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H1: MOVEMENT NORTH IN WARM YEARS

Warm years Cold years



Sea ice melt forms a deep cold pool, barrier



Cold pool extent: inter-annual variability

Lauth 2016

Less sea ice and smaller cold pool in warm years



Cold pool keeps bottom fish
from moving north

Pollock, cod, and flatfish avoid this cold bottom water, but not salmon



Bottom fish avoid the cold pool,
but pelagic fish are above it.
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Juvenile salmon move north in
warm (2007) & cold (2012-13) years



South of the cold pool, fish
move north in warm years
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H2: ABUNDANCE WILL INCREASE IN COLD YEARS

Oscillating Control Hypothesis

WARM |

Bloom timing matches copepod feeding & reproduction

Fattier prey

COLD

Hunt et al. 2011, Sigler et al., Yasumiishi et al. in prep



Cold = 1 body condition, growth, survival

* Pelagic fish eat more lipid rich prey in cold years

e Higher intra-annual growth (kg) in immature chum
salmon in EBS (Yasumiishi et al. 2015).

* Higher growth rates (mm) in juvenile Yukon and
Kuskokwim Chinook salmon (Yasumiishi et al. in prep.)

« Higher fat content in juvenile sockeye salmon relates
to higher marine survival (Farley et al. 2015).

o Higher lipid content in age-0 pollock predicts
recruitment to age-1 (Heintz et al. 2014).



Cold = More krill (more lipids)
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Juvenile sockeye salmon diets are more lipid-rich during cold years



Pelagic survey in the eastern Bering Sea

Survey grid
Surface trawl catches
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Summer sea surface temperature
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Species of interest: catch data (kg)

Capelin Mallotus villosus  Pacific herring Clupea pallasi

Sea nettle Chrysaora melanaster Sockeye salmon Oncorhynchus nerka

http://www.dimensionsinfo.com/herring-sizes/ 14



Methods: Geostatistical modeling

* Anistropy plot: to examine the east-west and
north-south orientation of species.

* Probability of capture plot: to examine inter-
annual spatial distribution.

o Spatial Delta GLMM: spatial-temporal model to
estimate biomass from catch data.

e Center of gravity (COG): to examine shifts in
distribution.

 Regression: Relationship between summer sea
surface temperature and abundance and COG.



Statistical model and R code

* R software (R project)

R packages: SpatialDeltaGLMM (v. 3l),
ThorsonUtilities, TMB, INLA

o Github: nwfsc-assess/geostatistical delta-
GLMM

* Follow “best practices”



Methods: References

Anistropy plot, Probability of capture, and Abundance:

Thorson et al. 2015. Geostatistical delta-generalized linear
mixed models improve precision for estimated abundance
Indices for West Coast Groundfish. ICES J. of Marine
Science. 72(5):1297-1310.

Thorson and Kristensen 2016. Implementing a generic
method for bias correction in statistical models using random
effects, with spatial and population dynamics examples.
Fisheries Research. 175:66-74.

Center of gravity/Distribution shifts:

Thorson et al. 2016. Model-based inferences for estimating
shifts in species distribution, area occupied and centre of
gravity. Methods in Ecology and Evolution. 7:990-1002.
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Anistropy (N-S, E-W orientation):

Capelin (NW 650 km) Herring (N 626 km)

C. Melanaster (NW 1000 km) Sockeye (WNW 700 km)

Encounter probability: Probability that the trawl
captures the target species

Positive catch rates: Positive catch
rates given an encounter
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Center of gravity (distribution)

Capelin: north in warm years Herring

C. Melanaster J. sockeye: west & north in warm years

Universal Transverse Mercator =



Climate related shifts in distribution
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Climate related shifts in distribution

C. melanaster
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Probability of capture
Capelin: cold Herring: warm



Probability of capture
C. melanaster: J. sockeye: warm



Estimated abundance: biomass (metric tonnes)
Capelin: cold Herring: warm

C. melanaster: cold Sockeye: warm
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Climate and abundance

Y5000 Capelin 160000 Herring: warm
7 140000
§ ® ¢ "é' 100000 R2=0.6669 o
S
£ 10000 . 2 60000
% £ 40000
= L =l
S 5000 @ 20000
o [ J
@ o © 0
0 ¢ ¢ ¢ 8 85 9 95 10 105 11 115
8 8.5 9 9.5 10 10.5 11 115 Summer sea surface temperature (Celsius)
Summer sea surface temperature (Celsius)
C. Melanaster J. sockeye salmon: warm
25000
1400000 ¢ ? .
<
£ 1200000 520000 |\ _ ) ggpgensomns
£ 1000000 2 15000 R2=0.7778
L o =
£ 800000 . ° £ 10000
£ 600000 %
2 £ 5000
S 400000 ° S
S o °* ° ® 0
@ 200000 e = ° 7 8 9 10 11 12
0 [ J

Summer sea surface temperature (Celsius)
8 8.5 9 9.5 10 10.5 11 11.5

Summer sea surface temperature (Celsius)
25



Summary

e Distribution:
« Capelin and juvenile sockeye salmon were
distributed farther north in warm years.
o Juvenile sockeye salmon distributed farther west.

* No difference in the distribution of herring or jellyfish
In warm/cold years (highest biomass).

« Abundance:
 Herring and juvenile sockeye salmon increased In
abundant with summer warming.
 Jellyfish biomass was negatively correlated with
SST at a 2 year lag (t-2).

26



Implications of warming on the Arctic ecosystem

 Distribution:

e Sockeye salmon and capelin will inhabit more
northern waters providing pelagic forage for birds,
mammals, and fish in the Arctic.

e Abundance:

e Expect to see more herring and salmon. Possible
fewer capelin and zooplanktivorous jellyfish (highest
biomass species) may reduce competition for
zooplankton.

* Sockeye salmon will colonize new rivers in the
Arctic, as observed Norton Sound rivers this year.
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Thank you

Source code: Thorson (NWFSC)
Lauren Rogers (AFSC)

Ecosystem Monitoring and Assessment Program,
AFSC

The contents of this message are mine personally and do not necessarily reflect any
position of NOAA
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