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Efficient Monitoring of a 

Environmental Population

ÂWhat are some features of an efficient design 

to monitor a environmental population?

ÂDesign is responsive to scientific, political, and 

legal requirements

ÂProcess for selecting sites to sample incorporates 
prior knowledge and understanding of population 

characteristics

Efficient Monitoring of a 

Environmental Population

ÂWhat are some features of an efficient design 

to monitor a environmental population?

ÂSample size (intensity) can be adjusted locally 

(spatially variable probability)

ÂSample size can be dynamically adjusted based on 

ancillary information

ÂProbability-based survey

ÂDesign uses some technique to achieve spatial 

regularity
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Probability -Based Survey

ÂLong history in the US of convenience 
sampling environmental monitoring 

ÂSites selected because easy to reach

ÂSites selected because they were ñtypicalò

ÂExperience has shown that estimates from 
these studies are biased, sometimes severely 

ÂThe species we are trying to monitor

ÂOccurs where we don't expect it to

ÂDoesn't occur where we do expect it to

Probability -Based

ÂRarely will the domain be small enough to 

census, so need to sample

ÂNeed some way to expand sample quantities 

(sample mean) to population quantities

ÂNeed a probability sample or a model to 

expand to population

ÂA model to predict response where itôs not 

observed
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Probability -Based

ÂModel-based estimates of response may 

be badly biased

ÂBehaviour of a species in decline (or 

recovery) is almost certainly not stationary

ÂSteady-state hypotheses don't apply

ÂPast behaviour is not a reliable guide to future

ÂResponse is not a stationary, anisotropic, 

random field or a stationary time series

Spatial Regularity

ÂSample design for assessing an 

environmental population

ÂEnvironmental resources exist in a spatial 

matrix

ÂPopulation response has spatial patterné.at 

least to the extent that sites close together 

tend to be more similar than things far apart

ÂDesign should capitalize on the pattern
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Why Spatial Regularity?

ÂKnow (or at least, firmly believe) that response 

has spatial pattern

ÂNatural features of the environment

ÂClimate, topography, vegetation, geologic substrate, 

currents, sediments

ÂPattern in anthropogenic stresses

ÂPollution/contamination levels

ÂHabitat alteration

ÂResource management

ÂHarvest practices

Why Spatial Regularity?

ÂSpatial pattern implies that sites close 

together are more likely to resemble one 

another more than sites far apart
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Why Spatial Regularity?

ÂPut another way, responses at sites close 

together are correlated

ÂCorrelation between sites implies redundant 

information

ÂSo we want to spread the sample sites out to 

get maximum information (minimum 

variance)

How Do We Get Spatial 

Regularity?

ÂCommon techniques are systematic (grid-

based) sampling, spatial stratification, 

spatial ordering

ÂThese may work, but lack flexibility to 

handle common circumstances

ÂAccess problems

ÂIncrease/decrease sample size
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Spatially Variable Probability

ÂEcological importance, economic 

importance, environmental stressor 

levels, scientific interest, and political 

importance are not uniform over the 

extent of the resource

ÂPattern in population occurrence (density)

ÂStream or lake density (NE US versus 

Western US)

Dynamic Sample Size

ÂMonitoring is carried out through time

ÂMay need to increase resolution for a 
particular species or location
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Dynamic Sample Size

ÂPopulation of increased interest may be 
defined by ancillary information
ÂMay be landscape information (GIS 

attributes)

ÂMay be political or geographic divisions

ÂMay be changes in population dynamics

ÂCan easily do with SRS, but not so easily 
with most spatially structured samples

Aquatic Resources

Spatial Relationships
Tobler's First Law of Geography:  Things that are close 

together in space tend to have more similar properties than 

things that are far apart.


