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High¥seas portion of steelhead life-cycle
des juvenile, immature, maturin__g, and kelt

lIfe-historysstages (circled)

Juvenile

(Ocean Age 0)
Coastal & High Seas
6-9 months

¥ Immature
High Seas

1-3 years

G

Life cycle of
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Egg-Smolt

River

Maturing & Kelt

High Seas or River
6-12 months

1-7 years
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‘ Spawning i
Adult & Kelt '
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1-3 months



— North
Pacific
Ocean

High seas coded-wire tag recovery data available from Pacific States Marine
Fisheries Commission, Regional Mark Processing Center; high seas tag
recovery data available from North Pacific Anadromous Fish Commission



. S€Ead surfacetemperaturedmportant potential
drvergoi,climate change effects because
STEEINEead are distribtted at surface
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Mean Vertical Distribution-Data Tags
n= 3 steelhead, 12 sockeye, 3 pink, 10 coho, 11 chum, 2 Chinook
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Data from Walker et al. 2000 (Fisheries Oceanography), 2007

(NPAFC Bulletin); Nielson et al. 2011 (CJFAS)



Research
vessel surveys
‘catch data
Indicate natural
seasonal shifts
In horizontal
distribution &
relative
abundance
across broad
regions in
response to
temperature

Figure source:
Welch et al. 1998
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During =80 Cean year N. American juvenile (Age .0)
Steelnead distributed in Gulf of Alaska (Burgnerset.al.
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Summer thermal habitat (6-12.5°C) shrinks 36%
= 215t Century (Abdul-Aziz et.al 2011)
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Data source: US Dept. of Commerce, NOAA, Earth System Research Laboratory, Physical
Sciences Division, http://www.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage




High SSTs (1997 El Nino,

) related to decrease in squid

in steelhead diets — all age groups and regions (Atcheson et al.

2012a)
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Steelhead scales prowde a record of ocean growth

" 1999 3fd Ocean year +
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Scale of ocean age 2 steelhead caughtin Central Subarctic North
Pacific Ocean (CNP) in summer 1999 showing measurement axis
& annual growth increments



25 1t Ocean Year Growth of steelhead caught in
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Growth of steelhead caught in the
Central Subarctic North Pacific
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Climate amogical (diet &competition) indices
COTYElated with ocean growth of steelhead varied oy lifess
115101y Stage & ocean region -

Gulf of Alaska Central North Pacific

1st ocean year: Diet: Climate:

total annual growth + gut fullness + Winter SST
+ prey quality = Summer NOI
- prey diversity

Life History Stage

' 2"d ocean year: Diet: Diet & Competition:
- plus growth + prey quality - Empty
+ squid abundance - EKam pink salmon

== 2"d ocean year: Climate: Diet & Competition:
Plus growth & total + winter SST — Empty
& annual growth + summer sea level - EKam pink salmon
pressure

3rd ocean year: None Climate & Diet:
plus growth = Winter SST
+ Squid abundance

Source: Atcheson et al. unpublished data



Mean 'SSTSHNEO997. were below optimum growth
[emperature (-=14° C) for juveniles (Age- O) and
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2nd year growth
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* Decl ease in thermal habitat
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OPICS |

Snake River Basin Steelhead (orange dots) are dlStI’Ibute:<
at the southern limit (orange Ilne) of known high seas
distribution of North American steelhead
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MIOPICSHOr future evaluations of climate change

R

SHatchery=wild.steelheadlinteractions

Annual percentage of fin-clipped steelhead Wakatake
maru survey Central North Pacific (Total=968; 49%)
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JIOPICS fOr 11 s evalua ﬁ of clima
SIIECIST OCEC

may affect the
distribution,
growth, and
abundance of key
steelhead prey

. , . such as gonatid
‘fﬁ;:_é'lld.scfuid (Berryteuthis anonychus) in squid.

~ steelhead stomach (photo by Trey Walker)
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® Mechanical injury,
L SIS starvation, toxicity

‘:.‘

- ® Biomagnification &

== Piastic marine debris from steelhead bioaccumulation of toxic

’hoto by Nancy Davis) chemicals

= During 1997 El Nifio event
steelhead ate fewer squid and

- more marine debris including
plastic (Atcheson et al. 2012a)

!

® Transgenerational
epigenetic effects on
physiology & behavior
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