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1.1 #HARKIR

SIS [ WAL 5 38V v b U O A
P AE FRAT 7 A AT 1 2 T Vg 9 D R 2 1 A 40
[i] SR B 1) £ 2 R £ R AR SRAE B[] 2 2022 4
6—7 H 120234 6—7 H , RAEIHEICH 150.02°E~
164.18°E, 34.82°S~45.15° N, i R LA &
-20 CIRAFEZ G iz R = AT SR T . AE
AAIETE T, APkt 2 TN 1 55 15 Fp Ak 577
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Tab.1 Species and sample size of fish and squid used for the analysis of soma tissue energy density

2% Group i Species 455 Abbreviation R Tails
12 Fish IR KT £ Ceratoscopelus townsendi CET 33
12 Fish [N LT £ Notoscopelus resplendens NOR 30
25 Fish JINAAE JESEART €8 Symbolophorus californiensis SYC 30
12 Fish FEZR PNV T 41 Sardinops sagax SAS 179
11125 Fish H 2% 5 8j Brama japonica BRJ 81
625 Fish YERNHELT €4 Diaphuspers picillatus DIP 10
11125 Fish H A Engraulis japonicus ENJ 10
12 Fish H A8 Hyperoglyphe japonicus HYJ 6
12 Fish K % Prionace glauca PRG 3
12 Fish H A Scomber japonicus sCJ 70
fifi £ Squid KNFE A Eucleoteuthis luminosa EUL 27
it Squid A6 UEE S Gonatopsis borealis GOB 15
i 6 Squid A48 Ommastrephes bartramii OMB 63
i £11 Squid H AN Onychoteuthisboreali japonicus ONB 2
i 411 Squid % 5% TS I, Onychoteuthis compacta ONC 18

1.2 AALAHERRENEEZENE

FIT AT FEACR AR SEI AR 5 T vk 3 A
Fie BRI Vi 98 R 2 S 5 25 Sl ) AR BRI ) Fn L
TRFIEE RSP AR T2 D 25 Tl i 0 3 1) B PA T o

A F IR IR 5 R R R AR )
TR LU, DA B R B REA I R LA
HEURES o FRICEE LA L SR 1 S ORS 22
0.1 mg) , B B T RO H-40 CRERAT

MRAL AR R 24 W Z 5, 8T
T ML (Scientz-10N) FrEf1-50 "C & TR 2
fEH  PRICEE 3 2H ZURE i 09 1 BT i (dry weight,
DW) A58 2 0.1 mg. Fi 0 22U i A A EE L
(Scientz-48) WF B Ky w4 , B A & 51 = L

(Calorimeter Parr6400, Parr Instrument Company,
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Moline, IL, USA) il % 2H 21 fig 1 % i (Energy
density, ED) , 5074 kl/g.
L3 @FIMEHIETH

TR VE A DR IS 0 L IR 2 2 9 R O
LR SRR IR A D R ARG T LA
P Y5 AT ARAT A XA A L A 2H 2L fE A fidh 2
AR . — B, ¥ I = B (Sea surface
height, SSH) 1 5 J2 IR £ (Mixed layer depth,
MLD) #1 % J2 ¥ 9] 9 4= 7 Jj (Net primary
production of biomass, NPP) %43 HI/E & #7458
A IR U AR R T AR R RO B0 2R 7 (Net
production) , FJ A7 R4 b K AE 1 385 1) £ 9 B¢ 5 ] 3R
P RIS WK IR BE TR AR MR AR K R
F A B A 7 A HE S I P [R) 5 0 v da
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B PG IR RTARAGHE R S, AR SCRE IS
g B (%) MLD . SSH ., NPP 1 ¥ 3£ i (Sea surface
temperature, SST) %5 FR5E K-, 3 H7 i3k 46 A 55 [A]
Xk i SR £ 55 A JUL Y ZH 2R R RS

RAEJZGEE 1= B R AR )2
IR A: 77 3 A5 HE 35N 2 F A e T IR 55 )
vl (Copernicus Marine Service; https://marine.
copernicus.eu/) . HH VRS ERE -1 5 A
IR 22l B9 25 18] 73 B 42 0.083° % 0.083, i} [i]
O3RN K B 5 R m om F°C 5 R R A
A7 3 A A3 BER R 0.25° X 0.25°, B[] 43 B
FN K, BN K mg/(m’+d) .

01 2 ML £0 A AR SR R i 1 ) T T B 45 R 0R
K LA D FC AR 3735« (1) DLURAE UG 5508 s
S HE PR 0 8 B SR R ity AR AT 1Y 4 SBR[
TS AL A5 (2) D FCRAE H 5 R 58 A 5 1
[, 7 3 H B S PRBE PR 7 4 A>3 ) 7 i 0 50 f
(3) I I8 K 77 4 423 (R S R BB
YE AR Rl a5 P R 15080
1.4 HiEAE

A RIEF geitF & A7 80k 1 b 3 5 43
A , SEBRIE LA K {55 1 22 (Mean=SD) 71
GEt o b B9 B EEKF O P<0.05 . ) A0 K 56 oy
UERE STV e INSE A A R ST E
[ AF ] 22 57 (1=—1.56, P=0.12), H3k R BEAR Y
K H 20224F ., PRI, HERE &% Aok A% R
FFEAEAY 52

Il H HAEA Kolmogorov-Smirnoff 43 H7 K5 56 £
NG £ A LA ZH 2L B8 B 95 3 R Bl R PR A
TARRE IR . A BT S RS A, A
¢ K50 (¢ test) 73BT UL PR 2H 2L R o 285 7 £ 2 5
i 2 18] 1) 22 S, LA R 3R 5 TN 78 2022 4F il
2023 4 2Z [8] ) 22 5 5 A DN 3 07 22 00
(ANOVA) 3 sl 656 #1258 M)t 01 1) JUL Y ZH 2L R 1k
J& AR 22 S 1, O EAT Tukey HSD 55 J5 K5 56
B ARG IEAS S A, WA Kruskall-Wallis
3E 2 A 56 53 B &% B 0 A 1 22 S0 R
Games-Howell HSD #4755 5 i EPEKL G .

AT SO 1R A 200 5 8 (Generalized
additive mixed-effects models, GAMM ) $8l & 43 ¥t
R £ L PR 2 R B SRR a5 48
2 BE RO DG F , LA RE %8 B S A S T B A
PF RO RN 2R o GAMM R R H | LAFR A A Bl AL

TR RIEF G5 0 mgev Bl AT
BRI A5 BT

2 %

2.1 ALRBERE

SAT N, F 2L A SURE R N 18.39~
30.59 kJ/g [ (23.50+2.80) kJ/g], 8 ff1 JJL A 41 21 g
i % 17.47~28.69 kl/g [ (19.67+1.16) kl/g],
Wi 2Z 6] A LA 2 21 i 2 B A A i 22 57 (o=
22.82, P<0.05) . fEfZErh R [EFh 2z & B LA
ZH 2 RE W 22 T W (’=237.39, P<0.05; KA
la) s G K45 R Bon 7 I AT pg LA 4140
fiE 9% B e K, M (28.75+0.96) kl/g, Jg g ST —
2 5 NS AT f RN A 4 JE AR AT £ ] I3 A 5
H, 2H 2 RE 1 % 4 5 ol (27.24+1.66) kl/g I
(26.49+2.47) k)/g; AR VD T (Rl Sr 5 =41,
JUL A 41 21 BE 2 %% 1 o (23.22+2.10) kl/g; H A
fify AL T HEE KT €001 051 A 55 DU 2, 20 21 i o 5 O
Bk (22.28+1.38) kJ/g F1(21.85+0.78) k]/g; H A<
FitE R H A BN H A /] 09 55 14, DY
Y LA 2H 2 RE i B R SN, 4 ol (20.37+
1.04) kJ/g. (20.58+0.29) kJ/g. (20.88+0.66) kJ/g
F1(21.25+0.74) kl/g.

FES o, RS F S Z 0] i UL IR 4 2 g 1 %
B 25 53 2 (¥=22.55, P<0.05; & 1b) ., FH)5H K
SRR, OGN H A RE SR R,
(20.07+0.39) kJ/g, At~y —2H 5 36 )7 P85 5 0k 5%
1R RE S TS AT A A 20 — 20, 2H 2 e o 2 5 40
W A (19.54+0.84) kl/g. (19.62+1.47) kJlg Fl
(19.50+0.75) kJ/g; H AN WA Al 57 55 =41, L
RZH U RE % B AN, R (18.42+0.22) kg
2.2 ALREEFTENEESH

23 [B) 43 A 1 43 AT 25 2 R | 7E 40° N R T it
B, 25 LR A 2URE B % HLA BORAE, T L
10 AR A v 355 G L P 4 4 i i o A X 8
([l 2a) . FEBEE T, HLA L ZURE 5% B = {E AH X
S b BLE Y G R (1] 2b) .

GAMM %55 7, fa S Fn Bl 40 1) LA 2 8 e
WHRE SE8 EAE R ENIL LR G
FE RN R 20%(F2) . GAMM BV [ R,
0 S FNEL A0 L ZH 2L e 1 %% FEAE 38 N~42° N i
AR AR, HAEZ B 160°E DL (9 45 b 35 v
W B A e P 2 B 1 8 B A A (18] 2¢) o

http://www.shhydxxb.com



988 SR C S N S SO 33 %
32
30 + a
_ b b
S st %
= =
S >
82 E
w 2} e 4:;(
g I
I 20 I
= 2
18 +
16 +

REAR R b AR 24 48 S8 LR 15 R 2240 EARAR (AN ) 5 B2 7m S5 A 30 22 57 W35 (P<0. 05)

BRJ CET DIP ENJ HYJ NOR PRG SAS
Fl' Species

(a) fa2% Fish

SCJ  SYC

EUL GOB OMB ONB ONC
F Species
(b) 4 Squid

Abbreviated species name at x—axis were presented in Table 1. Different letters above error bars represent significant differences determined by

HSD test (P<0.05).
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Fig.1 Distribution of soma tissue energy density for fishes and squid from the Northwest Pacific Ocean
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Fig. 2 Distribution of soma tissue energy density of fish and squid and its relation to sampling longitude and latitude

interaction in Northwest Pacific Ocean
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Tab.2 Generalized additive mixed—effects model results of soma tissue energy density of fish and squid regressed on

sampling longitude and latitude interaction in Northwest Pacific Ocean

SOV Effect RIS 1 it brifeiRe  AGTFE B » p
* Model parameter Estimate Std. error Estimated df
BEHLALY fill Species 3.15
Random effect 7k 2% Residual 1.31
) R Intercept 22.08 0.85 26.01 2.00x107'
Crr oo e
Fixed effects 22 HE ) 8.57 29.54 2.00x107'¢

te(longitude, latitude)

2.3 HERAEEFIHALAGEEZERNHN
2.3. 1 PUACR P N o A

GIHT IR VAL O PER I A TR & )2 R
&4 10.46~22.01 m, M- 1 5 47 -0.38~1.21 m,
2R K 8.05~26.20 °C, W) AL 77 Ty K 2.46~
7814 mg/(m*-d) o VRAJZUREE V- I w5 B A
REHFEREWERZS (REERE, =
36.41, P<0.05; MR F1H &, t=-9.55, P<0.05;
i, 1=-34.55, P<0.05). i, 2022 4E IR A
JE R AR ARV S B R UR B 11 2023 4F )
T 25 VG R T 1) AR G O e e S L IR
(&1 3a,3b) ;2022 4F F1 2023 4F () 7 - 1 v B 9 78
645 37° i il A vy, HLAE 2023 4F SR AR TR S Y
rh S L A v 4 VT T v B (B 3, 3d) 5 PR AR:
3 14 28 TR 0 9 7E 39N L Rg T B4 v L HL 2023
AR v 3 ) T R A AR X B v (18] 3e, 36) o ¥
W19 T S A 3 B A [R) 22 5% (1=0.51, P=
0.61) , BB A 40°N LA 17 $uk 2 A5 AH X w57 A 14
Wik 41 (8 3g,3h) .
2.3.2 NINAHLRERHE SHER T LR

GAMM 45 5 7, £0 28 F il £ 1) LA 41 21 R
2R VT T 9 e TR G A
T RN R B SR EREN LR R
ELORBPYEIE T ZMITE R 18% (£ 3) .
GAMM RN &1 71, 76 - 1] 155 B2 <O m B £0 2
fift £ AL PA) 21 2 i o 2 SR B R R B 5 B A
ST i B 4 KT R AR (T da) 5 96 3 TR 0T £ 28

LA e P R PR T LA A A e e
8 it T IR i T ARG (5T 4b ) 5 el 9 A 7
T3 1 2 FNEE LA 2 ZURE B BAT IE AL
PG AEFRIRAE T J1>12 mg/(m’ - d) LA 4
SR L R (F 4e) .

3 ihe

2 AURE % R AR Y R A BT i ) A 2T
TR, RO K B A A A AR
WEE S R LA SR
FIRE R AAE A, A 2 ne % 1 R/N S5 4140
YR ST BT KA G Y 55 E TR T & R
PIAHSE, R0, BRI R G R B 25 AR Z
TENLA 208 F2 9 A AP TR RR iR PE . B
W, £ LD BT AR L 2 B 1A 5 IS I Al 2K
W EYEESFTRYN S 2 21:10: 10 3k 22k
B 220 15:2: 117t R fa 7E 2 Sl R L 36
BAT R EWAFER R 2 5 A S A
TR T AR A ZURE R AE AL . EAS RIS
Hh A0 25 1 JL A 2 SR o S R TR A g L
WAZRE R E AT & E Y E H 20% 2240
AT T2 A Sk A LA 4
LU B Y R A N T AETE R R P % 5 R
15T A 105 Rl K Ak 0 A5 38 3% 0 o 28 B ) AN [)
WY, Ak R RTEIHE FAEEAR R A
FREAL AT BE S WL A e B AP A 22 1
PIFERLER, AR AL RE B A7 Aid AR

http://www.shhydxxb.com



990 SR C S N S SO 33 %

4% Latitude

150° 155° 160° 165° E 150° 155° 160° 165° E
2% Longitude 2% Longitude
(a) 2022 (b) 2023

i Latitude
4i i Latitude

2% Longitude 2% Longitude
() 2022 (d) 2023

i Latitude
4 Latitude

150° 155° 160° 165° E 150° 155° 160° 165° E
2% Longitude 2% Longitude
() 2022 () 2023
(] [} NPP/
s s
2 = [mg/(m*d)]
3 3 60
il il
R £ 40
20
150° 155° 160° 165° E 150° 155° 160° 165° E
2% Longitude 2% Longitude
(g) 2022 (h) 2023

PRAATE X RN R
Black cross “x” represents the sampling stations.
3 ALXTEFaENGERFEESHNESERE ETASEVEREMENRE= NN
Fig.3 Distribution of mixed layer depth, sea surface height, sea surface temperature and net primary production in
the sampling area of fish and squid in Northwest Pacific Ocean
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Tab.3 Generalized additive mixed—effects model results of soma tissue energy density of fish and squid regressed on
environmental factors in Northwest Pacific Ocean

. PR SR T fliit PR 2 3 A h
MU Effect Model parameter Estimate Std. error Estimated df' ! F F
FEHLZS N i Species 2.81
Random effect 5% % Residual 1.36
FREE Intercept 22.18 0.74 30.13 2.00x107'¢
s(RAJABREE) s(MLD) 1.86 .02 018
Eikie
Eﬂm (-1 15 J5) s(SSH) 3.03 922  5.95x10™°
Fixed effect
(U FE R )s(SST) 1.00 2649 5.78x107
s (A7 J1)s(NPP) 3.88 1505 2.00x107'°

T AR R AR SRR TEE Y T JEE IR RN ) 9 2L 7 ) S Y i a—scored o1
Notes: Mixed layer depth (MLD), sea surface height (SSH), sea surface temperature (SST) and net primary production (NPP) were z—scored

for model analysis.
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SN Y H R 5 i
o0 24 . ® 20 24 LR T 2 :
3 s . . 2 0 < 3 g .
2 s 2 e | @ 2
2o . i Borb s ! 13 =
& § 2 " ’ & e g ! !l l ! bcl
i N4y, i R TP i
2 oo 80 . 2 > P ! ©“ ! ok 2
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-02 0 02 04 06 08 1.0 -02 0 02 04 06 08 1.0 -02 0 02 04 06 08 1.0
TV I g 1R ERIRAT1
Sea surface height/m Sea surface temperature/ “C Net primary production/[mg/(m?*d)]
(a) ED vs. SSH (b) ED vs. SST (c) ED vs. NPP

W0 SR R A6 B 52 43 3 36 /R GAMM $8L 5 1t 28 J H 95% {5 X 8] . Blue solid lines depict average model fits of generalized additive
mixed—effects models, with 95% confidence intervals in grey shading.
B4 BITESEBREREVREFANALKEFEEXMGENNEAREEZENHIMLXR
Fig. 4 Effects of sea surface height, sea surface temperature and net primary production on the tissue energy density
of soma of fish and squid in Northwest Pacific Ocean
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SERh NI AR E B SN FROK LS SE TR S, HJW‘VH,AUEEIF'HJEEW
B B LA TERBOR 22 5 o LA, AT FRWDST, BRI B AR, B kAL 45 4 DU B /00

http://www.shhydxxb.com



992 SR C S N S SO 33 %

77, 3 BB 28 R A PR A, H 24— IR
eI NGl A= NN IS S S R e
P BE P A TSR YA PR, 3 S il £
P2 2 [ L PR 41 20 R 1 2% i 1 25 57 T e 5 L g
AR RO AR A A 25 5 8. SR, 5 22T
T R AT R I LEFh S A7 2, T P 121 3 S5 A1
KBTI AR IE o

T VR T UK Bl ) 1 2 4R e R R A A A —
SE LG T AR AL RRAE , 26 8 b e L 21 g i A Rl
R XS\ RN EREE KRME
Wi 2) Ve VIR G, i HAR Z R R K A H
b R IO 2 R v TR A T R IEE L, Ry
PO AT RigE Y, EX I RER SR,
HA P EFTRY B NG & s hn i 3, 5
P U e R U = 3R T L L
R P &R A AR B £ 52
&, LR R A AE S 1) A AL B R 0 HE
AHIRGE T, 0 SR 0 UL DA 20 2 RE 2 R S R
Hh— 2 A 2 ) ARk e T HLAE PG b R i e A
B AL, P — 2 0 A 7 2 R A s B S T A
T 2 ELAT 358 i MO S 2 B A7 it o 3K o 2 e s 34
7 V2 A T A R 28 X VB A 5 11 s 1w A AR 1Y)
— PR PEE N . — b, 7E A R VKR
FERAR , A ) ol 245 108 W R A 3838 A X e 2 18 7
X AEYTEAR ] Y 2 B YR Z 5 B e A i 1Y
B R T I R A R X e g ) DA el
HAHAG K= R E R . AT
R IW, SR i 35 1) U R B A B SR i £ 1) AR 4k
HAEAL 2R 397 LA pe 1 1l e LA AU g 358 ) A X 252
%o TR, GAMM #5280 25 S bl 7 Vg R ) £ S 1
B f0 LA ZH 2 e % B B W 2 VR
FhREm NKRALEEEEHR/N, 5
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Tissue energy density of mesopelagic fish and squid and relation to marine
environment in Northwest Pacific Ocean

LUO Yushuang', LIN Dongming'***

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fishery Resources, Ministry of Education, Shanghai 201306, China;
3. National Distani-Water Fisheries Engineering Research Center, Shanghai 201306, China; 4. Key Laboratory of Sustainable
Utilization of Oceanic Fisheries, Ministry of Agriculture and Rural Affairs, Shanghai 201306, China)

Abstract: To investigate the energy storage capabilities of species in Northwest Pacific Ocean, this study
utilized fish and squid as case study, and the samples were collected by "Songhang" distant water fishery
research vessel. The technique of tissue energy density determination was applied to measure the energy
density of soma tissue of fish and squid, and the mixed-effects models were used to analyze the effective
relationships between soma tissue energy density and marine environmental variables. The results showed
that the soma tissue energy density of fish was greater than that of squid, with tissue energy density measured
at (23.50+2. 80) kJ/g for fish and (19. 67+1. 16) kJ/g for squid. Among the fish, Ceratoscopelus townsendi
had the highest soma tissue energy density, with a mean value of (28.75+0.96) kJ/g, while Hyperoglyphe
japonicus had the lowest soma tissue energy density, at (20.37+1.04) kJ/g. Regarding the squids, the
highest soma tissue energy density was found in Eucleoteuthis luminosa [ (20. 07+0. 39) kJ/g], and the lowest
density was in Onychoteuthis borealijaponicus [ (18.42+0.22) kJ/g]. Both fish and squid in higher latitude
areas exhibited higher energy density in their soma tissues, which was significantly correlated with the
interaction of latitude X longitude. In addition, they had greater soma tissue energy density in areas where the
sea surface height was 0 m, and showed an increase trend when the net primary production was larger than 12
mg/(m*-d). However, their soma tissue energy density decreased with increasing sea surface temperature.
This study indicates that there is latitudinal trend in the distribution of soma tissue energy density of fish and
squid in Northwest Pacific Ocean, where the sea surface height, sea surface temperature and net primary
production have significant effects on the energy accumulation per unit of soma tissue of fish and squid. The
study puts forward our understanding of the environmental adaptability of marine species, and warrants future
research on the marine ecosystem stability in Northwest Pacific Ocean.

Key words: fish; squid; energy density; marine environment; Northwest Pacific Ocean
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