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Sebastes diploproa, 
splitnose rockfish
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from M. Love’s webpage

Splitnose rockfish (Sebastes diploproa)
80+ yrs old
300 m depth; live on shelf floor
collected 1980, 1989, 1995, 2008

Splitnose rockfish



Splitnose rockfish sampling locations



cut here

Otolith thin sectioning



Annual growth increments analogous to trees
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detrended splitnose otolith measurements

Detrended measurements
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Master chronology

Splitnose chronology: 72 otoliths
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Salmon chronology: 613 fish (scales)
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Biological time series
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Figure credit: D. Reed and Pacific Marine Environmental Lab

Upwelling: deep, cold, nutrient-rich water
very productive!

Upwelling index



Correlations with upwelling 
February upwelling

r = 0.54
p < 0.01
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Correlations with upwelling 

Splitnose rockfish chronology and monthly upwelling  
(51 yr overlap)
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Biological time series: Feb UW correlations
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Upwelling
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Biological time series: Feb UW correlations
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Biological time series
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Biological time series

PCA axis 1
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PC1 and PC2 for fish and bird time series
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Upwelling at 39N
year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1946 6 -10 45 36 85 111 140 155 35 59 5 -5

1947 14 -3 2 60 68 122 83 169 81 9 44 1

1948 -4 49 28 7 47 108 148 117 54 12 7 7

1949 40 22 -4 44 67 165 160 74 41 65 -35 11

1950 24 -7 12 72 210 121 205 90 48 -6 0 -58

1951 7 2 90 66 87 170 203 179 33 12 -18 4

1952 -3 2 104 45 100 137 144 126 52 0 0 -45

1953 -39 65 40 42 74 189 174 53 33 20 -23 8

. . . . . . . . . . . . .

. . . . . . . . . . . . .

. . . . . . . . . . . . .

2000 -21 -113 105 21 116 216 302 272 115 64 14 -5

2001 -5 -5 86 127 256 326 365 203 106 91 -12 -18

2002 3 0 33 117 202 388 271 285 130 129 -2 -175

2003 -102 37 20 18 221 302 327 154 140 51 -6 -95

2004 -38 -25 92 73 149 241 145 97 173 45 78 3

2005 -17 4 18 80 64 196 216 209 194 82 40 -37

2006 1 27 0 30 170 202 297 243 170 116 29 4

2007 107 23 112 146 239 228 116 138 105 37 56 26

2008 -1 39 133 150 231 287 170 194 87 65 11 34
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Upwelling 39N

winter mode
PC1

JA
N

FE
B

M
A

R

APR

M
A

Y

JU
N

JU
L

AU
G

SEP

O
C

T

N
O

V

D
EC

correlation coefficient (r)-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

PC2

Year
1940 1950 1960 1970 1980 1990 2000 2010

winter mode

U
pw

el
lin

g 
P

C
1

-2
-1
0
1
2
3 PC1

25% variance explained

summer mode

Winter (Jan:Mar) upwelling index

-150 -100 -50 0 50 100

Su
m

m
er

 (J
un

:A
ug

) u
pw

el
lin

g 
in

de
x 

50

100

150

200

250

300

350

winter vs. summer UW
summer upwelling

3

Year
1940 1950 1960 1970 1980 1990 2000 2010

U
pw

elling P
C

2

-3
-2
-1
0
1
2

PC2

14% variance explained

winter upwelling



Upwelling stations
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PCA of upwelling indices
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Upwelling index
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Winter mode and winter sea level pressure
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Summer mode and sea level pressure
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Biological responses at 39N

Sρ
 

= Spearman’s correlation coefficient
p = level of significance

Biological Span Summer mode Winter mode
Time series (years) Sρ p Sρ p

Murre lay date 1972:2006 0.04 0.81 -0.39 0.02
Auklet lay date 1972:2006 -0.25 0.14 -0.55 0.001
Murre success 1972:2007 0.03 0.84 0.36 0.03
Auklet success 1972:2007 0.48 0.002 -0.14 0.41
Splitnose crn 1936:2006 0.17 0.19 0.44 0.001
Yelloweye crn 1946:2003 -0.08 0.58 0.34 0.01
Salmon crn 1978:2001 0.42 0.04 0.27 0.20



Biological response at 39N
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Biological response
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