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Large Uncertainties in Stock Assessment
Lack of understanding
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Objectives of Fisheries Management

v' Make management decision based on
best available information and science

v" Precautionary approach

en.wikipedia.org
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v Best Available Science
v’ Precautionary Approach

Figure 2: Relationship between OFL, ABC, ACL and ACT

Definition Framework: OFL 2 ABC =2 ACL
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* ABC may not exceed OFL. The distance between the
OFL and ABC depends on how scientific uncertainty is
accounted for in the ABC control rule.

increasing

* AMs prevent the ACL from being exceeded and
correct or mitigate overages of the ACL if they occur.
ACTs are recommended in the system of accountability
measures so that ACL is not exceeded.
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A general framework of developing tools for ecosystem-based fisheries management
(cited from Smith et al. 2007)
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Conceptual Models

Symbolic representation of ecosystems

Empirical Analysis

Process-hased Analysis

Statistical Models Compartment Modals
Descriptive Analytical Qualitative Quantitative
| |
Exploratory data Parametric Models Foodweb models | |Steacy-state models| | Dynamic models
analysis Flow-storage networks Simulation
Bayesian Signed digraph | Specesbased | | |Muliispecies extensions

Distribution-free
Bootstrap

Size-spactium

Whole ecosystem

Model classification of the types of multispecies ecological models (cited from

Whipple et al. 2000).




Developed by Dr. Changshen Chen in SMAST UMASSD
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Differences from the long-term average
global ocean heat content (1955-2006) in
the top 700 meters of the ocean.

Data: Global Ocean Heat Content from the
National Oceanographic Data Center



Johnson et al. 2018

700 meters (2,300 feet)
700-2,000 meters (6,600 feet)

Ocean heat content over time



Ocean heat content in the upper ocean (from the sea surface to a depth of 700 meters) for 2017 relative to the 1993-2017
baseline

Johnson et al. 2018






Shifting Fish Distributions with Warming Ocean Temperatures

Cyr et al. 2012

Over past 40 yrs:
* 60% major fish stocks have
shifted distributions poleward (1 mile
yr1) and/or deeper (0.8 ft yr?).

e Species shifting at different
rates (25-200 miles poleward)

1995-2008

» Also changes in abundance,
phenology, species assemblages

 Implications to stock
monitoring & assessment?

Source: Nye JA et al. (2009), Hare et al. (2010)



Stock assessment in changing environments

Challenges
More dynamic ecosystems

Unknown adaptation and changes
in fish life history

Possible changes in movement,
distribution, and fishing fleet
dynamics

Changes in prey-predator dynamics

Unknown monitoring program
performance

Questionable data, assumptions,
and models

INCREASED UNCERTAINTIES

Opportunities

Evaluate existing monitoring
programs

Develop new modeling tools for
evaluating spatio-temporal dynamics
of fish populations

Include environmental/ecological
drivers in stock assessment

better understand dynamics of
coupled human-natural system

Improve quantification of the
uncertainty

Develop ecosystem-based fisheries
monitoring and assessment




HMS Stock assessment in changing environments

Challenges
Changes in migration, distribution
and species composition (and

bycatch)

Changes in overlapping t-RFMOs
and national jurisdictions

t-RFMOs decision-making difficult in
the face of increased uncertainty

Increased complexity in stock
assessment

Increased difficulty to communicate
science to stakeholders

Reduced assessment effectiveness

Opportunities

Develop new technology to better
monitor spatio-temporal dynamics of
HMS

Include environmental/ecological
drivers to reduce uncertainties in
HMS stock assessment

Operationalize ecosystem-based
fisheries monitoring and assessment

Improve science-management
dialogues

Establish a sustained dialogue across
t-RFMOs and national experts for
collaborative stock assessment




Ecosystem drivers were only

considered for 24 of the 1200
marine fish stocks examined.

11/22/2018



The current assessment of fish stocks focuses on
harvest rates and spawning stock biomass and often
do not incorporate environmental Variability.



Approaches used to incorporate environmental
drivers in stock assessment:

> Use environmental variables to standardize CPUE

» Link environmental variable(s) to key life history
processes (e.g., movement, recruitment, and/or
growth)

» Use time-period-specific and/or area-specific life

history parameters in stock assessment (time/space
blocks)



Use environmental variables to standardize CPUE

o Widely used in HMS stock assessment (Erisman et al. 2011).

e Changes in fisheries spatial dynamics
v Hyperstability: overfishing to go undetected
v Hyperdepletion: foregone yields (van der Lee 2012)

Critical to understand gear dynamics and environmental
Influences for analyzing CPUE data.

Biased estimates of relative abundance if important
environmental covariates are excluded in CPUE standardization
(Bigelow and Maunder 2007)



Link environmental variable(s) to key life history
processes (e.g., movement, recruitment, and/or

growth)

Ny = GSN + R,

climate-driven recruitment models

Tanaka et al. In revision



N,,, = GSN, + R,
Model-based approach to complement
survey-based abundance index.

Environment-dependent

modeled fish density field

(Haddon 2011)

Tanaka et al. In revision



Nerr = GSN + R,

Growth transition matrices accounting for changing phenology.
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Population dynamic model

Initial abundance for each size class
Recruitment

Observation model

Natural Fishing
mortality mortality

Survey time= ™

Spawning tinv

Abundance for each size class at the

beginning of next time step

Females Spawning
biomass
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Use time—period—speciﬁc and/or area—specific life
history parameters In stock assessment (time/ space

blocks)

v’ Need to identify time blocks/areas within which
fish productivity/ life history 1s more or less stable



North Pacific Neon Flying Squid Fishery

15-19 C in August
14-18 C in September

10-13 C in October
12-15 C in November

21-25° C from January to May

Bower and Ichii 2005
Chen and Tian 2005



Four surplus production models were proposed:

Assume SSTs have no effects on Kand r

Assume SSTs on the spawning grounds
have effects on parameter K

Assume SSTs on the feeding
grounds have effects on parameter r

Assume SSTs on the spawning grounds
have effects on K and SSTs on the
feeding grounds have effects on r

Wang et al., 2017









Develop a framework to incorporate
environmental Variability Into assessment

Qualitative modeling approach
Statistical modeling approach

Population modeling approach



American lobster fishery

American lobster supports the most valuable fishery in the
United States worth over 666 million USD in 2016. Gulf of
Maine/Georges Bank accounted for ~97 % of total landings
(ACCSP 2017).



Changing environment

Gulf of Maine
~ \
Global sea surface foN
temperature trends (° yr™')
over the period 2004-2013.
(Pershing et al. 2015)

Time series of bottom
temperature (blue) and
surface temperature

( ) within Gulf of
Maine. (Kleisner et al. 2016)



Changing environment

IPCC 5t assessment ensemble model projections in
Northeast Continental Shelf under RCP 8.5

Surface temperature Bottom temperature

2017 2017

NOAA ESRL 2016



Qualitative modeling approach
Evaluate the impact of climate Variability on lobster habitat quality.

151978 Spring Adult

Top: Spatial distribution of the
median habitat suitability index
(HSI) over 1978-2013 in the coastal
waters of Maine and New
Hampshire for American lobster.
Bottom: Changes in HSI over the
same time period. Darker red
indicates change toward higher
habitat suitability at higher

magnitude.

1978-2013
T e Sprivg (March=April) :
: |
I I

1978-2013

Spring (March—April)

Tanaka & Chen 2016



Statistical modeling approach
Evaluate the impacts of climatic Variability on lobster distribution

ts1982 Total

Spatiotemporal lobster

distribution dynamics
forced by mesoscale
climatic Variability.

Potential climate-indueced
range shifts.

Tanaka et al. In press



Nerp = GSNg + R,

Climate-driven recruitment

models

Tanaka et al. In Prep
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Temporal change in the proportion of the

study area with suitable climate for lobster
recruit (CL 53-63 mm; top) and spawning stock
biomass (CL > 60 mm; bottom)




Changes in
environment (HSI)
not considered

Changes in environment
(HSI) considered



Changes in
environment
(HSI) not
considered

Changes in
environment (HSI)
considered



Changes in environment (HSI) not considered Changes in environment (HSI) considered



Changes in environment (HSI) not considered Changes in environment (HSI) considered



Schema of temperature/predator dependent population dynamics model




Hindcast of abundance of American lobster across three temperature and
management scenarios (A) Gulf of Maine stock (B) Southern New England

stock.

Le Bris et al. 2018

The blue lines show
model hindcast with
observed temperatures
and actual management
plans.

Yellow lines show
model hindcast with
constant temperature
set at the average of the
1984-1999 time period
(first half of
temperature time
series).

Red lines show model
hindcast with observed
temperatures but
inversed management
strategies between the
two stocks.



Summary

In light of the great complexity of natural systems and large
environmental variability, appropriate incorporation of environmental
drivers in stock assessment can reduce the uncertainty and help
develop assessment and management strategies more robust to the
gradual and abrupt environmental changes.






(Caddy et al. 2005)



Acknowledgement

Kisei Tanaka (UM), Jie Cao (UM), Larry Jacobson (NOAA
NEFSC), Burton Shank (NOAA NEFSC), Andy Pershing (GMRI),
Arnault Le Bris (MUN), Rick Wahle (UM), Andy Thomas
(UM), James Thorson (NOAA NWFSC), Anne Richards (NOAA
NEFSC), Jui-han Chang (NOAA NEFSC), Carl Wilson (ME
DMR), Kathleen Reardon (ME DMR), and Sam Truesdell
(GMRI)

f@?\ NATIONAL OCEANIC AND
v ATMOSPHERIC ADMINISTRATION
c"‘\*,., _“,\_f




47

Three Boys in a Dory with Lobster Pots
Winslow Homer, 1875
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