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Fig. 1 Distribution of the Spanish longline fishery for the northern and southern stocks of Atlantic swordfish, 1995—2022

FR1 FHRRANKEEGERELIRE R (1995—2022 )
Tab.1 Environmental data included in this study (1995-2022)

REAT S

WA . L H
Environmental variables Representative Scope
symbol

RA )25 Mixed layer depth/m mld 10.77~318.53
1A = ) Sea surface height/m ssh -0.84~0.36
R 1A 8 Sea surface temperature/°C sst, 0.15~29.53
3T £R 2 Sea surface salinity $s8, 31.35~37.64
TR TR S % Sea surface dissolved oxygen concentration/ (mmol/m?) do, 199.20~346.45
TR0 PR e A 7= i Sea surface net primary production/[ mg/(m?-d) ] npp, 0.14~113.47
50 m R JE /KR % Temperature of sea water at 50 metres depth/°C sst, 0.38~28.13
50 m 37K £R ¥ Salinity of sea water at 50 metres depth $885, 32.25~37.50
50 m RV K I i S8 K B Dissolved oxygen concentration in seawater at 50 metres depth/(mmol/m®) doy, 40.21~35.08
50 m R EK A P9I 9% 4 7 B Biological net primary production in seawater at 50 metres depth/[ mg/(m*-d) ] npps, 0.07~33.06
100 m PR JE 7K & Temperature of sea water at 100 metres depth/°C ssty 40 -0.64~25.64
100 m PR JE#E/K 5 Salinity of sea water at100 metres depth $S8,40 32.89~37.47
100 m R 1 7K V7 i S8 16 B Dissolved oxygen concentration in seawater at 100 metres depth/(mmol/m®) do,,, 14.32~327.10

100 mIREEK A PG4 rH Biological net primary production in seawater at 100 metres depth/[mg/(m*d)] npp 0.001~8.30
100
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Tab.2 Groups corresponding to different time series of
northern and southern Atlantic stocks, 1995—-2022

N N X N7 £ 51 N . Sof 7 4050
wrpm S gy AL
. . Corresponding . . Corresponding
Time series Time series
groups groups

1995—2022 A 1995—2015 H
1995—2021 B 1995—2014
1995—2020 C 1995—2013 J
1995—2019 D 1995—2012 K
1995—2018 E 1995—2011 L
1995—2017 F 1995—2010 M
1995—2016 G

e T AR B U 0 9 45 SR A ) sdmTMB 452 1

A HAp AR H T ALE R, A X
(43 1T P PR AR R -
Cepp = factor(X,,) + factor(X,,,, ) + s(Xss,w) +
s(X, ) +s(X ) +s(X, )+ e
Coppp = factor(Xyem_) + factor(X,,,, ) + s(Xss‘”) +
s(X, ) +s(X, ) +s(X, )+ e (4)
1 : factor 2 435 AR 1t PR ;5 i 2278 1Y
SR N1 7 ME 45 OF W PR %k (Natural cube spline
smoother) ; X, N RN 5 X, W H B 5 X, K
50 m IR EEHER BERON 5 X, o 50 m PR R K A=
YA 9 Lk 72 BN 5 X, R 100 m IR B2 T K 3
JERUN 5 X, Ay T 2 THT V45 A R0 Tk B2 A0 5 X, A Y
2 R ROV -
XTI b BB R AT 3R 22 12 W, 2 A LAY Y
REBIHIES A (E3),

month

(3)

ssty
2+
nppo Sstsg 25F
< sho|omer gk
2 ot Clusters = Clusters
; »> 1 5 »> 1
& SStio| . 2 & 0 nppigy 5SS >0
) +3 ) -3
=8} ol >4 ~ >4
do, 2.5+
-4r doig do,
4 2 0 2 4 2 0 2 4
PC1 39.84% PC1 36.75%
(a) RPGHALTFEE North Atlantic stock (b) KPUFERT HBAHE South Atlantic stock
B2 K-meansEEF PCAER
Fig.2 K-means clustering and PCA results
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(b) KVUFERGTHHIX I, South Atlantic region
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Ggrey areas indicate 95% confidence intervals.
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Fig. 4 Nominal CPUE versus standardized CPUE in the Atlantic swordfish longline fishery, 1995—2022
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Fig. 5 Calculation of annual mean standardised CPUE for different time series for
the northern Atlantic stock 1995—2022
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Fig. 6 Calculation of annual mean standardised CPUE for different time series for
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CPUE standardisation in the Atlantic swordfish longline fishery based on
sdmTMB

WAN Faruyi', LIN Hongyu', ZHANG Fan'*

(1. College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education , Shanghai 201306,
China)

Abstract: In order to improve the reliability of assessment results and support sustainable management,
evaluating the robustness of methods for standardizing catch per unit effort (CPUE) prior to stock resource
assessment is necessary. Fishery stock assessments require long-term and continuous work, and their
accuracy is critical for management decisions and species conservation. In this study, we analysed data
from the Spanish longline fleet in the Atlantic Ocean between 1995 and 2022 to standardize CPUE in the
Atlantic swordfish fishery using the sdmTMB method, and a retrospective analysis using Mohn's p method
was conducted to validate the robustnessof 13 different time series of data (A-M). The results
demonstrated minor variations in the standardized CPUE outcomes across different time series. The
retrospective analysis further validated the consistency of the standardized CPUE outcomes. The study
concluded that the sdmTMB method for standardized CPUE of Atlantic swordfish exhibited high stability
and can accurately reflect the relative resource abundance of this stock. This study provides substantial
support for reliable resource assessment and scientific fisheries management decisions.

Key words: Atlantic swordfish; CPUE standardization; robustness; sdmTMB
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