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Why Estimate Abundance?

ÂAbundance (population size) is a common 

ñstate variableò in conservation, i.e.,

ïAbundance provides information about how a 

system (population) is doing

ïAbundance estimates at different points in time 

tell us about system (population) dynamics



How Are Abundance Estimates 

Used in Conservation Decisions?

Â It is not efficient to simply collect information 

about a population of conservation concern

ïThere is a very large number of quantities that we 

could potentially estimate 

Â Instead, we need to ask:

ïWhat information is most useful for making 

conservation decisions 



All Information is Not Equally 

Useful for Science or  Decisions 

ÂñBiology, with its vast informational detail 
and complexity, is a óhigh-informationô 
field , where years and decades can easily 
be wasted on the usual type of ólow-
informationô observations and experiments 
if one does not think carefully in advance 
about what the most important and 
conclusive experiments would be.ò (Platt 
1964)



Management/Conservation

Key Elements
Â Objective(s): what do you want to achieve 

Â Management alternatives: stuff you can do 

Â Model(s) of system response to management actions (for 
prediction)

Â Measures of model credibility 

Â Algorithm to identify optimal decision

Â Monitoring program to estimate system state and other 
relevant variables



Key Elements of Conservation: 

Summary of Roles

ÂObjectives and management actions

ïAll stakeholders: including general public, 

policy makers, lawyers, scientists, managers

ïHuman dimensions important in eliciting 

objectives, etc.

ÂModels, credibility measures, optimization 

algorithm, monitoring program

ïManagers and scientists



Dynamic Decision Problem
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Adaptive Management: Process
Â Use dynamic optimization to select management action 

based on:

ï (1) objectives

ï (2) available actions

ï (3) estimated state of system*

ï (4) models and their measures of credibility

Â Selected action drives system to new state, identified via 
monitoring program*

Â Compare estimated and predicted system state to update 
measures of model credibility*

Â Return to first step



Roles of Abundance Estimates in 

Management/Conservation

Â Determine system state (abundance) for state-dependent 

decisions

Â Determine system state (abundance) to assess degree to 

which management objectives are achieved

Â Determine system state (abundance) for comparison with 

model-based predictions to learn about system dynamics 

(i.e., do science)



Role of Abundance Estimates: 

State-dependent Decisions 

ÂOptimal decision = f(system state)

ÂExample: different harvest decisions 

depending on whether population size is too 

small, too large, or at desired level



State-dependent Decision Matrix
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Role of Abundance Estimates: 

Assess System Performance

ÂMonitoring of goal-related variables 

permits performance assessment

ïConservation setting: goals may be functions 

of the system state variable(s)

ïExploitation setting: goals may include 

functions of other variables (e.g., accumulated 

harvest) estimated from the monitoring 

program



Role of Abundance Estimates: Informing 

Models of System Dynamics

Â Monitored quantities include state variables (e.g., 

population size), goal-related variables and model 

parameters

Â Estimates of state (and other) variables obtained 

from monitoring are compared against model-

specific predictions (science)

Â Process leads to updating of model weights 

(learning) 



Measures of Credibility

(Model Weights)
Â Credibility measures (model weights) reflect relative degrees 

of faith in different models and their predictions

Â Credibility measures (model weights) sum to 1 for all 
members of model set

Â Importance of each modelôs prediction in the decision process 
is determined by these measures 

Â Measures change over time as predictions are confronted with 
evidence

ïInitial credibility measures assigned based on historical information and 
possibly even influenced by political considerations

ïSubsequent credibility measures determined as part of adaptive 
management process 



Model Weight Updating Using 

Bayesô Formula

ÂUpdated model weight (t+1) = function of:

(1) prior model weight (t)

(2) new data (t, t+1)

ÂLearning: accumulation of model weight for 

best-approximating model
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Why Estimate Abundance for 

Conservation: Conclusion

Â Abundance is the state variable of primary 

interest in population management/conservation

Â As such, it is used for:
ïState-dependent decisions

ïAssessment of conservation progress

ïLearning about system response to management

Â Abundance is also a component of many metrics used as 

state variables in community ecology (e.g., many species 

diversity metrics)



How to Estimate Abundance?

Basic Sampling Issues

ÂDetectability

ïCounts represent some unknown fraction of animals in 
sampled area 

ïProper inference requires information on detection 
probability

ÂGeographic variation

ïFrequently counts/observations cannot be conducted 
over entire area of interest

ïProper inference requires a spatial sampling design that:

» Permits inference about entire area, based on a sample, and/or

» Provides good opportunity for discriminating among 
competing hypotheses



Spatial Sampling Designs

ÂKey: use sampling design that permits 
inference from sample to area of interest 

ïSimple random sampling

ïStratified random sampling

ïSystematic sampling

ïCluster sampling

ïDouble sampling

ïAdaptive sampling

ïDual-frame sampling



Detectability: Monitoring Based  

on Some Sort of Count

ÂUngulates seen while walking a line transect

Â Tigers detected with camera-traps

Â Birds heard at point count

Â Small mammals captured on trapping grid

Â Bobwhite quail harvested during hunting season

Â Kangaroos observed while flying aerial transect


