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Vertical distribution of Limacina helicina larvae in the Pacific sector of the Arctic Ocean
during autumn
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Abstract Limacina helicina, a species of Pteropoda (Cuvier, 1804), plays an important role in the food web and
carbon cycle in subpolar and polar regions. The presence of aragonite unsaturated water in the Pacific sector of the
Arctic Ocean necessitates the need to examine damage caused by ocean acidification on species with aragonite
shells. According to previous studies that examined the impact of acidification on shell-bearing species by employ-
ing incubation experiments, young stages (veligers and juveniles) are more vulnerable than adults. In the present
study, vertical distribution of the young stages of L. helicina in the Arctic Ocean during autumn was observed to
evaluate the effects of environmental factors on their distribution. Veligers and juveniles showed high abundances
from the surface to 30 m depth in the basin regions around the Chukchi Plateau (Stations 39, 45, and 49) but were
restricted to a depth of 20-30 m, overlying a strong halocline formed by the inflow of less saline water. Veligers
were predominant in the basin regions, indicating that active reproduction occurred in September. Since adult fe-
males involved in reproduction were abundant in the shelf regions, their reproduction patterns varied with differ-
ent periods and regions. Unsaturated aragonite waters and damaged shells were not observed in the study area,
possibly due to dilution by sea ice melt water inflowing from the shelf regions. This study showed that the distribu-
tion of the young stages of L. helicina was predominantly concentrated in the upper 30 m of the basin due to strati-
fication with a strong halocline in the shallow layers caused by the inflow of sea ice melt water.
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Limacina helicina (Phipps, 1774) &, 10 NBR O g
IR AT 2 ARE B O —FTdH % (Kerswill 1940,
Hunt et al. 2010). AfdilZ Clione limacina (Phipps, 1774) O
TH 5721 T7% { (Lebour 1931, Lalli 1970, Conover & Lalli
1972, Yamazaki & Kuwahara 2017), fa¥H3 & Mg FHO T
PRHMERY 22 22 bME SN TV 2 (Lalli & Gilmer
1989, Boldt & Haldorson 2003, Hunt et al. 2008, Karnovsky et

al. 2008). % 7z, RIS 2 S HE Limacina rangii
(d'Orbigny, 1835) D FETAERIZIE S 21 ILBF T 2 7o o,
MEMN R IRET7 5 v 2 2ICEHBAT % (Hunt et al. 2008).
NGO L, BHFEYME L CRKEMEERICE T
AMGEERRIZ R LT3 eEZILNS.
AR A O MEERA T H b, FEERIRED
E3iwEy, Y Y r =94 <03mm, Y1k 03-
4.0 mm, HERIA © 4.0-5.0 mm, HERIA @ > 5.0 mm ¥ X573 S
13 (Lalli & Wells 1978). &k & RS T o &
572 O0DHEEZXFL (Lalli & Gilmer 1989), FH2lE K

202146 H 28 HAZA5), 20214E11 H 27 H32H  JHUHEERE © ERERET
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BE15-26 mm s | (GRFE ¢ 1.6-2.0 mm) TINE/z & & S ICiF
k9 % (Murphy et al. 2016). — 73, XV ¥ ¥ =¥,
i OMERESNIC & O fEk T 5 (Paranjape 1968). AfflZ
MEMETHY, EFLoHBI»Y TR F >
2 by, M3 AT 3k TIRE ) & 1HAE
9 3 (Gannefors et al. 2005). ASFEDOFRE A DOV T,
FITEE0-200 m 12 F I HBL L (Kobayashi 1974, Hunt et
al. 2008), EFEOILME T, 7% 5-13 mm O BRI
JE5-25 mIZ £ 9§ 2 (Gilmer & Harbison 1991). — J7,
N Ty =W, EES0m PRI T A 2 ¥
5 34T % A% (Kobayashi 1974, Shkoldina 1999), #flll 7«
PRIEMAI A ICBIL TEARIZZR 2 2 TH 3.

AR, WIEBMHEIC L VB LT T 7T
FA FOREANY Y LTHRSNIGREET 3709,
7ITFA FORBANC & o CHEEELZ T2 520
1T\ % (Orr et al. 2005, Seibel et al. 2007). L. helicina ® +-
B2 AT » 2 JbhnfEig T, Blicry 3944 b
DARBIFIE 72 5 TH Y (Yamamoto-Kawai et al. 2009), g
PRI & 2 AR~ ORE I TV 3. L he-
licina % X5 LT BNERRIC & 0, MBI (bos AR
N5 Z 2O IEZSEICEA TV 2 (eg Co-
meau et al. 2009, Lischka et al. 2011, Seibel et al. 2012,
Bednargek et al. 2014). %7z, fMOEYOEITHSED G,
HIHAZE S BB O ARG AR PR PR L6 LT
T H B EZL N TV B (Kurihara 2008, Clark et al.
2009, Comeau et al. 2010). 5] 2 {¥, Thabet et al. (2015) T
13, HEZETT A ORI 904 T B Limacina retroversa @
G E D 5 XY D v =G E oA E v TENSE
Brite, ZHUREPERENS 2, KCRO L
FEeREDOBERBESILZ 2 2 ¢ #8E L T2, miiEc
DT B Lorangii DXV Ve =4, mUKiRY 7 93
F4 PAREIRNC & o C, FEEHRD LA 8 L ROTEMRL
EERNICHER S 1T\ B (Gardner et al. 2018). %72,
B EIBANC £ D, 197945 6 20104 O HESILAT-T
TV L. helicina DA TAMERNZ $H 2 2 ¥ (Mackas &
Galbraith 2012), 19554 & 2006 4F O L PG ILA PG T
FAE R B O ZBEI AL S 78w 2 ¥ (Head & Pepin
2010) BHE SN TV 2. LarL, IhiToBEEY
BT AD A2 H/HEIZ L TE Y, RY Vv =4
PRUHINHERB Y S e LiciidirbnToui
V. INAT, FIPREREOMAE e 7 2 a1 gk
fEr oEENRIEELITbhTunicd, BIGEREET
WIFFEE B DRI 2 it b o2 2 3 d L 7ol
BIRY 72 COWEIRTH 5.

AWrZEE, EFEO MR RIE S & R B
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T, =2F VRKBE LI VIC & Y E£EH0-50m %
7RI TERIK 217\, L. helicina D) ¥ v —4EE
& YA DBREMAI ARG 22T 2 2 #HNY L
oo S50, D50 e YIEE BRERE), (BN (7
Z A bR BB C i L, RO
BR 52 3EIIIOWTERL .

M 7E

20194 10 A 20-26 HIZH\F T, HEHENTZEBHFERES O ifE
PEHMERAIFZLAR & &\ MR19-03C fifiiE & | 4 BIHI A (St.
39, 45, 49, 54) THEEF6 RN DTz O KENC L. helicina DEREE
#1772 (Fig. 1, Table 1). = 2 % ¥ FUKAR % Fl v CHERE
5, 10, 20, 30, 40, 50 mJ& > & Z L 2412 L D /K & FRIK
L, 7enry 2 HvCERmE D20 L 28K L 7.
7212 St 49T, TR 50 m Df%H D ICHEE 75 m T O
KB L 7. POk, i EEEBEC TGEKkE G
G3umD Ay Y2 TW- L HEEML, Xy ¥va bl
5o TR 2 FURBEMEE FCRHL 7., 20, iWlkle
TR —)v995%TlEE L TRE LHEBREFICHRbIRY, #
SAMBE T ORBEEZHEE I 7 nx — 2 2 TEHIIL
7. AFEOFEE ML Lalli & Wells (1978) O 4 XX 57
WA, BEFE<03mmE N Yy — 4k, R F03-
40 mm B4k L7z,
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Fig. 1. Location of the sampling stations (red circles) in the Pa-
cific sector of the Arctic Ocean during 20-26 October 2019. The
solid star indicates the location where many adults Limacina he-
licina were collected by vertical hauls of a rind net (335 um
mesh).
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Table 1. CTD data collected in the Arctic Ocean during 20-26 October 2019.
Station ID Bottom depth (m) Latitude (N) Longitude (W) Date Start End
P & (UTC-11h)
39-4 687 77°00.28' 164° 59.75' 20 Oct. 23:43 0:42
39-5 685 77°00.10" 164° 59.57" 21 Oct. 23:27 0:28
39-7 697 77°00.23" 165°00.16’ 23 Oct. 23:09 0:08
45 437 77°00.01" 164°00.01" 22 Oct. 19:30 20:24
49 1896 77°00.22" 168° 46.13" 24 Oct. 21:59 23:46
54 61 73°00.03 168° 45.04’ 26 Oct. 2:08 2:30
ZZAF Y FREAT VIS BRI, IKEE Fluorescence

42m (HEE F-10mOEE) »OlHETOY ¥ 72y
k(1180 cm, HE 335 um) OFAME L, 12 & Y L. helici-
nal%AK %, St. 18 (69° 0.62'N, 168° 45.63'W) F & TFSt. 62
(69° 0.09'N, 168° 41.27'W) THREE L 7z (Fig. 1). FEEL
A%, BEEMEK T L 72500 mLAR R ovic A, 4°C
T8-21 HHEE L, PEINOAMETRNL 7.
AFEOEREE 217 - 72 4B 50 B3 TERK ¢ RIRFIC K
R, 9B & OHEOEHE (685 nm) & CTDIC & b HIE L 72,
%72, Ladd & Stabeno (2012) DL F OR % F\ - T HEEo8E
FRBUSLTm ™) ZEFEL, KO BUEEE OFHli 2175 72.

SI=-— J.l(p —[p]) gzdz; [p]= %J:pdz

T, plIEEY, hIKHEOREE L RT.

% 7z, L. helicina DEREE 21T - 12 [FIRE O FRKEHRNS
DV, i EFEEREICE W T DIC-TARIEZE (Nippon
ANS, Inc., Japan) il L, AFEEFSRZE (DIC) B L U%
7oV (TA) ZE L 7. 136 nikiid, H5), DIC
# & FTA > & Carbon Dioxide Information Analysis Center
(CDIAC) 2t 3 2 55 7' 10 275 4 CO2SYS (Lewis &
Wallace 1998) % i\ T 7 7 2 1 +EIMIE (Q,) 2 HH
L.

RIEER

BB A O R 0-50 m O /K I 13 - 1.0-2.5°C, 13
29.1-32.7 psu, HOEA120.1-0.7 TH - 72 (Fig. 2). VT NIOD
BB T OB R L e hs, BB (St 54) ¥ ifE
I (St. 39, 45, 49) TIHEMASE A » Tz, g (St 39,
45, 49) TTUd, TRFEHI20-30 m»> & HEZIM 12 204 CHEKEM
fokIC & 2IRBELH Y, Z 0 FICHRIE 72 50 HEE » 3k
mante. —r7, BEMIEL (St 54) T, HE0-10micE
JERATEDS, VEEE10m ¥ 30 m IS\ ERE AR S Tz,
Z OB EEIRAEN O /71349316 psu ¥ O
W& D @ oo (Fig 2). S8R O KELREE,
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Fig. 2. Vertical profiles of temperature (black solid lines), salin-
ity (black dotted lines) and fluorescence (grey solid lines) at each
station in the Pacific sector of the Arctic Ocean during 20-26 Oc-
tober 2019. The values in parentheses indicate the stratification
strength (J m ) of the water column (0-50 m) at each station.

T L, BE O st 54 TR A o 72, TR o B
MIZBVTH, EAEANOEHHEIE, BEUHEE D &
LoD, Z0OfI3H04-07 CK» > 7z,

BRI DQ, DEIF1.17-1.67DEFPHTH Y, 753
F 4 b AREFIZIREETIE R H> o 72 (Fig. 3). St. 39, 45, 49
DO, DfEE, HERENCIZ1I20EZTHY, HE30D
L1340 mTHERAME %2 /R L7z, St 54 DIRES mDQ,,
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Fig. 3. Vertical profiles of Q,, at each station in the Pacific sec-
tor of the Arctic Ocean during 20-26 October 2019.
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Fig. 4. Histograms showing the shell diameter of Limacina he-
licina collected from six stations in the Pacific sector of the Arctic
Ocean during 20-26 October 2019.

DfEiid 1.67 € OB & O KiEIzE <, KE2KICE
W hird Eid o 72 (Fig 3).

Limacina helicina DY 1 X4 ¥ SREMH D1

AR T=2F VR Fvic & o TEEE L 72 400 A D
L. helicina D% 113 125-480 um O HFIFAIZ H b, FH208+
79 um T dH - 72 (Fig. 4). FREE S NIk & BKIKIS AR
INTY, 82%IFFREE300 um KGO RY Vv —IhETH
D, RO D1RIIMETH -7z, 7z, B BHEL
1ok R o IR EERR S s b o T2,

ARG St 54 B BRE, M HEELAR DR 0-20 m 2577
A FICHEPLTEY, 40 mAFETRBBEEED D
2 WHHG ¥ 78 o 2 (Fig. 5). AL St 49 DT
5 m TR A BREAE 2583 ind. m> PR S iz hs,
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Fig. 5. Vertical distribution of Limacina helicina at each station
in the Pacific sector of the Arctic Ocean during 20-26 October
2019. The numbers in each panel indicate the mean abundance of
veligers (black bars) and juveniles (white bars) in the upper and
lower layers. The dashed lines indicate the depth of the halocline
at each station.

ZTRY Y e =G ED A BUE A 2250 ind. m” & i
FRL7z. 27z, WifRIEst 39-7 DEFEE 20 mIZ BV T K
HUER(E A% 583 ind. m > ZFCEk L 72, St 54 ZBRVC,
JE RO R R 2 v, BRI R T
WL T, N Yy =476 5T, ks
TH -tz St.54 TIIEERE0-10 m IR LB 3, %
J#20-50 m (B L 7223, Mo & O HEBREERELZ
Krotc. NI v —YPECYRODHEEILR LIz &
2, METHERAZAZR N ok,

z 7

R v —hES L UHEDIRER R

AFEDONY Vv =4, EESomIRICHNT 2
2 HHIL AT % A3 (Kobayashi 1974, Shkoldina 1999),
AT & D XY Vv =B D i D TREE 0-30 m IZHE
WENT 2 PO oz, ZOFERBHY LT
3, NY Yy —HEBIEOENEE R T2
(Paranjape 1968), WFRMIT < DY DR EIZEH L
THHLTCVReEZLNS. Rz, AMOBIKITERR
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PR Z7o01C, REMTH L 0-4am BT B 2 R
£ 8T 3 (Gilmer & Harbison 1991). AfIZEIZ BT

b, XYY =B L YR HBEEARE DMK
5, 108 L U20mEicdh b, WEMMEOICONT
HBEAED D L Tz Z e, LRzl 27972
vEZLNS.

AWFICE Y, AFEONY U v —EE & ORI,
HEK a0 1553 30 psu AT ORI 77k ¢ 6 428
AHET® 3 ¥ BUGEINA» SIS X 78 5 7o, [l
V2, RIS 22 o E AT O SR /0 2 Al < IR L T v
ZU[REME D 5. —fiC, BT 5> 2 b v OENTR
WSS OIFED IR T 2 (Yamaguchi 2015). ZRFED N
VY e =, EROMEEIC L DEKL T3
(Paranjape 1968). [FIfk DA TiliEvk 9 2 2 M D Crepi-
patella peruviana (Lamarck, 1822) O XU 3 v — 4 (%
£ 1350 um) O 3 Pk OE B, R 32psuil B T
0.64mm s ' ¥ K <, (K3 CHEEUGEE ST 2
(Montory et al. 2014). —J7, FBIC & 2Kk Z1T D L. he-
licina WA TIE, %1% 1.6-2.0 mm O 4K T 150 vk o
15-26 mm s ' (Murphy et al. 2016), P 1.0-3.4 mm T 13-
44mm s ' (Chang & Yen 2012) ¥ RESh T2, Zhb
DGR % VT, REONY Vv =44 E & Yk
DBEREAOmP» S 10m~BET 2701013, 2hzEh
13.02HF[ ¢ 0.19-0.64 5 s B BT & 2. 727001
2N, 30mE MR R —ERTRE L 72 ORE
MThasZciclESNIC. Thdkb, Pkl T
FHEELLGE D b BB LR A~ B O FTREMEIZ TE T 378w
2, R T =GR L CEBEIL CE e dE D
LV, HEROE Y, AR Vv —EEIGIEOES D
HBHBEERT DY, AR HRELIRTREIN
L, WL 72 Ens W Pists O, BE, MR T ok
B) DL Z T 05 bHELART & LB
MEFFL Qe EZ o3, —7, BEMIEL (St 54) Tit
WL BB L. oI E T 2 HEmRE
13, oMY T ED - 7. BEREICOWT, B
FHRR— U > 7RI OKkZE70 m) T3, &b HEE
FETB8HICB VT T4862 T m ZRL, ZD%%
HICiREIC & ) 23U KT L, 10 AHPAIICI32000 J m™
% RNAl 3 (Ladd & Stabeno 2012). Z D Z ¥ » 5 St. 5413,
RIEDHHEE L 2o H 3 MBI L T e ZEA b3
23, BERELURTHAESHBIL T wHIEr S Il 3 2
Y, WEOWEKREN T S Nk CEEETH - 12
CHERS NG, —T, B TIER—Y v S b
TEA LT 20K BREINICE R D55 2 ¥ 5l
LNTEY, HHICL > TEBIESGE (0-10 m) 13 Alas-

kan Coastal Water (< 31.8), 10-30 m {3 Bering Shelf Water
(31.8-32.5), 30 mLA{E 13 Anadyr Water (> 32.5) IC X573 3
#1% (Coachman et al. 1975). D % b, [EMIEk o St. 54T
13, ARPPEHROKBE (3212 Anadyr Water) 12 & - TAFH
OMEDELE SN TSR EZ NS, I bay
K J 7 DNA ® COLB{n T HED ¢ T m & A FfTIC
£0, BN OERBEDSPEERIEARE D & B - &
IR N Y Y EETOML TS 825 b (Shi-
mizu et al. 2018), JCACEFEAEE T > & JbMRiE~ O ik
BEEMCH N 2B G e EZ LN 5.

ESIICDOWT

AFEOFEINIZOWT, ZAN— VA VEEETIEIA
(Gannefors et al. 2005), 1t i ¥ H O35 C 13 5-8 H (Ko-
bayashi 1974) S EEZFEIHTH O, HICRK O H) »6
X3 X3 TR Ve —hEPSHETZ Z e
MRl T 3. ABFZEICE TG, JLHHE o ks (st.
18,62) ICB VT, AMOMADEFES N, 205 HLEE
1R13 PEBR % 1T - 7. Paranjape (1968) 12 & % ¥, 7Kii
13°CIC BT 2 AHOMERERTIE, Ml LML T
FRAZ200 M ICKET 2 2 TIOHRY B T3, %
fo, HEOMBFCET 28T, Kili-0.9CLL T
B ZROMEEED68um day ' v HESI N TV 3B
(Weldrick et al. 2021). AFFZET= 2 F »EFKds 2 72133
R & D BREE S 7 R o SR 1 208 um T
bz, RETHENS NIKIE (-1.0-25C) 251
BOEME Y BECZ 2o, BREEXZETRLALE
< OfEADEINRE NG, MERHODL b1 » AR
LiaithrrEZNG. —77, FEME (St 18 ¥ 62T,
KR 2.0-5.8°C) TIFFAEIRFIIC 3T HIHFEICEIN 21T
b Ze» s, ARFOEIIRHIC A H 2
ZEDIREING.

T OF 1 FREMKICEK B L. helicina FIEAR T ERFEN
DFE

JeRE SRR R L CEga 22T H D (Ya-
mamoto-Kawai et al. 2009), T CTIZ7 J T F 1 F AFIAI
Q1% Flal- T2 IRAE) ¢ 72 5 T 2 HEE5 0
DMl S LTV B (Bates et al. 2009, Chierici & Fransson
2009, Yamamoto-Kawai et al. 2009). $F12, # F Xigm &
J& (0-20 m) TERELICHEKDS 7 5 2+ 4~ RETRI D IRAE
Yo TEY, THIHBKDEET 2 C v 23, @l
fif7kiz & 2R, ERBISGEEIC LK 2T o > 2 F ook
BHGRE DM, 8 & L0 _FbRFERIND L5
MR, FERMCQBETLTw3cHeEILN
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T\ 3 (Yamamoto-Kawai et al. 2009). ASHFZETIE, L. he-
licina #7485 L 7o 2 T OB B & FTEE0-50 m TQ,,
Offins1 % kA>T EH, KREMZKETIER L, HE
SRR L o R R o AL ERE S e o T2 St39,
45, 49DNET 2 F ¥ 2 FEFAATIE, HIChiiET 3
NFRWHED QL FE20mIcB VT %
REIS A2 2 ¥ ASEHMIS 1T B (Yamamoto-Kawai et al.
2009). AL, Fx Z FMEERELD, H I XiEEEE
WCH2AR—7 +— MMEEROYE L, BEIEHR O
IKDTRAT 2 Z 212 & Y (Nishino et al. 2011), EiRo X
5 IR KRR & 2 QK FORNRDSFH N FodH ¥ E 2
L d. —J37C, M, KRR R, 2 XERE
ETOR—7 +— MER»EILIN, 20> T
FEMIK 230K (RIFZE TRl L 72 F © 7 FilE5E) 1S3
AT 38T, —RAEESEINT 2 n[REMED/RIME S 1T
% (Nishino et al. 2011). 3 51, F ¥ 7 FiEEEUL,
JeiiEO T b i b HOKELARASHEIT L T 2 s
§ 32 72 % (Stroeve et al. 2007, Comiso et al. 2008, Markus et
al. 2009), 51, Q. D& FBHE LN 3 A[EEHIZGET S
72\ Lohelicinal3 Q751 & D IRWVIKILTF T 7 7 3
4 FORBEHESEZ D TE I, ROPHEPTRE
2128, WERMEGFZE»TEEZ LN TV (Co-
meau et al. 2009, Lischka et al. 2011). ASWFZYTlx, BIGE
-CHRERETECIC & 2 AFETHATE 5 B ~ 0 728 % BRI
WORT 2R TE R oTehs, Sk, KFEHAHbMEIC
B TOPKERDIE L, RIEiHKP O Q, 28I
T, AFOATELICHE L KITT I erfaishd
e, IoncHEVROLNS.

g

AFC TR S 2 TH S 2 L 72 JAM-
STEC HEVEHNERIIZEMN & & WO E, L8B4 6 ookl
BOJ54, FRSNIHIREDITLZELSHLB L H T
29, 7554 FMEMEOREIC IV : L
e M ERZZO NG ETAE IR L LT
AT LI IFZEHEE 7 0 v = 2 b (ArCS) B & Mt
MBI 7S 7 1 2 = 2 b (ArCS II) IS B THAE S 1
FL7C. AR —EBIE, NI A K PE A A
BT O RINTZE B 3 & O LM 7L S A HEE L
R 2 3 2 =7 4 SIRFEHROMPIE 2T CHEL &
L.
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