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Overview
Seabirds as indicators

Case histories:
1.Now-casting: Juvenile rockfish, rockfish g ,

growth

2.Forecasting:  
Case Study # 1:  auklet and salmon
Case Study # 2:  seabirds and herring

C3.Hindcasting:  Brandt’s Cormorant and 
Galápagos Penguin

Conclusions – Co-Variance...



Seabirds as Indicators of 
Ecological ChangeEcological Change

Variable life histories:Variable life histories:
•Reproductive strategy
•Trophic levels 
•Foraging  ecology (habitat and behavior)

Zoogeographic/water mass affinities (warm vs. cold) 

Conspicuous and amplified response to variability and 
h (hi h i l t i ti )change (high signal to noise ratio)



TIMING of EGG LAYING
Mean

V iVariance

Abraham and Sydeman (2004); Reed et al (2008); Schroeder et al. 2009, PRBO (unpublished)



Lagged Correlation Maps: 
Mean Lay Date vs Winds SSTMean Lay Date vs. Winds, SST

Correlation

Auklet

planktivorous

Correlation
+ correlation         northerly winds, cool SSTs          early lay date

Schroeder et al. (2009)



NOW‐CASTING

predator diets and juvenile rockfish abundance?predator diets and juvenile rockfish abundance?

Common Murres Pigeon Guillemots
Chinook Salmon 

(adult)
Rhinoceros Auklets

Common Murres Pigeon Guillemots

(adult)

Pelagic Juvenile Rockfish



J il kfi h i ifi t tiJuvenile rockfish compose significant portion 
of the diet of many predators

Goal: annual index of juvenile abundance as an 
i d f t k tindex for stock assessment:

P ti i bi d hi k di t (3 i )Proportion in seabird chick diet (3 species)
No. in salmon stomachs
Ab d i NMFS id t t lAbundance in NMFS mid-water trawl surveys



R2 = 0.81 R2 = 0.63

R2 = 0.78 R2 = 0.62

F Mill t l 2007From:  Mills et al. 2007  
(Fish. Oceanogr. 16:3)



Multivariate Rockfish Index (MRI)
Derived using EOF/PCA 

MRI 4 = all indices
MRI 5 = no murres
MRI 6 = no guillemots
MRI 7 = no auklets
MRI 8 = no salmon
MRI 9 = no trawls

From:  Mills et al. 2007 (Fish. Oceanogr. 16:3)



Rockfish Growth and Auklet Lay Date
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Relationships with Upwelling (39°N)
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Summary

MRI - interannual variability and declineMRI  interannual variability and decline 
(1987-1999)

Winter conditions synchronize rockfish and 
seabirdsseabirds

Synoptic perspectiveSynoptic perspective



FORECASTING:
CASE STUDY # 1

seabird breeding success (spring/summer) and Pacificseabird breeding success (spring/summer) and Pacific 
Herring condition/biomass in SF Bay (fall)? 

Chicks/Pair

Lead:  ~4 months



Conceptual Modelp

WINTERWINTERSPRINGSPRING SUMMERSUMMER FALLFALL WINTERWINTERSPRINGSPRING SUMMERSUMMER FALLFALL

Herring Feed at Sea
H i E t B

Seabirds Breed on Farallones
Herring Enter Bay 

and Spawn

Seabird Breeding 
Success 

*Spawning Biomass
*Body Condition

Positive 



“Trophic Equivalency”p q y

Common Murre Western Gull

Pacific Herring Cassin’s Auklet
Obligate Planktivoreg

MACROZOOPLANKTON: Euphausiids
(E. pacifica, T. spinifera); Larval Fish: ( p , p );

(anchovies, sandabs and others)



Condition (M/L3) and Breeding Success

Herring Age (yrs)Herring Age (yrs)
1 2 3 4 5 6 7

Western Gull

Common Murre
* * *

** **
Cassin’s Auklet * * ** *

* = significant at the 0.05 level



B d C diti (M/L3) d A kl t

Cassin’s AukletHerring Age 6

Body Condition (M/L3) and Auklets

Cassin’s AukletHerring, Age 6
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FORECASTING:FORECASTING:
CASE STUDY # 2CASE STUDY # 2

seabird breeding success and Central Valleyseabird breeding success and Central Valley 
Chinook returns?

Chicks/Pair

Adult Salmon Return
Lead:  2+ years max...

Adult Salmon Return
(CVI and SI)



Sacramento Fall Run Chinook 
Forecasting Tool 



Auklet Success Indicative of 
Chinook Returns (2002‐2006)



T. spinifera CPUE and Seabird 
Reproductive SuccessReproductive Success



T. spinifera CPUE  (year of ocean 
) d d ( )entry) and Sacramento Index (y+2) 



Juvenile Chinook Ocean Diet
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Model Comparison ‐
2007 Chinook Forecast (CVI)
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Summary (‘Outlooks’)Summary ( Outlooks )
Breeding success and returns (herring andBreeding success and returns (herring and 
salmon) related, “trophic equivalency”

Different seabirds relate to herring body 
condition, different agescondition, different ages

Salmon: leading indicators – outlooks, forecasts?Salmon: leading indicators outlooks, forecasts?

Euphausiids (krill, T. spin)Euphausiids (krill, T. spin)
spatial and temporal match/mismatch

Herring and salmon fisheries need help



HINDCASTINGHINDCASTING
Brandt’s Cormorant breeding success and Galápagos g p g

Penguin population change?



Large Marine Ecosystem (LME) Context

California Current and Peru (Humboldt) Current:

1 Eastern Boundary currents1. Eastern Boundary currents
2. Coastal Upwelling Systems
3. Variable temporally and spatially3 a ab e te po a y a d spat a y

Transport cold water 
from higher latitudes

+
Coastal upwelling 

=
PRODUCTIVITY



GALAPAGOS PENGUIN
Spheniscus mendiculus

BRANDT’S CORMORANT
Phalacrocorax penicillatusSpheniscus mendiculus Phalacrocorax penicillatus

Distribution upwelling Endemic to theDistribution – upwelling
Zones (breeding and foraging)

Endemic to the 
California Current

Diver, Piscivorous

Aff t d b t

Diver, Piscivorous

Aff t d b tAffected by warm-water 
events

Affected by warm-water 
events



Co-Variance of Demographic Parameters
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ApplicationsApplications

NOW-CASTING
(Sebastes sp.) stock assessment (recruitment indices)

OUTLOOKS/FORECASTING
Understanding Clupea pallasi spawning and population g p p p g p p
dynamics
Oncorhynchus tshawytscha returns to Central Valley

HINDCASTING:
Endangered species management (Galápagos Penguin)Endangered species management (Galápagos Penguin) 



ConclusionsCo c us o s
Seabird and fisheries models:

ecosystem-based approach 

integrative/synoptic information

environmental variability, outlooks on survival of fish 

ti b t tconnections between ecosystems
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Hindcast of Galápagos Penguin (GAPE) 
Population Change?Population Change?

BRAC
Brandt’s Cormorant

YEAR
GAPE POP. 
NUMBER

BRAC 
BREEDING 
SUCCESS

% CHANGE 
GAPE POP. NO.

1973 1.1 -18.85
1974 1.61 -0.99
1975 877 1 06 20 251975 877 1.06 -20.25
1976 0.63 -35.31
1977 1.46 -6.24
1978 0 -57 371978 0 -57.37
1979 1.77 4.62
1980 1748 1.69 1.81
1981 1 37 -9 391981 1.37 -9.39

y = (35 021 x 1 1) 57 373 = 18 85y = (35.021 x 1.1) – 57.373 = -18.85


