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Integrating Indicators:
A Progress Report
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1. Integration: investigate co-variation in periodicities 
and amplitude in key time series datasets, from 
upwelling/advection to top predators.

2. Develop interpretable  multivariate oceano-climatic 
ecological indicators for the northern California 
Current (MOCI)

- emphasis: indices that reflect complex bio-physical 
interactions that drive variability in key fish and 
wildlife populations... 

- use: developing CCLME IEA efforts

Project Goals/Deliverables



Integrated Marine Ecological Database
(IMED)

First step:  amass data

54 “datasets” - ~160 time series:
• Atmospheric
• Oceanographic
• Primary Productivity 
• Invertebrates (plankton)
• Forage Fish (landings and fishery 
independent) 
• Salmon
• Seabirds
• Marine mammals





Vectors = wind stress      Colors = sea level pressure

NPGO Pattern:

• 2 counter-rotating 
gyres in NE Pacific

• increased transport in 
California Current

• strong upwelling (at our 
latitude)

• low Sea Surface Temp 
(in E Pacific)

• what about position?

New big boy in town...



1996  1998  2000  2002  2004  2006  2008  

N
PG

O

-2

-1

0

1

2

3

4

Year

1996  1998  2000  2002  2004  2006  2008  

N
or

th
er

n 
co

pe
po

d 
an

om
al
y

-5

-4

-3

-2

-1

0

1

2

3

1996 1998 2000 2002 2004 2006 2008

CA
A
U
 R

ep
ro

du
ct

iv
e 

su
cc

es
s

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Year
1996 1998 2000 2002 2004 2006 2008

Ch
in
oo

k 
fa

ll 
es

ca
pe

m
en

t
 C

en
tr

al
 V

al
le
y

0

200000

400000

600000

800000

1000000

NPGO and some biological series



Bograd et al. 2003
Barth et al. 2003

Wheeler et al. 2003



North Pacific Current, 2002 vs. 2005

ARGO Images courtesy Howard Freeland, DFO

2002
High salmon returns 
High bird success
High rockfish 

success
Boreal copepods
NPC shifted north

2005
Moderate returns 

(lag to 2007)
Breeding failure
Rockfish decrease
Tropical copepods
NPC shifted south 
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PCA on Latitude of WWD 
“SlipStream” Location

Latitude of dividing line @  w135 w140 w145 w150 w155 w160

(n=63 months from 2002‐2006)

Component    Eigenvalue     Difference    Variance            Cum. Var. 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

1        4.23 2.79       0.7067               0.7067
2         1.44          1.30       0.2412               0.9479

Factor Loading 
Variable | PC1
‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐
w135 |   0.44
w140 |   0.47
w145 |   0.44
w150 |   0.47
w155 |   0.35
w160 |   0.22



Biological variables:

• May-September Northern Copepod Index (Newport, OR)
• M-S Copepod species richness (Newport, OR)

•Thysanoessa spinifera adult abundance (Vancouver Is.)
• Euphausia pacifica adult abundance (Vancouver Is.)

• Rockfish reproductive success (central-northern CA)

• Auklet reproductive success/timing of breeding (northern CA)
• Murre reproductive success/timing of breeding

• Coho salmon smolt-adult return (OPI)
•



Ralston & Field,
unpubl.





Ralston, Peterson ,unpubl.



Sydeman and Peterson, unpubl.



PCA on Biological Indicators

Copepods (Oregon), Euphausiids (B.C.), Salmon (Oregon), Birds (Northern 
CA), Rockfish (Northern CA)

(n=5 years)

Component    Eigenvalue     Difference    Proportion    Cumulative
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

1        7.47 5.98 0.75               0.75
2         1.48          0.74       0.15               0.90

Variable |      PC1
‐‐‐‐‐‐‐‐‐‐‐‐‐+‐‐‐‐‐‐‐‐‐‐‐‐
NCI_ms      |     0.30   
cope_rich |     ‐0.36    
caau_rep  |      0.34
caau_el     |     ‐0.32
comu_rep|      0.29
comu_el   |    ‐0.36
tspin_ads  |     0.30
epac_ads  |     0.32
coho_sar   |     0.18
Rockfish    |     0.33



PC1 WWD Position
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pc1_wwd |  pc1_bio:  Beta=.958 ,  s.e.=.314,  t=3.05,  p=0.055,  r2=.76



NPGO important index for 
biology

Appears to relate to
more active transport
in the CCE 

Appears to relate to more 
active upwelling in CCE

North Pacific Current
location probably important 
to NPGO- related changes in 
physical drivers

Biological populations 
(indices) from zooplankton 
to birds and salmon appear 
to respond to this variability.  

ARGO tool, should be 
examined more closely.  



• Analyses
• Spectral Analyses on Physics

and Biology 
• Wavelet Analyses (localizes
modulations in time)

Are signals showing the same
spectra>?

• Multivariate Indicators

• IEA

Looking Forward
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