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Differences in Egg Quality and Larval Development among
Four Populations of Sea Squirt Halocynthia roretzi Adults
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Kee-Chae Cho and Jeong-In Myeng'
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To compare four populations of sea squirt Halocynthia roretzi adults, their egg quality and larval development
were investigated in the hatchery. The populations were: south sea wild (SSW), south sea cultured (SSC), east sea
wild (ESW) and Iwate Japan cultured (IJC). Egg quality and larval development were compared using 13 factors
(fertilization rate and diameter, proximate composition, amino acid and fatty acid contents of eggs, hatching rate and
various sizes of tadpole larvae) which were obtained from each population. Fertilized egg diameter, hatching rate
and size of tadpole larvae were significantly different among the four populations (P<0.05). Eggs were produced
with higher crude protein (5.20£0.00% SSW, 4.71 £0.01% ESW, 4.66 =0.01% SSC and 3.96+0.01% 1JC) and
lipid (1.22%+0.01% ESW, 1.01£0.00% SSW, 0.77£0.01% SSC and 0.69 £0.00% 1JC,) contents from domestic
wild populations than from Japanese or cultured populations. Also amino acid and fatty acid contents were different.
The extent of similarity between domestic and Japanese populations (30.5% 1JC:SSW, 34.3% 1JC:SSC and 40.7%
IJC:ESW) was relatively low but was very high between SSW and SSC (73.9%). These results may have been due
to differences in the abundance of food types and environmental conditions in the four localities and consequent

differences in the diets of the sea squirts.
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of whet FRAAYS] Aol Zolt 9, B3] P A A 2
BZ] 28 AEE B Aol S Helkn £471] B47

2 vhgo R 2t gtk B4 A2 QiolAu, BYFS
A 7= T A AA7 BAE 3L QItk(Cho et al., 2008).
webA] oleidt AR A A% BYE B GHA AE 52 o]
B3 ALSE JPES sl BaE WARES e 4

Aol peta|Al miE A G4 1A (NERDL, 2009)
= AR Ao,

54 BH% 58O ofn] E4S Bt Pue thof
71%0] QAN FAAESIAR] Tl 71 $4Hel
& AN olet. o) at ol g A Wt 27] &
o] ¥ EAS- Brlstal Qiti(Vance, 1973; Christiansen and
Fenchel, 1979; Morris, 1987; Lioyd, 1987; Sibly et al., 1988).
W 279400 M B4 Bl 7P QubAel e
WA 271540 44, AE Teln we4 54 (George e
al., 1990; Watanabe et al., 1984; Devauchelle te al., 1987; Fraser
et al., 1987; Tomas et al., 2005)5-2 v 7 EA5}= Aotk
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Table 1. Body length, total weight and meat weight of the four population of sea squirt H. roretzi adults

Population g (mZZﬁiéeS,gﬁn“m <L°$Z'nl”§§’hgt) (MZZEZVSE’E)
South sea Wild 350 71.9+11.8 96.8+22.3 25.0+7.9
Korea south sea Cultured 200 902+ 7.6 82.5+34.2 21.4+11.0
East sea Wild 200 85.7+14.2 223.1£45.5 69.6+21.6
Japan lwate Cultured 200 109.0+16.6 196.7+49.1 51.1£16.9
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dilution buffer(pH 2.2)& 25 mL HA] AT ot & o] o1 o
Ao F5to] ofu| Ak AFFE A 7] S433(Sykam, Germany)
£ ©]-8-3}o] Ninhydrin o2 Bt B2 AL o}
23} Z+t}: Colum size: 4 mm X 150 mm, Absorbance: 570 nm
and 440 nm, Reagent flow rate: 0.25 mL/min, Buffer flow rate:
0.45 mL/min, Reactor temperature: 120C, Reactor Size: 15
m, Analysis time: 65 min. A|FMAF BA40 A 2 25 A 7o
A] Folch et al (1957)2] B of u}2} CHCL, : MeOHQ2:1)2 A
AL FE310] 20 mge] A84 EEof 0.5 N NaOH-methanol
1} 14% BF;-methanol 2 Fame A]7] 3 Heaxane O 2 3Z3}0]
methylation A|Z] 3, Gas chromatography(Trace, Germany) =
A8ty B2 o33 2t injector &= 250C $
11, detector(FID) &%= & 270C & 3}1l, column(Quadrex, 30
m, Bonded carbowax 0.25 mm I. D X 0.25 um film Cat. No. :
007-CW-30-0.25F) 2=+ 180C oA 887t G4 A7l th2, 3
C/minZ 230°C7HA] £L&A17]1L, 1587 $-A3}9ith. Carrier
gas= He(1.0 kg/em*) S AFR-3}9) 0 H, split ratio= 1:200 &

S
7} A9 ABeRY dold BE FAH 4SS B
T EEOAE BAFGL ZPEY F FE SPSS

program2- AR8-3}o] ANOVA-testE A A3t &, Tukey HSD
test Bt {He] FoA(P<0.05)5 Ak 1eja Ald
HRu|lof w2 z}zko] @ Ao ket principal coordinates
and component analysisE MVSP program-2- ©]-8-3}F ths=54]
& 59 247o) 23} g5 o) AR S BAsAlc,
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ofu] AR $ue] 2719k HHEL 2AKG ATH(Table
2), FATY B F7)E FAAAAL 465.1 um, LRGP
449.4 pm, ALl 435.8 pm kA AL 428.1 pm &0
2 912 27]0] ujet ST} QEAPAAL T2 3
A AL} GPAAL T IFOR Lol AR T 1E 7l
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O] HQ1(PL0.05) Z7] Zpol& Bt A E2 22t Hal|FA
At 79.8%, FaALAAL 78.0%, % QR
62.5%<> .2 Fof| FAl4to] 7P =9k
Alato] vkt
Aol A1) B3kg 3t BabdE JA9 A71E 2ARE AY
+ table 304 K= A0} ek W Fole-2 247 dafj oA A
72.1%, ‘gl A4 69.8%, S AL 68.2%, 121 AEF
AAE 66.2% 5 A Zholl= FE A<l ZfolE HolA] 9ok
TF, YR OFAARS el FAlAe] vlsl F-o) 4 o7 w2 B3ke-S
HIhP <0.05).
ol Ak AR FALAY, S el A AR Lo ar Y2 eFA LS
7 T 24Xt ke o] AL A71E 2ARRE A3t Bt
Fo 7k} 1,650.8 pm, 1,675.4 pm, 1,646.4 pm, 1,578.2 pm=
WAk oll= 2fo] 7t AR T, Y FAI AR St Abof] vl &
o] o g Zkofrt. Hat FAL 7247k 344.7 pm, 336.0 pm, 339.8
m 2 336.1 pmE g3t v] 3t FEFS B, el AL
YEFAA= A7) AFo] 7 (Lot
83 Hg FE2 747 163.0 pm, 160.3 pm, 155.1 pm 9
155.3 pm e RtAAsto] Fafj Ak skt Yokl Lkl vl Bl -9
Ao yolth HAAH o S3o] A9 A7]= WAL 11
= Fol AL el At AAre] Hat FE 2ol & Al skl f
oA Ql zpo| 7k gllet. Lefut P2AFAARS] 79
< FA(P<0.05) 0 & AQkar, FAkvh £t vl A 2
ol Ak AR} FAIAL, Sl AFAAT TLef Al PR FA AL
Aol FUA FFS BN Ay Hy 2 gk
5.20+0.00%, 4.66+0.01%, 4.71+0.01% 2 3.96+0.01%
on, Wit 2A W g 7+7} 1.01+0.00%, 0.77 £0.01%,
1.22+0.01%, 0.69+0.00% % c}. 18] B 5]Es=ke 3.39
+0.02%, 3.34+0.02%, 3.68 +0.01%, 2.91 +0.00%= e}
Y2 FAAbo] Aol Blsl A A A 0= vla A we ok 7F
= Boloh 2ea AAF o' 2o A glo] Apdite] H]
FAARO] o ashaFol v A WA LRy TH(Table 4).
obu] AL Sk ofu] A|tol| A glo] KA A & & Glutamic
acid7} 0.5%0|4 07 714 =2 S By, theo
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Table 2. Total number, fertilized egg diameter and fertilization rate from the four population sea squirt H. roretzi eggs

No. of eggs (x 1,000 inds.) 'Rate of *Fertilized egg
Locality Total Developed fertilization diameter
(mean+SD) (mean+SD) (%) (Hm)
South sea Wild 2,256+57 1,762+147 78.0+2.3" 435.8+3.2°
Korea South sea Cultured 2,216+40 1,770+145 79.8+2.5° 428.1+4.2°
East sea Wild 3,140+48 2,162+201 68.9+2.9% 465.1+3.1°
Japan Iwate Cultured 3,134+53 1,958+ 72 62.5+1.0° 449412 1°
F-values 12.799 38.947
Anova
P-values 0.000 0.000

'Values (means + SE, n=2), *Values (means +SE, n=50) with different superscripts in the same column are statistical different at

P<0.05.
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Table 3. Hatching rate and size of the tadpole larvae of the four populations of sea squirt H. roretzi

) ; ] “Size (um)
Locality Rate of hatching (%) -
Total length Head length Head width
South sea Wild 69.8+2.2% 1650.8+8.9° 344.7+2.9° 163.0£1.4°
Korea South sea Cultured 721+1.2° 1675.4+12.7° 336.0+4.4% 160.3+1.6%
East sea Wild 68.2+1.0% 1646.4+10.9* 339.8+4.1% 155.1+1.8°
Japan lwate Cultured 66.2+0.8° 1578.2+15.4° 336.1+2.1° 155.3+1.5°
F-value 3.146 11.658 4.816 6.061
Anova
P-values 0.039 0.000 0.003 0.001

'Values (means + SE, n=3), *Values (means * SD, n=30) with different superscripts in the same column are statistical different at

P<0.05.

Table 4. Proximate composition of moisture, crude protein, lipid and ash contents of the four population of sea squirt H. roretzi

eggs (wet weight base %)

Proximate compositions (means+SD, n=2)

Locality

Moisture Protein Lipids Ash
South sea Wild 86.94+0.23 5.20+0.00 1.01+0.00 3.39+0.02
Korea South sae Cultured 88.11+0.18 4.66+0.01 0.77+0.01 3.34+0.02
East sea Wild 87.24+0.15 4.71+0.01 1.22+0.01 3.68+0.01
Japan Iwate Cultured 89.56+0.15 3.96+0.01 0.69+0.00 2.91+0.00
Table 5. The amino acids compositions in total protein from ~ o alero Lol o o =
four population of sea squirt H. roretzi eggs (dry weight base sflFAlAte] WA w2 AR BNl daaatel ¥ &
%, means = SD, n=2) & B 293 F 248 Aol 5 Fapotn Al
Korea Japan Ol AL 7+ 2.2+0.1%, 2.2+0.0%, 2.1 £0.0%, 2.2+0.0%
Amino acid Southsea Southsea Eastsea Iwate = Hlsgh e Bolo
wild cultured wild cultured S, A RHAF A2 Myristic acid(C14:0) 7.5-8.3%,
Aspartic acid. 05£0.0 05+00 05+00  0.4+0.0 Palmitic acid(C16:0) 17.8-19.8%, Oleic, Elaidic acid(C18:1)
Threonine 0.2+0.1 0.3+0.0 0.3+0.0 0.2+0.0 13.7-14.7%, EPA(C20:5) 20.3-29.5% ~“1¥] 11 Pentadecenoic
Serine 02400 03:00 02:00 0.2+0.0 acid(C24:1) 12.2-18.3% = ofu] Aol TA §lo] 77.5%0) /2.
Glutamic acid 07+01  06:00 06+00  05:0.0 B2 FAARS o] 3L QIlaL, T 9 AARS vt 24 R
Proline 02:00 0200 0200 0.1+0.0 & 2ok
Glycine 02:00 02:00 02:00  0.1%0.0 Add § ZIAAL D22 B o oA gAt
Alanine 02:00 02:00 02:00 0200 o 24E FR AF ol & b Pt § the st
Valine 02:00 0300 03:00  0.2:0.0 ARARE Saadate] 247 33.1£0.0%2 30.9£0.1%= o
Isoleucine 0.2+0.1 0.3+0.0 0.3+0.0 0.2+0.0 S Aol B Ml w2 WS Bl T S RIAUAT
Leucine 05:00  05:00 0500 04100 2 JaloFalato] 37.0+£0.1% = B 1A = RS B,
D R R B 237 51 2| HFALS. Q] oA Alo] =0 ekl H o 7VZE A
Tyrosine 02:0.1  02:00 02:00 0.2:0.0 EEAIALE A tto] w2 ne= 2. 4 ° =+
B7k 9 ot SHol S WAFE B 8L 1) GE S
Phenylalanine 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0 a= W A} C e . o= B A
o 0]8-3f] oju] AL ArAME(similarity coefficient)E H|ul A
Histidine 0.2+0.0 0.2+0.0 0.2+0.0 0.1£0.0 3k A3} o u] A FH AAEL we 2lo]2 BT} ulAkel
Arglnlne 0.3+0.0 0.3+0.0 0.3+0.0 0.2+0.0 636%, 16}_8]10&:/‘\_!/1\1_31]_ %SHX}'(E/?_]_"% 616%‘%‘ E(}ar/}_ :11-_’,_1‘4_ :._%’-
Total amino acids ~ 4.5+0.0  4.6+0.1 4400 3500 WAk} QlEALTHE 30.5-40.7% 2 1o o Al EE Bl
Total EAA' 2.2+0.1 2.2+0.0 2.1+0.0 2.2+0.0

'Essential amino acid.
LA 22 vl AgRE ook a8y F 4 oAl &
Fo 717+ 4.5+0.0%, 4.6+0.1%, 44+0.0%, 3.6 £0.0%= T

(Table 6, Fig. 1).
S, W W7k o) aask ol S48 HaEE 4R
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Table 6. The fatty acids compositions in total lipids from four
population of sea squirt H. roretzi eggs (dry weight base %,
means = SD, n=2)

Korea Japan

Fatty acid Southsea Southsea Eastsea Iwate
wild cultured wild cultured

C14:0 7.6+0.0 8.3+0.1 7.6+0.1 7.5£0.2
C14:1 1.2+0.1 1.10.1 1.4+0.0 1.1£0.0
C16:0 19.8+05 18.9+0.1 19.7x0.0 17.8+0.2
C16:1 5.0+0.3 6.5+0.0 5.120.0 5.9+0.0
C17:0 0.6+0.0 0.5£0.0 0.6+0.0 0.0£0.0
C18:0 3.9+0.0 3.8+0.0 3.8+0.0 3.5+0.1
C18:1 13.7t0.0 145+02 13.9+0.0 14.7+0.1
Cc18:2 2.8+0.0 2.5+0.0 3.3+0.0 2.3+0.0
C18:3 0.0+0.0 0.4+0.0 0.3+0.0 0.7+0.0
C18:3 2.7+0.0 2.4+0.0 3.0£0.0 1.4+0.0
C20:1 0.5+0.0 0.5+0.0 0.5+0.0 0.5+0.0
C20:3 0.0£0.0 0.4+0.0 0.0+0.0 0.0+£0.0
C20:4 1.6+0.0 2.2+0.0 1.8+0.0 1.2+0.0
C21:0 0.0£0.0 0.0£0.0 0.7+£0.0 0.0£0.0
C20:5 20.3:0.5 22.0:0.2 21.2+0.1 29.5:0.3
C22:2 1.320.1 1.0£0.0 1.3:0.0 1.7£0.0
C24:0 0.7£0.1 0.6+0.0 0.7+£0.0 0.0£0.0
C24:1 18.3x0.2  14.4+0.1 151x01  12.2+0.2

Total 100.0 100.0 100.0 100.0
YSaturated 32.6+0.3 321:01 33.1x0.0 28.8+0.2
YMonoenes 28.7+0.1  37.0¢0.1  36.0+0.1  34.4+01
YPolyenes 28.7+04  30.9¢0.1  30.9+0.1  36.8+0.3

B 4, S8HE, o] §A49 1, F ofuliAte] ol
FeE Hejotae] B} ok, 2, 244 9
& 2Bk Teko] £ 245 el eantel B} &
: FAAE vlmA FrhEEst Al
ol 3, £ W 2717 S48 WA A B
kb A= 1ol X gpglek(Fig. 2)
L
S A QBRI 7P gl ol &3k Sl 47}
Ako] ofn] AT thaho.z e el WAlat steby 2
283 $40) Fe A S4G 2Astel 47) oju] e} S48
H]3L 7kt Ak oju] AEE Hol7t glgiet. £ Al A A
A7 o] wet 2ol 7t o] Lhetiiet. ot e A vl
202 47) A AT olgste] Ak zbel §a1A 9 Tedw
AZ A 2t A5 2 Aol 7k MAA =] weh A ekt
o, olefat f404 ZAwA Aole] FRULE X2l H Azl

Table 7. Gower general similarity coefficient analysis of
the four population of sea squirt H. roretzi (Analysing 13
variables; fertilized egg: diameter, fertilized rate, crude protein,
crude lipid, Yamino acids, Yessential amino acids, Y Saturated,
YMonoenes, YPolyenes, Tadpole larvae : hatching rate, Total
length, head length, head width x 4cases)

Similarity matrix
South sea South sea Eastsea Iwate Japan

wild cultured wild cultured
South sea wild 1.00
South sea cultured 0.739 1.000
East sea wild 0.636 0.616 1.000
Iwate Japan cultured 0.305 0.343 0.407 1.000
Eigenvalues
Axis 1 Axis 2 Axis 3
Eigenvalues 0.824 0.396 0.258
Percentage 55.737 26.815  17.449
Cum. Percentage 55.737 82.551  100.000
PCO case scores
Axis 1 Axis 2 Axis 3
South sea wild -0.359 0.161 -0.369
South sea cultured -0.303 0.269 0.343
East sea wild -0.107 -0.536 0.056
Iwate Japan cultured 0.769 0.106 -0.029

2} A ZA 7]20%r Ao & XIS THNFRDI, 2009), & %
Afol| A o] e g Rlo] AT ofn] EAJS] Afo|E FEHA]
21 Ao e

oA, Z47kol rF e, 53] WA Frkaaet SRl &
Aol iy Aibs Ag7HA] B siFrA S sEo W 3
7} Arpehs Aoldt Ay Hlth HA/iA B LA W
oA Bla A g (Hoar, 1969)0] S5 o] S-psirial
7¥skaL Qlek ey & 2AbA = R O] AE H it 79
Ao g do] A dafjatdAita} FAl4be] ekl Al, E5
AL FAstol wlaf At Rk T1e] 1 SAo] HA Y WA
A7)= FH o w3 I Yebgtt o9k 22 Aif=
of g0l = G Zfolof A 7]%lH Aoz TEEA|
o, 2AME ATHs E 2 Fol 7} gick. H U B} /)%
o] B o] 7|k ol FeEo} Qi Askata 24
(Watanabe et al., 1984; Fraser et al., 1987; Tomas et al., 2005),
E35] 2ol A v} ofu] = AF 2 A (Whyte, 1987; Whyte et al.,
1990; His and Maurer, 1988) 18|11 ]2 9 xJHlALO] 2 A]
(Holland and Spencer, 1973; Waldock and Nascimento, 1979)
5ol S Aok R AR HAETL YckRingo et
al., 1987; Sargent et al., 1989). 0|5 tj L E 0] ApLAELS vt ub
A L A Y] S0k 2174 D B A oA Y0E of
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Fig. 1. Principal coordinates analysis of the four population of sea squirt H. roretzi adults (Gower general similarity coefficient,
analysing 13 variables x 4 cases, reference to table 6).
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Fig. 1. Principal coordinates analysis of the four population of sea squirt H. roretzi adults (Gower general similarity coefficient,

analysing 13 variables x 4 cases, reference to table 6).
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