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What impacts do jellyfish blooms have on the
Bering Sea, Gulf of Alaska, & Northern California
Current ecosystems?

What is their impact on small pelagic fishes?

Project Goals
1. ldentify the species/years most impacted by jellyfish blooms
2. Determine dietary overlap & spatial overlap of jellyfish &

forage fish
Determine predatory impacts on fish larvae and zooplankton

4. Use ecosystem modeling to estimate impact of jellyfish on
other components of the ecosystem
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Eastern Bering Sea Bottom Trawl Jellyfish Biomass
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3-year running means of forage fish
& jellyfish in Bottom Trawl Survey

240 250

Forage fish 3-yr ave
Jellyfish 3-yr ave

ands

220

(N

inverse relationship
“replacement cycles”

- 200

0

©

C

©

0

=)

o

=

: . &)

(driven by herring) - 150 ¢

- ——- )

= <
7]

B 140 - 7

= - 100 O

S 5

S 120 - S

p S

i

2 100 - o, 2

o >

S - o

S 80 9
LL

60 I I I I I | 0
1980 1985 1990 1995 2000 2005 2010 2015

Year

Robinson et al. (2014)



Northern California Current
The sea nettle, Chrysaora fuscescens
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Bonneville Adult Returns vs September Sea Nettles
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Index of Feeding Intensity

Stomach fullness index

Sea Nettle Biomass
(quantiles of individual stations)

fewer jellyfish more jellyfish

Feeding analysis by E. Daly (OSU)



EBS: Spatial & diet overlap between
jellyfish & forage fishes



Fishery surveys monitor large jellyfish & forage fish

Bering Arctic Subarctic Integrated Surveys
BASIS
Surface Trawls (upper 15 m)
August-September 2004 — 2016




Feeding rates & diet composition
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Surface Trawl Forage Fish Biomass

Warm

Cool

Adult Capelin

A YA .l“r-."trﬁ'flrﬁ'.l.t-i;::‘:‘In";, -
DD . 2y

Sub-adult Herring

Age- 0 Pacific Cod

Age- 0 Pollock



Geostatistical Analyses
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Comparison of Global Index of Collocation between
Chrysaora & forage fishes in the Bering Sea
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E2E Ecosystem modeling approach

. Synthesize diet, consumption rate, and community biomass data
within a trophic framework to estimate grazing pressure of
jellyfish upon zooplankton production

2. Estimate predation pressure upon fish eggs and larvae

. ldentify important energy transfer nodes and compare alternate
ecosystem states (warm vs cool years, high vs low jelly years)

. Simulation analyses to estimate impact of jellyfish blooms upon
other components of the ecosystem

. Evaluate roles of food web structure vs physical context in
ecosystem dynamics

ECOTRAN end-to-end ecosystem modeling platform

Ruzicka, Brink, Bahr, & Gifford (2016) Ecological Modelling 331:86-99



Model analysis: similarly configured models

Eastern Bering Sea

western Coastal Gulf of Alaska

Northern California Current



Model analysis: ecosystem state metrics

- Quantify the importance of jellyfish & forage fish
groups as energy transfer nodes
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EBS: Jellyfish consume about 20x
as much food as forage fish, but
contribute only 1/10t" as much
energy to upper trophic levels



“footprint reach—>

(% of all ecosystem production used) (% of all consumer production contributed)
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“footprint reach—>

(% of all ecosystem production used) (% of all consumer production contributed)
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Model analysis: simulations

Estimating the effects of a changing pelagic community in
different environmental regimes

Southeast Bering Sea Surface Temperature Anomaly
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Effects of high Jellyfish abundance in EBS
(simulation of WARM period jelly & forage fish abundance over 2004 — 2012 mean)
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Effects of high Jellyfish abundance in EBS
(simulation of WARM period jelly & forage fish abundance over 2004 — 2012 mean)
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Effects of high Jellyfish abundance in EBS
(simulation of COLD period jelly & forage fish abundance over 2004 — 2012 mean)
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Effects of high Jellyfish abundance in EBS
(simulation of COLD period jelly & forage fish abundance over 2004 — 2012 mean)
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Effects of a Jellyfish bloom in NCC

(simulation of a 1 stdev (=2x) increase over 1999 — 2012 mean Chrysaora biomass)




Effects of jellies in western CGoA
(simulation of a 2x increase in@elatinous zooplankto biomass)
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Conclusions

Bottom trawl timeseries suggests inverse relationship between
forage fish and jellyfish in EBS

Columbia River salmon return data and juvenile salmon feeding
studies suggest poor foraging environment for young salmon in NCC
during high jellyfish years

Model analyses infer that Chrysaora consume about 20X as much
food as forage fish in the EBS but contribute only 1/10th as much
energy to upper trophic levels. Jellyfish are also important
consumers in the NCC but much less so in the CGoA”

Model simulations of changes in EBS Chrysaora & forage fish
abundances in warm (2002-06) & cold (2007-12) years show large
impacts of jellyfish throughout the food web. Similar impacts in
NCC, but not in CGoA



Thank
you!

Kerim Aydin Bob Lauth

Sea-going scientists at AFSC
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http://oregonstate.edu/groups/cimrs/index.html
http://inside.nwfsc.noaa.gov/index.cfm
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