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I AR A KRR AR S S A R e A
HIEBESE (B A H T AN ) BR8] AR R 805E
FEAMLRIBIESES o AW TR PU IR F-AE I A
JEMEARKT #81 SUR A J H A TRl A i , %k
FARWS R Bl B R A R B E 5 A BR A 4
PEZ TR A S PEREAT 0 M, B AR 1 A iR e e
BRdT f Ll A ) 2 R AR S A T S A L A IR T
KR PR AR

1 eIk

1.1 #HARKIR

R B IR 48 2 S0 bR kT fa ke f ok B B
TR "5 T 2022456 H19 H—7 A 12
H 7EPH AL AV 152°E~160°F Fl 40°N~43°N 5
AT 328 P U M 9 IR 25 A I A B R AR R (A
1), PR EREAR 175 B 7 R E AP Rt
2R, R 434 mx971 m, P9 4ER ] HL ke
SR8, R AR TR EL B30 43 5% T B 4
DR, B AR, R BTN T . 2
38 T K 0~500 m AR K 2R
1.2 HRE

XF 175 BEIMAI#E JE AR th k77 A P2 S5
R AL AR ARG K ORS A 22 0.1 mm) o445
HOEME 0.1 g) BUEILE 1. fEEIAEA LT
WH A A & 75% S FERY 1.5 mL B0
o REARAEPE N X 43
1.3 BRERH&RBIREE

B B R HOKCP R T A L
1 200 14 000 H 14 7K g b 4% 75 AF 5 AL (Struers
labopol-20) b #4747 B , 78 ik 7 rh AR e 1l
B NEE, LB AT B AN Y il B AT B 5 B A 4
s e J5 48458 (ALO,) K I FIFE I 4545 |
HEATHOG . WIVEAF Y0 R 7E B T CCD %

B AR LA, 1 FH Photoshop 2018 B R4 A [A] X
B B R AT DR A T HEA T RS SO ERU [ R
i SR

8B E] X (Middle zone, MZ) A1
AR AUT R, HEH A, L AR IX
(External zone, EZ) H i ; #7.0» X (Central zone,
CZ) Je i [) DX 18 BT T B8 3 2 1) o A 247 SRl T
B B RR BA H A RSO3 R, BT
R T 5N 2 E/NT 5% &L
SEREANE R i A
N \J/&

50° L7

4

46°

]
2 420 .
i ol0 JT15
bl
i 38°
340 |
30° F
® KFE s Sampling localities
6o | 0 230 460km
144°  148° 152° 156° 160° 164° 168° E

2% Longitude

BT A SR GEIREAR A P IR 55 I3 GS(2021) 5433 S AR 4]
NI I L R
The figure is based on the standard map GS (2021) 5433 in the

Standard Map Service website of Ministry of Natural Resources of
the People’s Republic of China, with no modifications of the
boundaries in the standard map.
E1 PEKTEFEMFERIRTAERESL R
Fig. 1 Sampling localities of Symbolophorus
californiensis of Northwest Pacific Ocean

®1 MAERIARTEHRERR

Tab.1 Basic information of Symbolophorus californiensis

- - Tk R
H 18 i o 3 PR Fork length/mm Body mass/g
s Sampling . - Sample ” - ” .
Date  MRRElaiwde  Longtade MRS g pmfebii B PSR
Range Mean=SD Range Mean+SD
2022.06.19 T6 40°50'N 152°40'E 67 78~134 107.0+10.2 4~18 11.6+2.6
2022.06.27 T13 43°36'N 157°13'E 21 87~110 98.5+6.2 7~18 10.5+3.3
2022.06.30 T15 40°08'N 158°31'E 6 89~111 97.2+7.9 8~18 10.2+£3.9
2022.07.12 123 42°00'N 160°00'E 81 85~123 96.3+7.8 3~16 9.1+2.6
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14 HiEsLE
L4l XRSEFHEXR

SRS A R AR R RO Tk

W=ad’ (1)

A WRARBTR , g; LA XA, mm;a b4 FIH F
B 2 o=3mf, MAAY A RIESIHAY , 2 b>3 5 b<
3, 7 S L S R S A
1.42 HERKFE

A A T3 R R T2 MR B | 8 B Y 5 R K
B A | von Bertalanffy” ™' | Gompertz > Fl
Logistic 55 6 A AR Y £ 47 1005 JF 22 Hh e (LA
Eith

LAY
L, =a+bt (2)
TRESRY .
L, =axe" (3)
T PRI RSB Y
L, =axt’ (4)
von Bertalanffy :
L =L {1-expl -k(t-t,) ]| (5)
Gompertz:
L = Lexp{-expl -G(t-t,) || (6)
Logistic:
L =L./{1+exp[-K(t-t;) ]| (7)

AP LA K e M H R a0 WSELG L,
BRSO R kAR R, L= O R
WA 50, AR e P S AL B AR 1Y | B 4 36 A 4
BIFUE N BEARIS 5 6 A A R A 5 A A AR
t BRI AE KR R KRB KRS8 [T
I KABRAG T 2 X S HGEAT AR T, AR BEAH G
PR B (R MRt {5 B ME W (Akaike's
information criterion, AIC )16 Wy A1 7 2 .
o = —2InL+2P (8)
AP s Ly AR MUE 2 HEI AIC A 5 InL S ARLEK pR
B PRy A R AR S HA B PRI ATC /MY
R Sy d i A AR 2728
143 AKE%
T 2o 8 e G AR AR A 4 Sy o3 T Ok B
FEHE R R,
LAY ¢
dL/de = b (9)
AR .
dL/dt =abe” (10)

http://www.shhydxxb.com

e PR
dL/de =abi"" (11)
von Bertalanffy :
dL/dt =L kxexp| —k(t—t,) ] (12)
Gompertz:
dL/dt = L,Gxexp -G(1—t,) Jxexp {—exp[ -G (1-t,) ||
(13)
Logistic:
dL/de = { L Kxexp[ -K(i—1,) 1}/ {1+exp[ K (1—1,) ] }?
(14)

Ao dr/de A AE KR

5 28 %F A= K 38 2% (Absolute growth rate,
AGR) F3 BT In R4 JE AR AT £ S A o 5 719 A=
KA A AR

R.i = (R,=R)/(t,~t,) (15)

s Ry AN A K 38 AGR, mm/d 5% g/d; R,
Rty H A FEAS (1) 24 A s A BT i, mm 5% g5 R,
R ¢, HASFEAS ()73 K sl AR i i, mm 58 g5 ¢, 1,
S H I, ds
1.4.4 AR

KTHEREAEKSHRAMZ LR,
53 3 i A R s rh By CZ \MZ L EZ X S [R] 1Y
e OUTE R AR SRR H A H RS S d X
BB A TG 5 d A K SU5E BB, HEAT ¢ fr e 3
RTE X YN E S

I J5 f# 1 SPSS 27.0., Excel, Origin 2021,
Photoshop 2018 45 AH I 4 BT 1 {4 >F 4 34 43 B 52 56
B A R

2 %

2.1 MAERIEAMTEX KAREESHEREXR

FH T 2 AT, 2022 48 fin A8 JE AR LT fadEAS
N K Ky 78.0~134.0 mm, V- ) LK H(100.4£9.9)
mm, H AP EH K H 8 91.0~110.0 mm, AL 5
FEA BB 71.56%, 71.0~90.0 mm 5 10.37%,
111.0~120.0 mm 5 12.20%, 121.0~140.0 mm ¥ /4
4.87% ;AR JF 9 3.0~18.0 g, Hor i 3 A ik 4y
3.1~9.0 g, T FEAEELY 75%,0~3.0 g {35 1.83%,
9.1~12.0 g 15 14.02%,12.1~18.0 g 15 9.14% (& 2) .
X ARSI IR JC M ARAT FAf i SR SR o e 11 7
LA, BT 45 5 oA BN W= (2.198%10*) 12, R*=
0.915; Mo b< 3, FREINA R JE AR KT 0 i A= K
I R S AR (F3) .
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Fig.2 Fork length composition and body mass composition of Symbolophorus californiensis

18 b W=(2.198x104)X L[> .

{&JF i Body mass/g

95% B {

95% confidence interval

70 80 90 100 110 120 130 140
MK Fork length/mm

E3 mAERIRITEXKEEREXR
Fig. 3 Relationship between fork length and body
mass of Symbolophorus californiensis

22 MAERIMFRTEERREN
INFIAE e AT 0 1Y S R B A 2 OP EDE 5
GAT BRI Ty I R ([ 4) TR AT 1
R 3 A AR X, B A X ] XA X
(E15) o A XA FHA L, 7565 s
T AREEE] 1AW R (R0) o ThRIIXE B T
Vi 7 () A, A 2 G e (H i R Y IR R 4TS
e AR B0, AMRIXE B A E , ]
DX [ a0 B e A B B A i 2%, B H AR K SO L
At 2 A DX IO 2 380 100 B T R AR B, O B —
SRR AR IR S (5, bRic e 3) o Rl IR

] X (P& 5, bRicde 1) LR ] X AR X (& 5,
PRICHE 2) Z [ 1) 301 T B rT L
2.3 HESHEEFLBH

IR JE AR AT fa B e a0 s, H g
4 250~548 d, V-3 H #4389 d,301~400 d K1
#OH A, 5 91.46%), 251~300 d {1V 5 1.22%,
401~550 d (5 7.32%. o, mvts XY 4 s Bk
HA1~62 %, F-¥ 2k 46 s i ] IX IR HE S8R
38~45 56, V34 k41 &% AR DX Bl A S0 B
157~465 %5 , -1 303 %5, M3 4 4l 25 i i) 3 4
FEA IR AL ] 2924 2021 4F 3 H % 2021 4F 8 A,
v e S Ak B[R] 24 Sk 2021 4E 5 H 2= 6 H (A
6).

4

W74 Central notch

2

1 mm
_

E4 mFAERIEHRITERER
Fig. 4 Sagittal otoliths of Symbolophorus californiensis
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Fig.5 Microstructure of sagittal otoliths in Symbolophorus californiensis
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Fig. 6 Distribution of age and hatching month for Symbolophorus californiensis
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(a) Hi&ZZH A Distribution of age
24 HEKFHE

X TR JE AR KT F 0 H il A0 SR 3 R
KA R AT G, S 8000 /D e kA 5
/N AIC /3 M7 .78 von Bertalanffy Ay fe A A4 KA
IR 2 FE 7): L=146.325% {1-exp[ -0.01x (1-
229.392) ], R*=0.973,
25 HEKEXR

RGEE R R, XK 83 mm, H #5200 d i,

AR R K (1.92 mm/d) , WLIEN 8. Bl 7 4F % 48
AR A AR T R AR, B3k SR W K
HIAERS , P2 AGR N 0.47 mm/d, HZEP2HIRE, H
1% 380~488 d I, A AL K HUR BT [ H ik
262~275 d B, 4 X A K R 0K B R oK (1.00~
1.33 mm/d) . E ZE/ 08, H % 250~380 d i, X
KA KRR TG, H#289~300 d A 45 X}
A KRR F B K (1.00~1.43 mm/d) .

F2 MAERIEARIT & EKER AICHE
Tab. 2 Fitting AIC for growth patterns of the mantle length and body mass—at—age of Symbolophorus californiensis

Cr if;fion L /mm a b K G t, 1 R? AIC
AMERIAY i 1.48 155.13 i # o o 0.35 106.67
TREUEAY i 187.90 0.01 i # i o 0.34 108.29
PR B AL i 155.79 0.14 i # i * 0.12 130.32
von Bertalanffy 146.32 * * 0.01 * 229.39 * 0.97 -26.66
Gompertz 107.21 * o i 0.33 * 221.64 0.90 -21.06
Logistic 107.06 * o 0.03 # 227.83 * 0.90 -15.76

T R AP RIS

Notes: * represents this parameter does not exist in this formula.

http://www.shhydxxb.com



2 ST, A PUAL R A TN AR JE EARAT #4710 1A= 1 325

140  1,=-146.325%{ 1-exp[-0.01%(+-229.392)]}
R=0.973
g 120
£ o T6
| + TI3
REL
2 | *
_:ﬁ 100
i
¥ .
> 80}
95% B My
95% confidence interval

60 1 1 1 1 1 1 )
200 250 300 350 400 450 500 600
Hi## Ageld
7 AR ERIEARKT £ 4K A 4K H 2
Fig.7 Relationship between age and fork length of
Symbolophorus californiensis

20 ¢
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16F

L4ar N
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1.0 b
0.8 |
0.6 | \‘x\

04 | Tl
02} R

O 1 1 1 1 1 )
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H % Ageld
E8 fnF4E e WARKT & XAC- B R 43T £ K [E
Fig.8 AGR of fork length—age of Symbolophorus
californiensis

dL/dt

2.6 ®YAEKKBERFRE

PN 4 A~ S R ALE B 20 N4 b 2B AT H 8
B X AR B &, 53 A R IR AS AR K R A
FEPA R E I (1 9) o A KRS RR E
A HEE 5 drg PR E R A i S E—or
T—UCH ARG 5 d P AR S5 B AT e A
TEAE W EHIEME(P<<0.01) . 45 EW, InAl4E e
SERRAT f0 B AR SO S g H 3K 0 (&
10158 3)

3 it

31 mABERIHRTEERMEH

FR I TN 48 JE W bR kT 0 B A7 s X s A= K
SOHECR R IR AR JE AR KTt 40 0 % B s it
6] 4 41~62 d,F-1 4 (46.3+3.8)d, iX L B3 - 53

T Y XA IR A8 JE bR T B 30~64 d, F-Y
1 (48.0+6.3)d g KD o ANRIAT 58 0 HoA vl X
BUAER SR AR E 2. BN, NI R A
oo XA K a0k 33~43 d'7, B 2R AT
(Benthosema pterotum) H- A7 /.0 X 3k A K 80K
22~32 d, LT 4 ( Tarletonbeania crenularis)
Hof o KOl AR K 80 34 80~139 . [a] — )
Fili [|) &y £ % B I TR S A — B9 B R o] e & T
RBE R R 7 Ak I R 3, A R A g A i AR
B,

o] X 3 A K SO RO R, IR JE
BT £l 4l £ % 8 o R A0 T s ) o 38~45 d,
Y1k (4148.8) d, 3X 15 BA ] - 55 0 4o A RE AR 1
23~61 d, 3 K (4148.2) d#iF . TAKAGI &
RN A AR T AW, IF H e X
B0 A R SRR R AR TR R R
F IR B B ) MR R o B AR B RS T,
FAR SR A A B A FE AR T A A B AR R B K
FIE B¢ v (8] DX I 1 4 JE AR T a4y
TR RIEIZEE e . BNE A AT, %
DI 1 A= G 2 B R 56 B 22 O B A A (]
1), 55— By B389 248 K 8098 B 2 0 14.50 wm,
5 B BT 1 AR K B0 TE B 29 R 12.80 pm, B
W BOE A K GCTE LN 13.03 pm, 465 DY fr BEE- 1
A K S TE 218 10.93 m, FE32 W7 5 A X 8 Ak
K Qv FEART , X A A K S v BE R A2 A AT e S5
TR ] IR G A8 O T B 5 L GE R 4¢
P A AR BAR A OG0, AERGR A a2, b
FRE RN IE & E LR T SR
B TR WA R R 7 A AR v R G o R 556 ER
B2 BFFIR ' 32 PR FN RE A% 38 N 5k 6 IR 35 0 F= AR
D PR R RO 32 AR 2R T R 8 56 I, DT A B o £
KA F BIRE 17, SASSA ZEORRSE R,
FEAG RV PG 3B 55 g 03k 1 X A AR e S A
KT f0 A HE f0 /e 2 B ) B, E B e IR AR FLIH R
FHE I 100 m b E/KEEE 3, 1245 Rt — P Ak
T RER KT A0 Bk 4 £y W0 T B X — &
wo B, A BF 5 45 R 5 GARTNERM™ Fi
LINKOWSKIZ® 1 25 52—, R 48 Je AR AT
i 5 A ) DR AR K SRR G T4 fa ) T A
B 2 TR 2K
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E10 mAER IR EEES B ARSI

Fig. 10 Lunar periodicity in otolith microstructure of Symbolophorus californiensis

F3 mABRIMRIEFAPENFEFAERGEESREFNTAHENFHFEELL
Tab.3 Comparison of the mean increment widths for the five days around the full moon with those for the five days
around the previous and next new moons in Symbolophorus californiensis otoliths

8 A 9H 10H 114
vl August September October November

Sample i H #HH i A HH i A A i A BiH
. % 3 3 %
localities Full New i Full New — Full New — Full New e
Rate Rate Rate Rate

moon moon moon moon moon moon moon moon
T6 5.51 5.75 0.96 5.49 8.35 0.66 8.08 9.98 0.81 6.89 7.63 0.90
T13 8.21 8.40 0.98 7.99 12.08 0.66 9.9 5.12 1.93 8.72 9.95 0.88
T15 9.03 8.48 1.06 8.18 8.93 0.92 7.53 7.84 0.96 7.54 7.69 0.98
T23 11.41 13.03 0.88 8.13 9.36 0.69 9.73 11.52 0.84 7.24 8.79 0.82

BEK
MZ

B~

TR @
X >
V& =T
4 Stage 1
~
K BB B stage2
£ BEMB

Stage 3

ALY

Stage 4

11 fn#4E R LARAT & B A o 8 X R E5 4 1E

Fig. 11 MZ in otolith microstructure of Symbolophorus californiensis

32 MAERIFRATERNEREEK WA HE 4T 4 (Diaphus kapalae) ' F1 HL f5 kT 5 4

R4 GARTNER ™ (B 5% , 28 V8BRS AR H0 Y (Myctophum asperum) " GRS P45 2] T 3 UE,
WRENR RS LT | BT QAR KT f AFE [QREXT fa 7EME F i TAKAGISEP 8l A K80 R [ 2 -5
AR Y b 2 AR A R i A B0, T R TE R A I R A e SEAR KT £ H S 81~541 d, AR
Wl XL AR E RSO, s mrE R AR A XN RREA H %8 250~548 d, 5 LIAE
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FIRIFFE 45 FRARAT o il 3 % B AR K AR 43 B, i
It e WhRLT fa7E AL 5 19 325~375 d, FRifEfR K
AEIAF] 100 mm, H1 AT HERT  iZ PR 2/ DFEHL S
— AR Lo BN R O HAE A A I 2 AT LGk
FIWAF, XFEHS, HA PRI b IX 52
SRR, AR AR — L iR A JE AR AT £, (H
X AR A Y 1 R O o R R GE . SASSA
SIS R B, IR JE bk T f B 6 7R 24 2 ]
P INERE IS , B e R T2 DAL X 3
B, 425 S DX Sl 5 (O RS Pt 30% o ERE:
UL A TR RS AL IR R AR s HE DN 5 DI, ik SR EHIX
DX IR AN A JE W ARET (0 B T — A4~ 7= SR R4 T R
77 B0, HEPEFNMEE B AR AR 230 99
108 mm™ . 3K —&5H A (1) A A 1)
— S AR LS R R T L AIAE SR X
PG, AT e R T X R IR T2

1 T30 3 A AR JE EAR KT faiE AR B2 8 2 40
W RACR R K AT A K B IA . o,
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Age and growth of Symbolphorus californensis in the high sea of Northwest
Pacific Ocean

ZHANG Yining', LIU Bilin"***, DAN Yating', LI Jianhua'*7"*

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

Abstract: To understand the fishery biology of Symbolphorus californensis, the age and growth were
analyzed in 175 samples collected in the high seas of Northwest Pacific Ocean from June to July 2022
through the observation of otolith microstructure. The results showed that the sagittal otolith of S.
californensis is elliptical, with a sinuate dorsal margin, shallow sulcus, and rounded to oval cauda. The
otolith microstructure along sagittal section exhibited three of the growth zones: CZ, MZ and EZ,
respectively with 45-50.38-45 and 157-465 daily growth increments. The sum of daily growth increments
in the three zones determined an age range (lifespan) of S. californensis specimens as 242-550 days, with
the dominant group from 301 days to 400 days (91.46%). By obtaining the age in days of each specimen,
the back-calculated hatching date of specimens collected was determined as from March to August of last
year with a peak in May to June. The AIC analysis indicates that the optimal growth equation is the von
Bertalanffy growth model, with the fitting as: 1,=146.325x {1-exp[ -0.01x(#-229.392) ] |. In addition, S.
californensis of Northwest Pacific Ocean was found to have daily growth increments of its sagittal otolith,
which also exhibited lunar periodicity in the deposition of increments, with growth increments during the
full moon period. The results of this study reveal its life history characteristics and provide scientific basis
for future resource utilization.

Key words: Symbolphorus californensis; statolith; age and growth; lunar periodicity; Northwest Pacific

Ocean
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