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al,2017) Nigmatullin (2009) , (body weight,
, 710 mm BW) (mantle length, ML)
460 mm 6 , , 1 mm;
s (Argiielles et al, , lg
2001; Markaida et al, 2004; Chen et al, 2011) 1.2 a
(Markaida et al, 2003; Field et al, 2013; Rosas-Luis et al, a
2016) ( , 2014; NOAA ERDDAP (https://
, 2014; Ibanez et al, 2016) oceanwatch.pifsc.noaa.gov/erddap/index.html) ,
) ( , 2018; > ID CRW _sst vl 0 _monthly,
2020) ( , 2019; Chen et al, 2020) a ID OceanWatch nasa-viirs_chla
) monthly, R
) 0.05°x0.05°
(Ibafiez et al, 2017 , (sea
2007; Keyl et al, 2011) , surface temperature, SST) a
, (chlorophyll a concentration, chl a) 2
, 20—27 °C, a
2017 2—4 6—8 0.17—0.40 mg/m’ ,2
, (26.11+0.09) °C, a
a , (0.20+0.01) mg/m*; 3
, (26.78+0.17) °C, a (0.19+0.01) mg/m’; 4
, (27.01+0.19) °C,
a (0.20+0.01) mg/m’; 6
(24.77+0.42) °C, a
1 (0.21£0.03) mg/m*; 7
1.1 (22.57£1.11) °C, a (0.23£0.04) mg/m’; 8
(20.64+0.52) °C,
, 2017 2—4 6—8 a (0.30+0.04) mg/m’
9.33°S—1.35°N 84.11°W—118.60°W 1.3
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Fig.1 The sampling stations of D. gigas in the eastern Pacific Ocean
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2) (Jereb et al, (variance inflation factor, VIF) ,
2010; Rosa et al, 2013), ( , VIF=11.89;
, , VIF=8.38),
, - (Zuur et al, 2009)
, (body condition :
index, CI) ( , 2017; , 2019), In(ML) =ag+a; SST+aychla+o; Lat+e¢, (2)
» ML (mm); oo
(W-L) ( ,1999) s o oy a3 (SST) a
W =a x L (1) (chl a) (Lat) , €
, W (g), L (mm),a b R In(ML)
(Zuur et al, 2009)
3) (generalized R
linear mixed-effects models, GLMM), + (mean+SD) t
a - b b=3
(overparameterization), b
Kolmogorov-Smirnoff
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(ANOVA) (D , ,
, Tukey HSD ( 3,4
; Kruskall-Wallis 2.2
Games-Howell HSD BW=3.68x10° ML*®”  BW=4.45x
Ime4 (Bates et al, 2015) 10° ML*' ( 5) ¢ ,
P<0.05 - b
b=3 ( , t=-3.46, P<0.05;
2 , =—4.66, P<0.05) ,
2.1
, 0.90 ( 2) ¢t , 2
163—468 mm, 123—3 034 g; (1=2.29, P<0.05), 6
171—475 mm, (t=-3.42, P<0.05),
145—2 681 g , b=3 (
( F=439.26, 2) ,2 6 8
P<0.05; F=487.08, P<0.05), (P<0.05),
2 ,6 7 8 b=3 (P>0.05)
( 2
F1 EZXBHAMRAKNERE
Tab.1 Summary of mantle length and body weight of D. gigas
. (mm) (8)
+ +
2 68 326—452 397.79+31.78" 972—2 983 1 835.59+498.69°
3 169 256—455 334.57+50.38° 428—2 764 1 124.74+560.41°¢
4 117 270—468 356.78+£49.74° 570—3 034 1 352.97+597.46°
6 706 163—380 261.95+36.21¢ 163—1 815 549.59+254.84°
7 784 168—395 257.76+34.43¢ 123—1 744 522.62+243.60°
8 792 180—375 259.40+33.35¢ 148—1 507 519.20+£223.07¢
2636 163—468 272.31+49.47 123—3 034 638.15+420.96
2 14 352—475 402.29+30.69° 1191—2 681 1 758.29+366.94°
3 70 268—384 324.93+31.65° 479—1 667 923.90+271.55¢
4 43 292—438 344.58+35.81" 633—2 486 1 132.40+440.49°
6 264 195—362 259.42+37.39¢ 215—1 395 519.43+236.53¢
7 221 196—342 249.39+34.20¢ 202—1 305 456.29+213.94¢
8 380 171—376 245.23+30.67¢ 145—1 337 419.22+176.66°
992 171—475 262.08+46.10 145—2 681 539.58+325.49
+ (P<0.05)
2.3 6—7 , 3 , 2
, 6b)
( , F=7.32, P<0.05; , F=7.89, 2.4
P<0.05) 6—7 , 4 (GLMM) ,
,3 ( 6a); a
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Fig.3 The distribution of mantle length by sampling month for female D. gigas
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Fig.4 The distribution of mantle length by sampling month for male D. gigas
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Fig.5 The relationship between body weight and mantle length for female and male D. gigas
:a. . b.
*2 EZEFRREMFEKHBIBBEEITFSEHER
Tab.2 Results of the power regression between body weight and mantle length for D. gigas
b b=3 t
n
a b r t P
2 68 5.45e-06 3.28 0.92 2.29 0.025
3 169 2.04e-05 3.05 0.96 1.07 0.286
4 117 3.61e-05 2.96 0.95 —-0.65 0.519
6 706 5.38e-05 2.89 0.92 -3.42 0.001
7 784 3.14e-05 2.98 0.90 —-0.46 0.644
8 792 3.50e-05 2.96 0.92 -1.27 0.204
2 636 3.68e-05 2.95 0.95 -3.46 0.001
2 14 5.76e-04 2.49 0.87 -1.91 0.040
3 70 6.71e-05 2.89 0.92 -1.62 0.110
4 43 8.21e-06 3.10 0.96 1.92 0.062
6 264 5.95e-05 2.86 0.94 -3.01 0.003
7 221 2.12e-05 3.05 0.95 1.02 0.311
8 380 5.44e-05 2.87 0.92 -2.96 0.003
992 4.45e-05 2.91 0.96 —4.66 0.000
(Jereb et al, 2010; Rosa et al, 2013; s 3
, 2016); , , 6 7 8
s (Nigmatullin et , 6—8 ,
al, 2001) ,2017  2—4 6—8
b
y 2 (P<0.05), ,
(Ibafez et al, 2007) (Nigmatullin et al,

(Keyl et al, 2011)

2001; Jereb et al, 2010; Rosa et al, 2013)
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Tab.3 Results of generalized linear mixed-effects model of mantle length regression on environments and latitude for female D. gigas

0.015
0.016
t P
5.04 0.16 31.34 <2.00x10°'®
0.02 0.01 4.59 4.80x10°°
a 0.45 0.11 421 2.64x107°
0.02 0.002 8.51 <2.00x107'¢
R? 0.54
R
6.5 6.5 6.5
a b c
__ 6.0 __ 6.0} __60F
¥ W ¥
= = =
< £ c
55F 55F 55
50F 50F 5.0
20 22 24 26 28 015 020 025 0.30 0.35 0.40 10 -8 6 4 -2 0 2
=& (°C) HE&RaRE (mg/m°) 5 (°)
7 (a) a (b) (c)

Fig.7 The relationships between mantle length and sea surface temperature (a), chlorophyll-a (b) and latitude (c) for female D. gigas
using generalized linear mixed-effects model
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Tab.4 Results of generalized linear mixed-effects model of mantle length regression on environments and latitude for male D. gigas

0.013
0.015
t P
4.89 0.29 21.33 <2.00x107'¢
0.03 0.01 428 2.00x107°
a 0.04 0.16 0.26 0.79
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Fig.8 The relationships of the mantle length to sea surface temperature (a) and to latitude (b) for male D. gigas using generalized linear
mixed-effects model

(Economo et al, 2005; Froese,

2006) , - (W-L)
W=axL’ b

— ) b

3( , 1999)
b h=3

3,
b 24

2 b b=3

>

(P<0.05),

3 4 b b=3
(P>0.05) , b 2—4

, 4 b>3 s
2—4
(Boyle et al, 2005; Rosa et al, 2013) (2012)

, ( 2—4
)12 4
1/10,
2—4 ,
- b



4 : (Dosidicus gigas) 1015

> (Jereb et al, 2010) ,
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2—4 , - , —
b 6—8 3, (Rosa et al, 2013)
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b=3 Tafur  (2001) ( T7c, 8b),
Rosa (2013) , ,
6—8 2—4 , Audzijonyte
, 6—8 (2020) )
55% ,
( , 2019; Chen et al, (subsurface ocean temperature
2020) , anomaly, SOTA) (El
, - ( S Nifio-Southern Oscillation, ENSO) R
1999; Green, 2001) 2—4 ( ,
, ; 6—8 , 2020) ,
2—4 6—8 , -
3.2
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(Jereb et al, 2010) , (Fiedler et al, 2006)
, a 0.17—0.40 mg/m’ ( 2b),
(Forsythe, 2004; a
Boyle et al, 2005) R (0.06—0.50 mg/m°) ( , 2014) ,
) a
s Keyl , a
(2011) , a
, 20—27 °C
( 2a), ’
(Gilly et al, 2006; Stewart ef al, 2013) Staaf (2011) ,
Velazquez  (2013) S (Argtielles ef al, 2001; Markaida et al, 2004;
Chen et al, 2011),
, (Field et al, 2013; Rosas-Luis et al, 2016) s
> a >
a )

- (temperature-size rule)
(Atkinson, 1994)
, 2017 2—4 6—38
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MONTHLY VARIATION IN BODY SIZE OF DOSIDICUS GIGAS AND
ENVIRONMENTAL RESPONSES IN THE EQUATORIAL WATERS OF EASTERN
PACIFIC OCEAN

LIAN Jin-Xin', ZANG Na', LIN Dong-Ming"*** ~CHEN Xin-Jun"?%?**?

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable Exploitation of
Oceanic Fishery Resources, Ministry of Education, Shanghai 201306, China; 3. National Distant-water Fisheries Engineering Research
Center, Shanghai 201306, China; 4. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture and Rural Affairs,
Shanghai 201306, China; 5. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract The jumbo squid Dosidicus gigas is endemic to the eastern Pacific Ocean and plays a critical role being prey
or predator, and it is an important species in the world invertebrate fishery. To understand the body size changes of D. gigas
and the environmental responses, we randomly collected 3 628 specimens from the equatorial waters of eastern Pacific
Ocean during February-April and June-August 2017. The specimens were analyzed for the monthly changes of body
weight (BW) and dorsal mantle length (ML), and the generalized linear mixed-effects relationships between ML and sea
surface temperature and chlorophyll a concentration. The results show that female squids ranged between 163 mm and
468 mm ML and between 123 g and 3 034 g BW, and males ranged between 171 mm and 475 mm ML and between 145 g
and 2 681 g BW. Both female and male squids varied significantly in dorsal mantle length and body weight among the
sampling months, in which females and males both were found in the largest size in February and relatively smaller size in
June to August. Specimens from each sampling month exhibited a unimodal distribution of dorsal mantle length
consistently. As the power regression of BW-ML revealed, both female and male squids sampled during February to April
showed likelihood of isometric growth but in a poorer body condition, while those sampled from June to August were
mostly found allometric growth with a better body condition. In addition, to understand the relationships of dorsal mantle
length to environmental variables and sampling latitudes, the generalized linear mixed-effect models using sampling month
as random effect were performed, and a positive and significant effect of sea surface temperature on the attainment of
dorsal mantle length was found in both sexes. Meanwhile, the effect of sampling latitudes on the dorsal mantle length of
both sexes was also significant, showing an increase trend of ML towards the equator. The effect of chlorophyll a
concentration on the dorsal mantle length was found significant in female squids only. Therefore, the monthly change of
body size of D. gigas was significant in the equatorial waters of eastern Pacific Ocean, and was correlated with the sea
surface temperature and chlorophyll a concentration.

Key words Dosidicus gigas; size change; sea surface temperature; chlorophyll a concentration; eastern Pacific
Ocean



