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• Uniquely observable apex predators
• Unique functional groups in marine ecosystems
• May benefit directly or indirectly from MPAs 
• May indicate change caused by MPAs





Cliff ledges:
Pelagic Cormorant

Ledges through flats:
Western Gull
Common Murre

Flat rocks/soil:
Double-crested Cormorant
Brandt’s Cormorant

Subterranean:
Fork-tailed Storm-Petrel
Leach’s Storm-Petrel
Rhinoceros Auklet
Cassin’s Auklet
Pigeon Guillemot
Tufted Puffin



Brandt’s Cormorant
Tufted Puffin

Common Murre
Pigeon Guillemot
Rhinoceros Auklet

Pelagic Cormorant
Double-crested Cormorant
Marbled Murrelet

Cassin’s Auklet
Fork-tailed Storm-Petrel 
Leach’s Storm-Petrel

Offshore

Nearshore

Both/either



Three complimentary 
methods:

1) Trends in seabird 
abundance via aerial 
colony counts: 1989-2014 
(14 murre, 8 brandt’s)

2) Shore-based monitoring: 
2014-2015 (and citizen-
science cross-validation)

3) Intensive productivity and 
diet monitoring at Castle 
Rock via remote camera: 
2014 (stay for the next 
presentation)



Region-wide baseline counts of all 
colonies conducted in 2014

Available raw photos from 1989-2014 
counted for “index colonies” at Castle 
Rock and Cape Vizcaino/Rockport 
Rocks

Additional data shared by 
collaborators

Aerial photographs (digital and, back 
in the day, slides) collected at 
elevations of 650-1000’ in a CDFW 
Partenavia P-68

Observers: Phil Capitolo, Michael 
Parker, Allison Fuller

Complete counts of all birds in 
photos: Phil Capitolo, Steph 
Schneider, Crystal Shore



Brandt’s 
cormorant

common 
murre

Brandt’s 
cormorant
nest
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Along the North Coast:

1)A large portion of 
California’s seabirds (Point 
Arena-Tolowa was 41% in 
the 1989-1991)

2)A large portion of that 
fraction is concentrated in 
two places: 

- Castle Rock
- Trinidad-Patrick’s Point



Common Murre:
350,923 birds
19 colonies
41% at Castle Rock

Brandt’s Cormorant:
6,689 birds and 4,583 nests
20 colonies (19 with nests)

Double-crested Cormorant:
2,589 birds and 1,825 nests
13 colonies

Brown Pelican:
1,060 roosting birds
14 sites



Common Murre:
173 obs. of attendance at 14 colonies during 1989-2014

Brandt’s Cormorant:
123 obs. of attendance at 10 colonies during 1989-2014

First-order Markovian growth model

Linear effect of SOI on annual growth

Variation among colonies normally distributed

Normally distributed observation error 𝑦",$	~	𝑁(lo g( 𝑁",$), 𝜎"./

𝛽1",$	~	𝑁(𝛽1", 𝜎"
23

𝑟",$ = 𝛽1",$ + 	𝛽7𝑠𝑜𝑖$

log 𝑁".$<7 = log 𝑁",$ + 𝑟",$

‘State-space’ model of growth and observation:



Gray ribbon is the 95% credible interval of population size estimate







Region-wide mean annual growth rate was 4.0% per year

Colony-specific mean annual growth rates varied from -6.9% to 16.9%



Region-wide mean annual growth rate was -0.9% per year

Colony-specific mean annual growth rates varied from -4.4% to 3.6%



Posterior probability of 
positive effect of SOI ~ 1

Estimated slope of effect 
of SOI on r = 0.0228



Posterior probability of 
positive effect of SOI = 0.954

Estimated slope of effect 
of SOI on r = 0.0198



Estimated coefficient 
of observation 
variance small

Estimated coefficient 
of process variance 
large



6 MPAs in Treatment-
Control Design

Nest monitoring

Nearshore foraging

Rocky habitat use (+ 
citizen science x-valid.)

Disturbance monitoring



















Uniquely observable apex 
predators – especially 
population growth, 
reproductive success, diet

Opportunity to continue to 
establish historic baseline 
from pre-existing data

Opportunity for strong 
treatment-control designs 
(shore-based) or BACI 
designs (aerial surveys)

Additional contextual data 
beyond SOI (help.)




