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Popula6on$limita6on$in$migratory$birds$

•  Limita6on$can$occur$during$

any$period$of$the$annual$cycle$

•  Limita6on$can$occur$during$>1$

period$of$the$annual$cycle$

•  Periods$of$the$annual$cycle$
are$inextricably$linked$



Demographics$cannot$be$understood$

outside$of$the$full$annual$cycle$
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Integrated$survival$model$



Φ
Annual =φSumφAutφWinφSpr+
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φSum$

φNon.breeding$
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φWin$

φBetween.winter$

Seasonal$survival$–$Winter$perspec6ve$
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Seasonal$survival$–$Integrated$perspec6ve$

φNB+=+φAutφWinφSpr$

φBW+=+φSprφSumφAut$
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φBW,+1+=+φSpr,+1φSum,+2φAut,+2$

φNB,+2+=+φAut,+2φWin,+2φSpr,+2$



φNB,+1+=+φAut,+1φWin,+1φSpr,+1$

φBW,+1+=+φSpr,+1φSum,+2φAut,+2$

φNB,+2+=+φAut,+2φWin,+2φSpr,+2$



The$data$
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Rusty	Blackbird	survival

Φ1+=+φSum,+1φAut,+1φWin,+1φSpr,+1$

Φ2+=+φSum,+2φAut,+2φWin,+2φSpr,+2$
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Sum,+t+

NNHY
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++φpf, t+
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++φSum, t+++1++

+φAAut, t+++1+

NNSY
Sum,+t+++1+



NNSY
t+++1++φWin, t+++1+
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NNASY
t+++3+

++φSum, t++2++

+φAAut, t+++2+

+φWin, t+++3+

φASpr, t+++3+

NNASY
Sum,+t+++2+



Popula6on$size$

State.space+model+
Winter+state+model:+
$

NHY
Win,t$

~$Binomial(NHY
Sum,$tN1$

,$φpf, t-1 × φJ
Aut, t) 

 
NSY

Win,t$
$~$Binomial(NSY

Sum,$tN1$
,$φSum,t-1 × φA

Aut,t)   
 
NASY

Win,$t
$$~$Binomial(NASY

Sum,$tN1
,$φSum,t-1 × φA

Aut,t) 
  
NImm

Win,$t$
$~$Poisson(λ

t
)$

$

Nt+=+NHY
Win,t+++NSY

Win,t++++NASY
Win,t++++NImm

Win,t++

NHY
Wiin

=$HatchNyear 
 
NSY

Win$
$=$SecondNyear 

$

NASY
Win

$$=$A[er$secondNyear  
!

NImm
Win$

=$Immigrant$(age?)$

$



Popula6on$size$

State.space+model+
Summer+state+model:+
$

NHY
Sum,$t$

$~$Poisson(0.5$×$ft!!×$[NSY
Sum,t

$+$NASY
Sum,t

$])$

 
NSY

Sum,t$
$$~$Binomial(NHY

Win,t
,$φWin,t × φJ

Spr,t)  
  
NASY

Sum,t$
~$Binomial([NSY

Win,t$
+$NASY

Win,t
]
$
,$φWin,t × φA

Spr,t) 
$

$

NHY
Sum

=$HatchNyear 
 
NSY

Sum$
$=$SecondNyear 

$

NASY
Sum

$$=$A[er$secondNyear$

 
f = Per capita fecundity 
!



Popula6on$size$

State.space+model+
Winter+observaDon+model:+
$

CBC
t
$~$Poisson(E[N

t
])$

 
E[Nt]) = Nt × exp(Ψt) 
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$
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t
$=$Total CBC count 
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State.space+model+
Winter+observaDon+model:+
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CBC
t
$~$Poisson(E[N

t
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E[Nt]) = Nt × exp(Ψt) 
$

$

CBC
t
$=$Total CBC count 

Christmas	Bird	Count

Link	&	Sauer	(2007)

If:

,	 :

,	 :	

,	 :	

= B[( / − 1]/pΨt ξt ξ̄)
p

B = 1 p ≈ 0

Linear

0 < B < 1 p ≈ 0 Diminishing

B > 0 p < 0 Asymptotic



Popula6on$size$

State.space+model+
Winter+observaDon+model:+
$

CBC
t
$~$Poisson(E[N

t
])$

 
E[Nt]) = Nt × exp(Ψt) 
$

$

CBC
t
$=$Total CBC count 

Christmas	Bird	Count

Link	&	Sauer	(2007)

Rusty	Blackbird	es3mates:

	

	

= B[( / − 1]/pΨt ξt ξ̄)
p

B = 1.02 (0.81 : 1.65)

p = −0.77 (−1.29 : −0.09)
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Rusty	Blackbird	survival

Φ1+=+φSum,+1φAut,+1φWin,+1φSpr,+1$

Φ2+=+φSum,+2φAut,+2φWin,+2φSpr,+2$

N2+=+N1+φWin,+1φSpr,+1φSum,+2φAut,+2$

N1 N2 



Rusty	Blackbird	survival

N1 N2 

Φ1+=+φSum,+1φAut,+1φWin,+1φSpr,+1$

N2+=+N1+φWin,+1φSpr,+1φSum,+2φAut,+2$

Φ2+=+φSum,+2φAut,+2φWin,+2φSpr,+2$





Fecundity	&	Immigra3on

Poisson	GLM

∼ Poisson( × )Jt Rt ft

log( ) = +ft μf ϵft

∼ Normal(0, )ϵft σ 2
f

	-	Total	#	offspring	year	t

	-	#	nests	monitored	year	t

Jt

Rt

∼ Poisson( )NImmt λImmt

log( ) = +λImmt μImm ϵImmt

∼ Normal(0, )ϵImmt
σ 2
Imm



Rusty	Blackbird	seasonal	survival





Summer$data$Decomposi�on	of	popula�on	growth	variance

Caswell	2001:

p = ( , . . . , , , . . . , , . . . )Φ1 Φn f1 fn

V(λ) = Cov( , )∑
ij

pi pj

δλ

δpi

δλ

δpj

:	Covariance	of	pi	and	pi

:	Sensivity	of	 	to	pi

:	Sensivity	of	 	to	pj

Cov( , )pi pj

δλ
δpi

λ

δλ
δpj

λ



Contribu6on$posteriors$



Demographic$drivers$of$popula6on$dynamics$



Future$direc6ons$

•  Breeding$counts$
•  Informa6ve$priors$

•  Site$varia6on$
•  AgeNspecific$winter$survival$



QuesDons?+


