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Abstract : ‘Marine mammals-based observations’ refers to data acquisition activities from marine mammals
by instrumenting CTD (Conductivity-Temperature-Depth) sensors on them for recording vertical profiles of
ocean variables such as temperature and salinity during animal diving. It is a novel data collecting platform that
significantly improves our abilities in observing extreme environments such as the Southern Ocean with low
cost compared to the other conventional methods. Furthermore, the system continues to create valuable
information until sensors are detached, expanding data coverage in both space and time. Owing to these
practical advantages, the marine mammals-based observations become popular to investigate ocean circulation
changes in the Southern Ocean. Although these merits may bring us more opportunities to understand ocean
changes, the data should be carefully qualified before we interpret it incorporating shipboard/autonomous
vehicles/moored CTD data. In particular, we need to pay more attention to salinity correction due to the usage
of an unpumped-CTD sensor tagged on marine mammals. In this article, we introduce quality control methods
for the marine mammals-based CTD profiles that have been developed in recent studies. In addition, we
discuss strategies of quality control specifically for the seal-tagging CTD profiles, successfully having been
obtained near Terra Nova Bay, Ross Sea, Antarctica since February 2021. It is the Korea Polar Research
Institute’s research initiative of animal-borne instruments monitoring in the region. We anticipate that this
initiative would facilitate collaborative efforts among Polar physical oceanographers and even marine
mammal behavior researchers to understand better rapid changes in marine environments in the warming
world.

Key words : instrumented marine mammals, CTD data quality control, temperature, salinity, southern
ocean
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o] Y= Aoz oA QK Proffitt et al. 2007).
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Fig. 1. Example pictures for CTD-SRDL deployment and seal-tagging at near Jang Bogo Station in Terra Nova Bay,

Antarctica in 2021
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Fig. 2. Schematic procedures for quality control of two cases’ CTD-SRDL data
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data visualization); 98 ZZ3}¢ x5 X A(adjustment
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wish Welh 2, oPgAel st 7bgo] Hs )
S e A8 oA uge] AUAOR HEY 4
SITF. B AEH|E e Qe xelA e sorE
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5 ol 28 e g, A5 a9 oA HAS
3l AA AE A ZRupde HASY] miee] &2
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Al - Ok EAIA g
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SIS Shoket 4 QI A S AR Mg s
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S H(Roquet et al. 2011, 2014; Siegelman et al. 2019b),
o] Bfolls FE= Y ESOIA &2 H&E AALE A

25 83l tHRoquet et al. 2011, 2014).

IAE B2 CTD A& R A(High resolution CTD data
correction)

oA sjYEfF F2F CTD Am+= A€ CTD Ab=
o} gre] Hal BHEI} Al Fob 7|2E ZRujelo]
¥ W 54 G 4 doane] 54 A DR S o
g 33 BT AAne By S Sl 2, HE
WS AE BARIT T1eu ol ] 4le} 9
X 97 24 Hope] W oz 23} w5l ol
ARE BT g5shs Ao] 7hsdiA AdEr CTD #p=ot
FrARRE 0] ars e B2F CTD Abm7} 554 et
(Siegelman et al. 2019a, 2019b). ¢] A= HZF CTD
Az | 4] AL oF 1 dbaro|w, §2F Z {77} 51
603] o]4o] tho|E Fal 7|53 A, P ZEaY
= B AR 7hssieh o]@]of =2 siA=o] F&F CTD
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of 7} F2hsto] CTD-SRDL W& wmie]of] 7= o]
UE A A A Z2aY AuE Ay IS5k 4
&= Stk o]HY F2F /7T s 9 sl 71E
g IFAE CTD ARE BF T8 7S Ffole Al
v CTDL} GAHA €34 &3 E A (thermal cell effect
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H 5 ol 7 B#E o & HAS 483 4 lok
(Siegelman et al. 2019a, 2019b).

A A= CTD AllA EAJof AE d& Qlaf A
7155 AlAollA & A @Ado] WAgste] dio] AA|
b= thEA| AktEs Ae ofnlgici(Morison et al. 1994).
o2 Sol, CTD N7} Th=gt a0l M) & a2 o)
o 79wt Aol Sl wf AVAEE AT 7HA]
I QIH = 28l zF spm o] FStr ke £ sfjrof
Hjgl iy o g w& A7 e g S4sH ok &
W ate 2 2, 98 M 24 vehde =
oFSollA &, A 54 oA opIsh] Wzl =4
ool = 1 E7F AL 4= S Roquet et al. 2011,
2014) oL AEgt 2, JE 72 47] HlsiAle 4
aNE FrpH o HAs) & dart ok Adr CTD A}
79 A9, Qg 51 BAS fl8l S b =2ad
7re] Zol& Fadlok= Mg A= CellTM 11 (Lueck
and Picklo 1990; Lueck 1990)¢] A==, & CTD
AR e g 53t HAS 28] CellTM 1132 ¢
25 FUsHA wEr} Z7]olli= Mensah et al. (2018)0]|A4]
B3 L457} sPasts Bot |50 g g =
shelh A5 SR ot 715 e QR Zemte 7ol Kol
Z|&sloh= Pt 271 ofl2(initial error, ), A2} A7+
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<=(inverse relaxation time, §)E AAIslo], GE FroA
AR A 33E HASH= A st o=
Siegelman et al. (2019b)of|A] 423 A7 A EE T2 v}
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Sk =2 %7] of#(temperature initial error, a1), 7] =
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A4=(inverse relaxation time, §)E AAksto] 3 a1}
2 BAgsl wale Frbdoa Aotsgict du
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(a) (b)

Alo]tiSiegelman et al. 2019b).

A Byt BN AR A7 hrE =
22 CTD A&ZE= 1 dbar 7}-A]¢F ZE|(Gaussian filter)S
g 50, it mruke) ARG Q1S oixjuoR A}
79 32 #EE =3I Siegelman et al. 2019b; MEOP
SHo]A] Zan).
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o5 3R

20219 2939 34, sl A SAIAT
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Ao s YERFE L83 CTD B&5S St
(Fig. 3). s #Zolx= F=59 ol Adedol 24
o5 v o5 FH|sh= Al7]el S FASL
=] AL 7I7HEA: 20219 69 210 2A A=E &
Sohs e SRR shglch wEba] 2 Ao As A
Fato] AJZHE 2021 24 15UHE 64 134714 g
 ARE Addste] £40] 2-8-813Ic). Table 10f4] &
& o 9l%ol, & 23t19] CTD-SRDL AH|E YdEHo]
ZF F2psiar, 23te] AHlolA F 6057719 2, A
zZaufdo] Ao r HEEo] 715E At 72 )

2 O

SN

72°S —
/ ——> 100 days
7303 ‘ 1‘? = —< 100 days I
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Fig. 3. (a) Location of the study area (a black box) in the global map. (b) Spatial distribution of profiles recorded by
the 23 tagged-seals in the western Ross Sea from February to June 2021. Blue (red) lines with numbers in sky-blue
(orange) box represent records of more (less) than 100 days. The positions of numbers indicate the last record
position of each tagged-seal. The records of less than 10 days are excluded in this figure. JBS, DIT, and TNB
represent Jang Bogo Station, Drygalski Ice Tongue, and Terra Nova Bay, respectively. Gray contours are for

400, 700, 1000, and 1500 m depth
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Table 1. Basic information on the CTD-SRDLs deploying in the western Ross Sea on 23 Weddell seals in February

and March 2021

CTD No. of 2021 2021 Travel No. of Travel Deepest Mean
SRDL profiles Starting Ending duration profiles per distance depth depth
date date (days) day (km) (m) (m)

15329 192 19 Feb. 9 Apr. 50 3.84 813 447 149
15330 248 15 Feb. 11 Jun. 118 2.10 1174 788 305

15333 335 17 Feb. 21 Apr. 64 5.23 2287 591 243

15334 501 18 Feb. 6 June. 110 3.55 2330 542 199
15335 177 18 Feb. 27 Mar. 39 4.54 523 378 90

15337 370 19 Feb. 5 May 76 4.87 2138 660 206
15343 506 19 Feb. 13 Jun. 116 436 2034 549 222
15344 91 19 Feb. 11 Apr. 53 1.72 539 607 262
15345 551 20 Feb. 12 Jun. 113 4.88 2215 794 240
15346 1 22 Feb. 22 Feb. 1 1.00 0 1564 1564
15347 414 22 Feb. 8 May 77 5.38 2816 553 210
15348 8 22 Feb. 23 Feb. 1 8.00 48 314 209
15349 640 23 Feb. 13 Jun. 112 5.71 2341 741 206
15350 140 24 Feb. 22 Mar. 28 5.00 820 619 187
15351 179 24 Feb. 1 Apr. 37 4.84 989 623 207
15352 566 24 Feb. 11 Jun. 109 5.19 3126 597 188
15353 62 25 Feb. 9 Mar. 13 4.717 539 619 279
15354 9 26 Feb. 28 Feb. 3 3.00 11 660 339
15369 352 26 Feb. 17 May 82 429 1845 609 226
15378 7 5 Mar. 6 Mar. 2 3.50 25 231 57

15394 317 7 Mar. 7 Jun. 92 3.45 1743 668 219
15393 18 9 Mar. 17 Mar. 9 2.00 93 522 305
15390 373 2 Mar. 11 Jun. 102 3.66 1144 997 254
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Salo] ol g F9) 41 TR sl=d Ao |
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et al. 2019) (Figs. 3 and 4e, ). F1=2 s F2F A=
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¢k, ZF CTD-SRDL ZH]of|A| 7|55 Z2upi5o] B
B3y ol ssk= FEl= Adhgtet vi7] wiZel, oFA YRk
oA ERelgh A7 W3} &2 2 fA1E o=
o/t wheba, 2021 =™ F2F CTD AtsE+= |
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(c), (¢) Hovméller diagram of raw temperature data collected by #43, 34, and 52 tagged-seals (Fig. 3b and

Table 1). (b), (d), (f) The same as Fig. 4 (a), (c), (e), but for raw salinity data. Red arrows indicate the periods
when abnormal values are found in salinity profiles
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Fig. 5. (a) -5 diagram for raw CTD-SRDL data collected by 23 tagged-seals (gray) and the first-round quality-controlled
data (blue). The dotted black line indicates the freezing point at the surface depending on the salinity, and the
dashed black lines indicate isopycnals. The solid dark-gray lines denote 28 and 28.27 kg/m’ neutral density (y")
surfaces. The black box indicates the ranges of Fig. Sb. The black (red) crosses indicate water types in Terra
Nova Bay reported in Budillon et al. 2002 (Yoon et al. 2020). AASW, CDW, mCDW, AABW, LSSW, MSW,
and DISW represent Antarctic Surface Water, Circumpolar Deep Water modified Circumpolar Deep Water,
Antarctic Bottom Water, Low Salinity Shelf Water, Modified Shelf Water, and Deep Ice Shelf Water, respectively.
(b) The magnified plot of Fig. S(a). TISW and HSSW represent Terra Nova Bay Ice Shelf Water and High Salinity

Shelf Water
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