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Tab.1 Statisticsof fishery datarecord of pair trawler for
Scomberomorus niphoniusin 2012-2018

XXT@E&@E é‘éﬁ?’é‘ @/OE
number of

A VERL S G /PN

year month pair trawler longitude range latitude range
2012 1-5,9-12 21 120.40-125.25 32.25-39.25
2013 2-5,9-12 56 119.25-123.75 35.20-38.75
2014 1-5,9-12 46 118.75-123.75 35.25-38.75
2015 4-5,9-12 22 119.75-123.75 34.25-38.75
2016 1,4-5,9-12 49 119.65-124.25 33.25-38.75
2017 2-4,9-12 9 118.75-125.75 32.75-38.75
2018 9-12 7 120.25-124.25 31.25-37.25
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Fig. 1 Monthly (a) and annual (b) variation in nominal CPUE of Scomberomorus niphonius in 2012-2018
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Fig. 2 Monthly variation of barycenter of fishing

ground for Scomberomorus niphonius pair trawler
fishery in the Yellow and Bohai Seas
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Fig. 3 Annual variation of barycenter of fishing ground for Scomberomorus niphonius pair trawler fishery in the Yellow and Bohai Seas
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B, EOSE—BRRKTVEEME, 48— TF
PIE, WO A S KEAR A R, S
FEARE 5K IR AR R AR R (B 4).
24 GAM EEIER YR

FIIFH Pearson AH M ) I F A5 K 16, 22
ERBERA Ay . 2R JZ AL ) A7 AR A 35 HE S P (R G
F5>0.7, P<0.05), Wi LRZEE, LM T
TNAKRERL, SEL AL HT, AT GAM HaB iR
1n(CPUE+1) = year +s(SST) + s(longitude) + s(latitude) + &

AR 44 L CPUE 1 2 fift BE % 36.2%,
Ay . RIZIKWE . 4B FNER B R PR
(P<0.01), HrAp4FEMy X4 L CPUE 52 K, i
BT 20.8%, HKIEFIZKIE(8.8%) A (4.7%) .
2 (1.9%)(F 2).
25 AN CPUE SMETENXER
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Fig. 4 Relationship between anomaly of latitude or longitude of fishing ground for Scomberomorus niphonius pair trawler fishery
and SST anomaly
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Tab. 2 Resultsfrom model fitting and analysis of
important explanatory variables

AR SRR 22 R %

TR R

added explanatory  accumulation of . AIC
. . . importance P
variables deviance explanation
null
+year 20.8 20.8 <0.01"" 32472
+s(SST) 29.6 8.8 <0.01"™ 31483
+s(longitude) 343 4.7 <0.01"™" 3096.3
+s(latitude) 36.2 1.9 <0.01"" 3080.6

TE: #3008 26 AR 3 (P<0.01).

Note: *** indicates extremely significant differences (P<0.01).

(ka5 PR GHEY ) (2014—2019)
i 2012—2018 4R & S B0 VERTB T AR
P, W5 D84 X CPUE £H4EX7E 9 A
(K, 9—11 H 44 X CPUE {H s T HAb A £y . B
oSSy J2 0 1976 AFFT I & Dl L&
WA R 32, b s DARRa 3R & o0 32, 1 & T
R L5,

WS B E O A AR B, 2k
SERAMBMPEIL . R R S AR A S L
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Fig. 5 Effects of explanatory variables on nominal CPUE of Scomberomorus niphonius
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Fig. 6 Comparison between nominal CPUE and standardized
CPUE by GAM for Scomberomorus niphonius pair trawler fishery
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Abstract: The Spanish mackerel (Scomberomorus niphonius) is widely distributed in the China Seas. It is a com-
mercially important marine fish species, which has maintained a high yield in China for many years. With the re-
cent decline in fishery resources, S. niphonius has played an increasingly important role in Chinese capture fish-
eries. Therefore, it is of great significance to analyze the status of fishery resources for the sustainable utilization
and rational management of S. niphonius. Catch per unit effort (CPUE), commonly used as an index of the relative
abundance of fish populations, is one of the most important data sets used for fishery stock assessment. Fish-
ery-dependent monitoring programs are a common source for collecting data for stock assessment and fishery
management, as it is more cost-effective and may collect data on a larger spatio-temporal scale compared with that
of fishery-independent survey programs. However, the nominal CPUE calculated based on the fishery-dependent
survey data is usually influenced greatly by various factors, such as temporal (e.g., year and month), spatial (e.g.,
longitude and latitude), and environmental (e.g., sea surface temperature) factors. It is essential to standardize the
CPUE before it is used in fishery stock assessment. Generalized additive models (GAM) are commonly applied to
standardize CPUE data. Based on the logbook data of monitoring fishing vessels in Shandong Province in
2012-2018, the CPUE and variations in the barycenter of fishing grounds for S. niphonius pair trawler fishery in
the Yellow and Bohai Seas were studied. The GAM model was used to analyze the relationship between the
nominal CPUE of S. niphonius and the spatio-temporal and environmental factors, such as sea surface temperature,
and to standardize the CPUE. The results showed that the nominal CPUE and barycenter of the fishing grounds of
S. niphonius had clear monthly and annual changes; the nominal CPUE showed a fluctuating downward trend from
2012 to 2018, and the maximum appeared from September to November each year. The monthly changes in the
barycenter of the fishing grounds included a spatial shift from the southeast to the northwest and then to the
southeast throughout the year, which was consistent with the migration patterns of S. niphonius. The barycenter of
the fishing grounds showed yearly variation, and the variation in longitude was opposite to the trend of sea surface
temperature change, whereas the variation in latitude was the same as the trend of sea surface temperature change.
The results of the GAM model showed that year, sea surface temperature, longitude, and latitude had an extremely
significant effect on nominal CPUE, among which the year had the most significant effect on nominal CPUE. The
nominal CPUE showed an increasing trend with sea surface temperature. The standardized and nominal CPUEs
had similar variation trends, but the fluctuation range of the standardized CPUE was small, and its value was lower
than that of the nominal CPUE.

Key words: Scomberomorus niphonius; spatio-temporal distribution; CPUE standardization; generalized additive
model (GAM); Yellow and Bohai Seas
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