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Pacific herring

ecnergy conduit: zooplankton to larger predators
efood and income for many coastal communities
estock declines, fishery closures, calls for EBFM
eshow to reconcile human, ecosystem needs?



Food web modeling

e framework: Ecopath e study area: N British
with Ecosim (EwE) Columbia, Canada

® pbasic principle: mass
balance

e 30 functional groups



MSE In EWE

e simulates long-term strategy implementation
® compares impacts of management strategies
e places herring & fisheries in food web context
® can use ecological & socioeconomic criteria
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Cefas EWE MSE tool

® ccosystem parameter e stochastic realized
uncertainty fishing mortality

e stochastic stock

assesment error @ C/ > Cefas
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SCENARIO SOK LF1 LF2 LF3 LF4 AKl1
HerringB;,, 0 050 0.75 050 0.75 025
HerringBr,.x 0 050 075 095 095 0.50

MSY ATF

o2s o HISTORICAL

025 0

Herring F target (.01 SKFyvisy SFyvsy SFysy SFysy 020 Fvsy 020 %
Amphipods 25
Macrozooplankton . S0
Pacific hake 10
Walleye pollock 8
Salmon sharks 6
Transient salmon 4
Chinook salmon 2
Small odontocetes 0
Forage fish -2
Seals -4
Sea lions -6
Planktivorous seabirds -8
Teuthivorous seabirds -10
Piscivorous seabirds - -- -15
Pacific dogfish -20
Transient orcas -25
Resident orcas . .. -30
Lingcod -35
Euphausiids -40
Adult halibut -80
Copepods
Minke whales
Humpback whales

Sm gel zooplankton

Inshore rockfish -

Adult herring




SCENARIO SOK LF1 LF2 LF3 LF4
HerringB;,, 0 050 0.75 050 0.75

Herring Brnox 0 050 0.75 095 095
Herring Fe.rper 0.01 -SFmsy SFusy SFysy SF sy

BC3 BC4 MSY ATF

025 025 025 O CURRENT

025 025 025 0
005 Fumsy 020 %

Amphipods 125
Macrozooplankton 50
Pacific hake 10

Walleye pollock 8
Salmon sharks 6
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Chinook salmon 2
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Forage fish -2

Seals -4

Sea lions -6
Planktivorous seabirds -8
Teuthivorous seabirds -10
Piscivorous seabirds - -15
Pacific dogfish -20
Transient orcas -25
Resident orcas . -30
Lingcod -35

Euphausiids -40

Adult halibut -80

Copepods
Minke whales

Humpback whales

Sm gel zooplankton

Inshore rockfish -

Adult herring




SCENARIO SOK LF1 LF2 LF3 LF4 AKl AK2 BCl BC2 BC3
Herring By, 0 050 0.75 0350 0.75 025 037 025 030 0.25
Herring Brnax 0 050 0.75 095 095 050 0.67 025 030 0.25

Herring Fepet  0.01 SFusy SFuvsy SFusy SFuvsy 020 020 020 020

BC4
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Pacific hake
Walleye pollock
Salmon sharks
Transient salmon
Chinook salmon
Small odontocetes
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Seals
Sea lions

Planktivorous seabirds

Teuthivorous seabirds

Piscivorous seabirds - --
Pacific dogfish 20
Transient orcas 25
Resident orcas 0
Lingcod | 33
Euphausiids 40
Adult halibut 50

Copepods

Minke whales
Humpback whales
Sm gel zooplankton
Inshore rockfish - - -
Adult herring . .




SCENARIO SOKJILF1 LF2 LF3 LF4 JAK1 AK2 BCl BC2 BC3 BC4 MSY ATF
HerringB;,, 0 J050 075 050 0.75 1025 037 025 030 025 025 025 O EBFM
Herring Bypax 0 067 025 030 025 025 025 O

Herring Fy, . Fvsy 020 %

Amphipods 125
Macrozooplankton S0
Pacific hake 10
Walleye pollock 8
Salmon sharks 6
Transient salmon 4
Chinook salmon 2
Small odontocetes 0
Forage fish -2
Seals -4
Sea lions -6
Planktivorous seabirds -8
Teuthivorous seabirds -10
Piscivorous seabirds -15
Pacific dogfish -20
Transient orcas -25
Resident orcas -30
Lingcod -35
Euphausiids -40
Adult halibut -80
Copepods
Minke whales
Humpback whales

Sm gel zooplankton

Inshore rockfish -

Adult herring



Adult herring catch (t.km?)
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Probability of closure

Closure probability
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SCENARIO SOK LF1 LF2 LF3 LF4 AKl1 AK2 BCl1 BC2 BC3 BC4 MSY ATF
HerringBy, 0 050 075 050 0.75 025 037 025 030 025 025 025 O
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Herring Frgee 0.01 SFusy SFusy 'SFMSY SFwsy 020 0.20 0.10 005 FMSY 0.20
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Conclusions

® ecosystem impacts of current strategies moderate
e tradeoff between ecological & socioeconomic goals
e strategy spectrum (historical & current, low F, EBFM)
e |ow predator biomass possible under all strategies
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Pacific herring (Clupea pallasii) plays an important and multifaceted role in the Northeast Pacific as a forage fish in coastal ecosystems, target
species for commercial fisheries, and culturally significant subsistence resource for coastal communities. This study comparatively evaluated her-
ring fisheries management strategy performance relative to ecological and socioeconomic objectives. Management strategy evaluation employed
a mass-balanced ecosystem operating model and accounted for parameter uncertainty, stock assessment error, and strategy implementation er-
ror through Monte Carlo resampling. Results revealed a notable trade-off between stable herring catches and high biomasses of herring and
several predators. Herring biomass control point values influenced this trade-off more than harvest control rule form. All British Columbia and
Alaska strategies yielded similar ecological and socioeconomic impacts relative to the unfished herring baseline. Precautionary strategies rec-
ommended for forage fish combined high ecosystem benefits and socioeconomic costs. Reducing fishing mortality fourfold within an existing
strategy suggested a possible compromise solution to this trade-off. However, ecological impacts of all strategies were sensitive to operating
model parameter uncertainty, stock assessment error, and strategy implementation error, with the potential for undesirable ecosystem states
across all strategies. This study suggests trade-offs among management objectives should be considered in pursuing ecosystem-based fisheries
management for forage fish.

Keywords: Clupea pallasii, Ecopath with Ecosim, ecosystem modelling, forage fish, Gulf of Alaska, management strategy evaluation, MSE,
Northeast Pacific, Pacific herring, Pacific Ocean

. The ecological role of Pacific herring is especially strong and tax-
Introduction onomically widespread during the spring spawning season, when

Pacific herring (Clupea pallasii) functions as an important for-
age fish and prey resource for numerous predators in the North-
east Pacific (Willson and Womble, 2006). These include seabirds
(Schrimpf et al., 2012; Bishop et al., 2015; Sydeman et al., 2017a; Dr-
ever et al., 2021) and commercial fish (Brodeur et al., 2014; Osgood
et al., 2016), as well as numerous marine mammals, e.g. humpback
whales (Megaptera novaeangliae; Boswell et al., 2015; Moran et al.,
2018; Straley et al., 2018) and Steller sea lions (Eumetopias jubatus;
Gende and Sigler, 2006; Womble and Sigler, 2006; Sigler et al., 2017).

both fish and roe become available to a diverse coastal predator
guild (Willson and Womble, 2006). Thus, Schweigert et al., (2010)
describe herring as the primary forage fish in British Columbia
waters, while Fox et al. (2015, 2018) categorize it as a foundation
species (sensu Soulé et al., 2003). Moreover, its high energy con-
tent relative to most other Northeast Pacific prey species (Perez,
1994; Anthony et al., 2000; Vollenweider et al., 2011) strengthens
the importance of herring to its predators (Surma et al., 2018a). Fur-
thermore, many aboriginal, recreational, and commercial fisheries
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