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Sustainable Exploitation — Krill Fisheries

O

O

o Avoid fishing down the food web effects

Maintain ecosystem integrity

Need to understand key processes controlling
population dynamics

Exploratory fishery /Y

© J.-F. St. Pierre

Estuary and the Gulf of St. Lawrence (EGSL) in
mid 1990’s

O Closed under the Precautionary Approach
(Canadian Oceans Act)



Krill in the EGSL e

What we know:

o1 Arctic krill: Thysanoessa raschii , T. inermis — cold adapted
71 Northern krill: Meganyctiphanes norvegica — warm adapted
1 Form large and dense aggregations

=1 Large inter-annual variations in standing stock biomass

1 Pivotal role in the food web

Simmard et al. 1986, Simard & Lavoie 1999, Lavoie et al. 2000, Simard et al. 2003, Cotté & Simard 2005,
Sourisseau et al. 2006, 2008, Simard & Sourisseau 2009, Simard 2009, Plourde et al. 2011, Doniol-Valcroze et al.
2012, Savenkoff 2013, Maps et al. 2014 Plourde et al. 2014, McQuinn et al. 2014, Gavrilchuk et al. 2014



° et —_ TN T
Krill in the EGSL S

eeeeeee

What we do not know:
1 Natural variability in quality and quantity of krill

-1 Ecological resilience of species-specific krill stocks to
environmental forcing

We need prior to any new exploitation:

-1 Concise and holistic research approach on key processes
involved in production and consumption of krill

-1 Development of an ecosystem-based krill stock assessment, in
view of a precautionary approach of a potential krill fishery



71 Universities:

O Institut des Sciences de la Mer — University of Quebec
at Rimouski

o Laval University

=1 Partners:
o DFO - Science
o Neptune Bioresources and Technologies
o Parc Marin Saguenay-Saint-Laurent

1 Users:
1 Fisheries and Oceans Canada
o Parc Canada
o Potential transforming industries
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Preliminary Krill Biomass estimates
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Key physiological processes
=

Environmental control

Traits

' Growth and reproductive potential
. Feeding

1 Biochemical composition /condition

' Metabolic capacity

Environmental gradient x




Growth and Reproduction
B

-1 Spatial and temporal observations
4 Years: 2010, 2011, 2014, 2015

® Instantaneous growth rate method

m Egg production rate

7 To develop functional response to environmental
factors such as T°C and food availability (Chl a /
zooplankton)



Feeding
-

=1 Ingestion rate as a function of phytoplankton density

T. raschii M. norvegica
Holling IV: f =a*x/(b+c*x+x?) Holling lll: f = yO+a/(1+exp(-(x-x0)/b))
adj R*=0.66 2=0.85
T. raschii M. norvegica
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-1 To come: ingestion rates as a function of zooplankton density

Anais Fabre, Jory Cabrol
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Metabolic capacity
B

—— Least-square regression n=123
—— Robust (quantile, p=0.5) regression
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Angélique Olliers’ poster “The influence of temperature on the oxygen consumption of the Northern krill”



Biophysical Models i T

Based on mechanistic functions (ecophysiological key processes)

4

IBMs

Species specific population dynamic models

4

Coupling to a physical model

¥

To model spatio-temporal population dynamics

Hotspots for growth, reproduction and aggregations



Environmental forcing
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Consumption of krill

Bio-energetic model of foraging baleen whales

Krill patch quality
Prey energy content
Prey density

N

4 Gross Energy Intake )

_

,/‘ x 11 on blue whales

Energy Expenditure ‘

F°r°gmg effort 139 hours of data

Dive depth 6501 dives

2689 feeding events

A

Foraging efficiency

& Energy surplus M. Guilpin et al.
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The project will benefit

o
Québec——"— .SMER Aol UNIVERSITE
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e Sae T

- Natural resources management

I * I Péches et Océans Fisheries and Oceans
Canada Canada

"1 Recovery strategy of the blue whale

1 Ecotourism ‘7"““‘: MARIN
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Krill reproduction
& growth

Krill feeding and

Krill biomass

Hydroacoustics conditions

Production and Consumption of
Krill in the Gulf of St. Lawrence:

Toward an Ecosystem-Based Stock
Assessment

Trophic

Krill
metabolic rate

ecosystem

model

Whale-Krill interactions:

: i
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of krill
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Consumption of krill

Krill patch quality Foraging activity
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Depth -1 Foraging efficiency
Local density -1 Diel and seasonal foraging

Krill biomass activity by archival tags

Krill quality ‘




Environmental forcing
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Growth = ingestion — metabolism

Holling type lll
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Respiration

Ei(T-TO)
R = RO*M3/4*6X (kTTO)

Development and moult

Intermoult period (IMP) = 20.62 - 1.16*temperature

When 40 % of IMP reached
Moult way is decided

Pre-moult (40%)

Post-moult (60%)

(n)

Moult

IMP

Moult
(n+1)




Bio-energetic model of foraging baleen whales

//‘ x 11 on blue whales

Energy Expenditure &

Gross Energy Intake
gy Foraging effort

Prey energy content 139 hours of data

Dive depth 6501 dives

Prey density
2689 feeding events

Foraging effort —
= A
Foraging efficiency
& Energy surplus

=

\4’

Impact of change in

prey availability, Impact of affecting
accessibility, prey type Krill consumption & Prey density threshold foraging effort
and biomass energy required for beneficial

exploitation

M. Guilpin et al.



Group improvements groups

According to
Pikitch et al. (2012)
classification
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