
Detecting effects of management on Detecting effects of management on 
longlong--lived specieslived species
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Direct shooting curtailed

Buffer zones

No trawl zones



Challenge:Challenge: The slow response of The slow response of 
population size to small survivorship population size to small survivorship 
and fecundity improvements prevents and fecundity improvements prevents 
rapid detection of the effects of rapid detection of the effects of 
management actions. management actions. 
Solution?Solution? AgeAge--structure shifts?structure shifts?





York matrix model based on York matrix model based on 
tagging data from Marmot Is. tagging data from Marmot Is. ‘‘70s70s
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Changes in ratios of juveniles to adults after a Changes in ratios of juveniles to adults after a 
20% increase in juvenile survival20% increase in juvenile survival

Most extreme Most extreme 
values occur 4values occur 4--
yrs following a yrs following a 
changechange
Ratio stabilizes Ratio stabilizes 
10 yrs following 10 yrs following 
the  changethe  change





Use models to explore what are sensitive Use models to explore what are sensitive 
proxiesproxies

Ratio of pups to nonRatio of pups to non--pupspups
Ratio of rookery to haulRatio of rookery to haul--out nonout non--pupspups
Ratio of juveniles to adultsRatio of juveniles to adults

Develop a practical way to measure the proxy: Develop a practical way to measure the proxy: 
the ratio of small to large individualsthe ratio of small to large individuals
Test itTest it

Development of a practical Development of a practical 
proxy for ageproxy for age--structurestructure





The dataThe data



MeasurementsMeasurements



ResultsResults
• 35 Haul-out locations in 
the Central Gulf of Alaska

• 6 census years:           
1985-1998

• 25,322 individual 
measurements



Historical changes in the ratio of Historical changes in the ratio of 
small to large animalssmall to large animals

Between 1985 and Between 1985 and 
1989, the metric 1989, the metric 
doubles and then doubles and then 
declinesdeclines
Similar to the Similar to the 
transitory spikes transitory spikes 
predicted after an predicted after an 
improvement in improvement in 
juvenile juvenile 
survivorship.survivorship.



Changes in ratios of juveniles to adults Changes in ratios of juveniles to adults 
after a 20% increase in juvenile survivalafter a 20% increase in juvenile survival



Using the matrix model to explore what Using the matrix model to explore what 
changes in demographic rates are changes in demographic rates are 

consistent with the data:consistent with the data:



The model: changing demographic The model: changing demographic 
rates in the 1980rates in the 1980’’s and 1990s and 1990’’ss
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Distance between the model and Distance between the model and 
the data: negative logthe data: negative log--likelihoodlikelihood
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One change in demographic rates One change in demographic rates 
or multiple?or multiple?



Maximum likelihood fit of model Maximum likelihood fit of model 
with 3 temporal changes to datawith 3 temporal changes to data

• Circles = data
• Lines = model predictions



Maximum likelihood estimates of Maximum likelihood estimates of 
the changes in demographic the changes in demographic 

parametersparameters
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What explains these What explains these changes?changes?
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Shooting of 
Sea lions curtailed Buffer zones No trawl zones

Regime change



ConclusionsConclusions
Early 1980Early 1980’’s, juvenile survivorship collapsed s, juvenile survivorship collapsed 
leading to a population collapseleading to a population collapse
Late 1980Late 1980’’s juvenile survivorship recoverss juvenile survivorship recovers
Fecundity has been gradually eroding since Fecundity has been gradually eroding since 
the early 1980sthe early 1980s
Adult survivorship appears to have recovered Adult survivorship appears to have recovered 
to near preto near pre--collapse levelscollapse levels



AgeAge--structure information improves structure information improves 
the ability to make inferences about the ability to make inferences about 

demographic changesdemographic changes
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