North Pacific Marine Science Organization | PICES-2022

Evaluating the spatiotemporal
dynamics of Pacific saury in the
Northwestern Pacific Oceahy usinga
geostatisticalmodelling approach

JhenHsu,YrJayChang,ToshihideKitakadg
Mikihiko Kai,BaiLi, Midori HashimotoChikhao
Hsieh,ViadimirKulik KyumJoonPark




Outline

Alntroduction of North Pacific Fisheries Commission (NPFC
and Pacific saury;,

AModelling the spatiotemporal dynamics of Pacific saury
by using apatiotemporal modelling framework (VAST);

AEvaluating the influences of various spatial treatments on
the estimation of abundance index;

AGeneral conclusions:



How importantsmallpelagic fishesare?

Small pelagic fish species are a key componenmtarfne ecosystems;
In addition, there are substantial commercial fisheries taaploit
smallpelagicspecies: .'»‘A"Z"sﬁ%'ﬁ“ﬁhfé’é‘ﬁ?o%
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Distribution and migration route of Pacific saury

55

50

45

40

35

30 7

Shawning grounds

In winter

/Spawning grounds in
autumn and spring

Subarctic front

[ ] Japanese fishing grou
High sea fishing grout

nd
nd

160

|
180

|
200



Current issues of the Pacifgsauryfisheries
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Environmental Change Puts Future
of Japanese Autumn Delicacy in
Doubt
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Habitat suitability of pacific saury (Cololabis saira) based on a yield-density | %)
model and weighted analysis RC

each variable

1

However, the relative importance of

:;1 e>_<p|aining the spatial distribution shifting of
acific saury remains unclear !

Pacific Ocean. However, ciaugug ~~~=" o .

grounds and fishery management. We combined a yield-density model and WeIgNTea staustias sy ==

velop a habitat suitability index (HSD model to identify the relationship between oceanographic variables and
potential habitat. This approach was applied to fishing data from the Chinese saury fishery during the main
fishing season (June-November) from 2013 to 2015. The oceanographic variables considered included sea
surface temperature (SST), horizontal sea surface temperature gradient (SSTG) and sea surface height (SSH). The \
HSI model was validated using fishery and oceanographic data for 2016. This study indicated that (1) the yield-
density model can be reliably used to fita curvilinear relation between the suitability index (SI) and SST, SSTG,

and SSH, and the optimal habitat conditions for the three variables were obtained; (2) weighted analysis-based

14 poosted regression trees revealed that SSTG had the most important influence on SI each month, followed by SST -
and SSH; and (3) approximately 70% of the fishing effort occurred in the areas where HSI > 0.5in each month.

Results of this study could help to further understand the effects of oceanographic conditions on habitat dis-
ribution and provide a way to forecast saury fishing grounds.
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Objectives of this study

A How did the Pacific saury distribution change in the past?
I Toquantify the magnitude oflistribution shifting ofPacific
saury over time,

A However, projectionsf future distribution of Pacifisaury solely
basedon the environmentalvariablesmaybe misleading

I Toinvestigate the extent to whicthe spatial shifting cabe
attributed to the factors of:

Local/regionalenvironmental variablege.g.,SS,TSouthern
Oscillationindex; SQ

Unmodelledspatiotemporal variableqe.g.,species interaction
fishing harvest; complex oceanographic condijion



Quantlfy the“Unmodelled effects onsaury
distribution

geostatlstlcalapproach (VASTL: "
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International collaborative data collection

Studied area Fisheries data by NPFC members
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Counterfactual analysis

VAST model (Thorson, 2019) . .
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Distribution shiftingof Pacificsaury
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Environmentalv.s. “unmodelled’ varil ab

Example: 2017 Both are less important Most important
SST ENV+SOI
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Summary

AWe found that thecentroid ofgravity of Pacific saury had an
apparent eastward shifting after 2013, and a further shift with
a lowerrelative abundancen 2017,

AWe also found that neither a single local or regional
environmental variable naainy combinatiorof them could
simply explairthe distributionalshift of Pacificaury;

Alnstead the change in spatial distribution is mostly attributed
02 wGrfhSdelied a LI G A Rania®lystJ2 NI f

AWe emphasize that developing a quantitative understanding o
the underlying mechanismss a critical area for future work;
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Current stock assessment result of Pacific saury

20- 2022 NPFC stock assessment
(Bayesian surplus production modgel
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Influences on the fishery CPUE other than
fish abundance
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The most common method for the
CPUE standardization

A Statistical linear models have been developed to summarize
the combined relationships of many factors;

A Commonly, thespatial heterogeneityin fish densityis treated
as thearea effect

CPUE= Intercept +Year +Vessa_.

277

A AnnualCPUE was standardized by fixing aIIAcovariates other
0KFY &@éSI| NEaveciorof stahdddzed (or U 2
expected)values; =

L

Theproblemi s ...nodetermine each area strata



Issue for areastratification on standardized CPUE

A Although several approaches have been developed to create
the area stratification in standardizing CPUE gdata
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A Simulation testing is a powerful to6l S O dz& S

uUKS

Simulation testing in CPUE standardization

a G N

known,so thatthe standardization method can be tested in terms

of how wellit predictsthe abundance trends
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Objectives of this study

Using therealworld andsimulated dataof the Chinese
Taipel stickheld dip net fishery in the Northwestern

Pacific:
AWhat is the best spatial treatment in the CPUE
standardization?
Ad hoc, Binary, Spatial 1, Spatial0.1, and VAST

ATo evaluate the impacts of two spatial sampling patterns
iIn CPUE standardization;

randomv.s preferential sampling of fishery data;



CPUEstandardization model structures

Using GLMMs to evaluate sevesghtial treatments to standardize
CPUHata:

A Spatially stratified approaches:

guadraticSS'effect
randomeffect
log(CPUE )= Year +Area +Year 3Area S$ST S$ST Me
V V randomeffect

Ad hoc, Binary, Spatiall, and Spatial0.1

A Spatiotemporal approach(VASY:

Year effects vessel effects (random effect)

A randomeffect % no |
log(CPUE)=b(t) ®(5) Hs.1) uly) as()X(s.t.1)

j
. v v _ guadraticSSeffect
Spatial effects Spatietemporal effects



Simulation testing in CPUE standardizations
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Estimated abundance indices from
the real-world data
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Results of model performances among spatial treatmer
under two sampling scenarios
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Summary & fishery implications

A Ad hoc manneor constrained to rectangular grids maysinterpret
the fishdensitydistribution;
AVAST could better explain the fish density than other GLMMs;
Fish density variesontinuously acrosspace;
The patterns in density distribution ovdéime are described by
unmodelledspatiotemporal variable;

A Spatial 0.Imay cause aubstantiabiasin index estimatiorif the
spatiotemporal distribution of fisher is nenandom;

A Spatiall is an alternativdor defining spatial strata if VAST is not
possible;

A Althoughthis studywas focusean Pacific saury, the methodology
should be broadlwapplicable toother fisheries for which similar data
areavailable;



Fisheries Research 255 (2022) 106440

Contents lists available at ScienceDirect

S %5 Fisheries Research

ELSEVIER journal homepage: www.elsevier.com/locate/fishres

Check for

Evaluation of the influence of spatial treatments on catch-per-unit-effort i
standardization: A fishery application and simulation study of Pacific saury
in the Northwestern Pacific Ocean

Jhen Hsu?, Yi-Jay Chang ™", Nicholas D. Ducharme-Barth ¢

# Institute of Oceanography, National Taiwan University, Taipei 10617, Taiwan
b Institute of Fisheries Science, National Taiwan University, Taipei 10617, Taiwan
© NOAA National Marine Fisheries Service, Pacific Islands Fisheries Science Center, 1845 Wasp Boulevard, Building 176, Honolulu 96818,

ARTICLE INFO ABSTRACT

Handled by: Andre Eric Punt Fishery-dependent catch-per-unit-effort (CPUE) data often exhibit spatial heterogeneity over space and time,
which means that the spatial treatment in statistical models used to standardize CPUE is critically important. We

Keywords: evaluated several spatial treatments to standardize CPUE data using Generalized Linear Mixed Models (GLMMs).

CPUE standardization Results include a real-world application and a simulation based on the Taiwanese stick-held dip net fishery for

Simulation-testing

. Pacific saury in the Northwestern Pacific Ocean. We compared the performance of three spatially stratified
Influence analysis

- . approaches in GLMMs, (i) Ad hoc; (ii) Binary (binary recursive area partitioning based on model selection
Spatio-temporal modelling approach L . . e . . . P

Area stratification criteria); and (iii) Spatial clustering (partitioning of grids into discrete strata based on the spatial proximity and

Pacific saury average CPUE in each grid), to a spatio-temporal GLMM (VAST). An influence analysis was constructed to

quantify discrepancies between unstandardized and standardized indices that assisted in identifying the annual

influence of exnlanatorv variables in GLMMs. We develoned a simulation to corroborate the results from the case

Available code:
https:.// github.com/[henhsuNTU/spatial.treatment.influ.analysis.manuscript



https://github.com/jhenhsuNTU/spatial.treatment.influ.analysis.manuscript

Conclusions

AThe change in the spatial distribution of Pacific saury is mostly
I G G NRA 6 dziuBnkodelleZe GAKLE GOoA 2 0 S Y LI2 NJ f

A We cautionthat before projecting fish distribution resulting from
climate change/environmental phenomena, analysts should first
determine whether the hypothesized driving variables account
for a meaningful proportion of variability in the historical
distribution datg

A Simulationresults indicatgl K luimodellecé & LI 0 A 2 O S
variables could provide a more precise treatment to address the
fish density;

For example: nonstationary SST effect (monthly varying) on
fish density; biological interaction; complicated
oceanographic conditiongreferential sampling;
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