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Abstract: Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) was used to measure the concentration of
trace elements in the otolith of the South China Sea squid (Sthenoteuthis oualaniensis). The composition of trace elements in the oto-
lith and the change of the ratio of trace elements to calcium (Ca) were analyzed. The differences and the relationship between the oto-

lith and habitat were discussed. The results show that the main trace elements are Ca, Sr, Na, Fe, Ba and Mn. Analysis of variance
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(ANOVA) reveals no significant difference between populations and genders (P>0.05). There was significant difference in the ratio
of trace elements to calcium among different regions of statolith (P<0.01) except for Fe/Ca. The Sr/Ca ratio was the highest in the
nucleus and then decreased. There was no significant difference in Sr/Ca ratios among different spawning groups and geographical
regions (P>0.05). There was a positive relationship between Sr/Ca and temperature, and a negative relationship with salinity at the
larval stage. Sr/Ca can be used as a good temperature indicator. Na/Ca first increased and then decreased, highest at the dark zone.
Na/Ca is significantly different among different spawning populations at the nuclear and post nuclear zones (P<0.01). Mn/Ca and
Ba/Ca, which first decreased and then increased (lowest in the dark region), increased at the edge zone and peripheral zone. There
was a positive relationship between Ba/Ca and salinity at adult stage, and Ba/Ca can be used as an indicator of vertical movement.
Fe/Ca was significantly different among different spawning populations and geographic areas (P<0.01). It is shown that Na/Ca and

Fe/Ca are suitable for distinguish of different groups of squid, and Sr/Ca and Ba/Ca can be used to estimate the habitat environment of

squids in the South China Sea.
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Tab.1 Biological information of S. oualaniensis

i i K /mm A FTt/g PR Hi/d SREAL i ] &=
station ML BW maturity stage age hatching month season
1 95 26 I 56 2017.01 &
2 121~189 67~344 I~V 71~125 2016.11—2017.01 . &
3 89~154 18~153 I~ 62~80 2017.01—02 &S
4 131~175 107~256 I~ 77~84 2017.01 &S
5 110~139 35~104 I~ 69~91 2016.12—2017.01 &S
6 130~157 95~149 | 74~90 2016.11 e
7 122~133 63~96 I~1 73~84 2017.01 &S
8 112~159 53~184 I~V 74~119 2016.12—2017.01 &S
9 111~155 44~159 I~ 64~84 2017.01—02 &S
10 110~171 40~166 I~V 70~92 2017.01 &S
11 87~182 7~199 I~V 63~99 2016.12—2017.02 &S
12 80~117 16~51 I~V 55~68 2016.08—09 2.’
13 81~100 17~38 m~M 60~73 2016.08—09 2.’
14 66~92 10~24 I~V 52~65 2016.08 -l
15 86~110 19~48 I~ 66~73 2016.08 -l
16 96~112 23~43 I~ 69~73 2016.08 -l
17 141 128 \Y 84 2017.01 &S
18 117~120 55~71 I~1 65~69 2017.02 &S
19 120~128 74~91 m~M 80~83 2016.08 -l
20 117~135 66~103 I~V 75~87 2016.08 =
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Tab.2 Temperature and salinity data at different water layers
A IR/ °C temperature B salinity
station 2 surface 50m 100 m FJZ surface 50 m 100 m
2 245 243 23.9 32.8 33 33.1
3 27 255 22 31.8 323 329
4 273 244 23.6 31.8 332 333
5 253 243 24 32.7 33.1 332
7 26.3 24.8 19.7 31.7 325 33
8 24.9 24.1 20.5 322 325 332
9 26.8 24.6 19.6 322 33 333
10 26.5 255 20.4 32.3 324 33
11 26.6 25.1 20.9 324 325 32.8
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Tab.3 Element concentrations and element/Ca ratios in statoliths of S. oualaniensis
o JEZE VR /umol-mol ' element concentration JLZ/Ca element/Ca
o il R i St ik
range X+SD range X+SD

4 Na 370~5 501 4115474 (1~14.1)x10” (10.5£1.2)x10°°

: Mn 0.03-21.6 2.842 (0.08~57.3)x10"° (7.245.3)%10°°

% Fe 2.3~189.5 39.7431 (5.8~502)x10 ° (102+79.7)x10"°

H8 St 443~7 475 6076595 (1.2~19.1)x10°° (15.51.5)x10°

1 Ba 2.4~30.8 6.1=2 (6.1~79.8)x10° (15.6+5.2)x10°°

x4 HEESEMEAEARREBHRETRRERER
Tab.4 Difference of trace element concentrations at different growth zones of statoliths
B FEZ VR /umol-mol ' element concentration
oE Pobix R Wik P ki P
N PN DZ Pz EZ

£ Na 2919~4 722 2 802~5 091 2 625~5 146 2310~5 238 370~5 501 0
f Mn 0.03~8.3 0.03~10.6 0.1~13.9 0.11~12.4 0.11~21.6 0
B Fe 2.3~151.3 9.6~164.7 12.2~159.4 12~154 9~189.5 0.1
£ Sr 4 971~7 446 4296~7 059 3 356~6 622 3 187~6 829 443~7 475 0
1 Ba 3.3~10.7 2.7~11.8 2.5~18.9 2.4~9.4 2.7~30.8 0
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Fig.3 Ratios of elements to Ca at different statolith zones of S. oualaniensis
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Fig.8 Relationship among trace element ratio and temperature and salinity of statolith of adult
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