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1 Background 

Nearshore sub tidal reefs provide fundamental ecological and socio-economic services for South Australia and 

represent one of the five key marine habitats that are used to assess the condition of the Stateõs marine 

ecosystems. Management of these resources, with particular reference to the relationships between catchment 

and marine, estuarine and wetland environments remains a requirement under South Australiaõs Natural 

Resources Management Act (NRM Act, 2004). This also includes providing information on state and condition  of 

natural resources, and any environmental, social, economic and practical considerations relating to the use, 

management, conservation, protection, improvement o r their rehabilitation. Such information underpins guiding 

targets 10, 12 and 13 of South Australiaõs NRM Plan (2007-2017) and respective regional NRM Plans.  

The Adelaide and Mount Lofty Ranges (AMLR) Natural Resources Management (NRM) region encompasses 

approximately 50% terrestrial landscapes and 50% marine waters. Marine waters in the region  are largely 

characterized by two main water bodies; Gulf St Vincent and Backstairs Passage, which the former comprises a 

heterogeneous habitat matrix consisting of seagrass, reef and sand. Less protected waters of Backstairs Passage 

on the Southern Fleurieu Peninsula comprise largely reef and sand (Figure 1.1). Nearshore subtidal reefs are 

particularly valuable assets in the AMLR region because of their proximity to greater Adelaide and capacity to 

provide ecological and socio-economic services (such as fishing and diving). Reefs in the AMLR region support 

iconic species and species of conservation concern including blue groper and harlequin fish, and provide critical 

structural and breeding habitat  that underpin the life -cycles for a wide range of commercially and recreationally 

fished and non-fished species.  

Understanding how individual or  comparable types of reefs function  across the region, or identifying changes in 

state or condition , requires long-term knowledge of drivers, pressures and threats, but also environmental 

responses (or resilience) of species within those systems. This is a key requirement and outcome of the AMLR 

NRM Plan, which aims to understand the temporal resilience of ecosystems and identify the potential factors that 

induce negative change (e.g. system degradation).  

Over the years there have been a number of reef monitoring programs established across the AMLR region (e.g. 

Reef Health, Reef Life Survey (Brock et al. 2017). Given the importance of these ecosystems the AMLR Board 

engaged the Department for Environment and Water (DEW) Science and Information  Group to review the existing 

suite of monitoring sites and their  associated data, and to provide recommendations on the sites and indicators 

used to assess the condition of nearshore reef systems within the AMLR region (Brock et al. 2017). An overarching 

AMLR Reef Condition Assessment project has been established to implement the recommendations of Brock et al. 

(2017), with one key recommendation  being to develop conceptual models to capture information on the drivers, 

pressures and threats that impact  reef condition in the AMLR region .   

Conceptual models are a valuable element of many ecological monitoring and management programs. They may 

be used as a basis for discussion and planning, to help identify gaps in knowledge, or to prioritise areas that 

require further research or monitoring (Roman and Barrett 1999). Conceptual models provide a representation of 

the current knowledge of an asset or resource, in this case reef ecosystems, and should integrate current 

understanding of system dynamics with important processes and functions (Gross 2003). Fundamentally they are 

working hypotheses about ecosystem form and function, resting on clearly -stated assumptions that are open to 

review, and should facilitate transparency of thought processes and assumptions around the functioning of the 

system of interest (Wilkinson et al. 2007). 

Conceptual models are also important communication tools, as they can show how ecosystem components relate 

to one another in a spatial context, without the need for lengthy descriptive text (Wiebkin 2014). Conceptual 

diagrams can be communicated to stakeholders in an engaging way and can also guide natural resource 

managers to choose indicators that track the condition of the system and the impacts of key threats. These 

indicators can form the basis for on-going monitoring and reporting (Wiebkin 2014 ). 
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Figure  1.1: Established monitoring sites for various reef programs within the AMLR region and mapped 

extent of known reefs. Source: Reef Life Survey (2016), Collings et al. (2008), Brook and Bryars (2014 ), 

DEWNR unpublished data, DEWNR (2016a, b) (mhw = mean high water) . Map taken from Brock et al. 

2017. 
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1.1 Project Objectives  

The overarching objective of this project was  to develop conceptual models of nearshore AMLR reef ecosystems 

characterised in Brock et al. (2017) to provide a framework and context for assessing temperate reef condition  in 

the region . Development of reef conceptual models for the AMLR region will contribute to the broader AMLR Reef 

Condition Assessment project and provide a basis for future work to characterise, monitor and manage reefs in 

the AMLR region. The models should build on and integrate with existing conceptual models for the AMLR region, 

including the regional marine health conceptual model (available at: 

http://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about -us/our-regions-plan/conceptual -

models/marine-health ) 

More detailed objective s of the project  include to: 

¶ Capture our current understanding of the drivers and function of reef systems in the AMLR region 

providing technical inputs that can be simplified and understood by a non-technical audience 

¶ Identify, where possible, key pressures and threats of reef condition in the AMLR region and how they 

may impact on reef function  

¶ Identify, where possible, the ecological and socio-economic values of reefs in the AMLR region 

¶ Identify knowledge gaps  

¶ Develop associated information to support the conceptual models including an evidence library. 

 

 

http://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about-us/our-regions-plan/conceptual-models/marine-health
http://www.naturalresources.sa.gov.au/adelaidemtloftyranges/about-us/our-regions-plan/conceptual-models/marine-health
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2 Methodology  

The conceptual models were developed through a number of steps detailed in Figure 2.1, which involved the 

synthesis of best available knowledge and data (see evidence library for references) as well as capturing expert 

opinion through  two facilitated workshops.  

To determine the content and format of the conceptual models the following elements were defined:  

¶ Audience 

¶ Purpose 

¶ Scope and format 

¶ Stakeholders and experts 

¶ Key messages/stories for models  

It was also necessary to determine whether suitable conceptual models already existed that could fulfil the needs 

of the project, and whether workshops would be needed in order to develop the models.   

 

 

Figure  2.1. The steps taken to develop conceptual models as part of the current project (indicated in blue) 

along with suggested future work (indicated in green).  

2.1 Workshops  

Workshop one was a scoping workshop with the aim o f: 

¶ Confirming the types of models to be developed and discussing whether the scale will be adequate to 

capture key information and differences. 

¶ Exploring how to define baseline condition for the models and what changes we are interested in 

capturing 

¶ Discussing the key messages and questions for each model 

¶ Discussing key data sources and references (including existing models)  

Workshop two was held to further develop the conceptual models, with the specific aims of:  

¶ Producing diagrammatic conceptual models for each agreed model type 

¶ Identifying the key drivers, pressures and threats for each model type 

¶ Identifying key indicators and metrics for each model type  
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¶ Documenting fundamental assumptions and knowledge gaps for each model type  

Outcomes of the workshops are presented in Appendix one (workshop one) and Appendix two (workshop two) 

and have been incorporated into the conceptual model project outputs or recommendations where appropriate. It 

is important to note that these Appendices are records of discussions that occurred during the workshops and are 

not verified fact s or the views of DEW but are direct records of statements and key points made in the workshops. 

During workshop one it was decided that the conceptual models  should be focused on the function o f reef 

systems, with the understanding that state (or condition)  should reflect function.  A table was developed by the 

workshop participants to document what were considered to be the key functions and drivers of reef systems in 

the AMLR region (Table 2.1). 

Table 2.1. Function and driver table for nearshore reefs in the AMLR region as devel oped by participants 

during project workshop  one. Abiotic drivers are those non -living components  of the ecosystem, whilst 

biotic drivers are living components of the ecosystem.   

Function  

A
b

io
ti
c

 

B
io

ti
c

 Drivers (presented in no particular order)  

Socio-economic values X X ¶ Iconic species 

¶ Political context and status 

¶ Fisheries and other extractive pressures 

¶ Tourism 

¶ Regulation 

¶ Recreation 

¶ Water quality (aesthetics) 

Habitat provision 

(physical structure of macroalgae 

and rock) 

X X ¶ Hydrodynamics (wave energy, currents) 

¶ Depth 

¶ Light availability 

¶ Nutrient availability 

¶ Geomorphology (sediment/rock structure)  

¶ Temperature 

¶ pH 

¶ Physical disturbance 

Nutrient cycling and detrital 

pathways 

X X ¶ Inorganic and organics nutrient loads (N+P) 

¶ Light availability 

¶ Reef topography 

¶ Carbon fixation rates 

¶ Water column saturation of bicarbonate  

¶ Water circulation 

¶ Microbial and inver tebrate community  

Primary and secondary production  X ¶ Toxicants 

¶ Topography 

¶ Carbon fixation rates 

¶ Temperature 

¶ Nutrient and light availability  

¶ Pests 

¶ Biodiversity and community composition  
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Function  

A
b

io
ti
c

 

B
io

ti
c

 Drivers (presented in no particular order)  

¶ Fishing pressure 

¶ Recruitment structures and ability to recruit  

Food web structure  X  Builds on primary and secondary production. 

¶ Community composition  

¶ Functional diversity and redundancy 

¶ Timing 

Wave attenuation and 

hydrodynamics  

X X  Direct link to and feedback with habitat provision  

¶ Climate change 

¶ Bottom structure  

¶ Depth 

¶ Geomorphology 

¶ Biological structure 

¶ Climate 

Connectivity X X ¶ Hydrodynamics 

¶ Proximity (source of recruits) and adjacent habitat 

¶ Biological structures (life history and directionality)  

¶ Community composition  

¶ Trophic processes 

¶ Behavioural traits 

¶ Timing (e.g. temporal scales of tides, ocean currents, 

reproduction)  

2.2 Conceptual model framework  

The function table  (Table 2.1) provided the basis for the development of a framework for the conceptual models 

project (illustrated in Figure 2.2) which describes how the conceptual models and supporting information are 

related. This framework was designed so that information is captured at different resolutions to cater for the 

differing purposes and audiences. The components of the framework are described in Table 2.2.  

Table 2.2. Components of the framework for the conceptual model project with a description of their 

purpose  

Output  Relevant report 

section  

Purpose 

Function table   Table 2.1 Captures the key functions and drivers of nearshore reefs in the 

AMLR region 

Conceptual models:  

1. Overarching 

reef function 

model 

Section 3.5.1 The overarching reef function model depicts the information in the 

function table as a pictorial conceptual model.  
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2. Pressure 

models 

Sections 3.5.2, 

3.5.3 and 3.5.4 

Pictorial pressure models have been developed for the key 

pressures (sedimentation, nutrients, extractive resource use) 

demonstrating the impact of pressures on reef function.  

Synthesis table s  Appendix three Expands the function table by providing clear statements of 

hypothesised responses to drivers and pressures, along with 

references to document supporting information. Contains a 

confidence ranking for each statement. 

Reef characterisation  Section 4.2 Uses the subregional groupings described in Brock et al. (2017). 

Each subregion is characterised using the function table as a 

template, and using existing data and expert knowledge. Provides 

a benchmark for each subregion.  

Evidence library  Section 4.3 A record of all references used for the project 
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Figure  2.2. Framework for the AMLR reef conceptual modelling project illustrating the hierarchy of information and project outputs. See Table 2.2 

for a description of each component of the framework  
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3 Conceptual models 

ôSynthesised science is more likely to be integrated into policy, planning, management, community 

understandingñit is more likely to be used to make a differenceõ (Heydon and Vandergragt 2011). 

3.1 Audience  

The conceptual models need to be suitable for a wide range of potential audiences including Natural Resources 

ALMR, DEW, other state agencies, external stakeholders and the general public. With such a wide range of 

intended stakeholders the project outputs need to be designed in a way that information is provided at increasing 

resolutions in order to meet the needs of different audiences. The framework has been designed to achieve this, 

as well as to provide references for all information used so that further detail can be sought if required.  

3.2 Purpose of the models  

It is anticipated that the  conceptual models will be used for the following purposes:  

¶ Management 

o Designing a monitoring program  

o Identifying knowledge gaps  

o Planning and prioritising future research  

o Planning and prioritising management actions 

¶ Understanding 

o Establishing a baseline 

o Interpreting monitoring data and results  

¶ Reporting 

o NRM plan and regional targets 

o State NRM Report Cards 

o Marine Parks Performance Program 

¶ Communication 

By synthesising and presenting information in a clear and consistent manner it is hoped that catchment managers 

and those monitoring reef  systems within  the AMLR region and other programs or regions implementing reef -

type programs (e.g. artificial reefs) are able to access better information to support their decisions. In particular the 

conceptual models and supporting information may assist in achieving the following outcomes:  

¶ Aligned and consistent monitoring programs in the AMLR region  

¶ The right research being funded and knowledge gaps being filled  

¶ Better recognition of the values of reefs in the AMLR region (both anthropogenic and ecological) and 

their threats 

¶ The acknowledgement of reefs as connected marine systems (both to the catchment and to other 

marine systems). 

3.3 Scope  

The conceptual models are applicable to reef ecosystems within the AMLR region, however they do not 

specifically apply to any on-ground geographic location; rather they illustrate the representative types of reef 

ecosystems that may be found within the region. They may be applied to reefs in other regions in South Australia, 

but were not developed specifically for this purpose.  
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It is outside of the scope of this project to develop goals, targets or thresholds for reef ecosys tems within the 

ALMR region. 

3.4 Format  

Conceptual models are important communication tools, as they can show how ecosystem components relate to 

one another in a spatial context, without the need for lengthy descriptive text (Wiebkin 2014). Conceptual models 

can be communicated to stakeholders in an engaging way and can also guide natural resource managers to 

choose indicators that track the condition of the system and the impacts of key threats  (Wiebkin 2014). There are 

a number of formats that may be used when developing conceptual models such as written text, tables, pictorial 

models and box and arrow diagrams (Wilkinson et al. 2007) 

The participants of workshop one decided that the models would be pictorial models that illustrate a set of 

relationships between factors that are believed to impact or lead to a target state or condition. The models will be 

focused on the function of reef ecosystems in the AMLR with the understanding that state/condition should 

reflect function.  

3.5 The conceptual  models  

A number of different models have been developed as part of this project  and are presented in the sections 

below. The first is an overarching reef function conceptual model, which depicts the information captured in the 

function table ( Table 2.1).  

In addition models have been developed for the key pressures which were selected and prioritised during 

workshop two. A model has been developed for each of the three chosen key pressures:  

¶ sedimentation  

¶ eutrophication/nutrients  

¶ extractive resource use (e.g. fishing)  

Each model has a simple summary model which is more suited to general communication along with a more 

detailed model that should be used for planning and decision making purposes. The models may also have 

accompanying sub-models to pro vide greater detail on some aspects of the model .  

Models are presented in Figure 3.1 to Figure 3.10.  
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3.5.1 Reef function model 

 

Figure  3.1: Reef function con ceptual model for reefs in the AMLR region
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3.5.2 Sedimentation  

 

Figure  3.2: Summary conceptual model for the impact of sedimentation on reefs in the AMLR region.  
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Figure  3.3: Detailed  conceptual model for the impact of sedimentation on reefs in the AMLR region.  
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Figure  3.4: Sedimentation sub -model 1 ð the impact of sedimentation on food web and community structur e of reefs in the AMLR region.  
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Figure  3.5: Sedimentation sub -model 2 ð the factors influencing sediment deposition on nearshore reefs in the AMLR region.  
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3.5.3 Eutrophication/nutrients  

 

Figure  3.6: Summary conceptual model for the impact of increased nutrients on reefs in the AMLR region.  
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Figure  3.7: Detailed  conceptual model for the impact of increased nutrien ts on reefs in the AMLR region  

 



 

DEW Technical note DEW-TER-2018-10 18 

3.5.4 Extractive resource use 

 

Figure  3.8: Summary  conceptual mo del for the impact of extractive resource use on reefs in the AMLR region  
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Figure  3.9: Detailed  conceptual model for the impact of extractive resource use  on reefs in the AMLR region  
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Figure  3.10: Nutrient  sub-model 1 ð the impact of extractive resource use  on food web and com munity structure of reefs in the 

AMLR region  

 




