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Introduction

e P|CES: Eastern Subarctic (ESA) and Western Subarctic (WSA)
¢ high nutrient, low chlorophyll{(HNLC), Fe-limited productivity
e strong seasonal pulses of primary and secondary production
e few commercial fisheries, but important for salmon foraging

¢ seasonal feeding grounds for seabirds and marine mammals

e ecosystem structure and dynamics still under active study
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Open subarctic Pacific
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Ecopath with Ecosim

basic principle: balance
of mass or energy flows

e Ecopath: static food
web snapshot (nodes;
pools & fluxes)

e Ecosim: dynamic
ecosystem simulation
(hindcast & forecast)
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Model currencies

) biomass (t/km?2): default, most commonly measured and used
1) energy (J/m2): accounts for tissue energy content variability

i) iron (Mg Fe/m2).limiting nutrient for ecosystem productivity
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Eastern subarctic Pacific food web

Killer twhale

)
Sperm whale

4

(.
Ezleen whales
Faec

. @

Amphipods

e : C 4! Sharks
Dolphins and porpoises  Marthern fur seal - Morthern elephant sezl 0

) el

2 . = == :
£ = Miscellansous forage fish Mesope!agi)gh cronektonic squid

fics F

N .I'Lil'_ ‘

Large phytoplankton

()

Salps

Small phytoplankton

2
Large jellyfish

Pteropods

o
- Canada LSA

-=Chinock salmon o & N

Cohasalmon  Steelhead trout Facific pomfret

0 @ O

Ctenopheres Chaetognaths Sergestid shnmp

Copepods

Microzooplankton

Cletritus

Bactenoplankton

© The Authors. All rights reserved.



Western subarctic Pacific food web
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Mixed trophic impacts (biomass

Eastern subarctic Pacific

Impacting \ Impacted Sockeye I Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish
Sockeye salmon

MTI < -1E-01

Chum salmon -1E-01 < MTI < -1E-02

Pink salmon -1E-02 < MTI =< -1E-03
Coho salmon -1E-03 < MTI < -1E-04
Chinook salmon 1E-05 < MTI =< 1E-04
Steelhead trout 1E-04 < MTI =< 1E-03
Mesopelagic fish 1E-03 < MTI < 1E-02
Large squid 1E-02 < MTI < 1E-01
Micronektonic squid MTI < 1E-01
Large jellyfish
Western subarctic Pacific

Impacting \ Impacted Sockeye Chum i Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish

Sockeye salmon MTI < -1E-01
Chum salmon -1E-01 < MTI < -1E-02
Pink salmon -1E-02 < MTI < -1E-03
Coho salmon -1E-03 < MTI =< -1E-04
Chinook salmon -1E-04 < MTI =< -1E-05
Steelhead trout 1E-06 < MTI < 1E-05
Mesopelagic fish 1E-05 < MTI < 1E-04
Large squid 1E-04 < MTI < 1E-03

1E-03 < MTI < 1E-02
1E-02 < MTT < 1E-01
MTI < 1E-01

Micronektonic squid
Large jellyfish
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Mixed trophic impacts (high energy)

Eastern subarctic Pacific

Impacting \ Impacted Sockeye i Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish
Sockeye salmon

MTI < -1E-01

Chum salmon -1E-01 < MTI < -1E-02

Pink salmon -1E-02 < MTI < -1E-03
Coho salmon -1E-03 < MTI < -1E-04
Chinook salmon MTI =0
Steelhead trout 1E-05 < MTI < 1E-04
Mesopelagic fish 1E-04 < MTI < 1E-03
Large squid 1E-03 < MTI < 1E-02
Micronektonic squid 1E-02 < MTI < 1E-01
Large jellyfish MTI < 1E-01
Western subarctic Pacific

Impacting \ Impacted Sockeye Chum I Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish

Sockeye salmon MTI < -1E-01
Chum salmon -1E-01 < MTI < -1E-02
Pink salmon -1E-02 < MTI < -1E-03
Coho salmon -1E-03 < MTI < -1E-04
Chinook salmon -1E-04 < MTI < -1E-05
Steelhead trout 1E-06 < MTI < 1E-05
Mesopelagic fish 1E-05 < MTI =< 1E-04
Large squid 1E-04 < MTI < 1E-03
Micronektonic squid 1E-03 < MTI =< 1E-02
Large jellyfish 1E-02 < MTI < 1E-01

MTI < 1E-01
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Mixed trophic impacts (low energy)

Eastern subarctic Pacific

Impacting \ Impacted Sockeye I Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish
Sockeye salmon
Chum salmon

MTI < -1E-01
-1E-01 < MTT < -1E-02

Pink salmon -1E-02 < MTI < -1E-03
Coho salmon -1E-03 < MTI < -1E-04
Chinook salmon -1E-04 < MTI < -1E-05
Steelhead trout 1E-04 < MTI < 1E-03
Mesopelagic fish 1E-03 < MTI < 1E-02
Large squid 1E-02 < MTI < 1E-01
Micronektonic squid MTI < 1E-01
Large jellyfish
Western subarctic Pacific
Impacting \ Impacted Sockeye i Coho Chinook  Steelhead Meso. fish Lg. squid Micro. squid Lg. jellyfish
Sockeye salmon MTI < -1E-01

Chum salmon -1E-01 < MTI < -1E-02

Pink salmon -1E-02 < MTI < -1E-03
Coho salmon -1E-03 < MTI < -1E-04
Chinook salmon -1E-04 < MTI < -1E-05
Steelhead trout 1E-06 < MTI < 1E-05
Mesopelagic fish 1E-05 < MTI < 1E-04
Large squid 1E-04 < MTI < 1E-03

1E-03 < MTI < 1E-02
1E-02 < MTI < 1E-01
MTI < 1E-01

Micronektonic squid
Large jellyfish
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Fe recycled / required

Ecosystem iron balance

1.4
1.2
1.0
0.8
0.6
0.4
0:2
0.0

ESA
m High Fe content

WSA
m | .ow Fe content

© The Authors. All rights reserved.



Conclusions

strong trophic interactions exist among subarctic Pacific nekton
these could include interspecific. competition among salmonids
mass and energy balance model results are in general agreement
iInteractions among nekton are mediated by prey energy content

recycling may meet substantial part of phytoplankton Fe demand

© The Authors. All rights reserved.



Further directions

thermal niche functions:
¢ pbased on observed optima and tolerance limits for ectotherms

e permit simulation of salmonid responses to warming and MHWs

habitat suitability maps:
¢ based on outputs of pelagic surveys and predictive modelling

¢ allow estimation of spatiotemporal niche overlap among salmonids
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Thank youl!
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