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Demonstrating return on 
investment

Optimal monitoring and adaptive 
management

Brendan Wintle: brendanw@unimelb.edu.au

The aim of this talk

• Reinforce the role and importance of 
monitoring in environmental management:
– Learning and improvement

– Evaluating and demonstrating return on investment

• Highlight the changes to monitoring theory 
and practice arising from AEDA research

• Explore future applications of optimal 
monitoring relevant to DEWHA 

Structure of the talk

Why monitor?

1. Where is all the adaptive management?

2. A new discipline: active adaptive management

3. AEDA and optimal monitoring: in brief

The future of optimal monitoring and DEWHA…

Why monitor?
• Monitoring to drive management actions

• Monitoring to learn about a system
– effectiveness of actions

– the way the world works (monitoring for science)

• Monitoring to involve and inform the public

• Monitoring to audit management decisions

• Serendipity monitoring

• Omnibus strategies
Joseph L., et al. (in review). Optimal monitoring for conservation. 

Conservation Biology.

1. Where is all the adaptive management?
Monitoring to learn about the effectiveness of 
actions: native vegetation restoration

Goal: 90% confidence in a 15% increase
in woodland cover by 2020

Management options
Weed, Graze, Fence, Plant...

Model of the system response

Prioritize and implement*

Monitor* learn

Duncan, D., and B. A. Wintle. 2008. Towards adaptive management of native vegetation in 
regional landscapes. in C. Pettit, et al., eds. Landscape Analysis and Visualisation. Springer.

Report
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Controlling 
environmental 

factors

Intermediate 
environmental 

Management 
interventions

Performance 
Measures

factors

e.g. Change in vegetation 
extent or condition

Direct seeding

Pr(natural regeneration zone)

Soil compaction

Time since grazing 

Time since cropping

Seed availability

Soil disturbance

T b t k Pest control

Carrying capacity

Pr(Favourable ST rainfall)

Land‐use History

Nutrient status

Weed Control

Weed competition

Tube stock

Sapling escape

Seedling establishment

Grazing Pressure

Pest control
Stock Density

Grazing Exclusion 

Pr(Favourable MT rainfall)

Tube stock
No
Yes

 100
   0

0

Time since grazing 
Recent
Mid
Long

 100
   0
   0

1.5 ± 0.87

Time since cropping
Recent
Mid
Long

   0
   0

 100
75 ± 14

Nutrient status
Reference
Enriched

84.0
16.0

12.3 ± 13

Land-use History
Improved
Unimproved

   0
 100

Soil disturbance
No
Yes

 100
   0

0

Direct seeding
No
Yes

 100
   0

0Weed Control
None
Localised
Broadscale

 100
   0
   0

Stock Density
Low
Mid
High

 100
   0
   0

2 5 ± 1 4

Pr(natural regeneration zone)
Near
Mid
Far

 100
   0
   0

1 ± 0.58

Carrying capacity
Low
High

   0
 100

1

Seed availability
Absent
Present

17.3
82.7

0.827 ± 0.38

Soil compaction
No
Yes

4.75
95.3

4.81 ± 1.9

Pr(Favourable short-term rainfall event) 
Low
High

 100
   0

0.1 ± 0.058

Pest control
No
Rabbits
Roos rabbits

 100
   0
   0

Weed competition
Low
High

25.9
74.1
47 ± 30

0
Grazing Pressure

Rabbits roos
Low
High

0.38
75.4
24.2

0.581 ± 0.17

Grazing Exclusion 
No
Stock
Stock rabbits hares

 100
   0
   0

0

2.5 ± 1.4

Seedling establishment
Unlikely
Likely

81.1
18.9

0.0132 ± 0.023

Do nothing

SuccessFailure

Intermediate
Go nuts

Do nothing

SuccessFailure

Intermediate
Go nuts

Project Success Benefit Cost Efficiency

Which projects should we fund this year?

Cost Efficiencyi = Expected Benefiti(∆seedling establishment)

Costi($)

Project  Success 
Probability

Benefit

(Ha)

Cost

NPV50

Efficiency

(W*P*B)/C

Fence Farm A 0.8 50 300K 0.13

Buy Farm B 0.8 50 1.0M 0.04

Weed Farm C 0.4 20 700K 0.01

etc…

Joseph, L. N., et. al. 2008. Conservation biology
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Monitoring and model updating

Bayes nets are easy to update with case files

• not all nodes must be monitored in each case or at each 
time step

• multiple competing models can be consideredp p g

• data need not arise from statistically designed studies

Do nothing

SuccessFailure

Intermediate
Go nuts

Do nothing

SuccessFailure

Intermediate
Go nuts

Rumpff L.,et. al. (in press) Adaptive management of native woodlands.
Biological Conservation.

Woodland 
established (Ha)

projected under no investment

observed

return

weed competition

compaction

fencing

direct seeding

crash grazing

weed control

ripping

Land-use History rainfall

crash grazing

weed control

ripping

Distance to mature trees

seed availability

germination event

Woodland establishment

herbivore access

tube stock

nutrient status

time

2. A new discipline: Active adaptive management
Optimal management and monitoring of devils and 
tigers

Chades I., et al. (2008) Save, survey or surrender: optimal management of a cryptic 
threatened specie. PNAS.

Active and passive adaptive management

• passive: best action given current knowledge 
(with a plan to update knowledge as 
information arises)information arises)

• active: manipulate the system to learn more 
quickly (and do better in the long‐run). 
explicitly allows for doing to learn apparently 
sub‐optimal things in order more quickly

McCarthy M.A. & Possingham H.P. (2007) Active adaptive management for 
conservation. Conservation Biology, 21, 956-963
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How can we actively learn system function?
‐ a devilishly difficult dilemma

• Objective : Maximise 
l ti th

How can we actively learn system function?
‐ a devilishly difficult dilemma

population growth 

• Decrease prevalence 

• Removal of individuals

• 2 sites for feasible learning

McDonald‐Madden et al (in press) Active conservation of 
threatened species in the face of uncertainty. Ecological 
Applications.

• Many facets unclear

• Latency affects removal

A devilishly difficult dilemma ‐ actions?

• Latency affects removal 

• Short – remove diseased

• Long – remove all

• Removal affects 
reproduction and 
prevalence

Models and Actions

model 1 model 2 model 3

Disease h t l  will not 
progress

short 
latency

long 
latency

action 1 No treatment 1.20 0.9 0.9

action 2 Cull all diseased 1.05 1.15 0.95

action 3 Cull all adults 1.01 1.01 1.01

Benefit based on return including learning

McDonald‐Madden et al (in press) Active conservation of threatened species in the face of 
uncertainty. Ecological Applications.

1 = disease will not progress
2 = short latency
3 = long latency

In brief….

• Honest 
Reporting

McDonald‐Madden et al. (2009). “True” conservation progress. Science
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In brief… Optimal surveillance of weed incursions

low grassy
(easy to search)

shrubby

(difficult to search)

0.000 – 0.003
0.003 – 0.007
0.007 – 0.014
0.014 – 0.026
0 026 – 0 050

0 – 1
1 – 2.5
2.5 – 5
5 – 10
10 20(difficult to search)0.026 0.050

10km0

Map 2. Vegetation categoriesMap 1. Predicted probability of 
orange hawkweed occurrence

10 – 20

Map 3. Optimal search time 
(minutes per 4ha site)

Hauser C.E. & McCarthy M.A.  2009.  Streamlining ‘search and destroy’: cost effective 
surveillance for invasive species management.  Ecology Letters 12: 683—692.

In brief….
• Plant species 
detectability

Garrard et al. (2008). When have we looked hard enough?  A novel method for 
setting minimum survey effort protocols for flora surveys. Austral Ecology.

In brief….
• Serendipity 
monitoring
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Wintle, Runge, Bekessy (in review). Efficient monitoring of the unknown unknowns. 
Ecology Letters.
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Conclusions
• Monitoring is a critical activity in 
environmental management:

Learning and improvement– Learning and improvement

– Evaluating and demonstrating return on investment

• AEDA has been at the centre of developments 
in optimal monitoring theory and practice

Future research directions

• Workable strategies for monitoring return on 
Caring for Country investment (challenges –
broad scale incommensurate value)broad scale, incommensurate value)

• Apply developments in AAM to big 
conservation problems (e.g. translocation as a 
viable climate change adaptation strategy)

Quick access to AEDA information

• Homepage: www.aeda.edu.au

• Publications: www.aeda.edu.au/publications

brendanw@unimelb.edu.au

• Decision Point: www.aeda.edu.au/news

• Search Decision Point for articles that affect you: 
www.aeda.edu.au/dpoint‐search

• Search AEDA for projects that affect your area:  
www.aeda.edu.au/aeda_projects


