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Fish Stocks Provisions in the Fisheries Act

In the management of fish stocks (6.1(1)), the setting of limit
reference points (6.1(2)) and development of rebuilding plans
(6.2(1)), the Minister shall:

[take] into account the biology of the fish and the
affecting the stock

Photo credit: 2018 Northeast Pacific Seamount Expedition



Project objectives

1. ldentify relationships between productivity of key Pacific
fish stocks and the environment

1. Predict productivity under a range of plausible future
conditions

1. Assess risk of not achieving management goals under

range of scenarios
b
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Approach

1. Wrangle stock assessment outputs into identical formats

2. Calculaté ‘production’ and ‘recruits per unit spawning biomasé’
3. Choose relevant spatial and temporal scales for each stock |
4. Project environmental layers and extract values at these scales

5. Assess relationships between environmental and productivity indices

Photo credit: 2019 central coast ROV survey
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Apprbach

1

1. Wrangle stock asséssment outputs intq identical formats

2. Calculate ‘production’ and ‘recruits per unit spéwning bi.o'mas'é’

3. - Choose relevant spatial and temporal scales for each stock

4. Project environmental layers and extract 'values aft thes__e scales
5. Assess relationships between environmental and productivity. indicre;s' 53
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Surplus production

Vulnerable biomass = = * = Spawning biomass
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Total recruits
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Production rate
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Production rate

Surplus production
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Production rate

Surplus production
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Apprbach

1

1. Wrangle stock assessment outputs intq identical formats:
2. Caleulate ‘production’ and ‘recruits per uniit spawning bi.c')mas"é?’ LN

3. Choose S arn vore oo e for each stock
4. Project environmental layers and extract values at these scales
5. Assess relationships between environmental and productivity. indic_'e;sl 53
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Environmental data collected, so far

e Temperature at sea floor
(http://doi.org/10.22033/ESGF/CMIP6.2921)

o 1950 - 2014
o Monthly average values at ~25 km resolution

e Regional Ocean Modeling System (ROMS) hindcast
(Angelica Pefia, DFO)

1981 - 2018
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Temperature, oxygen (O,) & salinity

At sea floor, averaged for all depths, & at surface
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Environmental data collected, so far
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http://doi.org/10.22033/ESGF/CMIP6.2921

Defining relevant spatial and temporal scales

e Spatial area in stock definition
o Clipped to offshore grid (in inset)

e Production-relevant scales

o Occupied depths (weighted 95% quantile from surveys)
o Annual max of mean monthly temperature vs. a
mean of means?

o Current year + previous years, but how many?

e Recruitment-relevant scales

o [Egg/gestation depths & months (literature/maturity data)
o Larval depths & months (literature)

m Sea surface for pelagic larvae and juveniles
m [f settlement shallow or timing unclear,
used rest of year
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Production rate
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Recruitment rate
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Recruitment rate
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Apprbach

1

1. Wrangle stock assessment outputs int(_), identical formats:

2. Caleulate ‘production’ and.‘recruits per uniit spawning bi.OmaS'S’ e

3. - Choose relevant spatial and temporal scales for each stb'ck" G
4. Project environmental layers and extract values Iait theS_.e scales

5. Assess relationships between environmfentall_énd productivity indic'es' P
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Bayesian hierarchical models

Photo credit: Darienne Lancaster

e One hypothesis at a time,
across species
O  Prior for a concave down

relationship on quadratic Normal(-
0.15, 0.15?)

o Variability among species/stocks is
estimated as a normal distribution

e First pass...

2018 Northeast Pacific Seamount Expeditio\i‘v
\



Annual max temperature on surplus production

% change in production rate (log space)
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Current year, annual max temperature on surplus production
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Temperature at eggs/gestation stage on recruitment
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Temperature at eggs/gestation stage on recruitment

Change in recruitment rate (log space)
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Temperature at larval stage on recruitment

Recruitment rate (log space)
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Temperature at larval stage on recruitment

Change in recruitment rate (log space)
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Oxygen at eggs/gestation stage on recruitment
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Oxygen at eggs/gestation stage on recruitment

Change in recruitment rate (log space)

Deviations in monthly mean seafloor 02 (mmol/m3) during egg/gestation stage
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Caveats

e These types of relationships are notorious for breaking down (Myers 1998)

O

o

Hierarchical approach can help, but only so much

Implications of priors need further investigation

e Stock assessment outputs are estimates (Brooks and Debora 2015)

o

Uncertainties already huge without propagating their uncertainty

e Stock level response & spatiotemporal resolutions of climate values

o

o

o

Masks a lot of local environmental variability — some locations more important?
All occupied depths within stock area weighted equally

Some egg & larval distributions not well known, or not well implemented

Min and max are calculated across months for each location

So far, aggregating spatially only using means



Refine spatial & temporal resolution.é
e Refine choices of environmental variables
o Refine model structure S ~
' 9;--.Body condition indices as response’?

Use these relatrorfsﬁWor objectlves 2 & 3
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Next steps...

PLOS ONE

RESEARCH ARTICLE

Fish harvesting advice under climate change:
A risk-equivalent empirical approach

Daniel E. Duplisea'#, Marie-Julie Roux', Karen L. Hunter?, Jake Rice®
1 Fisheries and Oceans Canada, Institut Maurice-Lamontagne, Mont-Joli, QC, Canada, 2 Fisheries and

Oceans Canada, Pacific Biological Station, Nanaimo, BC, Canada, 3 Fisheries and Oceans Canada,
MNational Headquarters, Ottawa, ON, Canada

* Daniel.Duplisea @ dfo-mpo.gc.ca




Next steps...
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