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Overview

» Seabirds as indicators

» Case histories:

1.Now-casting: Juvenile rockfish, rockfish
growth

2.Forecasting:
‘v»Case Study # 1. auklet and salmon
*Case Study # 2. seabirds and herring

3.Hindcasting: Brandt’'s Cormorant and
Galapagos Penguin

> Conclusions — Co-Variance...



Seabirds as Indicators of
Ecological Change

» 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
change (high signal to noise ratio)




TIMING of EGG LAYING
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Lagged Correlation Maps:
Mean Lay Date vs. Winds, SST
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NOW-CASTING

predator diets and juvenile rockfish abundance?

. Common Murres] } “Ppigeon Guillemots
Chinook Salmon Rhinoceros Auklets

(adult)

Pelagic Juvenile Rockfish



“ Juvenile rockfish compose significant portion
of the diet of many predators

“ Goal: annual index of juvenile abundance as an
Index for stock assessment:

» Proportion in seabird chick diet (3 species)
» No. In salmon stomachs
»Abundance in NMFS mid-water trawl surveys
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Multivariate Rockfish Index (MRI)

» Derived using EOF/PCA

MRI 4
MRI 5
MRI 6
MRI 7
MRI 8
MRI 9
regression lines
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MRI 4 = all indices
MRI S5 =no murres
MRI 6 = no guillemots
MRI 7 = no auklets
MRI 8 = no salmon
MRI 9 = no trawls



Rockfish Growth and Auklet Lay Date
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B. Black et al. in press (CJFAS)



Relationships with Upwelling (39°N)
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Summary

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

» Winter conditions synchronize rockfish and
seabirds

» Synoptic perspective



FORECASTING:
CASE STUDY #1

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




Conceptual Model

SPRING SUMMER FALL WINTER

Herring Feed at Sea

Herring Enter Bay
Seabirds Breed on Farallones and Spawn

Positive

*Spawning Biomass
Success *Body Condition

Seabird Breeding




“Trophic Equivalency”

Pacific Herring \ Cassin’s Auklet /

MACROZOOPLANKTON: Euphausiids
(E. pacifica, T. spinifera); Larval Fish:
(anchovies, sandabs and others)




Condition (M/L3) and Breeding Success

Herring Age (yrs)

1 2 3 4 5 6 7

Western Gull * X %

Cassin’s Auklet * *  x K x

* = significant at the 0.05 level



Body Condition (M/L3) and Auklets
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FORECASTING:
CASE STUDY # 2

seabird breeding success and Central Valley

Chinook returns?

Lead: 2+ years max...



Sacramento Fall Run Chinook
Forecasting Tool

51 = 30,080 * Jacks
2003 Jack Escapement = 4,081

2009 51 Forecast = 122,126
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FIGURE lI-2. Regression estimator for the S| based on previous years escapement of

Sacramento River fall Chinook jacks, 1990-2008, with 2005 data point omitted. Years shown
are Sl year. Armows denote the use of this relationship for the 2009 5l forecast.




Auklet Success Indicative of
Chinook Returns (2002-2006)

r’=0.96; r=0.98, p=0.0035;
| |y =142.8542 + 845.893*x
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T. spinifera CPUE and Seabird
Reproductive Success

r=0.85; r=0.92, p=0.009
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T. spinifera CPUE (year of ocean
entry) and Sacramento Index (y+2)

r’=0.87; r=0.93, p=0.0203;
||y =159.6219 + 0.0121*x
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Juvenile Chinook Ocean Diet
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CVI 2007 Abundance
(in thousands)

Model Comparison -
2007 Chinook Forecast (CVI)

m Jack Model (1990-2006)
®m Jack Model (1971-2006)
= Bird Model (1990-2006)
®Bird Model (1971-2006)

mCVI 2007 Postseason
Estimate

Model Type

After Roth et al. 2008



Summary (‘Outlooks’)

» Breeding success and returns (herring and
salmon) related, “trophic equivalency”

» Different seabirds relate to herring body
condition, different ages

» Salmon: leading indicators — outlooks, forecasts?

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

» Herring and salmon fisheries need help



HINDCASTING

Brandt’s Cormorant breeding success and Galapagos

Penguin population change?




Large Marine Ecosystem (LME) Context

California Current and Peru (Humboldt) Current:

1. Eastern Boundary currents
2. Coastal Upwelling Systems
3. Variable temporally and spatially

% Transport cold water

4 from higher latitudes
+

Coastal upwelling

PRODUCTIVITY




GALAPAGOS PENGUIN BRANDT'S CORMORANT

Spheniscus mendiculus Phalacrocorax penicillatus

Distribution — upwelling Endemic to the
Zones (breeding and foraging) California Current

Diver, Piscivorous Diver, Piscivorous



Co-Variance of Demographic Parameters
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Applications

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

OUTLOOKS/FORECASTING

Understanding Clupea pallasi spawning and population
dynamics

Oncorhynchus tshawytscha returns to Central Valley

HINDCASTING:
Endangered species management (Galapagos Penguin)




Conclusions
Seabird and fisheries models:
» ecosystem-based approach

» Integrative/synoptic information

» environmental variability, outlooks on survival of fish

» connections between ecosystems
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Hindcast of Galapagos Penguin (GAPE)
Population Change?

Brandt's Cormorant
SRAC €

GAPE POP.  BREEDING % CHANGE
YEAR NUMBER SUCCESS  GAPE POP. NO.

1973 1.1 -18.85
1974 1.61 1'-0.99
1975 877 1.06 -20.25
1976 0.63 -35.31
1977 1.46 -6.24
1978 0 -57.37
1979 1.77 4.62

1980 1748 1.69 1.81

1981 1.37 -9.39

|

y =(35.021 x 1.1) - 57.373 = -18.85



