is not based on a benthic sampling platform 2
Pelagic BRUV n/a, this field manual is not based on a benthic sampling platform 6
KAP surveys n/a, this field manual is not based on a benthic sampling platform 12
Microplastics n/a, this field manual is not based on a benthic sampling platform 13

* ROVs can collect biological and geological samples, but the focus of the manual in this package is on imagery.

Table 3: Advantages of prioritised benthic sampling platforms.

—IIEIE_

Continuous (i.e.
grid) broad-scale
spatial coverage
Continuous (i.e. X
grid) fine-scale
spatial coverage

Non-extractive X X X X X X
Able to revisit exact X X X
sites (repeatability)
Able to sample over X X X X X X
variety of
environments
Species-level X X X2
identifications’
Genetic, X X x?

morphological etc
analysis possible

Behaviour observed X X X X
Cryptofauna X X
included
Quantitative X X X X X X X
Concurrent physical X X X X X X
and biological data
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Minimal technical X X X X x3 X
expertise
Vessel flexibility X X X X3

' Refers to identifications able to be made with unknown or cryptic species (i.e. well-known, distinctive species can be
identified via imagery)

2 Only possible when the ROV is equipped with sampling capability. This is outside the focus on the ROV manual

® This only applies to small off-the-shelf ROVs, Working class ROVs require technical expertise and specific vessel
specifications

Scope

This field manual package aims to provide a standardised national methodology for the acquisition
of marine data from a prioritised set of frequently-used sampling platforms (below diver depths) so
that data are directly comparable in time and through space. This will then facilitate national
monitoring programs in Australian open waters and contribute to the design of an ongoing
monitoring program for AMPs. The long-term goal is to produce a set of manuals that is applicable
to a broad range of users and to be prescriptive enough that all data are collected without
unnecessary technical variation.

Survey planning

We strongly advise that survey design should be considered at all levels of planning (Figure 1), as it
is essential to ensure sampling provides efficient and representative information to inform
management (Hayes et al., 2019). If information is lacking, then evidence-based decision
frameworks, e.g. a Monitoring Evaluation, Reporting and Improvement (MERI) framework, cannot
proceed without being compromised. Chapter 2 of this field manual package provides details of
sampling design considerations and how they can be navigated, as well as example code and data
for implementing a spatially-balanced design, as outlined in Foster et al. (2017) and Foster et al.
(2019). Chapter 2 also emphasises the foundational role of seafloor data from sonar (Chapter 3),
which can facilitate the production of base maps covering tens or hundreds of square kilometres,
with accurate geo-location. These maps can form the input needed to generate an efficient spatial
survey design. Where no seafloor data exists, the principles in Chapter 2 can also be used to design
efficient and representative sonar surveys.
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Vehicles Corers and Bottom Trawls.

Figure 1: Recommended role of Survey Design (Chapter 2) in Survey Planning, including the foundational role of seafloor
data from multibeam sonar (Chapter 3), to inform sampling (Chapters 4-11) and management frameworks (e.g. a
Monitoring Evaluation, Reporting and Improvement framework).

Sampling platforms

We generally limit our field manuals to benthic biological sampling, with a few exceptions described
above for Chapters 6, 12, and 13. These field manuals focus on data acquisition and
post-processing including data management, particularly as applied to marine monitoring.
Standardisation of sampling design is important to ensure rigor and reproducibility (National
Academies of Sciences, Engineering, and Medicine 2019) and is addressed accordingly in Chapter
2. Data analysis and reporting are generally not included in the field manuals, although we direct
users to useful methods or resources within each field manual.

For most field manuals, a scope specific to that particular sampling gear and data type is presented
in a separate section. Overall, these field manuals are meant to cover basics and important
considerations, with agency- and gear-specific SOPs supplemented as needed by individual
researchers. Detailed and gear-specific SOPs are outside the scope of this field manual package
due to the large number of existing SOPs and the variety of gear currently employed by
researchers. It is impractical that researchers would agree on detailed SOPs (and associated gear).
Rather, we have developed these field manuals to find consensus about as many issues as
possible, while noting the differences. These differences can then be assessed in the future (e.g.
they may not correspond to large amounts of variation in data), and addressed if need be. Wherever
possible, however, we have mandated or recommended specifications (e.g. imagery resolution) that
should be used in future equipment upgrades or purchases.

This field manual package does not describe the decision to use a particular sampling platform,
supporting previous recognition that a top-down, one-size-fits-all approach to monitoring is unlikely
to be effective in systems with large environmental variability (Fancy et al. 2009). In some instances,
multiple platforms will yield higher observed diversity (e.g. BRUVS + a transect-based imagery
platform), while data collected among other platforms are comparable (e.g. ROV, diver-operated
video, towed video, Schramm et al 2019). For a more detailed review of each sampling platform, as
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well as a comparative assessment among them, we refer readers to our companion reports on
benthic (Przeslawski et al. 2018) and pelagic (Bouchet et al. 2018) sampling methods used in
marine monitoring. These reports also relate marine sampling platforms to Essential Ocean
Variables (Miloslavich et al. 2018, Muller-Karger et al. 2018). After the decision to use an
appropriate sampling platform has been made, using the appropriate field manuals will help ensure
that the collected data can be compared with data collected previously and in the future, thus
contributing to national marine monitoring and reporting.

Format

In order to maximise uptake, methods in each field manual are usually presented as simple steps.
All steps listed are considered essential unless they are clearly marked with brackets and italics as
recommended (e.g. Use netsonde or bottom contact sensor to ensure sled or trawl is suitably
deployed along the seafloor [Recommended)])

The field manual package is designed to be separated into its component chapters representing
discrete sampling platforms, as needed. The component chapters themselves fit together into a
cohesive whole (Figure 2). For this reason, the package can be downloaded in its entirety as a
single pdf, or as standalone chapters representing discrete field manuals (Figure 2). References are
listed accordingly at the end of each chapter.

g 1: Introduction 2: Planning & Design
E

g * Background on monitoring * Importance of design
o * Field Manual rationale * Design in monitoring
c * Field Manual process & format * Sampling design issues
E * Comparative assessment

bl = Contributor list

s

©

=

c

s

2

2 13: Micr
(e =y I¢ ?3;-.%.

ogaits

Field Manuals will include the following, with required and recommended steps delineated:

Platform description *  Onboard sample/data processing
Platform use in marine monitoring . Post-survey sample/data processing
*  Pre-survey preparations *  Data QC and release
*  Onboard collection methods *  Version control and future updates

Figure 2: The structure and general contents of the NESP field manual package (version 3) with numbers indicating
respective chapters.

Page | 7

National Environmental Science Program i‘ Marine

and Coastal

[ 4



Marine Sampling Field Manuals for Monitoring Australia’s Commonwealth Waters Version 3

Development of Field Manuals

The process of developing these field manuals has been detailed in Przeslawski et al (2019a) and
Przeslawski et al. (2023).

The main challenge in the development of these manuals was to find a balance between being
overly prescriptive (such that people prefer to follow their own protocol and ignore the manuals) and
overly flexible (such that data are not consistent and therefore not comparable). A collaborative
approach was therefore paramount to their development.

Ultimately, over 228 individuals from at least 76 organisations contributed to versions 1, 2 or 3 of the
field manual package (see Collaborators section in this introductory chapter). The increase in
collaborators from Version 1 to Version 2 is due primarily to i) the new ROV manual, ii) expansion of
the BRUV authors based on preparation of an associated manuscript to a journal, and iii) the
merger of the V1 NESP field manual with AusSeabed’s Australian Multibeam Guidelines. The
increase in collaborators from Version 2 to Version 3 is due additional authors of the three new
SOPs (KAP surveys, drop cams, microplastics. By engaging researchers, managers, and
technicians from multiple agencies with a variety of experience, sea time, and subject matter
expertise, we strove to ensure the field manuals represented the broader marine science community
of Australia including real-world context, diversity of experiences, and candid acknowledgement of
limitations and challenges. This not only improved the content but also increased the potential for
adoption of the SOPs across multiple agencies and monitoring programs. After the release of the
first version, input from additional stakeholders was actively sought and incorporated into the
subsequent versions (see the sections on ‘Updates and Revisions’ later in this chapter).

The process used to develop each field manual included in this package is shown in Figure 3, and
the steps are listed below:

1. For each field manual, a working group was formed in which known users of the given
sampling platform were invited. To be as inclusive as possible, we also extended more
general invitations through email lists (e.g. Australian Coral Reef Society, Australian Marine
Science Association (AMSA), NESP) and presentations (e.g. AMSA conferences). Each
working group was led by a coordinator(s) to develop content. Coordinators were identified
as experts in their particular sampling platform and took on the role of lead author(s) for their
respective field manual (Table 4).

2. Content was developed by the coordinators based on meetings with the working group and
associated input, including existing SOPs.

3. A draft field manual was distributed to the working group as a strawman for further
discussion and refinement.

4. A complete field manual was submitted for internal review and approval by the editors,
NESP, and other lead project institutions (e.g. Geoscience Australia, IMOS).

5. A complete field manual was submitted to an external reviewer who was not previously
associated with the project.
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6. A final revised field manual package was released as Version 1 on the Ocean Best Practice
Repository (www.oceanbestpractices.net) and the website (www.nespmarine.edu.au).

7. Feedback was solicited through a questionnaire, particularly geared towards field testers.
This was used to assess outcomes and impacts (Przeslawski et al 2021) and to inform future
versions (Steps 8-9).

8. Content of field manuals was revised based on feedback and new developments (e.g. data
discoverability and accessibility). This was incorporated into Version 2 in 2020, with the
exception of the ROV manual which was a new addition to the Version 2 field package and
thus had not yet been through a process of stakeholder feedback after release.

9. Content of field manuals was updated with minor revisions to ensure currency as part of
Version 3 in 2024. In addition, three new field manuals were developed using Steps 1-5 and
released as part of Version 3.

to developing an The ocean best practices

system can provide

Asearchable repository

SCOPEAND DEVELOPAND REVISE AND

RECRUIT RELEASE RATIFY Ajournaltherme

Training

Confirm the need Develop content Invite feedback User support, outreach

= Consider best practices training = Assess/integrate related methods | = Survey users

= Review similar methods -»® Consultin working group-; = Publish in journal

= Survey the community - -m Create strawman ¢-----* = Assess uptake via repository . "

= Develop scoping report = Complete final draft = Consider new version Ben%fe'gst opf:;g%iace

Review final draft
= Invite full community review
= Respond and revise

Collaborative opportunities
Efficient use of time

| Form aworking group | = Maintain adjudication record Obtain community endors?ment Improved systems interoperability
be i ond H for an accepted best practice! Data compargblhty and collatability
rul gntl \ ea‘ ers S Obtain GOOS endorsement Greater.trustm data

| m Invite contributors and institutions Streamlined regulatory approval

Obtain institutional endorsement
Include in permitting recommendations
* Maintain and update

! . .
| w Beinclusive
i

| m Set scope of method Release

Higher funding success

i = Publish at repository
| = Notify stakeholders
! = Promote to target audiences

Figure 3: Flow chart showing the iterative process used in the initial development of this field manual package, including
links to the international Ocean Best Practices System program (www.oceanbestpractices.org) (Przeslawski et al. 2023).

Table 4: Working groups responsible for the development of the marine sampling field manuals. Working group members
are listed in a table at the end of this chapter as authors or collaborators. Green indicates activity on a given field manual
during a new version, while grey indicates no development or changes.

Field Manual Working Group Lead(s) V1 (2018) | V2 (2020) V3 (2024)
Survey design Scott Foster
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Multibeam

Vanessa Lucieer, Kim Picard, Aero Leplastrier

AUV

Jac Monk, Neville Barrett

BRUV (benthic)

Tim Langlois, Joel Williams, Jac Monk

BRUV (pelagic)

Phil Bouchet

Towed imagery

Andrew Carroll

Sled and trawl

Rachel Przeslawski

Grab and box corer

Rachel Przeslawski

ROV Jac Monk
Drop cam Jac Monk, Tim Langlois
KAP survey Matt Navarro, Nicole Hamre

Microplastics

Nina Wootten, Patrick Reis Santos

Universal Protocols

In this section, we generally describe some of the protocols that span most field manuals. Further
detail on each of these is also provided in each chapter, as it is specifically relevant to a given
sampling platform or method.

Sampling design

There are several overarching issues related to sampling design across all field manuals (e.g.
randomisation, efficient designs, and uncertainty). We strongly encourage users of any field manual
contained in this package to read Chapter 2 to familiarise themselves with these issues.

Permits

Prior to undertaking any marine survey, researchers are responsible for ensuring appropriate
applications for permission are lodged, with subsequent relevant approvals obtained and
documented. More information regarding legislation and permitting can be found on the AusSeabed
website (www.ausseabed.gov.au/resources/permit).

Risk assessments

Risk assessments not only help quantify potential risks associated with planning and field activities,
they can help make fieldwork safer and reduce costs. They may also be a requirement for some
organisations. It is recommended that a risk assessment is completed during the survey planning
phase and again prior to the commencement of fieldwork for any of the sampling platforms included
in this manual:
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e Planning risk assessment. The assessment during the planning phase identifies risks and
mitigation strategies associated with attaining appropriate equipment, staff, finances and
other resources. In addition, it should include potential reasons survey objectives may not be
met. This provides an opportunity to develop contingency plans and prioritise objectives.

e Fieldwork risk assessment. This assessment identifies risks associated with onboard
activities, including safety hazards, equipment damage or loss, inclement weather, and any
other aspect that may compromise budget, survey objectives, or crew health and safety.
There will be some overlap with the risks identified in the planning phase, but this risk
assessment should explicitly address onboard risks. This provides an opportunity to ensure
the survey is compliant with workplace health and safety issues, as well as optimising the
potential for successful data acquisition.

Indigenous leadership and collaboration

Aboriginal and Torres Strait Islanders have a long and enduring connection to Sea Country and
should play a greater role in the delivery of marine science and management (Fischer et al 2022).
The different perspectives of Indigenous Knowledge and Western science will give the strongest
foundation to understand marine ecosystems and inform modern marine management decisions
(Reid et al 2020). Considering both perspectives also expands our ecological and cultural
knowledge, as well as increasing the capability, capacity and geographic reach of Traditional
Owners’ marine activities. The marine science community must actively embrace Indigenous
Knowledge and make space for it in our current research frameworks (Hedge et al 2020), as well as
exploring new and innovative ways to share knowledge and encourage the next generation of
Indigenous scientists.

As such, we encourage researchers and Indigenous practitioners operating in this space (.e.g
Indigenous rangers) to partner and engage with each other whenever possible, including supporting
Indigenous-led research which may require locally adapted versions of these field manuals.
Cross-cultural partnerships need to be built on trust and personal relationships. This can take
considerable time and often falls outside the typical western approach of stakeholder engagement.

Researchers and Indigenous practitioners operating in this space should be guided by the Code of
Ethics for Aboriginal and Torres Strait Islander Research (AIATSIS 2020) wherever possible when
planning and implementing research in collaboration with Indigenous people, including obtaining
relevant permissions where required. More specifically, they should apply the CARE principles for
Indigenous data governance (Carroll et al. 2020). These principles describe how data should be
treated to ensure that Indigenous governance over the data and its use are respected. They include
the following aspects:

e Collective benefits, in which data management should be designed and function in ways that
enable Indigenous peoples to derive benefit from the data;

e Authority to control, in which Indigenous peoples’ rights and interests in Indigenous data
must be recognised and their authority to control such data be empowered;
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e Responsibility, in which those working with Indigenous data have a responsibility to share
how those data are used to support Indigenous peoples’ self-determination and collective
benefit; and

e Ethics, in which Indigenous peoples’ rights and wellbeing should be the primary concern at
all stages of the data life cycle and across the data ecosystem.

Quality assurance and control

These field manuals define quality assurance (QA) as measures adopted before and during data
acquisition, while quality control (QC) are measures adopted after data acquisition. Specifically QA
represents the processes necessary to support the generation of high quality data and QC
represents the follow-on steps that support the delivery of high-quality data, requiring both
automation and human intervention. The documentation of the QA/QC process is arguably just as
important as data acquisition itself. The QA/QC process can affect data analysis and interpretation
(e.g. observer bias in marine imagery in Durden et al. 2016b) , and it is thus an integral part of
standardisation to facilitate comparisons between datasets (Lara-Lopez et al. 2017). The
appropriate methods for QA/QC depends on the data type (e.g. multibeam, underwater imagery,
biological specimen). As such, further details on QA/QC are included in each field manual in the
Data Release sections.

Data discoverability and accessibility

Only 30 per cent of Australia’s marine baselines and monitoring data is open access, while 50 per
cent is either restricted or confidential (Hedge et al. 2021). This hinders large-scale monitoring and
research programs. Reasons for not making data open access vary and include lack of suitable data
repositories, insufficient cloud storage, poorly defined workflows, time-poor researchers, poor
understanding of why open access data are important, researcher or institutional competition,
confidentiality clauses, and industry embargoes.

Notwithstanding all of those reasons, all marine metadata and data should be publicly released so
that it is discoverable and accessible to the public, unless circumstances require otherwise (e.g.
confidentiality clause or embargo for commercial work). Even in situations when data cannot be
shared, the metadata should be made available so that future surveys are based on informed
decisions about existing sampling locations. Refer to Stocks et al. (2016) for further information on
appropriate information management including useful advice on data quality control and data
sharing. Data can be licensed with the Creative Commons BY license which attributes the author
but allows for free use of the data, including commercial applications. Some agencies may prefer to
restrict commercial applications based on their data in which case Creative Commons BY-NC
should be used.

Discoverable and accessible data contribute the following potential benefits to scientific,
commercial, environmental, and social endeavours:

e Increased citations, media attention, and public engagement opportunities for researchers
(McKiernan et al. 2016);

e More collaboration, funding, and job opportunities for researchers (Popkin et al. 2019);
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e Larger and more useful datasets to address regional, national, and international issues (e.g.
Cinner et al. 2020);

e Faster and more accurate development of analytical tools to inform important and emerging
scientific and management questions (Zipkin 2019);

e Enabling artificial intelligence developments to improve the cost-efficiency of biodiversity
monitoring (Katija et al 2022).

e Stronger capability to monitor environmental changes and develop appropriate management
plans, including expedited capacity to appropriately respond to natural disasters (Donner et
al. 2017);

e Increased potential for industry and commercial application of data products and information
(e.g. Carroll et al. 2012);

All field manuals, excluding the manual on survey design, include a section titled “Data Release,”
which describes ways to ensure public discoverability and accessibility of collected data, thereby
abiding by the FAIR (findable, accessible, interoperable, reusable) principles (Wilkinson et al.,
2016). In the first version of the field manuals, these sections did not provide a clear national
standard and instead refer to anticipated improvements in subsequent versions. This vagueness
was due to the current lack of established national data infrastructure able to incorporate
appropriate or comprehensive information produced from the sampling platforms.

To meet these challenges related to data discoverability and accessibility, a series of workshops
were held in the months following the field manuals release (July — September 2018, July 2019),
including focused workshops on bathymetry data, marine imagery, and biological specimen data.
The bathymetry data release protocols subsequently eventuated as part of digital infrastructure
developed as part of the AusSeabed program (www.ausseabed.gov.au). In contrast, marine imagery
and biological specimen data were linked to existing digital platforms (Squidle+, GlobalArchive,
OBIS Australia, Atlas of Living Australia) so priorities were to establish appropriate workflows linking
these platforms with the data collection phase, and to find the resources needed to ensure they can
be developed and maintained. Further recommendations about the discoverability of marine
imagery and biological specimen data can be found in the relevant workshop reports (Przeslawski et
al. 2019c,d).

Regardless of the challenges described above, the appropriate methods for release of marine data
depend on the data type (e.g. multibeam, underwater imagery, biological specimen). As such,
further details on data management (including accessibility and discoverability) are included in each
field manual in the Data Release sections.

Post-survey report

A post-survey report is highly recommended within a year of survey completion. Such a report is
valuable documentation of the survey objectives, methods, and preliminary results. It is especially
important because it is a single resource describing the multiple methods and data often acquired
from a given survey, and it provides overarching context to a survey that is not found in the
associated metadata or data. Many agencies have their own post-survey report template, and we
have also included such a template with suggested headings and content.
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Outreach and Maintenance

After the release of the Version 1 of the field manual package in early 2018, efforts were focussed
on outreach to increase the adoption of the field manuals by the broader marine science community
in Australia, as well as industry, regulators, and policymakers. This was done initially through
conference presentations and face-to-face meetings, with follow-up meetings and questionnaires to
gauge the success of adoption. Outreach and engagement efforts were focussed on establishing
institutional uptake of the field manuals, rather than just individual uptake. This ensures the
continuity and long-term applicability of the SOPs even if advocating individuals leave an agency.
Ultimately, institutional uptake will maximise the comparability of datasets from various surveys, thus
increasing the amount of comparable data able to be applied to national products and syntheses.

The field manuals are not just applicable to the Australian community; they are also valuable to the
international community, both regarding their content and the process used to develop them. The
latter was addressed in two scientific journal papers (Przeslawski et al 2019a, Przeslawski et al
2023), while the content is available through the international searchable Ocean Best Practice
Repository (www.oceanbestpractices.org) (Pearlman et al 2019).

Following community consultation and input, support was available to develop a Version 2 of this
field manual package in 2020 and a Version 3 in 2024.. There will be a need to develop subsequent
versions for the following reasons:

e Keeping up with technological advances to ensure uniformity of data acquisition across
multiple agencies over time is a challenge for some platforms, particularly those that are
based on rapidly advancing technology (e.g. AUV, MBES, microplastics). In order to ensure
that field manuals include relevant advances, they should be periodically checked and
revised, lest they become superseded or obsolete.

e Over time, opportunities may arise for increasing the amount of standardisation between
research providers. This may come from the acquisition of new sampling gear, changes in
research staff, or development of new projects and monitoring programmes.

e The way in which the data are stored in aggregated databases will evolve over time.
Currently, for many platforms, there is a competitive environment within this area.
Competition is a force for change, and so change is likely to occur. The ‘Data Release’
sections of each manual will almost certainly need to be updated again by 2028 to account
for these developments and provide clearer and more definitive instructions (e.qg.
Przeslawski et al 2019d).

e Each field manual has a sub-section on uses of the sampling platform in marine monitoring.
This will need to be periodically updated to include new research and monitoring outcomes.

e One of the strengths of this field manual package is the collaborative approach taken to
ensure representation of a range of organisations and disciplines. As time passes, this
representation will become increasingly outdated, and new and different researchers should
be given the opportunity to contribute.
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e Suggestions about standard vocabularies for metadata are currently lacking, and there is an
opportunity to help guide the AODN and other programs regarding controlled metadata
vocabularies in future versions.

e The new online platform managed through GitHub Pages was chosen partly due to the
inherent version control features. Nonetheless, an update or new system to host these field
manuals may be required in the future.

A long-term plan and associated support for managing the field manuals has not yet been fully
developed, with the exception of the multibeam field manual which will be overseen by AusSeabed.
Efforts are still needed to establish a high-level oversight committee to develop and implement
actions needed for future versions and to strengthen institutional uptake. At the time of writing this
introduction, the most likely groups for this responsibility are the National Marine Science
Committee’s Monitoring and Environmental Baseline working group, the AODN and/or the NESP
Marine and Coastal Hub.

Version 2 - Updates and Revisions

Version 1 of the field manual package was released in February 2018, and Version 2 was released
two years later in July 2020.

All original chapters were updated in Version 2 with stakeholder feedback, corrections, and updates
where applicable. The chapter ‘Seafloor Mapping Field Manual for Multibeam Sonar’ was
substantially changed in Version 2 to amalgamate it with the Australian Multibeam Guidelines which
were released in June 2018 by AusSeabed, a nationally seabed mapping coordination program.
The unified multibeam manual in Version 2 addresses stakeholder concerns about maintaining two
separate SOPs for multibeam sonar. In addition, a new manual on ROVs was developed for the
Version 2 package. The ROV was chosen based on findings from a report titled Scoping of new field
manuals for marine sampling in Australian waters (Przeslawski et al. 2019b).

All major changes related to a given sampling platform are logged in a version control table at the
end of the relevant manual.

One of the most notable changes for Version 2 was the development of an online portal for the field
manuals (https://marine-sampling-field-manual.github.io). While Version 1 was released as static
pdfs through the NESP Marine Hub website, Version 2 was released through GitHub. This digital
delivery system has the following benefits:

e The manuals are easily accessible in online or pdf formats, increasing the flexibility of user
experiences and needs.

e The online system readily reflects minor corrections by harvesting through the source
document maintained on Google docs.

e Updates and version control are easier to manage through permissions on GitHub and
GoogleDocs.

e Analytics are easily generated to track downloads which can then be incorporated into
impact assessments.
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e A clearly documented user-friendly workflow (Figure 5) will help future contributors to
maintain and update existing SOPs and to develop new ones.

e The online system has more flexibility to embed imagery and other media (e.g. video
tutorials) in future versions, thereby taking a much more modern approach than only static
pdfs allow.

FIELD MANUAL ADMINISTRATION CHAPTER CONTENT

- USES AND
DELEGATE DELEGATE ENGAGES

Guvema_noe Contributors h
Commitee _ %
. GIVES
APPROVAL Technical APPROVAL CONTRIBUTIONS FEEDBACK
Coordinator

GENERATE UPDATE
PDF WEBSITE

New
Version

Figure 5: Workflow of version control and governance for the digital field manuals of Version 2 and future versions.

Version 3 - Updates and Revisions

Version 3 of the entire field manual package was released in March 2024. In addition to minor
updates on most field manuals, three new field manuals were developed (see Table 4). The
introductory chapter was also updated, including a new section on Indigenous partnerships and
engagement. The website was revised to reflect all Version 3 updates including the expanded list of
collaborators from the new field manuals.

Collaborators

All individuals that contributed to versions 1, 2 or 3 of this field manual package are listed below,
with the following categories assigned based on their level of contribution:

e FEditors oversaw production of the entire field manual package, ensuring fit-for-purpose
content and consistent scope, style, and formatting throughout.

e [ead authors led working groups associated with discrete chapters or sampling platforms.
e Authors helped write chapters or provided crucial information to do so.
e Contributors participated in working group discussions.

e Reviewers provided assessments of draft chapters. In some cases, reviewers of Version 1
became co-authors of Version 2 due to their extensive contributions.
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Rachel Przeslawski Geoscience Australia, NSW DPI Editor, Lead author Various

Scott Foster CSIRO Editor, Lead author Various

Neville Barrett UTas Lead author AUV, ROV, MBES, Drop cam
Phil Bouchet UWA Lead author P_BRUV, BRUV

Andrew Carroll Geoscience Australia Lead author Towed Vid, AUV

Brooke Gibbons UWA Lead author i, s Dy e,

Website
Bronwyn Gillanders The University of Adelaide Lead author Microplastics
Nicole Hamre UWA Lead author KAP
Tim Langlois UWA Lead author Ezr';J\VI F_BRUY,  KAR, Drop
Aero Leplastrier Geoscience Australia Lead author MBES (V2)
Vanessa Lucieer UTas Lead author AUV, MBES (V1)
Jac Monk UTas Lead author SR,gY; Dég:'CaiRUV' Towvid,
Matt Navarro UWA Lead author KAP, Drop cam
Kim Picard Geoscience Australia Lead author MBES (V2)
Patrick Reis-Santos The University of Adelaide Lead author Microplastics
Claude Spencer UWA Lead author Drop Cam
Joel Williams NSW DPI Lead author BRUV, ROV, Drop cam
Nina Wootton The University of Adelaide Lead author Microplastics
Rene Abesamis Silliman University Author BRUV
Vanessa Adams UTas Author KAP

WA Department of Biodiversity, Conservation

Kye Adams and Attractions (DBCA) Author Drop Cam
Tanveer Adyel UniSA Author Microplastics
Franzis Althaus CSIRO Author Sled, TowVid
Jacob Asher NOAA Author BRUV
Charlotte Aston UWA Author KAP, Drop cam
Lara Atkinson South African Env Observation Network Reviewer Sled
Kam Austine EGS Author MBES
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Shanta Barley UWA Reviewer P_BRUV
Ashlee Bastiaansen UTas Author Drop Cam

Nic Bax UTas Reviewer All (V1)

Donna Beach ENTAC Author Drop Cam, KAP
Robin Beaman James Cook University Author, Contributor TowVid, MBES
Penny Berents Australian Museum Author Grab

Nicole Bergersen Acoustic Imaging Contributor MBES

Douglas Bergersen Acoustic Imaging Contributor MBES

South  African Institute for Aquatic

Anthony Bernard o Author BRUV, Drop cam

Brian Bett University of Southampton Reviewer AUV

Matthew Birt AIMS Author BRUV

Michelle Blewitt AUSMAP Author Microplastics

Todd Bond UWA Author ROV, Drop cam

Matt Boyd CSIRO Contributor MBES

Brett Brace RAN AHO Contributor MBES

Tom Bridge AIMS Author AUV

Brendan Brooke Geoscience Australia Contributor MBES

Simon Bryars SA Dept Env and Water Author KAP

Owen Cantrill QLD MsQ Contributor MBES

Mike Cappo AIMS Author BRUV

Genevieve Carey ENTAC Author Drop Cam, KAP

Mark Case AIMS Contributor MBES

Jenn Caselle UCSB Author Drop Cam

Ana Catarino Flanders Marine Institute, Belgium Reviewer Microplastics

Katie Cieri Moss Landing Author Drop Cam

Malcolm Clark ;I::L(;:Z\L Institute of Water and Atmospheric Author Sled, Grab

Brad Clarke University of Melbourne Author Microplastics

Jamie Colquhoun AIMS Author Sled

Tom Crutchett University of WA Author Microplastics
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Gretchen Grammer SARDI Author Drop Cam
Kingsley Griffin UWA Author Drop Cam
David Guilfoyle ENTAC Contributor Drop Cam, KAP
Sara Hajbane UWA Contributor Microplastics
Mark Hamann JCU Author Microplastics
David Harasti NSW DPI Author BRUV

Denise Hardesty CSIRO Author Microplastics
Ursula Harris AAD Contributor MBES

Euan Harvey Curtin Author BRUV

Keith Hayes CSIRO Author Stats

Paul Hedge UTas Reviewer Introduction
Michelle Heupel AIMS, IMOS Author BRUV

Sharyn Hickey UWA Author Drop Cam
Jamie Hicks SA Dept Env and Water Author BRUV, Drop cam
Nicole Hill UTas Author AUV

WA Department of Biodiversity, Conservation

Tom Holmes and Attractions (DBCA) Author, Contributor BRUV, Intro

Garnet Hooper RPS Author Stats, Grab

Geoffrey Hosack CSIRO Author Stats

Rumana Hossain UNSW Contributor Microplastics

Renae Hovey UWA Contributor Microplastics , Drop cam

Steffan Howe Parks Victoria Contributor Intro

Charlie Huveneers Flinders University Author P_BRUYV, BRUV, Drop cam

Veerle Huvenners University of Southampton Reviewer AUV

Daniel lerodiaconou  Deakin University Author, Contributor 'I;or\;v’;/icc:l;mAUV, BN, I

Tim Ingleton NSW Office of Environment & Heritage Author Grab, TowVid, MBES

Elizabeth Johnstone iXblue Contributor MBES

Alan Jordan NSW DPI, UTas Author TowVid, AUV, BRUV, MBES

John Keesing CSIRO Author Drop Cam

Alison Kemp Melbourne Water Contributor Microplastics
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Steph McLennan Geoscience Australia Author MBES

Daryl McPhee Bond University Author KAP

Mark Meekan AIMS Author BRUV

Jessica Meeuwig UWA Author P_BRUV

David Miller SA Dept Env and Water Author BRUV

Peter LAlierel] E\Z::fult:?é Sc:zennvci:;:onment Fieheries an Author BRUV

Cameron Mitchell Geoscience Australia Contributor MBES

Jonathan Mitchell QLD DAF Author KAP

Tim Moltmann IMOS Reviewer All (V1)

Cherie Motti AIMS Author Microplastics

Susan

Bengtson Nash Griffith Uni Contributor Microplastics

Stephen Newman Curtin, WA Dept Primary Industries Author BRUV

Scott Nichol Geoscience Australia Author, Contributor Grab, Appendix B, MBES

Warwick Noble SA Environment Protection Agency Contributor Microplastics

Allyson O’Brien University of Melbourne Author Microplastics

Tim O'Hara Museums Victoria Author Sled

Emily Ogier UTas Author KAP

Elvis Okoffo University of Queensland Author Microplastics

lain Parnum Curtin Author MBES

Julian Partridge UWA Author ROV, Drop cam

Dominique Pellieter Institut de Recherche pour le Developpement Author Drop Cam

Kushani Perera Griffith University Author Microplastics

Nicholas Perkins UTas Author ROV

Genevieve Phillips UTas Author KAP

Camilla Piggott Environment Agency UK Author Drop Cam

Alix Post Geoscience Australia Author, Contributor TowVid, MBES

Michael Prall California Department of FIsh & Wildlie Reviewer ROV

Andrew Price LINZ Contributor MBES

Roger Proctor AODN Reviewer All (V1)
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Luke Pugsley Australian Maritime Safety Authority Contributor MBES

Peter Puskic IMAS / UTAS Author Microplastics
Nathan Quadros FrontierSl| Contributor MBES

Ben Radford AIMS Author BRUV, Drop cam
Sachit Rajbhandari CSIRO Contributor Grab, Sled
Joseph Razzell Holls Natural History Museum, London Author Microplastics
Matt Rees AIMS/NSW DPI Author P_BRUV, Drop cam
Mark Rehbein AODN Contributor Grab, Sled

Ron Reynolds ENTAC Contributor Drop Cam, KAP
Juniper Riordan AUSMAP Contributor Microplastics
Fernanda Rolim Sao Paulo State University Author BRUV, Drop cam
Lauren Roman CSIRO / UTas Author Microplastics
Michelle Rose Parks Victoria Author KAP

Marina Santana AIMS Author Microplastics
Julia iantana-Garco Spanish Research Council Author P_BRUV
Benjamin Saunders Curtin Author BRUV

Molly Scott University of New South Wales Author P_BRUV

WA Department of Biodiversity, Conservation

Brooke Shields and Attractions (DBCA) Author KAP

Justy Siwabessy Geoscience Australia Author MBES

Adam Smith Massey University Author BRUV

Jodie Smith Geoscience Australia Author, Contributor Grab, TowVid, MBES

Amanda  smith VA Department of Slodiersiy Consenvaton oy ap

Adam Smith Massey University Author Drop Cam

Anastasiia Snigirova Flinders University Author Microplastics

Felix Spencer Southerly Author Drop Cam

Alaya Spencer-Cotton UWA Author KAP

Michele Spinoccia Geoscience Australia Author MBES

Rick Starr Moss Landing Author Drop Cam

Wendy Stewart RAN AHO Contributor MBES
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Marcus Stowar AIMS Author TowVid, BRUV

Jessica sullivan VIC Dept of Infrastructure and Regional . MBES
Development Contributor

Stephen Swearer University of Melbourne Contributor Microplastics

Ralph Talbot-Smith WA Transport Author MBES

Katherine Tattersall CSIRO Contributor Grab, Sled

Matthew Taylor NSW DPI Author P_BRUV

Christopher Thompson UWA Author P_BRUV

Samuel Thompson UWA Author Drop Cam

Paul G Thomson UWA Author ROV

Nigel Townsend RAN AHO Contributor MBES

Maggie Tran Geoscience Australia Author, Contributor TowVid, MBES

Michael Travers Curtin, WA Dept Primary Industries Author BRUV

Elise Tuuri Flinders University Author Microplastics

Aaron Tyndall CSIRO Author TowVid

Paul van Dam-Bates Department of Conservation, New Zealand Reviewer Stats

Laurent Vigliola Institut de Recherche pour le Developpement Author P_BRUV

Corey Wakefield Curtin, WA Dept Primary Industries Author BRUV

Chris Waterson RAN AHO Contributor Grab (Abridged)*, MBES

Sharnae Watson Undalup Author KAP

Dave Watts CSIRO Contributor Grab, Sled

Iszaac Webb Undalup Contributor Drop Cam, KAP

Wayne Webb Undalup Contributor Drop Cam, KAP

Tanya Whiteway Geoscience Australia Ezﬁitimiréor All (V1), MBES

Sasha Whitmarsh Flinders University Author P_BRUV, BRUV, Drop cam

Scott Wilson AUSMAP Author Microplastics

Maria Zann S:ﬁtagzegfc:tt;fig; A el S Contributor TowVid

Shima Ziajahromi Griffith University Author Microplastics

* An abridged version of the grab field manual was developed for the AHO for sedimentology, excluding geochemical and
biological data.
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