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Does Antarctic Krill Employ Body Shrinkage as an
Overwintering Strategy?

Se-Jong Ju', H. R. Harvey!, Hyoung-Chul Shin’, Yeadong Kim?, and Sung-Ho Kang®*

!Chesapeake Biological Laboratory, UMCES
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Abstract : To determine if Antarctic krill employ body shrinkage as one of its overwintering mechanisms in
the field, Euphausia superba and Euphausia crystallorophias were collected during fall and winter in and
around Marguerite Bay through US Southern Ocean GLOBEC field programs during fall and winter 2001
and 2002. The relationships between the body length and weight of both krill species were exponentially
correlated with no significant differences between the two species (p>0.05). The ratio between eye diameter
and body length of individual krill was examined in an expectation that it could be used as an indicator of
the body shrinkage as previously suggested by Shin and Nicol (2002). These ratios were significantly
different between the two krill species. Especially, E. crystallorophias had bigger eyes than E. superba. In
both krill species, eye diameters were highly correlated with body lengths (regression coefficients > 0.70).
For E. crystallorophias, no significant differences of the ratio of eye diameter/body length were detected
between fall and winter. Even though the ratios for E. superba were seasonally varied, it was not clear
whether body shrinkage was an actual and critical overwintering mechanism for the krill population found
in this study area. These results suggest that some individuals of E. superba might experience the body
shrinkage during a part of their life, but this morphological index alone (eye diameter/body length) may be
insufficient to unambiguously separate the shrunk krill from the non-shrunk ones in the field-collected
animals.

Key words : 3= 38 (Antarctic krill), ¥%7]2H(overwintering mechanism), B3] Z24x(body shrinkage),
w7kl T (Marguerite Bay), £2| A5 (eye diameter)
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3], g9 AL AEC] Ao v Feote ez
(B UdZ2H, AL, 8 5)lnRE B SAYEEL ©
e $AS FE7| 98 e{riA] SEE A 7
ZEL 7RI JE Ao dHA FrhRaymond and
Fritsen 2000; Thomas and Dieckmann 2002). 53] &=
ade A& 71 2 AAZ Z7E AR el 4T
2910] s g Y%l et ol E W3l sl A
F7HA] opeet A7t sl th(keda and Dixon 1982;
Huntley 1994; Shin and Nicol 2002; Atkinson et al.
2002; Meyer et al. 2002; Ju and Harvey 2004).

old AFE FElAM YA FFIYY dFNHES
o3 2o A, 28 dF sk HolERE 4l
Ayl wel aRH oz uE 4= gtk &, 289 FE H
ol¢l & EFAEC] FH3 A= 224 (herbivory)
oldty7} A EZFAE] A AlHAE Agdle dopd
71 $18) 214 (omnivory)ol W &2 A (carnivory) 2.2 4
2] 32 whEthe Ro|th(Schnack 1985; Huntley 1994).
E4), Agol £7] A7k FEG A YA, T
)2 Aol 23l o]§ AR ALE drhe A
o|th(Hagen et al. 1996; Ju and Harvey 2004). °]2{$+ 2
Ao A2 EAZA(body shrinkage)?t®E A3E F AU
THlkeda and Dixon 1982; Sun et al. 1995; McGaffin et
al. 2002; Shin and Nicol 2002). A&, AL5<H 94 %5
< 531 AEFE FHAslEt HA iR 4w
2 ALS drhe Aol (Torres et al. 1994). 2= §
7HA 71zbe] ot} gt dAR BE 71FEE 3
o) we} geksiAl A48k 45 = vke Aol
TH(Quetin and Ross 1991; Torres et al. 1994; Quetin et
al. 1996).

£3] folA AR 4571%E T F HA 71FeR
Q% B34 (body shrinkage)?| 2+ oln] & A A
Sl B3, o] 7]Fe] AA| FEAMe driv 3F
H dEr1zRIA Y EM e Ao AHAR] gokrt. i
thi Q930 A8 =AU Dol + U= AH
2 971 393 A= A gdch(Nicol 2000). 2
o] B ¥ Shin and Nicol(2002)2] dtoll o3tH Ay
AEE B8l TEAA YolFFE I=2 AT v F
Ae] &7t dejuhst] BAIZE a53tE & 75
A ko wo] A7ie FAle] 4 AFE Z ¥t
itk Aol AT HolgF-2 A% e IHLe w3
ol A7) 9% v 8-S fAE A8 A& B
Aot 2@ A o] AFe ™ v & Z719 BAl(eye
diameter/body length ratio)E ©]-8-3te] e AH¥E
Ao LedEiet F47130 B TheE e
AL ol AsITE. 2 ollE, HZ McGaffin e
al.(2002)8] AT E F=ade] FAFL 71RE K

—_—

=gt o}y ALE dFEg oz 2ol o]
AdzAsl Y g 4F713) tig A7 A
o7 HE3ith 2 Ag4d AT Bzl 54 =
Z(body shrinkage)7]12to] A A 27 JloA = LA
SRS AHEY Al 2 A7E #38h. £33 o
23 Q57012 F 7ke] HlEE sl gl AYse
NEAQN F Fo AYU(E. superba®} E. crystallorophias)
& AR sl o]F AT UMHO R E superbac EF
ol FH A3 M Aske AN P F5E 28 F
oz, F2 AEEFYAEY Tt 5L 5% A5 A
e sn] dubgog Ao LA lov HEE
FAEo] REG A7dls FAHoE WE whHe B
crystallorophiass AAFT LR F2 FFAL M A5
AN EEFAE bloomAo) AHEHS 3l 2oz d#A
Ao} AEZFHIE] BES A7 detritusE TE

Aashe oz delA Ark(Siegel 2000).

2. AlE 9 iy

B A3 = 7= Southen Ocean GLOBEC Field Pro-
grame] Ao A FFNkEe] A& A Ue #h7t
gl YH(Marguerite Bay)2 S4 22 3 XA FHHA
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Fig. 1. Location of study area near Marguerite Bay, west
of the Antarctic Peninsula.
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ChFig. 1). 20013 7€ 254 %€ 89 2047 (A=)t
2002 49 13U FE 59 647 (7H)ol IS AWA
R/V L. M. Gould 5438t F3=jglen, 20024 7431
dRE 9d 187 (AL)E v HAH RV N B
Palmer® 8§t} o] Q7174 44y, 53] 5343
3 O¥s dAAYL /AL e Crystal Soundst
Alexander Island®] BZs]oolA] B-& adE 0] L
EH U

gL 357 H7)7} 333 pumel Z2Eo] AX}F Multiple
Opening/Closing Net & Environmental Sensing System
(MOCNESS)E 0|43l 2 60~200m Zo|Z5E A
AEAY. 53] AT sl FPoR s IPA
Aol oF Lol AA T, AHHo7 Ao AR
polynya(@d-2Atolol] TFHH FEgle BRGAM F=2
ARHAt AYD 2L L FA] AN ARV RS
Ealo g 7R3l w2 27 (eye diameter, ED)Z
%A #(total length, TL), i= B}Z E(anterior margin of
the eye)ollA Za] E(tip of the telsony7kx|2] Zo|& &3
sigict. 7t 28 AR o BAE A8 sml fE] &
712 &7 & B4 A7A -70°CE ¥F BAEUT A
AE 2™ FF(wet weight, WW)t ZAZFH(dry
weight, DW)2 —20°CE A gAe) el = & S/
T2 A AL T 3 S AFF 2
& 60°C =2}o] LEA 48A|17F T Fof] ZH U

3. 4% % EY

AL ARA T2 FFFWW)R FAZ(TLNLo
o= A58k AAE Holm(R*=0.98, n=138; p>0.05),
old AT F AY F AloloME BATHA AolE
BojAle ¥e Ao et 74z ade AFH
OW)St EFFWW)S B2 43R4 & B2 (=77
7} n=26; r>0.92), o|2]&F AFANEL Table 19 T A
A= 7 Vebith Table 1914 H2E AXMH &£
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Fig. 2. Relationships between (a) wet weight and total
length for krill collected and (b) relationship
between dry weight and wet weight for Euphausia
superba (ES) and Euphausia crystallorophias (EC).
Regressions are only for Euphausia superba from
winter.

AT A7t oE A9 Ade] Ansn fA BAE
Bgon HE v$ AFE SR 2002 7HEel
ARAE 2EE FARE BAE Bol JYTkFig. 2).
20014 AL, 20023 7F&3 ALl AE E. superba
o] B Zoj= 7+z} 48.2316.96 mm(meant I SD; n=340),

Table 1. The relationships between wet weight (WW, mg) and total length (TL, mm) and between wet weight (WW,
mg) and dry weight (DW, mg) for Antarctic Euphausiids.

Species

Equation

Sampling season & location

Source

Euphausia superba

Euphausia crystallorophias

WW=0.005TL>?%
WW=0.004T132%2
WW=0.009TL2%40
WW=0.003TL>4%6
DW=0.216WW
DW=0.250WW
WW=0.005TL>>*
DW=0.254WW

Summer in the Southwest Indian Ocean
Summer in the west of Antarctic Peninsula
Winter in the west of Antarctic Peninsula
Winter in the study area

Summer in the west of Antarctic Peninsula
Winter in the study area

Winter in the study area

Winter in the study area

Firber-Lorda (1994)
Lascara et al. (1999)
Lascara ef al. (1999)
The present study

Tkeda & Mitchell (1982)
The present study

The present study

The present study
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Table 2. Results of regression analysis between eye diame-
ter (mm) and total length (mm) of Euphausia
superba and Euphausia crystallorophias. A: slope
(#95% confidence limit); B: intercept (£95% con-
fidence limit); Adj. r’: adjusted regressison coef-
ficient; ns: not significant (p>0.05); *: significant
at p=0.01; **: significant at p<0.001.

Species

Sampling season A B Adj. ¥
Euphausia superba

Winter-01 0.0461+0.003** 0.099+0.127™ 0.782
Fall-02 0.047£0.001** —0.119+0.058** 0.865
Winter-02 0.05040.004** 0.03610.157" 0.762
Euphausia crystallorophias

Winter-01 0.058+0.006** 0.055+0.140™ 0.759
Fall-02 0.06040.007** —0.07610.248" 0.704

40.43+7.87 mm(n=6380)$} 38.43+6.22 mm(n=184)1"],
20019 A3 20023 7ol AR E. crystallorophias
= 2924+421(n=188)%} 34.31+4.64 mm(n=118)%AT}.
ANAD F Fo 3 F E. superba’t E. crystallorophias
o gHazoeg © & AeE eSO (T-test at
p=0.05), 7Z+-& A8 FjellA FAH(TL)S] AEHL Aol
£ 2t sARYe s AfPe 2L ¥ FFRED)H
FA(TL) Alele] #AE AT A3K(Table 2), FTH
©2 E. crystallorophias?} E. superba Bt} & 27)(FA|
Ayl vl o & w8 /IR Jon, 7 FoAxe A
8 Ado] #Agle] FARE BAIE BSct o] AFHTS
2 ored] 3o] A8 B S4x(body shrinkage)
£ 95718 548X getis & 5 Ue A 7
t}. E3], Table 20 2o AXH & A7l FHR E
superba®] T A7 3 FA)ZAtol 9] Al (slope=0.046)=
Shin and Nicol(2002)ll 8jA AAIE FAZF47E Lo
U] okoke o] #A|(slope=0.044; in Fig. 3(a)xch oF
7+ 3A vehgth ol2d zlole o} A el Mshe
AYo] BAZEAE AV 312 Uvhke 4 ZHHH R A
Abshe | = Fig. 3904 B9 2X R, 2] & Holrt
ARSLE o 277 9 FRAEHNAZ AL B
Atk SPIEAE, ol8ld ¥ Shin and Nicol(2002)°l
osiA 7IRE A & X3k Aok 23, FAY
Aol FoAL WA= ZRA T, dA R FAF(TL)
o] & AY(TL>40 mm for E. superbas} TL>30 mm
for E. crystallorophiasy® A& QL 2P & 27
7F 7ol ARE APEY o & A0E eyt QE
X, E. superba® 735 2001d A& Rk 2002d A
Lo AYY Aol ¢ E £ /N Ao Yehdoh
(Table 2} Fig. 3(a)). o= 20013 Agol Blaj 2002

32
E 241
E
§
9]
£
a2
T 161
©
>
W
TV 102 (r=681)
/ Aﬁ AA a Winter-01 (n=339)
081 » O Winter-02 {(n=184)
3 -~~~ Shin and Nicol (2002)
15 25 35 45 55 €5
3.2 (b)
T a o
E 24 ase s 68
I o EDRssERAL
@ I Y- T
% A 9 FUTVVS
B o BRTOEEIAAADAA
o 1
& 16 nggg;l-r:g;mn |- NS
tea?
<]
a a8 ——
| A Fall-02 (n=118)
08 O Winter-01 (n=188)
15 25 35 45 55 65

Total length (mm)

Fig. 3. Relationship between total length and eye diameter
of the field-collected krill ((a) Euphausia superba
and (b) Euphausia crystallorophias). In Fig. 3(a), a
line represents the hypothetical relationship of eye
diameter/total length for not-shrinked Euphausia
superba by Shin and Nicol (2002).

Agdl o BHE 28 EAZLV|R] ANSE FF
& 4= glc}. 53] ol # AR e A Q3 Al7lel &3
B AL FAAY(larval krill)?) 44738 A=H2002E AL
o] A" o] 20013 ALED Y WE)ts
2+ Y| stch(Daly's personal communication). ©]&{ & A}
ol A Fa3 YolA syl MA3te =
(sea-ice associated organisms)®] F=7t 20023 -
YolH& ot opuz}, silel Aol 2001wl
20020 o YA FAHE 5o AL A48 Wl
o3t AR AB/AE & UTHDaly er al. 2004). 12
2, Ado| Aske Ngg A - 3 BBHE3KHES
sea-ice®] FAA7L, BolF, FF Bl wiet F712HEF,
24 22)0) 445 gk F UES AARIYE B
g gl d B AF @)l WE B Zolvt &
AZ2o] Axd] FE F 7= WA 5 gQich
ghel BA| &4 7)zbe] 2Et ¢l R €7
A3} HwT o 7 e AFzANM HFE 5
e AE Agojgta Euid, o] 7132 b 45713
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TR metd FA FIFE WAEL. dE Fo, ol
VR L] o] E. crystallorophias(A &3 A5
o] 40~50%)%] A+AE AE Wl FEE A== A
Well 4 4 dokd, o2 45713k "o Ae] F9
E7 "Athk(Hagen e al. 1996; Ju and Harvey 2004). &}
T, E. superba(A1M S5 AFFY 10~30%) A E
Ao AW 4 w7t AEES Wl diFes 7E
o, 282 AEEL AR FE Aux Y-S YH s
€A ol ALERNF ABE e Has|slob st} 2
A E. superba 7% A&ENN = 252 F Holol A&
EZ3E] AAQ R502 Q15te Ho| A FHE
Qo2 vlitolA detriustt UHE FEEFIAELR Y
e Hol= 448 9528 87]x gti(Ju and Harvey
2004). o]¥ 71&AE9] L= B3 A YFol
olgigol Athd, 252 AES 93 e 4% AF &
A FA0 28 712 8ok & Fo|tH(McGaffin et
al. 2002).

T, H2ol F==d o) fHYG A= A
Asl= Q) E pacifica® ABFo| FAZLE sl
Ao 2 A= THShaw et al. 2004). o|H 3 AMHE B
o, EAFA7F 9] G338 4952 9% 7o
o7 F glan, ojud 5 7ol A3 AE
< A% mde] i V|Fe R & 5 2o

2 A7 Aol w2r, & el AYdd aUET,
58] E. superba®] 457t A F4E YFVIROE AL
Lt stelgte @] & A7)9F F Aolrtole] A
Ho g ANFE AN A F45 A3 A} BE
3R] &2 ANAE FFHoz ReEsir|e ol e sleg
B3It} o2& oA ©x] FehHA S L 3l 2
o] gt 7&te 2AFZRE ofFditie A& EubsE)
o, 2} JiAel AL 4 e FAWHE, dolME o
3 284 NEH DT 52 RNA/DNA ratio(Shin
2000) 5= WA, & O AFHA = 289 FA4
4 717 Bk ope} e AL e ¥ FHERE
ol B 83 AEE AT Folth
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