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The Northern California Current

• Productive ecosystem 
dominated by strong 
seasonal upwelling 
periods

• Recently has undergone 
substantial interannual
environmental variability 

NCC

Terry Sohl



Large-scale Environmental Drivers

Bars = PDO (Pacific Decadal Oscillation Index)
Line = ONI (Oceanic Niño Index) 

Auth et al. (2018) GCB

‘Warm Blob’
El Nino~



Near surface temperatures off
Newport show appearance of ‘the Blob’

Sept. 14, 2014



Objectives

1. Examine changes in winter larval forage fish 
composition due to recent warm oceanographic 
conditions 

2. Examine changes in species composition and 
diversity of forage micronekton over a broad 
geographic area

3. Examine forage fish dietary shifts between earlier 
cool and recent warm oceanographic periods



Winter Ichthyoplankton Composition

Night-time sampling 
has occurred 
approximately every 
two weeks along 
Newport Line from 
January to March, 
since 1998. 
Fish larvae collected 
in bongo tows are 
preserved, identified 
and measured.

-129W -128W -127W -126W -125W -124W -123W

42N

43N

44N

45N

46N

47N
Washington

Oregon

California

2
0

0
 m



Year
19

98
19

99
20

00
20

01
20

02
20

03
20

04
20

05
20

06
20

07
20

08
20

09
20

10
20

11
20

12
20

13
20

14
20

15
20

16

C
on

ce
nt

ra
tio

n 
(n

um
be

r/1
00

0m
3 )

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Psettichthys melanostictus 

Citharichthys spp. 
Isopsetta isolepis 

Parophrys vetulus 
Stenobrachius leucopsarus 

Sebastes spp. 
Ammodytes spp. 
Osmeridae 
Sardinops sagax 

Engraulis mordax 

Auth et al. (I2018.) GCB

Winter (Jan. – March) Ichthyoplankton
from Newport Line Samples

• Earliest (by three months) and most widespread spawning of anchovies and sardines in NCC
• Also found Pacific hake and jack mackerel eggs and larvae off Newport

Anchovy
Sardine
Smelts
Sand Lance
Rockfish
Northern Lampfish
English Sole
Butter Sole
Sanddab
Sand Sole



Month/Year

Nearshore (NH 1-15) Density

* No samples collected
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Continued March 2018!



Objectives

1. Examine changes in winter larval forage fish 
composition due to recent warm oceanographic 
conditions 

2. Examine changes in species composition and 
diversity of forage micronekton over a broad 
geographic area

3. Examine forage fish dietary shifts between earlier 
cool and recent warm oceanographic periods



Prerecruit surveys

• Sampling dates: June 2011, 2013-16

• Net: midwater trawl with a 26-m headrope 
and a 9.5-mm codend liner

• Headrope depth: 30 m

• Sampled 10 transects off Oregon and 
southern Washington



PCO by Year (Occ. > 10%)

ANOSIM
No significant
differences
among these 
years

Brodeur et al. (MS)



Community PCO by Year

Aequorea

Pyrosoma

ANOSIM
2015 and
2016 were
significantly
different 
from all 
other years

Brodeur et al. (MS)



Water Jellies

Scale bar = log (abundance)
Number = Geometric mean abundance

Brodeur et al. (MS)



Brodeur et al. (MS)

Scale bar = log (abundance)
Number = Geometric mean abundance



Gelatinous Cephalopod Crustacean Teleost
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1. Examine changes in winter larval forage fish 
composition due to recent warm oceanographic 
conditions 

2. Examine changes in species composition and 
diversity of forage micronekton over a broad 
geographic area

3. Examine forage fish dietary shifts between earlier 
cool and recent warm oceanographic periods



Diet Shifts in Pelagic Forage Fishes

• Forage fish-the little fish 
and their big picture…

• The Northern California 
Current has frequent 
environmental variability

Analyze dominant small pelagic fish diets 
during warm anomaly and compare feeding 

habits to previous cooler periods in the 
California Current

Pacific sardine

Northern anchovy



Pacific herring (Clupea pallasii)

Surf smelt (Hypomesus pretiosus)

Whitebait smelt (Allosmerus elongatus)

Northern anchovy (Engraulis mordax)

Pacific sardine (Sardinops sagax)

Jack mackerel (Trachurus symmetricus)

Dominant Forage Fish Species



Sign reversed for NPGO 



Dashed lines not significantly 
different (SIMPROF, p > 0.05)

Cluster Based on Standardized
Monthly Values of SST, PDO,

NPGO and ONI for Six Months

Brodeur et al. (2018) MEPS



Diet composition in June by weight

Euphausiids

Gelatinous 
Zooplankton

Copepods

A CA C WWA CC WW A CA C WW
Brodeur et al. (2018) MEPS



Diet composition in June by weight

A CA C WW A CA WW AA WW
Brodeur et al. (2018) MEPS

Gelatinous 
Zooplankton



Freq. of Occur. of Gelatinous 
Material in Stomachs (%)
2000 2002 2011 2012 2015 2016

Northern 
anchovy

0 0 0 5.3

Pacific 
herring

0 12.0 0 0

Pacific 
sardine

16.7 45.7 0 0

Jack 
mackerel

0 0 --- ---

Whitebait 
smelt

0 0 0 ---

Surf
smelt

40.6 71.7 0 66.7

Cool CoolAverageRegime Average



Freq. of Occur. of Gelatinous 
Material in Stomachs (%)
2000 2002 2011 2012 2015 2016

Northern 
anchovy

0 0 0 5.3 60.1 78.4

Pacific 
herring

0 12.0 0 0 64.3 51.4

Pacific 
sardine

16.7 45.7 0 0 92.3 39.5

Jack 
mackerel

0 0 --- --- 60.0 33.3

Whitebait 
smelt

0 0 0 --- --- 92.6

Surf
smelt

40.6 71.7 0 66.7 --- 100.0

Cool CoolAverage Warm WarmRegime Average



Diets are significantly different between warm 
and cold periods

P=0.001P=0.001
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P-values based on Multi-Response Permutation Analysis

Dispersion ellipses show the standard deviation of the average 
spatial scores

Brodeur et al. (2018) MEPS



Conclusions and Implications

• Pelagic forage fishes show major interannual changes 
in distribution and spawning phenology 

• Recent shift to more gelatinous diets in many species 
related to changes in prey availability resulting from 
anomalous ocean conditions

• Uncertain how the switch a more gelatinous diet will 
affect growth and survival of these fish since these 
prey tend to be much less nutritious than crustacean 
or fish prey



Relating changes in diets to 
changes in size and body condition

Brodeur et al. (2018) MEPS



Next steps…

• Continue diet analysis in 
future looking at more 
species in the NCC

• Relating changes in diets 
to changes in size and 
body condition

• Stable isotope ratios of 
carbon and nitrogen of 
predators and prey to 
compare to previous 
studies (Miller et al. 
2010, MEPS)
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