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Project Summary

Ocean Ecosystem Indicators of Salmon Marine Survival in the Northern
California Current

As many scientists and salmon managers have noted, variations in marine sdisal@on

often correspond with periods of alternating cold and warm ocean conditions. For example, cold
conditions are generally good for Chino@mncorhynchus tshawytschand coho@. kisutcl)

salmon, whereas warm conditions are not.

This reportsummarizefiow ocean conditions may affect the growth and survival of juvenile
salmon in the northern California Cant off Oregon and Washingtowe present a number of
physical, biological, and ecosystem indicators to specifically define the term "ocean
conditions." More importantly, these metrics can be used to forecast the survival of sdléghon 1
years in advance, as shownTliablel. This information is presented for the ri@pecialist;
additional detail is provided via links when possible.
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Figure HFO1. lllustration of how basiscale and locadcale physical forces influence the northern
California Current and resultant food web structure @B Pacific Decadal Oscillation. NPGO = North
Pacific Gyre Oscillation. ENSO = El¢8bathern Oscillation. Figure from Peterson eRéll4
Oceanogaphy 27(4):8689.

Material presented in this repdras two sources. One is the World Wide Web, from which we
have drawn values for thacific Decadal OscillatigiENSO/ONI (Oceanic Nifio

Index), Upwelling Index andsea surface temperaturéinks and references to these sources are
given in the respective sections that deal with these four physical variables.ehltiath are

from our direct observations during a) biweekbeanographic sampliralong the Newport
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https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#Table1
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ia-references.cfm#27
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ia-references.cfm#27
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ca-pdo.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/cb-mei.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/cb-mei.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/db-coastal-upwelling-index.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/da-sea-surface-temp.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ka-hydrography-zoo-ichthyoplankton.cfm

Hydrographic Line and b) annualvenile salmonid surveysonducted in June and September.
Survey station locations, sampling and survey methods are presented under "Ocean Sampling
Methods" (see lefside menu).

Using these data, we developed a suite of ocean ecosystem indicators upon which to base
forecasts of salmon return¥hese forecasts are presented as a practical example of how ocean
ecosystem indicators can be used torimfonanagement decisions for endangered salriiéa.
provide a qualitative O0Ostoplighto t athade wher e
or "neutral” relative impact on salmon marine survivall{lel). We also use these ocean
ecosystem indicators to predict adult salmon returns which complement other methods, such as
jack returns, smdltoi adult return ratesScheuerell and Williams 20p5and the_ogerwell

production indexThe strengtlof this approach is that biological indicators are directly linked to
the success of salmon during their first year at sea throughdiaith processeslhese

biological indicators, coupled with physical oceanographic data, offer new insight into the
mechanisms that lead to success or failure for salmon runs.

In addition to forecasting salmon returns, the indicators presented here may be of use to those
trying to understand how variations in ocean conditions might affect recruitment of fish stocks,
seabird, and other marine animalgVe reiterate that trends in salmon survival track regime
shifts in the North Pacific Ocean, and that these shifts are transmitted up the food chain in a
moré ori less linear and bottoimp fashion as follows:

upwel |l ing tbs nutplieemmkt on B forage fi st

The same regime shifts that affect Pacific salmon also affect the migration of Pacific hake and
the abundance of sea birds, both of which prey on migrating juvenile salfherefore, climate
variability can also hav&op down" impacts on salmon through predation by hake and sea birds
(terns and cormorantspBoth "bottom up" and "top down" linkages are explored here.


https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/kb-juvenile-salmon-sampling.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#Table1
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ia-references.cfm#Scheuerell
http://www.blackwell-synergy.com/doi/abs/10.1046/j.1365-2419.2003.00238.x
http://www.blackwell-synergy.com/doi/abs/10.1046/j.1365-2419.2003.00238.x

Annual summary of ocean ecosystem indicatéos 2017

The anomalous warm ocean conditions tieate persisted since September of 2014 might be
dissipating. While ocean ecosystem indicators in 2015 and 2016 suggested some of the poorest
outmigration years for juvenile salmon survival in the 20 year time series, some of the indicators
in 2017 were fai indicating that the ecosystem might be returning to normal. The PDO was
strongly positive (warm) throughout the first half of 2017, however the index declined to more
neutral levels from July through November 2017. Strong La Nifia conditions at therequat
persisted from August through December of 2016, and then became neutral throughout most of
2017. Prior to the onset of upwelling in 2017, ocean conditions off Newport Oregon remained
warm and fresh. However, after the onset of upwelling, sea surfapernres were cooler

than average and the near bottom water on the shelf was salty. In 2015 and 2016, the seasonal
shift from a warm winter copepod community to a cold summer community did not occur
because of the extended period of warm ocean condititmvgever, in June 2017, the copepod
community transitioned to a cold water community, signaling that the marine ecosystem might
be transitioning back to normal.

PDO and ONI. The PDO turned positive (warm phase) in January 2014, and has remained
strongly paitive through June 2017. From July 2017 through November 2017, the PDO values
declined to more neutral conditions. La Nifia conditions (negative Ocean Nifio Index values less
than or equal te0.5) persisted during the fall/winter of 2016 from August thiroDgcember,

then became neutral throughout most of 2017.

Upwelling Index at 45°N.The winter downwelling period was close to the climatological mean.
Following the winter downwelling period, the onset of upwelling began a little later than average
on 26 Apil, 2017 compared to the 4@ear climatological mean of 13 ApriFigure CUQ4).

Upwelling was weak in May and June with some stneagods of downwelling. Beginning mid

June, upwelling was persistent until ”Bept. While the length of the upwelling season in 2017

was average, the overall cumulative upwelling was slightly higher than the mean, and the sum of
the MaySeptember upwellgnindex was above average.

Sea Surface Temperatures (SST) at NOAA Buoy 46050he anomalous warm ocean

conditions in the NE Pacific from the Blob arrived on the Oregon shelf in Sept 2014 with
temperature anomalies of +4°C, and continued to dominate tlagewicean temperatures for

most of 2015 and 2016. However, beginning in Jan of 2017, sea surface temperature anomalies
off Newport remained positive, but they were not as warm as the previous two years. At the
onset of upwelling in migApril 2017, SST anmalies were negative, but then fluctuated from
positive to negative in response to the intermittent downwelling that occurred untllmead

(Figure TA02). Beginning in midJune, upwelling was persistent and SST anomalies remained
negative until the fall transition in mifiept.

Temperature and salinity properties on the continental shelf/sloperhe upper 20 m of the
water column on the shelhd the deep water on the shelf and slope were dominated by water
that was anomalously warm and fresh throughout the winter prior to the onset of upwelling.
However, after the onset of upwelling, the deep water on the shelf remained warmer than
average buivas saltier than averageigure DTS02).
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https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/db-coastal-upwelling-index.cfm#CU-04
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/da-sea-surface-temp.cfm#TA-02
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/dd-deepwater-temp-salin.cfm#DTS-02

Hypoxia. Hypoxic oxygen concentrations below 1.4 ml/L webservedn the shelf from July
through midSeptember, with the lowest value in the 12 year time series recorded in September
of 2017 Eigure HYRO1). These low oxygen conditions have been linked to die offs of benthic
organisms. Fortunately, an early winter storm mixed the waters kbaptember, dispersing the
hypoxic water.

Zooplankton. In 2015 and 2016, the seasonal shift from a warm winter copepod community to a
cold summer community did not occur because of the extended period of warm ocean
conditions. However, in late June 2017, the copepod community transitioned to a cold water
communit, signaling that the marine ecosystem is transitioning back to normal. Prior to this
transition, the zooplankton community remained in a {geplete state with a continuation of
negative anomalies of lipid rich northern copepods and high biomass ae®ofadimall

southern copepod§igure NSC01). While the species richness was lower compared to the
peaks during the summers of 2015 @0d6, richness remained higher than average throughout
2017 until September, when species richness was netityat¢ CB02).

Pyrosomes Colonial tunicates called Pyrosomaere a common occurrence in our plankton

nets throughout 2017. We started seeing these rare organisms in tHe2Ba6 and they

increased in density and size in the spring of 2017. After the onset of upwelling, these organisms
were rarely collected on the shelf off Newport. However, the weekend after Thankstiieyng,
washed up on Oregon beaches by the millilnging a research cruise the following week, we
collected them from 185 miles offshore. We know very little about these organisms that are
native to trgpical and subtropical water and we are uncertain why they have flourished in the
Northern California Current at this time. Research is underway to understand their distribution
and habitat and what they feed on.

Harmful Algal Blooms. Beginning in April 217, cells of the domoic acid producing diatom
Pseude nitzschiawere observed in continental shelf waters off Newport. Densities increased to
moderate levels following the onset of the spring transition in late April. Domoic acid
concentrations, from watsamples collected at the same time as the phytoplankton samples
indicated that th€seudenitzschiacells were toxicPseudenitzschiablooms persisted at

moderate to high levels from late June through early September.Pséaldenitzschiabloom
alsooccurred in late October through early November.

Winter Ichthyoplankton . The winter biomass of larval stages of fish species common in salmon
diets was above average this ydgag(re WF01), ranking the highest over the 20 years of data.
While this suggests a high abundance of food for juvenile salmon, the species composition of the
wintertime larval fish community included high proports of larval rockfish. During years

when juvenile salmon consume higher amounts of rockfish, survival is lower.


https://www.nwfsc.noaa.gov/news/blogs/display_blogentry.cfm?blogid=1&month=9&year=2017
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/de-hypoxia.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/eb-copepod-anomalies.cfm#NSC-01
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/dd-deepwater-temp-salin.cfm#DTS-02
https://www.nwfsc.noaa.gov/news/blogs/display_blogentry.cfm?blogid=1&month=2&year=2017
https://www.nwfsc.noaa.gov/news/blogs/display_blogentry.cfm?blogid=1&month=11&year=2017
https://www.nwfsc.noaa.gov/news/blogs/display_blogentry.cfm?blogid=1&month=11&year=2017
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/eg-winter-ichthyoplankton.cfm#WI-01

Forecast of Adult Returns for coho salmon and Chinook salmon

The anomalous warm ocean conditions that have persisted since Septembemoigh0bé
dissipating. While ocean ecosystem indicators in 2015 and 2016 suggested some of the poorest
outmigration years for juvenile salmon survival in the 20 year time series, some of the indicators
in 2017 were fair, indicating that the ecosystem migthteturning to normal. The PDO was

strongly positive (warm) throughout the first half of 2017, however the index declined to more
neutral levels from July through November 2017. Strong La Nifia conditions at the equator
persisted from August through Dedeen of 2016, and then became neutral throughout most of
2017. Prior to the onset of upwelling in 2017, ocean temperatures off Newport Oregon remained
warm and fresh. However, after the onset of upwelling, sea surface temperatures were cooler
than averageral the near bottom water on the shelf was salty. In 2015 and 2016, the seasonal
shift from a warm winter copepod community to a cold summer community did not occur
because of the extended period of warm ocean conditions. However, in June 2017, the copepod
community transitioned to a cold water community, signaling that the marine ecosystem is
transitioning back to normal.

Our annual summary of ecosystem indicators during 208&resand our "stoplight” rankings

and predictions are shown belowliable SFO1, Table SFO2, andFigure SFO1. Despite sme

signs that the ecosystem might be transitioning back to normal, most of the indicators suggest
that 2017 was another year of poor ocean conditiorjs¥enile salmon survival.



https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/b-latest-updates.cfm
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-01
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-02
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#SF-01

Table SF-01. Ocean ecosystem indicators of the Northern California Current.
Colored squares indicate positive (green), neutral (yellow), or negative (red)
conditions for salmon entering the ocean each year. In the two columns to
the far right, colored dots indicate the forecast of adult returns based on
ocean conditions in 2017 (coho salmon) and 2016 (Chinook salmon).

Juvenile Migration Year ~ Uit Retum
- Outlook
coho Chinook
2014 2015 2016 2017 2018 2018

Large—scale ocean and atmospheric indicators
PDO (May - Sept) | o @

ONI (Jan - Jun)

Local and regional physical indicators

Sea surface temperature i} i} = ) ®
Deep water temperature O m ®
Deep water salinity 0 = o @

Local biological indicators

Copepod biodiversity m i ®
Northern copepod anomalies o o o o o) ©
Biological spring transition ] o ] @ [}
Winter ichthyoplankton biomass = o & o @ 2
Winter ichthyoplankton community o o o o [
Juvenile Chinook salmon catch — June B 0 ) ®
Juvenile coho salmon catch — June ] o
Key m good conditions for salmon e good returns expected
intermediate conditions for salmon intermediate returns expected
m poor conditions for salmon e poor returns expected




Table SB2 Rank scores derived from ocean ecosystem indicators data founabile Sf©3 and color

coded to reflect ocean conditions for salmon growth and survival (green = good; yellow = intermediate;
red = poor). Lower numbers indicate better ocean ecosystem conditions, or "green fighsslimon

growth and survival. To arrive at these rank scores for each ocean ecosystem indicator, all years of
sampling data fronTable S®®3were compared (within each row).

Year
Ecosystem Indicators 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 |2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

PDO
(Sum Dec-March)

PDO
(Sum May-Sept)

ONI
(Average Jan-June)

46050 SST
(°C; May-Sept)

Upper20mT
(°C; Nov-Mar)

Upper20mT
(°C; May-Sept)

Deep temperature
(°C; May-Sept)

Deepsalinity
(May-Sept)

Copepod richness anom.
(no. species; May-Sept)

N. copepod biomass anom.

(mgC m”; May-Sept)

S. copepod biomass anom.

(mgC m’; May-Sept)

Biological transition
(day of year)

Ichthyoplankton biomass
(log (mg C 1000 m*); Jan-Mar)

Ichthyoplankton community
index (PCOaxis 1 scores; Jan-Mar)

Chinook salmon juvenile

catches (no. km™; June)

Coho salmon juvenile

catches (no. km - June)

Mean of ranks

Rankofthe mean rank

Physical Spring Trans.
Ul based (day ofyear)

Physical Spring Trans.
Hydrographic (day of year)

Upwelling Anomaly
(April-May)

Length of Upwelling Season
Ul based (days)

SSTNH-5
(°C; May-Sept)

Copepod Community Index
(MDS axis 1 scores)

Coho Juv Catches
(no. fish km™; Sept)



https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-02
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-03
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-03

TableSF03. Data for rank scores of ocean ecosystem indicators

Data for rank scores of ocean ecosystem indicators. BE¢kEo download the data as a *.csv.

Figure SFO1 shows correlations between adult Chinook salmon counts at the Bonneville Dam and
coho salmon smolt to adult survival (%)EKMC 20173) versus a simple composite integrative
indicatori the mean rank of all the ecosystem indicators (the second line from the botlicGah)an

SFE02. This index explains about 50% of the variance in adult returns. A weakness of this simple
non-parametric approach is that each indicator is given equal weight, an assumption that may not
be true. Therefore, we are exploring a more quantitative analfyii® ocean indicators shown

in Table3, using principal component analysis (PCA).
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https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/documents/2017/Table_SF-03.csv
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#SF-01
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/ia-references.cfm#PFMC 2017a
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-02
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-02
https://www.nwfsc.noaa.gov/research/divisions/fe/estuarine/oeip/g-forecast.cfm#TableSF-03

















































































































































































































































