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System assessment and reporting for marine ecosystem-based management:
Challenges

- Status quo is a ‘compartmentalised’ approach (lack of 
accounting for system-level processes)
à Resultant inability to capture/account for:

- Feedbacks, non-linearities and tipping points
- Cumulative pressures and risks 

- Dissonant with Indigenous world views, in which all 
aspects of the environment and culture are linked
à Barrier to inclusive assessment and reporting 

processes

- Limited capacity and understanding of need

- Lack of required governance frameworks and 
infrastructure
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Assessment summary 2 
State and trends of habitats and communities

Component Summary Assessment grade Confidence Comparability
Very poor Poor Good Very good In grade In trend To 2011 assessment

Seabed, 
inner shelf
(0–25 metres)

Significant local to regional-scale 
impacts in the South-east and 
Temperate East marine regions. 
Empirical studies on vulnerable 
assemblages are required to quantify 
the extent and implications of 
perceived impact

Seabed, 
outer shelf
(25–250 metres)

The state is likely poor to good in 
the South-east and Temperate East 
marine regions (and potentially 
poorest for the Temperate East 
Marine Region). Quantitative data 
for composition and distribution of 
soft-sediment fauna are lacking

Seabed, slope
(250–700 metres)

Seabed habitats are spatially 
restricted, with varying impacts as 
a result of pressures, resulting in 
varying state and trends. State is 
poor to very poor but improving in 
the South-east and Temperate East 
marine regions, and good and stable 
elsewhere

Seabed abyss
(more than 
700 metres)

Habitats vary in state across depths. 
Those at 700–1500 metres are 
spatially restricted; those in the 
South-east Marine Region are poor 
because of fishing impacts

Water column, 
inner shelf 
(0–25 metres)

Information available is localised 
and limited to the tropics; there are 
insufficient data to accurately assess 
regional or national trends

Water column, 
outer shelf
(25–250 metres)

The lack of a timeseries of in situ 
observations from large parts of 
Australia’s marine environment limits 
the assessment to satellite detection 
of status for only a few parameters. 
There is considerable regional 
variability, and evidence of responses 
to climate variability dominates over 
longer-term climate change impacts



What?

• An independent, evidence-based and 
comprehensive assessment of the health of 
Australia’s environment

• Developed through collaborative partnerships with 
industry, government, NGOs and Indigenous groups 
to draw from the latest scientific, traditional and 
local knowledge systems

• Legislated under the Environment Protection and 
Biodiversity Conservation Act 1999 and released by 
the Australian Government every five years (moving 
to 2 year cycle).

Australia’s State of the Environment Report

Why?

• Help shape policy and action

• Influence behaviour 

• Assists in assessing our 
interventions as stewards of the 
Australian environment.

soe.dcceew.gov.au



SoE 2021 – Australia’s Marine Environment   Approach

• Transparent and repeatable assessment process 
(consistent and comparable with SoE 2016 Marine 
thematic report).
• Assessments and case studies by invited experts (guided by 

templates)

• Assessments and case studies peer reviewed
• Metadata records for assessment and case studies open access 

on the Australian Ocean Data Network with DOIs (citeable)

• Weaving Indigenous knowledge with “western science”
• Indigenous co-authors collaborated in developing all content, 

and

• Indigenous-led assessments and case studies
• Yarning circles based on assessments

different worldviews. In the coming together, and intertwining, of these worldviews, there is an
exciting opportunity for innovation in research, which creates a new approach, encompassing
Aboriginal ways of knowing, being, and doing, along with Western quantitative research
approaches (Durie, 2004a; Martin, 2003). Such an approach will enhance strength, self-
determination and resilience to the research process ensuring outcomes are transparent, specifi-
cally for Aboriginal and Torres Strait Islander communities. Working at the interface needs
careful thought, deliberation and reflection, as highlighted by the work of Rigney, Nakata,
Durey, Smith, Davis and Doyle (Davis, 2018; Doyle et al., 2017; Durie, 2004a, 2004b, 2005;
Nakata, 2007, 2010; Rigney, 1999, 2001; Smith, 1999). For the first author, the concept of
researching at the interface, creating my own interface and research standpoint, took me on
a deep journey, connecting me back to my first memories of learning to basket weave
(Supplementary Table 1).

Weaving

Weaving has long been a tradition of Aboriginal and Torres Strait Islander communities, and is an
important skill in communities. Traditionally, fresh water rushes or reeds were collected and
dried, not only to create baskets but clothing, dilly bags5, fishing nets, coolamons6 and gathering
tools (Carmichael, 2017). There are various techniques to weaving, with the coiled stich most
familiar to the first author, which is used to create a coiled basket (Garwood-Houng, 2015). Coiled
baskets are created through a process in which a single plant base fibre (the coiled stitch) is
wrapped around a foundational base of plant fibres, to provide strength, shape and durability of
the structure (Garwood-Houng, 2015). This is the technique considered by the first author when
weaving their methodology at the knowledge interface.

A visual representation of weaving a research methodology at the interface (Figure 1) depicts
two different communities of knowledge, represented as two different species of water rushes or
reeds – one Native species from the land, the other an introduced species to the land (Table 1). In
this figure, the yellow circular structure depicts Western scientific knowledge systems and
methodology, as an ‘introduced species’ (Table 1). Specifically, for the first author’s research
work this is quantitative research. The red circular structure depicts Indigenous Knowledges
systems and methodology, these are systems which have been here from time immemorial, they
are not ‘stagnant’, ‘isolated’ or even ‘exotic’, they continue to evolve and develop as time goes on
(Council, 2017). Examples, in Table 2, of Aboriginal research methods include decolonisation and
Yuri Ingarninthii.

Figure 1. Visual representation of weaving a methodology for ‘research at the interface’ for the first author. * The interface for
science and Indigenous knowledges from Durie 2004 (Durie, 2004a).

INTERNATIONAL JOURNAL OF SOCIAL RESEARCH METHODOLOGY 5

From: Durie, M. (2004). Exploring the interface between science and 
indigenous knowledge. 5th APEC Research and Development Leaders  
Forum, Christchurch, New Zealand.



SoE 2021 – Australia’s Marine Environment   Findings

1. Climate change is affecting fundamental aspects of our oceans 
and increasing the impact of other pressures

2. Many Australian marine habitats are healthy, but our reefs are 
declining

3. Indigenous experts generally assessed state to be poorer than 
‘western science’ assessments

4. More comprehensive and better integrated and inclusive 
monitoring and marine management are needed

5. Even the best management will not stop environmental decline 
if climate change and cumulative effects aren’t addressed

6. If  4. and 5. aren’t addressed,  substantial continued and 
increasingly widespread degradation of Australia’s marine 
environment is expected

Trebilco et al 2022 Australia State of The Environment Report: Marine soe.dcceew.gov.au/marine/outlook-and-impacts



SoE 2021 – Australia’s Marine Environment 

Key needs/future directions:

• A national integrated strategy and system for baselines and monitoring – quantifying and 
addressing cumulative effects

• Improved data assimilation, assessment and reporting pipelines – to facilitate forecasting and 
frequent updating based on changing conditions

• New system-level methodologies for assessing overall environmental health that are ‘scalable’ – from 
local/regional to national assessments, allowing cross jurisdictional standardisation, capture of system 
interactions and feedbacks

• Integrated stewardship – sustainable and inclusive monitoring and management that strengthens partnerships 
across sectors and acknowledges Indigenous  leadership, decision-making, connections and rights

soe.dcceew.gov.au/marine/outlook-and-impactsTrebilco et al 2022 Australia State of The Environment Report: Marine
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From Trebilco, Hunter, Fischer, Hobday, Thomas & Evans in prep

Principle Why How (enablers)

Coordination
- Enables buy-in and uptake across jurisdictions and 
sectors
- Supports comparable and compatible data streams
- Supports Equity

- Collaboration and communication
- Presence of mandates and peak bodies
- Adequate investment/resourcing
- Infrastructure for data sharing across jurisdictions

Integration
- Ensures assessments are fit for purpose in supporting 
integrated management
- Helps avoid unintended adverse consequences

- Cross-sector engagements and commitments
- Removing silos
- Weaving knowledge systems
- Identifying cross-cutting themes
- Collaboration and communication

Transparency and 
repeatability

- Enhances broader utility of products produced in 
reporting
- Fosters continuous improvement in reporting 
performance
- Consistent with FAIR principles

Assessment processes that can be easily traced back to 
underpinning information and readily repeated/updated.

Responsiveness and 
adaptiveness

Ensures reporting remains fit for purpose in the face of 
change

- Processes that are responsive to new knowledge and changing 
conditions
- Reporting arrangements that continually supported, rather than 
short-lived ‘taskforces’ to report in discrete ‘rounds’
- feedbacks between reporting and monitoring/assessment 
approaches

Inclusiveness
- Priority actions identified in reporting are more likely 
to gain traction if they reflect a shared vision, 
developed with an inclusive process. 
- Consistent with CARE principles

- Respecting different knowledge systems and knowledge holders
- Open consultative processes 

System-orientation
Enables understanding of cumulative impacts, 
feedbacks and tipping points and supports adaptive 
policy and management.

Frameworks and methods for system-level analysis and assessment

Six principles for holistic and integrated state of the environment reporting - CITRIS



System-oriented assessment - How?

Fulton, Dunstan & Trebilco 2023 (project report, publications in prep)

 

 

Finally, there is uncertainty around interpretation. We have intentionally chosen not to standardise scores 
across species. This was done for two reasons. First, there is no a priori score that signifies “acceptable” from 
“unacceptable” pressure levels. The comparison with eSAFE was undertaken to provide some insight, but given 
the “first of its kind” nature of the entire exercise we preferred not to pre-judge on little available information. 
Second, there may not be a single threshold “unacceptable” score that holds for all species, given the differential 
susceptibility of species to disturbance. Consequently, species scores were left in their “raw” form. It is however 
safe to say the stronger (more negative) a score, whether per species or in aggregate, the stronger the pressure 
being felt at that location. 

Stage II 

Appendix 6 provides the plots – mean and confidence bands – for the nonlinear cumulative effects scores 
calculated using the impact-response functions derived from Ecopath with Ecosim (with the response functions 
given in Appendix 7). The strong non-linearity of the responses can be seen from the plots in Appendix 7 and in 
the impact-response function for overall biodiversity (Kempton’s Q) in Figure 12. With fewer fisheries operating 
only some gear combinations lead to a decline in biodiversity, but once more than a few gears are in use there is 
a strong and consistent drop in biodiversity as fishing pressure increases. Results for individual taxa also show a 
range of outcomes across different levels of fishing pressure and numbers of gears in use. Many show split 
distributions with clearly distinguishable arms – some flat with an arm increasing, others with a decreasing arm – 
for others it is more a continuous smear from one bound to the other. Most show monotonic responses (not 
necessarily linear but consistently trending in the same direction across the increasing levels of pressure), but for 
some invertebrates and their predators humped or U-shaped responses are seen for some gear combinations. 

The final cumulative effects score using this method highlights how release from predation pressure can benefit 
lower to mid trophic level groups, with Cardinal fish, euphausiids, Jack Mackerel, slope invertebrate feeders, 
Cucumberfish and Redbait all appearing to benefit from the non-linear responses. In all these instances, the 
outcome of the cumulative effects in most spatial cells are positive; indeed often all cells in the maps, show a 
positive effect. Many of the higher trophic level species – such as a number of the shark species, tunas, billfish, 
Pink Ling, Blue Grenadier, Redfish, and Flathead – show negative outcomes, but had lower peak scores than for 
Stage I (i.e. once the non-linear impact-response function was applied).  

 

 

 

 

 

 

 

 

 

Figure 12: Impact-Response function for Biodiversity 
(represented by the Kempton’s Q index) in the southeast 
Australia EwE model. The frame labels 0-11 refer to the 
number of active fleets in the simulations. 

 

 

negative) occur as a consequence of the mix of fisheries active in those locations. 

 

Figure 14: Overall cumulative non-linear effects score (summing across species).  Note that the colouring in the plots mean that the more 
intense colours reflect greater cumulative effect. 

 

Discussion 
The work present in this report delivers on each of the objectives defined above for the project. 

Reviews – Objective 1 

ERA Review 

The review of ERAs implemented around the globe over the decade since the method was developed uncovered 
221 relevant documents (papers or reports); by including grey literature reports this review avoided the 
published literature bias that many reviews suffer from. This comprehensive review (Fulton et al (2019); 
Appendix 3) showed that the original method of Hobday et al. (2007) has been repeatedly expanded and 
adapted as it has been applied in new jurisdictions. These modifications (and their timeline of development) 
were summarised in a document for AFMA’s Ecological Risk Management Working Group using Figure 15, Figure 
16 and Table 3. General benefits and issues associated with each method, and the relative cost of each method, 
are also shown on Figure 15. Figure 16 maps spatial use of these modified ERA in fisheries and conservation 
bodies globally. 

The various ERA methods can be grouped into 8 general classes, which are briefly outlined in Table 3 as a quick 
reference chart to highlight the key features of the different methods as options for future ERAEF in Australia. 
Australia’s ERAEF remains relatively competitive internationally, but there is potential for refinement – as noted 
in Table 3 and detailed further in the review of Fulton et al (2019). In brief, it is recommended that extensions to 
the methods used in Australian fisheries should prioritise re-consideration of biological traits for Level 2 (PSA 
and SAFE) analyses, to capture more taxon-specific traits and vulnerabilities that influence risks in ways not 
captured by the more generalised set of attributes used in the original method (as shown in Figure 4). As 
discussed in the results section above, additional factors for consideration would include:  

• exposure or sensitivity of individual life history stages (when strong ontogenetic changes exist) 
• cryptic mortalities (e.g. for seabirds)  
• habitat and trophic dependencies  
• climate and how that adds stress or modifies the attribute values of each species, or how it changes 

spatial distributions and thereby exposure to fishing, or even which species should be included in the 
assessment  

• “predictability” of stocks (i.e. the influence of environmental variability).  

 

 

A system level view can also be generated via a cumulative sum over all species, as seen in Figure 11 (which 
includes all fisheries but also the effects of marine parks and fisheries zoning). This highlights the generally low 
pressure applied around Australia, but also the existence of a few hotspots across the Great Australian Bight, 
and in parts of the shelf and upper slope of the south east – in Victoria, Tasmania and New South Wales.  

 

Figure 11: Total Stage I Cumulative Effect Score. Note that the key in the plot is reversed (showing negative not positive scores) so that the 
more intense colours reflect greater cumulative effect. 

 

Uncertainty 

These Stage I scores are associated with a few sources of uncertainty. There were the assumptions of how state 
fisheries map to Commonwealth equivalents in terms of the gears used and operating practices – this was 
needed when inferring which species could be exposed to what pressure, as catch composition lists are sparse 
or difficult to come by especially for state fisheries. This touches on one of the most telling source of 
uncertainty, which is the state fisheries data used. This information can be exceptionally hard to access across 
jurisdictions for recent years and in fine resolution so older or coarser data has had to be used for this analysis – 
this can be seen in the blocky patterns seen in inshore waters in plots such as Figure 11 and the species level 
equivalents in the appendices. If more recent and more resolved information can be obtained the analysis 
should be updated to reduce this uncertainty.  

Another source of uncertainty is the PSA score, which is by its nature only semi-quantitative. The lack of ability 
to standardise across fisheries creates uncertainty if only going to this step – drawing equivalency between a line 
and trawl fisheries is quite difficult. Previous absolute risk estimates have typically been across sectors (e.g.  
national fleets within an RFMO). Nevertheless, given the level of available information and the diversity of 
methods used in Australia the approach used here and the summation of eSAFE values are the best available 
estimates. 
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System-oriented assessment - How?

Fulton, Dunstan & Trebilco 2023 (project report, publications in prep)

Values and exposure

Regional system models Estimate of overall system 
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