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, , (Sakurai, 2007;
(Wada et al, 1987; Hobson et al, 1992; Qiu et al, 2017)
Voigt et al, 2003) shC ,
, 0~1%o, , ( 2
(Deniro et al, 1978);  6"N )
(3%0~4%o), ( , 2007, , 2021),
(Post, 2002) (Lin et al, 2015), ,
(Newsome et al, 2007)
Fuji ~ (2021) 0 1 , ,
s-c d"N , 170°W
, 35°~47.5°N 140°~
165°E ( ,2019), 1
(Qiu et al, 2017),
(Oyashio Extension, OE; 38°~43°N 1.1
145°~173°E) R «“
, (Wu et al, 2019; 0277 R 2018  7~12
, 2021); (western (40°00'~49°00'N  150°00'~
subarctic gyre, WSG; 43°~50°N  150°~170°E) 164°30'E) 126
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Fig.1 Sampling stations of Pacific saury in the Northwest Pacific Ocean
, (Qiu et al, 2017),
1.2 , 1 mm
1.2.1
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253~307 mm , 10 mm 1.3.3 Ly (2)
R 6 (Minagawa et al, 1984):
15N 1o 10 — 515
1.2.2 L= O "Nt —0 "No ‘A, @)
, =55 An
24 h; MM400 8P Npe, PN, 5YN,
. 6|5N
( , 2013),
2:1 N. cristatus ,
(Post et al, 2007); 1 mg , OE 0Ny
, Sercon Integra2 - 6.3%o (Aita et al, 2011), WSG 0Ny
(elementary analysis-isotope 6.0%0 (Kobari et al, 2022) A
ratio mass spectrometers, EA-IRMS), R 2.3 (Gorbatenko, et al, 2014)
, %o An O”N ,
EA-IRMS (1) siC 3.4%o (Minagawa et al, 1984)
"N (Wada et al, 1987): 1.4
R 1.4.1
Sy = %—1 x1 000%o, (1) sic SN
N .
Sy S13C SN R ) (one-way analysis
of variance, ANOVA) (a=0.05)

>

13C/12C ISN/14N; R

B B

(Pee Dee Belemnite, PDB)

(N2)

; 12 ,
1.3
1.3.1 1°x1°

, sBc SN
1.3.2

(1) o"C (6"C Range, CR)

513C ,

(Layman et al, 2007); (2) 6"°N (6"°N Range, NR)

SN ,

(Layman et al, 2007); (3)
convex hull, TA) 6"C-0"N

(total area of

>

(Layman et al, 2007); (4)
area, SEA) 0"°C-6"°N
, SEAc )
(Jackson et al, 2011)
R SIBER (stable isotope Bayesian
ellipses in R) (Jackson et al, 2011)
TA SEAc SEAc

(standard ellipse

SEAc

1.4.2 (generalized

additive model, GAM) s SN
, GAM
Oy = s(x) e, (3)
, Oy (0"cC O"N ); x
( ), €
1.4.3 6"C O"N
, R hclust
ANOVA (0=0.05)
2
2.1
st —21.74%0 (6=0.73%0), CR
3.91%o; s -21.67%0 (06=0.73%0),
CR  2.7%o; o C —21.77%o0 (6=0.73%o),
CR  3.91% ( 1) stc
(P>0.05)
o"°N 8.51%0 (0=1.00%0), NR
4.62%o; 5N 8.79%o (6=1.00%0), NR
4.53%o; 0N 8.41%0 (0=1.00%o),
NR  4.08% ( 1); 5N

(P>0.05)
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Tab. 1 Stable isotope values and corresponding biological data of Pacific saury
é"C O”N CR NR SEAc TA
/ /mm /mm /%o /%o /%o /%o /%o” /%o”
37 260~306 281.05%11.92  —21.67+0.73  8.79£1.00  2.70 4.53 2.18 772 3.08
89  244~303 280.44%13.10 -21.77£0.73  8.41£0.99  3.91 4.08 237 1172 297
251~260 mm 12 253~260 258.17+3.02  -22.01+1.01  8.49+0.87  3.66 2.82 331 636 2.99
261~270 mm 20 264~270 267.10+2.10  -22.01+0.53  8.05£0.92  2.05 3.78 1.54 4.46 288
271~280 mm 31 271~280 276.42+3.08  —21.94+0.74  8.44£0.99  2.78 3.79 2.46 8.53  2.99
281~290 mm 32 281~290 285.41£2.70  -21.46+0.55 8.75t1.16  2.73 4.54 2.13 783 3.06
291~300 mm 23 291~300 295.30+2.42  -21.65+0.78  8.68+0.72  2.51 2.70 1.69 442 3.02
301~310mm 8 301~307 303.88+2.03  -21.304£0.31  8.68£0.81  0.93 2.08 1.01 149 3.02
OE 62 244~306 283.82+12.78  —21.49+0.73  8.74£1.00  2.53 3.83 1.71 722 3.02
WSG 64 260~307 277.52+12.03  -21.99+0.73  831x1.00  3.71 4.08 2.53 1041 298
126 251~307  280.62+13.10 —21.74+0.73  8.51£1.00 391 4.62 227 1202 3.00
2.44~3.71 , (P>0.05)
3.00 (6=0.29); 2.47~3.71 TA SEAc ( 2
s 3.08 (6=0.29);, SEAc 0.81, SEAc
2.44~3.64 , 2.97 (6=0.29) (1) 93.12%  85.73%
12} 12} 12}
1M 11} 11 -9
8101 o 5 10F o 5101 e
o 9f o 9 ARKLA/mm o 9r
 251~260
8 8F L 571-260 8
.t :ﬁ'& JL 25517300 lesmERR O ‘80
* 301~310 o TN TARIARBX S o
26 25 24 23 22 21 26 25 24 23 22 21 26 25 24 23 22 21
5"C/%o 5"Cl%o 5"Cl%o
2 TA SEAc
Fig.2 TA and SEAc based on 6"°C and ¢"°N values of Pacific saury
: (TA), (SEAc)
2.2 0N 281~290 mm ,
s"C 301~310 mm , 261~270 mm O"°N
251~260 mm s (P>0.05); "N GAM
(P<0.05), , 280 mm (P<0.05), 6N (
280~290 mm 301~310 mm 3d) NR 281~290 mm , 301~
(P<0.05), 310 mm ,NR
(P>0.05)( 2);6"°C ( 1
GAM (P<0.05), 6"*C 281~290 mm , 261~
( 3a); CR 251~260 mm , 270 mm
301~310 mm ,  261~270 mm (P>0.05); GAM
,CR (D (P<0.05), ( 39
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Tab.2 Differences in 6"°C and §'°N between body length groups
/mm 251~260 261~270 271~280 281~290 291~300 300~301
251~260 T 0.98 0.75 0.02* 0.15 0.03*
261~270 022 U= -~ 0.73 0.01* 0.10 0.02*
271~280 0.89 016  TTTe——_ 0.01* 0.14 0.02*
281~290 0.44 0.01* 022  TTTe—_ 0.34 0.56
291~300 0.59 0.04* 0.39 0.81 \“\\\\ 0.23
301~310 0.68 0.13 0.55 0.86 oo - ——
oBC R SN L *
a b ¢
21}
_-22f / \——\ \
o
© 23}
—24 |
121 d e f
1Mr .
S 10t
&
o gl
8 -
7k
4.0r
3.5+
&
¥ 300
{0
250
20 L L 1 1 L L 1 1 1 Il Il Il 1 Il
255 265 275 285 295 305 150° 155° 160°E 40.0° 42.5° 45.0° 47.5°N
{AK/mm
3 sPc J"N
Fig.3 Effects of length, longitude, and latitude on 6"°C, §'"°N, and trophic level of Pacific saury
s”C "N ; s”Cc "N ;
95%
251~260 mm SEAc , 301~ 251~260 mm  271~280 mm 76.92%  96.20%;
310 mm SEAc TA , SEAc 261~270 mm 301~310 mm
( 1, 2)  251~260 mm R 261~270 mm 301~
271~280 mm R 310mm  7.50% 11.41%( 3)
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Tab.3 The trophic niche overlap of Pacific saury in different body length groups

/mm 251~260 261~270 271~280 281~290 291~300 301~310
251~260 0.31 0.66 0.34 0.37 0.18
261~270 1.14 0.46 0.22 0.34 0.05
271~280 2.29 1.26 0.36 0.45 0.16
281~290 1.40 0.65 1.22 0.49 0.45
291~300 1.35 0.82 1.28 1.26 0.34
301~310 0.72 0.12 0.48 0.98 0.69
280 mm GAM (P<0.05), §"C 150°~165°E,
[0"C: =21.97%0 (6=0.74%o0); 0"°N: 8.33%0 (6=0.97%0)] 40°~49°N ( 3b,3c)

280 mm [67C: —21.51%0 (6=0.63%0); 6"N: OE SN 8.74%0 (0=1.00%o),
8.72%0 (6=0.98%0)] ( 4 280 mm NR  3.83, SN (P<0.05),
280 mm oc O"N (P>0.05); WSG

(P<0.05) 5"°N 8.31%0 (0=1.00%0), NR  4.08,
2.3 "N (P>0.05),
OE o ~21.49%o (6=0.73%bo), (P>0.05) §"°N
CR 2.53,6"C (P>0.05), (P<0.05); 6"°N
(P>0.05); WSG GAM (P<0.05), "N
s"C —21.99%o0 (6=0.73%0), CR  3.71, 6"*C 150°~160°E , 161°E
(P>0.05), , ( 3e);6°N 40°~49°N
(P>0.05) 6"C ,  45°N )
(P<0.05); ¢"C ( 3
~
N
QL
- U =" S
e Sr
?E ©
g gl
b
o
N
o
L
o 1
i 291~300 281~290 301~310 | | 261~270 251~260 271~280
K LB/mm
4 s”C "N
Fig.4 Clustering analysis of 6"°C and 6"°N values in different body length groups
OE 2.59~3.71, (P<0.05);
3.02 (6=0.29), WSG 244~3.64, GAM , 150°~164°E
2.98 (6=0.29) , 161°E . 40°~48°N
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,  45°N
©-
( 3h,3i)
OE TA SEAc WSG ( 2 o
OE WSG SEAc L =2
0.46, SEAc OE WSG -
77.62%  85.48% B er
5
,  44°N , ol
1, 44°N 1 45%, 2
55% (5, 6) ANOVA , 44°N -
[0"°C: —21.49%0 (6=0.61%0); 0"°N: 8.74%0 (6=0.89%0)] ol L I o o= il
44°N [0"°C: —21.99%0 (6=0.75%o); 5'°N: 8.31%o . .
1049 13 15 5 (1°x1°) 6"*C 5N
(0=1.04%0)] 0°C o°N Fig.5 Clustering analysis of 6"°C and 6'°N values in different
(P<0.05) fishing area
144° 148° 152° 156° 160° 164° 168°E
= a1 |
[ 482
50°N 50°N
O (
OO
46° - 46°
_ @
»y ® |
8@
0 0O Q00
ROOQ @
S
38° 138°
14‘4" 148° 152° 15‘6° 160° 164° 163°E
6 1
Fig.6  Spatial distribution in Group land Group 2
3 (Rubenstein et al, 2004)
, 0"°C ~21.74%0 "N 8.51%o,
3.1 ' ' FiErS BN ’
Mitani  (2006) (41°10'~ ’ 40°N
41°14'N, 143°14'~143°15 E)13 . 150°E ’
’ 0°C —19.6%, 0°N (Blanco-Parra et al, 2012;
9.3%0; Minami  (1995) Ogloff et al, 2020)
(39°22'N, 155°04'E) Fuji  (2021) (9°08'~48°34'N,
: §"c -18.5% 6°N 154°58'~169°02'W)
9.2%0 ( 4) , oC , sC —21.9%0~—18.9%  , CR
, 6" C 3,0"°N 5.6%0~14%  ,NR 8.4;
, oC (2020) (37°~49°N
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Tab.4 ¢"N and 6"°C values in muscle tissue of Pacific saury sampled in the Northwest Pacific Ocean

/ o C o"C 0N "N
/%o /%o /%o 1%o /mm
39°22'N, 155°04'E 15 —18.5+0.58 9.2+0.58 Minami et al, 1995
12130011(1;4153104175\% 15 -19.6 £ 0.6 9.3+1.4 Mitani et al, 2006
32°~44°N, 128°~164°E 19 -20.4+0.5 8.1+£1.3
13’53222,}1\51:?2;33,21\'1{)\1 277 -21.9~-18.9 5.6~14 249~331 Fuji et al, (2021)
37°~49°N, 146°~163°E 80 ~24.37~-20.97 4.19~8.60 210~330 , 2020
146°~163°E) , 5N ,
obcC —24.37%0~—20.97%0, CR 3.4, o°N ,
4.19%0~8.60%0, NR 4.41 (Lin et al, 2015)
CR 3.91, FUJI , CR ,NR
NR 4.62, (Layman et al, 2007)
Fuji  (2021) , CR  (3.91%o) (2.7%0),
Fuji  (2021) ; NR
, , (4.53%o0) (4.08%o),
SEAc , SEAc
i , SEAc
165°E , o%Cc 6PN , ( , 2000)
i , SEAc (2.37) (2.18),
, o C 0N ( , ,
2014), shC , SEAc
"N ( , 2020), (0.81), .
5N
Miller  (2010) 3.3
, s 280 mm
3.1, , 280 mm sPc "N
3.0, OE (P<0.05), ;
3.02, WSG 2.98, 280 mm ; 280 mm
i (Tian et al, 2004),
obBC N GAM
3.2 , 0°C ,
i PiErS BN SBc
(P>0.05), ,
, , (Miyamoto
(Liu etal, 2020) [6°C  o“N :
et al, 2020) (2022) i (Aita et al, 2011)]
, sBC SN , , CR ,
WSG

613C 615N

, OE



420 54
, o"N , OE (Yoshikawa
, (Hobson et al, 2004) (2021) etal, 2018), WSG (Frost et al,
fi , B 1999) POM "N
GAM , "N , , 0N
) , (Horii et al, 2018) , OE
; d"”N WSG (P<0.05),
(Moeseneder et al, 1995; Aita et al, 2011) )
, NR , o"°N (Fuji et al, 2021),
) , OE ,
(2007) 500m (Kobari et al, 2008),
, 160 mm , 0~200m ( , 2019),
H , OE ;
271 mm SEAc WSG ,
251~260 mm SEAc , ( , 2008),
; 301~310 mm , OE 5PN
SEAc ; WSG , OE
301~310 mm 280 mm SEAc WSG .
0.2, 301~310 mm
> OE CR NR WSG R
WSG
3.4 OE WSG SEAc OE ,
, 44°N 44°N WSG OE
a"C 9N (P<0.05), WSG SEAc 0.46,
Qiu  (2017) OE WSG
(43°N) , OE WSG ’ )
R (particle organic matter,
POM) 4
( , 2021) , stC
(Takahashi et al, 1991), OF ] ’
(Qiu et al, 2017),
, (  2004); ’
WSG , (Endoh 5N ’
et al, 2004), ,
OE scc OF
WSG (P<0.05),' e WSG ’
R . OE . WSG
(dissolved inorganic carbon, DIC)
, DIC
(Yasunaka et al, 2013), , OE DIC
wWsG OE stc , ’ a0,
WSG , iz [J]. , 41(4):
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CHARACTERISTICS OF CARBON AND NITROGEN STABLE ISOTOPE OF PACIFIC
SAURY IN THE NORTHWEST PACIFIC HIGH SEAS

YANG Na', HUA Chuan-Xiang"?*? ~ZHU Qing-Cheng"*?, HU Guan-Yu"?*? LIANG Jia-Wei'
(1. College of Marine Science, Shanghai Ocean University, shanghai 201306, China; 2. National Distant-water Fisheries Engineering
Research Center, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Sustainable Exploitation of Oceanic
Fisheries Resources, Ministry of Education; Shanghai Ocean University, Shanghai 201306, China)

Abstract The Pacific saury Cololabis saira is widely distributed in the northwestern Pacific Ocean and is one of the
important pelagic objects in China. The carbon and nitrogen stable isotope characteristics of muscle samples of Pacific
saury from July to November 2018 in the high seas of the Northwest Pacific Ocean were analyzed. Results showed that the
6"C values of samples ranged from —24.60%o to —20.69%o, on average of —21.74%o; the 6'°N values from 6.49%o to 11.11%o
on average of 8.51%o; and the trophic levels ranged 2.44~3.71 with copepods as the baseline. There were no significant
differences between males and females (P>0.05) in 6"°C value, §"°N value, and trophic level. Both the core niche indicator
SEAc (Standard Ellipse Area (SEA): the standard elliptical area enclosed by all points in the scatter chart, and SEAc is the
corrected SEA) and the total niche indicator TA (Total Area of Convex Hull (TA): the convex polygon area enclosed by the
outermost points in the scatter chart) of male samples were higher than those of females’ but with an overlap of SEAc
between males and females, indicating competition for food between males and females. In addition, 5]3C, 6"N, and
trophic level values increased with body length as shown in the analysis of generalized additive models. Specifically, the
SEAc of 251~260 mm body-length group was higher than that of other body-length groups. The Pacific saury could be
clearly separated into two groups at 280 mm in body length as shown in the clustering analysis. Moreover, there were
significant differences in 6"°C and 0'"°N values between Oyashio Extension (OE) area and Western Subarctic Gyre (WSG)
area (P<0.05), and 6I3C, 6N, and trophic level values in OE were higher than those in WSG. Both SEAc¢ and TA in OE
were lower than those in WSG. Therefore, different life stages and habitats can affect the feeding ecology of Pacific saury.
This research provided a reference for the ecological study of Pacific saury in the high seas of northwest Pacific Ocean.
Key words trophic level; Pacific saury; 8C; "N; northwest Pacific Ocean



