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The use of population models to assist in American oystercatcher 
conservation planning.  



1. Primer on integrated population models.

2. How are IPMs being used in conservation decision making.

3. IPMS and AMOY (and you!)

4. Discussion about future goals
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𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝑡 + 𝑅𝑡 + 𝐼𝑡 − 𝐸𝑡

𝑅𝑡 = 𝐵𝑃𝑡 × 𝑁𝑆𝑡 × 𝐶𝑆𝑡 × 𝐻𝑌 𝑆𝑡
𝑆𝑡= 𝑆𝑊𝑡 × 𝑆𝑆𝑡

Population Models 101



𝑁𝑡+1 = 𝑁𝑡𝝀𝒕
𝝀𝒕 = 𝑆𝑡 + 𝑅𝑡

𝑆𝑡 𝑅𝑡

𝑁𝑡

Informed by Banding 
Data

Informed by some type of 
post-breeding sample

Informed by some type of 
population census
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Integrated Population Models 101: Benefits?

Why are IPM being used?

1. Increased precision of parameter estimates.

2. Estimation of parameters in the absence of data.

3. Estimation of process correlation.
How similar are different things?

4. Increased capacity to determine how population 
structure changes over time.

What are the demographic mechanisms driving  
population growth?



𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝐴𝑡 + 𝑓𝑡 × 𝑆𝐽𝑡

Integrated Population Models 101: Precision

1) Increased Precision of Parameter Estimates



𝑆𝑡

𝑅𝑡

𝑁𝑡 100, 112, 117, 119, 123, 131, 139, 144, 144, 146, 164

0.26, 0.20, 0.30, 0.27, 0.25, 0.23, 0.23, 0.21, 0.24, 0.31

0.86, 0.85, 0.71, 0.76, 0.81, 0.83, 0.80, 0.79, 0.78, 0.81

𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝑡 + 𝑅𝑡

Recruitment Rate

Breeding Population Census

Adult Survival Estimates
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𝑆𝑡

𝑅𝑡

𝑁𝑡 100, ____, _____, _____, 123, ____, 139, 144, ____, 146, 164

0.26, ____, 0.30, _____, 0.25, ____, 0.23, ____, 0.24, ____

0.86, 0.85, 0.71, 0.76, 0.81, 0.83, 0.80, 0.79, 0.78, 0.81

X

Time

Integrated Population Models 101: Missing Data
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𝑆𝑡

𝑅𝑡

𝑁𝑡

X= 𝟎. 𝟖𝟔 + 𝟎. 𝟐𝟔 × 𝟏𝟎𝟎

𝟏𝟎𝟎, _____, _____, _____, 123, _____, 139, 144, _____, 146, 164

𝟎. 𝟐𝟔, _____, 0.30, _____, 0.25, _____, 0.23, _____, 0.24, _____

𝟎. 𝟖𝟔, 0.85, 0.71, 0.76, 0.81, 0.83, 0.80, 0.79, 0.78, 0.81
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Breeding Population Census

Adult Survival Estimates
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𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝑡 + 𝑅𝑡

𝑆𝑡 𝑅𝑡

𝑁𝑡

Informed by Banding 
Data

Not Collected

Informed by some type of 
population census

𝑹𝒕 = 𝝀𝒕 − 𝑺𝒕

Estimated

Estimated

Derive

Integrated Population Models 101: Missing Data
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𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝑡 + 𝑅𝑡 + 𝜺𝒕

𝑆𝑡 𝑅𝑡

𝑁𝑡

𝑹𝒕 + 𝜺𝒕 = 𝝀𝒕 − 𝑺𝒕

Integrated Population Models 101: Missing Data

𝑹𝒕 = 𝝀𝒕 − 𝑺𝒕



𝑁𝑡+1 = 𝑁𝑡λ𝑡
λ𝑡 = 𝑆𝑡 + 𝑅𝑡 + 𝜺𝒕

𝑆𝑡 𝑅𝑡

𝑁𝑡

𝑹𝒕 + 𝜺𝒕 = 𝝀𝒕 − 𝑺𝒕

Integrated Population Models 101: Missing Data

Immigration

Emigration

Bias in banded 
sample

Bias in the area 
sampled



𝑆𝐴,𝑡

𝑅𝐴,𝑡
𝑁𝐴,𝑡

Integrated Population Models 101: Process Correlation

ε𝑟 𝑡

λ𝐴,𝑡
ε𝑆 𝑡

ρ𝑟−𝑠

𝑅𝐴,𝑡 𝑆𝐴,𝑡𝐻𝑎𝑏𝑖𝑡𝑎𝑡

ρ𝑟−𝑠

𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒



𝑆𝐴,𝑡

𝑅𝐴,𝑡
𝑁𝐴,𝑡

𝑆𝐵,𝑡

𝑅𝐵,𝑡
𝑁𝐵,𝑡
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ρ𝑟

ρ𝑆λ𝐴,𝑡 λ𝐵,𝑡



Integrated Population Models 101: Process Correlation



𝑆𝐴,𝑡

𝑅𝐴,𝑡

𝑁𝐴,𝑡

Data Inconsistently Collected Across Populations

𝑆𝐵,𝑡

𝑅𝐵,𝑡

𝑁𝐵,𝑡
100, 99, 101, 100, 95,
92, 95, 88, 101, 108, 112

0.27, 0.25, 0.19, 0.29, 0.23,
0.34, 0.30, 0.28, 0.25, 0.22

0.81, 0.83, 0.81, 0.75, 0.81,
0.78, 0.77, 0.81, 0.76, 0.75

90, ___, ___, ___, ___, ___,
155, 176, 214, 241, 229

0.28, ___, 0.18, ___, 0.23,
___, 0.32, ___, 0.25___

___, ___, ___, ___, 0.81,
0.78, 0.77, 0.81, 0.76, 0.75

Integrated Population Models 101: Process Correlation



𝑆𝐴,𝑡

𝐹𝐴,𝑡

𝑁𝐴,𝑡

Data Inconsistently 
Collected Across 

Populations

Integrated Population Models 101: Process Correlation

𝑆𝐵,𝑡

𝐹𝐵,𝑡

𝑁𝐵,𝑡
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0.27, 0.25, 0.19, 0.29, 0.23,
0.34, 0.30, 0.28, 0.25, 0.22

0.28, ___, 0.18, ___, 0.23,
___, 0.32, ___, 0.25___

0.28, 𝟎. 𝟐𝟕, 0.18, 𝟎. 𝟐𝟔, 0.23,
𝟎. 𝟑𝟏, 0.32, 𝟎. 𝟐𝟓, 0.25, 𝟎. 𝟐𝟒



What are IPMs being used for? Improve Estimation

Census

Banding

Canvasback



𝑴𝒂𝒓𝒌 𝑹𝒆𝒄𝒂𝒑𝒕𝒖𝒓𝒆

What are IPMs being used for? Improve Estimation

𝑩𝒓𝒆𝒆𝒅𝒊𝒏𝒈 𝑺𝒖𝒓𝒗𝒆𝒚𝒔

𝑾𝒊𝒏𝒕𝒆𝒓 𝑪𝒆𝒏𝒔𝒖𝒔

𝑵𝒆𝒔𝒕 𝑺𝒖𝒓𝒗𝒆𝒚𝒔

𝑩𝒓𝒐𝒐𝒅 𝑺𝒖𝒓𝒗𝒆𝒚𝒔

ൗ𝑪𝒉𝒊𝒄𝒌
𝑷𝒂𝒊𝒓

𝑴𝒊𝒈𝒓𝒂𝒕𝒊𝒐𝒏 𝑺𝒖𝒓𝒗𝒆𝒚𝒔

𝑾𝒊𝒏𝒕𝒆𝒓 𝑺𝒖𝒓𝒗𝒆𝒚𝒔



What are IPMs being used for? Missing Data

Greenland white-fronted goose



What are IPMs being used for? Missing Data



What are IPMs being used for?     Understanding the past

Lesser scaup



What are IPMs being used for?     Predictions into the future



What are IPMs being used for?     Community Dynamics



What are IPMs being used for?     Metapopulation Dynamics

Whenua Hou diving 
petrel

Kuaka



What are IPMs being used for?     Metapopulation Dynamics

𝑆𝐴,𝑡

𝑅𝐴,𝑡
𝑁𝐴,𝑡

𝑆𝐵,𝑡

𝑅𝐵,𝑡
𝑁𝐵,𝑡λ𝐴,𝑡 λ𝐵,𝑡ψ𝐴⇄𝐵



What could an AMOY IPM look like?

𝑃𝑎𝑖𝑟𝑠

𝑃𝑟𝑜𝑑

𝑆𝐻𝑌 𝑆𝑆𝑌 𝑆𝑇𝑌

𝑁𝑆𝑌 𝑁𝑇𝑌 𝑁𝐴𝐷

ψ𝐴𝑔𝑒𝐹𝐴𝑔𝑒
𝑩𝒓𝒆𝒆𝒅𝒊𝒏𝒈
𝑪𝒆𝒏𝒔𝒖𝒔

𝑩𝒂𝒏𝒅𝒊𝒏𝒈
𝑫𝒂𝒕𝒂

𝑪𝒉𝒊𝒄𝒌𝒔

𝑷𝒂𝒊𝒓

𝐼𝐵𝑅



What could an AMOY IPM look like?

𝑃𝑎𝑖𝑟𝑠

𝑃𝑟𝑜𝑑

𝑆𝐻𝑌 𝑆𝑆𝑌 𝑆𝑇𝑌

𝑁𝑆𝑌 𝑁𝑇𝑌 𝑁𝐴𝐷

ψ𝐴𝑔𝑒𝐹𝐴𝑔𝑒
𝑩𝒓𝒆𝒆𝒅𝒊𝒏𝒈
𝑪𝒆𝒏𝒔𝒖𝒔

𝑩𝒂𝒏𝒅𝒊𝒏𝒈
𝑫𝒂𝒕𝒂

𝑪𝒉𝒊𝒄𝒌𝒔

𝑷𝒂𝒊𝒓

Prototype:
• Resights of:

1. Confirmed breeding 
individuals in their natal 
state.

2. Non-breeding individuals in 
their natal state (between 
April-July).

3. Confirmed breeding 
individuals outside of their 
natal state.

• Only included individuals born 
in, or bred in, North Carolina, 
Georgia, Florida, Virginia, and 
New Jersey.

𝐼𝐵𝑅
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Components to Integrated Population Models: Survival

𝑯𝒀 𝑺𝒀𝑵𝑭 𝑻𝒀𝑵𝑭

𝑨𝑩𝑭

𝑨𝑵𝑭

𝑬𝑩 𝑻𝑬

B  = Breeding Confirmed
N  = Not confirmed to have bred
F   = Remained in natal state
E   = Emigrated from natal state
TE = Temporarily absent from natal state
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What could an AMOY IPM look like?

𝑃𝑎𝑖𝑟𝑠

𝑃𝑟𝑜𝑑
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𝑆𝑃𝐹

𝑆𝑁𝑆

𝐼𝐵𝑅
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What can we derive from this model?

• For each age-class and state:
1. Survival
2. Maturation rates
3. Availability (i.e., returned to natal state)
4. Permanent emigration (i.e., breeding in a 

different state)
5. Post-maturation breeding propensities

• For NC and GA:
• Per-capita chick production rates
• Population growth rates
• Breeding population size
• Spring breeding and non-breeding population 

sizes
• The number of individuals temporarily 

associated with a different state
• Immigration + slop

• Spatial variation in demographic rates is the focus for today



Probability of being available for detection in natal state: SY



Probability of being available for detection in natal state: TY



Probability of being available for detection in natal state: FY



Survival: Hatch-year



Survival: Second-Year



Survival: Third-Year



Survival: Fourth Year and Older



Probability of Maturation: Second-Year 



Probability of Maturation: Third-Year 



Probability of Maturation: Fourth-Year 



Probability of Maturation: Fifth-Year 



Overall Probability of Maturation by Sixth-Year



Model indicated spatial variation across parameters

Latitude Latitude Latitude

A
v
a
ila

b
ili

ty

M
a
tu

ra
ti
o

n

S
u
rv

iv
a

l

The transition of hatched chicks into the breeding population 

appears to favor southern populations. 



Chick production.







Evidence for meta-population dynamics



Survival and Production does not fully explain λ in NC



Future Directions

• The model is incomplete …
• Increase the number of states/regions

• Productivity model would benefit from increased 
spatial and demographic resolution.

• Explicitly model region-region movements of 
individuals.

• The model is not currently designed to ‘explain’ 
anything



Use of IPMS in AMOY conservation planning?

Sea-Level 
Rise

Nesting 
Habitat

Foraging 
Habitat

λ𝑡



Use of IPMS in AMOY conservation planning?

Sea-Level 
Rise

𝑆𝐻𝑌

𝑆𝐴𝐷
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Foraging 
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Use of IPMS in AMOY conservation planning?

Sea-Level 
Rise

Nesting 
Habitat

Foraging 
Habitat

λ𝐵𝑅

Human 
Disturbance

Conservation 
Measures



Use of IPMS in AMOY conservation planning?

𝑆𝐻𝑌
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Use of IPMS in AMOY conservation planning?

𝑆𝐻𝑌

𝑆𝐴𝐷

𝐹𝐵𝑅

𝑁𝑆 λ𝑡

φ𝑡

𝑅𝑡

Sea-Level 
Rise

Human 
Disturbance

Conservation 
Measures



Discussion

•What’s needed?
• Interest

• Institutional ‘buy-in’ in the conceptual design of the scenario 
building framework.

• Capacity to, at least, maintain current levels of data collection 
efforts into the foreseeable future.

• Support
• Maintenance and potential expansion of the flyway 

demographic databases.
• Demographic modeling.
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