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Part 1 The 4 R’s of Biomonitoring

Presenter
Presentation Notes
We have been fortunate in Australia to have discovered the 4 Rs of biomonitoring - L to R 
	Reynoldson, Rosenberg, Resh & Richard
No conference such as this would be complete without these guys



Background in Australia
• Pressure to protection ecological values - bioassessment
• Development began 1993 as a research tool
• NRHP and Australian River Assessment System (AusRivAS) 

development based on RIVPACS
• National program managed by DEWH, applied by 

state/territory agencies
• Comparable results & widely available - many users
• Predict the aquatic macroinvertebrate fauna expected to 

occur at a site in the absence of environmental stress 
• Currently supports three analyses and reporting;

– Macroinvertebrate Predictive Modelling Software;
– Physical and Chemical Reporting Software; and
– Mapping and Reference Site Screening Module.

Presenter
Presentation Notes
The National River Health program has developed and been managed in a truly national and cooperative way.  Gaining such cooperation from the states and territories has always been difficult.  That this has been achieved is a credit to the managers of the program.
It was always proposed that the methods developed for biological assessment under the NRHP would be widely available.  This feature alone meant that special consideration had to be given to the delivery of the software.



• Nationally standardized system

• Some regionalization for climatic 
ranges but standard outputs

• Easy to use and interpret outputs

• Central management and access 
control

AUSRIVAS - Australian River Assessment 
System

Presenter
Presentation Notes
Australia had no system that allowed for national or regional assessments of the state of the water resources
National water quality guidelines have recently been redrafted and now require protection of aquatic ecosystems, thus requiring assessment of the biota.
Some states/territories already had programs running and these and various other state/territory differences meant that any method had to allow for these differences.  Thus, standardization was needed but tempered by some variation
The framework in which the system was set up should also allow for ongoing management the would favour adoption throughout the country and the maintenance of uniformity.




AUSRIVAS- components
• Standardized methods for site selection, 

habitats, season, taxonomy, sampling, data 
analysis, QA/QC, training & accreditation

• Developed as a happy alliance (mostly) 
between states, feds & researchers 

• Internet based and managed with access to 
models password controlled

• Central management and control over 
access

• 50 covering all of Australia - small derived 
data sets - final steps in analysis with client 
data

• Developed by, or in conjunction with, 
responsible state/territory agencies

METHODSMETHODS

SOFTWARESOFTWARE

MODELSMODELS



ECOLOGICAL ASSESSMENT: why ?

Presenter
Presentation Notes
Data from all over Australia are uploaded to the Web site.  The time taken to run models is little different from where ever the connections are made.
The acne on the map indicate the initial 1500 references sites that have now been considerably expanded.



Field Methods

Presenter
Presentation Notes
Kicknet Macroinvertebrates, periphyton, site info sheets, flow meter, physical and chemical data.
Currently all states and territories use the AUSRIVAS standardized sampling methods. 
SA use a triangle net not a D-frame…



Lab Methods



Quality assurance/Quality 
Control

• Standardized methods with sampling 
and processing manuals ensure 
consistent sampling 

• QA/QC methods for field & lab
• Training & accreditation – also linked to 

contracts
• Centralized management with regional 

ownership



AUSRIVAS- advantages
Standard method with nationally comparable 
methods and results
Updates to software and models available 
immediately

• Utilitarian platform to run complex analyses
• Web site with troubleshooting and advice
• Wide range of registered users
• Manuals with video clips included
• Can be updated with new developments



“Selling AUSRIVAS”
AUSRIVAS formally adopted as a national indicator 
for State of the Environment Reporting

 
at 

Federal and State levels in 1997-8

AUSRIVAS being incorporated into new National 
Water Quality Guidelines

 
in 1998/9 

AUSRIVAS being progressively adopted into state 
licensing and catchment management 
legislation

Presenter
Presentation Notes
One of the other activities of the program has been in ‘selling’ the use of AUSRIVAS - don’t forget this is a national program led only by funding carrots - no guarantee of immediate adoption.

These are exmaples of some ways in which AUSRIVAS is being ‘hooked’ into environmental regulatory tools and instruments.



Lessons learned
• National coordination with regional 

ownership
• Standardized methods – field, lab, 

taxonomy
• Comparable outputs
• QA/QC necessary
• Training & accreditation
• Updating process & capacity



River managers need to 
determine what caused the 
damage

Part 2 
Determining Cause & Effect

Willow removal

Flow abstraction

Decision-makers need 
evidence that proposed 
management intervention 
will cause environmental 
benefits



A paucity of data at the site of interest
Natural variability undermines the 
capacity to reach a conclusion about a 
causal relationship
There is no replication because of large 
scales 
Experiments are not always possible

Obstacles to determining 
causation in rivers

Presenter
Presentation Notes
Not possible to use inferential statistics



Expert opinion alone no longer acceptable

New challenges for 
decision-makers

“I think you should be more explicit here in step two”

Presenter
Presentation Notes
Court cases that consider environmental information require minimizing subjectivity in interpretation.  
Conflict in expert professional opinions may result in valuable scientific information being disregarded because the legal system does not have a good way of reconciling the possible differences in interpretation. 



An explicit way of organising and 
presenting causal evidence
Logical, simple and transparent framework
A consistent or standardised set of rules 
that can be automated
A repeatable framework
A framework that leads to a robust and 
informed conclusion 
Transparent, evidence based decision 
making

What decision makers and 
scientists need -



Postulates of Jakob Henle and Robert Koch 
(1870’s)
Smoking causes lung cancer (US 
Department of Health, Education & Welfare 
1964)
Formalisation of the use of correlative 
evidence (Hill 1965)

Historical examples of logic- 
based causal inferences

Presenter
Presentation Notes
Henle-Koch postulates for determining if a micro-organism can be regarded as the causal agent of a disease.  




What is MLLE?
Logical way of organizing evidence to make a causal inference

What is a line of evidence?
An ecosystem attribute that is investigated in relation to a 
stressor e.g. tadpole abundance, macroinvertebrate species 
richness, macrophyte biomass, number of fish lesions

What is a level of evidence?
A level of evidence is the value of one of a number of 
criteria used to determine the case for inferring that a given 
human activity causes a given ecological change

Multiple Lines and Levels of 
evidence (MLLE)

Presenter
Presentation Notes
Wrap up loe and level of evidence in definition of MLLE. Different lines of evidence. Each causal evidence for linking  the stressor to a loe is organised into logical compartments called causal criteria. A level of evidence is the amount of evidence there is in each of the causal criteria for a given line of evidence. Certain combinations of levels of evidence for each of the causal criteria lead to support or no support for a causal inference. 



Traditional way of making 
a causal inference
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Making a causal inference 
using our MLLE approach
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We can find no practical, generalizable examples of 
MLLE using the literature and local data in an explicit 
and objective way for environmental assessment
Our approach: 

Provides an explicit framework
Comparability and relevant to the environmental question
Weighting of inferential power of a study based on: study 
design, no. control & no of impact locations
Environmentally relevant subset of Hill’s causal criteria
Developed software package to aid study evaluation

Developing our MLLE approach

Presenter
Presentation Notes
The study reported here aimed to apply the MLLE approach in a pilot study assessing the effects of dams on changed flow regimes to formally describe and test the framework employed for use in inferring causality in ecological assessments. 



The causal criteria
Causal criterion Description

Plausibility Mechanism that could explain 
the relationship

Response Evidence of the response 
following the agent

Dose response 
relationship with 
agent

Evidence of a dose response 
relationship between the agent 
& response

Consistency of 
association

Expected response ALWAYS 
occurs in the presence of the 
agent

Presenter
Presentation Notes
To catalogue each LOE, we recorded the number and the importance of studies against the different levels of evidence.  The levels of evidence we have adapted from Downes et al. (2002) include: 
·         ‘biological plausibility’ - absorbed into the conceptual model to indicate ecologically relevant LOEs, rather than kept as a line of evidence itself;
·         ‘presence of a biological response’ – a recasting of the ‘experimental evidence’ level but including evidence from all types of study including experimental and observational studies;
·         ‘evidence of a dose response relationship with the stressor’
·         ‘consistency of association’ – consistent spatial and temporal association of stressor and biological response.
 
Omitted ‘temporality because we could not see how to differentiate this from the ‘biological response’ criterion in environmental studies.  
Also omitted were ‘strength of association’ because ecological criteria for a ‘large’ response could not be defined; ‘specificity of association’ because few, if any, stressors will be specific enough to warrant the effort this level would require; ‘experimental evidence’ was subsumed into the more general ‘biological response level; ‘coherence’ was subsumed into the ‘consistency measure and; ‘analogy’ because useful examples could not be found to justify inclusion.




The MLLE framework

3 Conceptual model

4 Relevant lines of evidence

5 Literature review & 
assemble and analyse 
local data

6 Review model

7 Weight evidence relative to 
quality

8 Verdict

1 Characteristics of 
scientific question 
& context

2 The location

Presenter
Presentation Notes
We followed eight steps adapted from Downes et al. (2002) to set up and test the MLLE approach:
Characteristics of human activity
Characteristics of impact location
Question(s) and conceptual model
How will an effect have been detected?
Decisions on quality and weighting of studies included in the literature review
Literature review for relevant lines of evidence
Further literature review adding any additional lines of evidence to refine the conceptual model
Catalogue lines and levels of evidence to inform the final verdict.
 
When undertaking Step 6 it became apparent that specific questions or issues were needed to ensure that only relevant, comparable literature was selected.  The three issues we used for the pilot study were:
·         Reduction in the mean annual flow (MAF)
·         Reduction in frequency of all flood events < 1:10 year event.
·         Reduction of base flow




Transparent approach

• Clear documentation & justification for 
each step

• Sources of evidence stated
• Transparency  in evidence used
• Transparency in weighting of evidence
• Transparency in combining evidence
• Repeatable verdict



Steps 1 & 2 – Question/activity & 
location
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4 & 5 LoE & literature review



5 – search strategy, citations, LoEs, check, 
LoE & agent, weighting, relevance



6 & 7 Revise model, weight 
evidence



8 The verdict



Outputs

• All steps documented
– Question
– Location
– Model
– Thorough literature search in a framework
– Quality of studies weighted
– Combination of evidence

• Verdict transparent

Presenter
Presentation Notes
Divergence in the application of the MLLE framework in assessing the literature could occur in three places.  
Whether papers were deemed “comparable” for the question posed (Table 5).  
How many lines of evidence (LOE) were identified in each comparable paper (i.e. the “resolution” of reported data, Table 5).  
The study type, number of impact and control locations that were used to determine the quality of an LOEs (Tables 1, 5).

The fish LOE was found by only 2 of the 7 reviewers to have a high level of evidence to support an association with our flow regulation stressors (Table 5). 
Reviewer difference largely resulted from acceptance of papers using fish as comparable when the other six reviewers did not.  
Lack of comparability largely resulted because the fish species studied in the papers did not occur naturally in Australia.
 
Overall, based on the literature, macroinvertebrates were the only LOEs that could be concluded to provide a strong causal link between the flow questions of interest (Table 6).
 





Outcomes

• An objective method to include the 
literature in assessments

• Strong local data – less need for added 
evidence from the literature

• Weak local data – more need for added 
evidence from the literature
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