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Challenges in the Assessment and Management of Short-Lived Species

High natural variability in stock level due to few cohorts (perhaps only one) limiting
forecasting certainty and lessening impact of alternative management options;

Fewer cohorts retain limited information about exploitation rate and hence the scale of
the stock;

Data lags that span a high degree of uncertainty in stock status (available data may be
‘out of date’ and uninformative about an appropriate current management policy);

Management that does not occur frequently enough to adequately respond to changes in
stock and fishery dynamics;

Environmental drivers of stock level may be more influential than management decisions;

Conventional fisheries management reference points may not be suitable.



sIMSE is a R package for conducting simulations to
answer two key questions:

1. Whatis an appropriate assessment model for a short-lived species?

2. Canwe design a management procedures that can meet

management objectives robustly given uncertainties in system
dynamics?



sIMSE workflow

Review of literature, stock information and data sources

What are plausible system dynamics?
What data types are available?
What management levers could be applied?

Operating conditioning / Model specification and fitting tools
assessment models Model configuration and fitting

Stk =i Simulated
: Data
Simulator

assessment

—_——

Evaluation of operating
model conditioning / stock

|

Simulation Tools
Given the plausible system dynamics and
available data, is it possible to reliably
performance estimate stock status, trajectory and

Operating model specification [

Candidate management procedures R s

Performance metrics S—

establish reference points?

MP and MSE Tools
What combination of data and
simulation management procedure (empirical or
testing of assessment + HCR) can meet
MPs management objectives robustly?




Simulated dynamics

Review of literature, stock information and data sources

A quarterly, 3-stock, 3-area, 2
fleet demo:

(a-c) Three phenotypes
(d-e) Varying survival

(f-h) All with seasonal
recruitment

(i-j) Varying spatial distribution
(k-1) Varying ontogeny

(m-n) Seasonal exploitation
with strong historical
contrast

(p-q) Time-invariant selectivity
differs among fleets
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Simulated Data

Quarterly and annual data
for two fleets.
(a-c) Landings

(d-e) Fishery-dependent
vulnerable biomass
index

(f-g) Fishery-independent
biomass index

(h-j) Length composition
data
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Assessment Models (OM conditioning models)

Four assessment methods were coded into sIMSE that allow for control over their specification:
- State-Space Surplus Production (SPiCT) with annual time step;

- State-Space Surplus Production (SPiCT) with quarterly time step (estimating seasonality in
production);

- Age-Structured Production Model (RCM) with quarterly time step, maturity, growth and
selectivity specified;

- Statistical Catch-at-Length (RCM) with quarterly time step, maturity and growth specified,
selectivity estimated.



Assessment (OM conditioning models) Simulation Testing
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Assessment (OM conditioning models) Simulation Testing
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Assessment (OM conditioning models) Simulation Testing
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Assessment (OM conditioning models) Simulation Testing

Quarterly RCM age-structured

production model (default spec)

properties:

Slight underestimation of
biomass, overestimation of
harvest rate (U).

Reference point estimation still
strongly biased and imprecise.

UMSY not estimated so both
precise and has low bias.

Biomass (B) (t)

Harvest Rate (U)
00 02 04 06 08 1.0

Freq. (nsim)

1000 2000 3000

0

(a)

— Simulated sim #1 o
==- Estimated sim # >
: @
A
w
E
w
7]
w
et \ a1]
T I T [ T
2005 2010 2015 2020 2025
Year

(c)
— Simulated sifn #1 -
--- Estimated 1 #3 &~
sin #4 Q
@
w
J
k7]
w
] . f 2

I 1 |

BMSY Est.Err. (E-S)/S %

2005 2010 2015 2020
Year
(e)
[ | Est Bias: 189.34%
—
£
w
I - £
: o
‘ wo_
| | | °
[ | [ |
0 100 200 300 400

o
I

100 150

Il

50

Il

0

-50

200 400 600

0

(b)

Mean Est. bias: -14.48%

2010 2015

Year

(d)

1 Mean Est. bias: 91.05%

1

0 100

MSY Est.Err. (E-S)/S %

[
200

2005 2010 2015 2020 2025
Year
(9)
. N . 1
Est. Bias: 195.77% | Est. Bias: 2.23f6
|
’E“ l
o |
ce_1lI
g | ]
- - - LI- l
H |
i |
- o - : :
I 1 I I I I ]
300 400 0 1 2 3 4

UMSY Est.Err. (E-S)/S %




Operating Model Specification and MPs

Review of literature, stock information and data sources

Evaluation of operating
model conditioning / stock
assessment performance
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MSE steps:
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sIMSE Summary

e Rapidly create complex multi-stock (or phenotype) and multi-fleet OMs with
spatial dynamics such as ontogeny and seasonality.

e Test estimation models typically applied in the assessment of short-lived stocks
and refine input parameters to improve estimation performance.

e Condition operating models using refined estimation models and real data.
* Test and refine responsive management procedures.

 NEXT STEPS: work with RFMO scientists to develop worked case studies for short-
lived species of interest.

For more information including code examples please visit the project page:
https://blue-matter.github.io/sIMSE
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