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Effect of Microalgal Species on Nauplii Production in the
Benthic Copepod Tigriopus japonicus

Mi Jeong KM, Jeong Chang KiM' and Sung Bum HUR”
Department of Aquaculture Pukyong National University, Busan 608-737, Korea
‘Ocean Research Vessel, Tamyang, Pukyong National University, Busan 608-737, Korea

The survival and growth of marine benthic invertebrate larvae such as abalone depend on the nutritional
value of microalgae. However, it is difficult to determine the dietary value of the many microalgal species
used for food by benthic larvae. Therefore, we tested the benthic copepod, Tigriopus japonicus, which
grazes microalgae on substrata in a manner similar to abalone larvae. It also has short generation time
and is easy to rear which makes to be casier to examine the dietary value of each microalgal species.
We measured the daily production of nauplii from gravid females of 7. japonicus fed 26 microalgal species
separately. Amino acid and fatty acid content of the microalgae and the copepod was also analyzed.

The nauplii production of 7. japonicus was the highest (10.7) when they were fed Navicula sp. (B-394)
and the lowest (0.8) when they were fed Scrippsiella trochoidea. In Tetraselmis suecica the nauplii production
was so high (8.2), which was not significantly different with the diatom group. We determined that Navicula
sp. (B-394), Rhaphoneis sp. and T. suecica were good sources of food for T. japonicus. We suggest that
a diet of with a mixture of these three microalgal species may be also good for invertebrate larvae such

as abalone.
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Table 1. Microalgal species for the experiment of Tigriopus japonicus nauplii production

Species KMMCC Size (#m) Species KMMCC' Size (p#m)
No. length width No. length width
Bacillariophycea Chlorophyceae
Amphora sp. B-304 23.243.3 6.241.0 Chiorella ellipsoidea C-20 1.9£0.6
Cocconeis californica B-482 4.0£0.6 2.7+0.2 Chloromonas sp. C-43 12.8+2.6 9.0£1.3
Navicula canceliata B4 38.6+1.7 6.4+1.2 Dunarielia tertiolecta c-9 12,9424 7.9£2.0
Navicula sp. B-123 8.2¢1.1 6.1x1.1 Gloeocystis gigas C-15 6.7+1.8"
Navicula sp. B-161 9.3:0.8 4.220.5 Nannochloris oculata c-31 2.1£0.6*
Navicula sp. B-293 26.0£6.8  7.2¢#0.9 Stichococeus bacillaris c-3 8.0£2.5 2.110.3
Navicula .sp. B-394 15.1¢1.1 4.5+0.4 Dinophyceae
Nitzschia inconspicua B-587 6.0£1.0 2.8£0.3 Amphidinium sp. D-19 15.0+£2.2 9.411.6
Nifzschia sp. B-590 3.820.6 2.410.3 Prorocentrum minimum D-31 17.4+2.8 12.0£1.3
Phasodactylum B-45 27.3+2.0 5.0+1.0 Scrippsielfa trochoidea D-1 25.2+4.7 9.8+1.2
tricornutum Haptophycea
P. tricornutum B-129 239+1.0 43409  Isochiysis galbana H-2 37415 3.640.7
P. tricornutum B-411 33.614.0 3.20.4 Paviova lutheri H-6 5514 3.7+0.7
Rhaphoneis sp. B-41 8.8+1.7  4.0+0.6  Prasinophyceae P-1 14.8+3.8 7.7£1.7
Tetraselmis subcordiformis
T. suecica P-9 7915 6.281.7

'KMMCC : Korea Marine Microalgae Culture Center.
*: mean diameter.=standard deviation.
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Fig. 1. Number of nauplii per day (up) and survival days (bottom) of a gravid female of T igriopus japonicus fed different
microalgal species (B-304, Amphora sp.; B-482, Cocconeis californica; B-4, Navicula cancellata; B-123, Navicula sp.;
B-161, Navicula sp.; B-293, Navicula sp.; B-394, Navicula sp.; B-587, Nitzschia inconspicua; B-590, Nitzschia sp.; B-45,
Phaeodactylum tricornutum; B-129, P. tricornutum; B-411, P. tricornutum; B-41, Rhaphoneis sp.; C-20, Chlorella ellipsoidea;
C-43, Chloromonas sp.; C-9, Dunariella tertiolecta; C-15, Gloeocystis gigas; C-31, Nannochloris oculata; C-3, Stichococcus
bacillaris; D-19, Amphidinium sp.; D-31, Provocentrum minimum; D-1, Scrippsiella trochoidea; H-2, Isochrysis galbana,

H-6, Paviova lutheri; P-1, Tetraselmis subcordiformis; P-9,
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Table 2. Amino acid composition (%) of ten microalgal species for high production of Tigriopus japonicus nauplii

Amino acid

P-9 B-4 B-41 B-45 B-129 B-161 B-304 B-293 B-394 B-482
Aspartic acid 14+0.28 1.8x0256 172021 251054 23£0.84 2.3+079 27£1.87 2.7+0.38 25+145 1.8x0.38
Threonine 8.0£0.27 0092029 09£0.02 12018 1.0£0.37 1.1+0.55 16x1.10 12£0.13 1.2:042 0.820.02
Serine 0.7£0.14 0.940.37 0.9#0.17 1.2+¢0.02 1.0+048 114046 132095 12:0.08 1.1£0.37 0.8£0.04
Glutamic acid 2.5+0.44 27035 254043 3.0¢0.08 29£1.27 27%1.12 3.0x149 252025 28£1.62 212021
Glycine 0.7£0.21 0.8+£0.04 0.8:0.29 1.13¥029 0.8+056 12+0.28 144119 1.120.18 1.2+030 0.820.03
Alanine 1.0£0.29 1.0£0.25 1.0£025 152037 1.320.75 1.3¢046 1.5:1.43 1.1:0.16 142045 1.020.09
Valine 0.8+0.53 0.9+049 09:042 132028 1.1£024 11£1.05 1.32048 112044 12:064° 0.8+1.39
Cystein 0.0¢0.00 0.0¢0.00 0.0£0.00 0.0£0.00 0.0+0.00 0.0+0.00 0.0£0.00 0.0+000 0.0+0.00 0.111.88
Methionine 0.0£0.00 0.1x0.93 00£0.00 0.2£0.91 0.120.17 0.120.03 0.3£0.09 002078 02013 0.24£0.32
Isoleucine 0.4£0.22 06£0.20 0.5#0.12 0.7+0.12 06+0.04 061040 072043 072008 072003 0.520.05
Leucine 0.910.28 1.120.38 1.0:0.01 1.5:0.24 124026 1.3x0.62 0.8211.43 1.320.14 132047 1.120.07
Tyrosine 0.0£0.88 0.0£1.30 0.0£1.23 0.1£1.69 0.1£1.08 0.2¢0.04 052067 02x057 0.4£1.87 0.3£2.05
Phenylalanine 0.9+0.38 1.0£0.33 1.0£0.53 1.2£0.26 1.1£0.59 1.1+0.36 1.4+1.89 124117 124029 0094049
Lysine 0.6£0.07 0.7£0.12 0.6+0.13 0.8+0.12 0.7+0.38 0.8+041 08£047 0720.10 0.820.69 0.7x0.24
Histidine 03+0.69 0.3:0.72 0.2£047 0.3%1.18 042051 032025 032040 0.320.78 032065 0.2:0.72
Arginine 1.5+%0.22 132036 144076 12+0.24 194061 112065 1.1£042 0.9:0.01 123040 0.840.07
Proline 0.5¢0.52 0.60.14 061025 1.120.52 0.7¢4.16 0.8¢0.30 091069 0.7:0.41 10142 0520.38

Total 134 14.6 14.3 19.0 171 17.0 197 16.7 184 13.6
SEAA 6.1 6.8 6.5 85 8.1 7.4 8.5 7.3 8.0 6.1
TEAAITA(%) 464 46.3 46.3 44.7 471 43.8 43.0 43.4 435 452

EAA, essential amino acid; TA, total amino acid.

P-9, Tetraselmis suecica; B-4, Navicula cancellata; B-41, Rhaphoneis sp.; B-45, Phaeodactylum tricornunum; B-129, P.
tricornutum; B-161, Navicula sp.; B-304, Amphora sp.; B-293, Navicula sp.; B-394, Navicula sp.; B-482, Cocconeis californica.

Aspartic acid®} glutamic acid7} 1.4-3.0%% 7} B8 Z2A&
K.Y valine, cysteine, leucine™} histidine-2 0.5%°)8}& Hln
2 Skt Vel obuleate 06-1.5%9) WHE AT &
ot et 242 Amphora sp.S} P. tricornutum (B-45)7% 22t
19.7%, 19.0%2 7} %9k, T. suecicaw 13.0%E. FEF
Hls] SEirh 38 108 viAlRHe OPU bl vigk B
o}ﬂlL*H TAARlE 434792 H5d AL Ry
AT 1050 APt 2L AR, T suecica® Zﬂ
A = ‘-9% A 16:10] 13.5-45.1%% /}/a} e ue
R ATH (Table 3). ¥F8 T suecicas= Clo:1o) A e 1.8%E 7}}4
Bt} Cl6:090 M= 26.4%% 7FE BG4 B T suecica®
TEFS 92l C18:1n9, C18:2n68) C18:3n30] 7+ 2+ 17.2%,
8.3%, 20.1%5 Eo} Th& 9F FERFY AL 24T o
Fold AHE Bk At A
fatty acid (PUFA)S] #hake cancellata, T. suecica}
Rhaphoneis sp.o) A ZVZY 48.1%, 42.5%, 37.8%5 7V kil
Navicula sp. (B-293)} C. californica®) X5 242} 9.3%$+
104%%2 7} 9kth Eicosapentaenoic acid (EPA, €20:5n-3)
e N cancellata VA 31.5%8 7V 30U, 28 491
Naviculg sp. (B-293)lM = 29%% 714 etk e,
docosahexaenoic acid (DHA, C22:6n-3)= T. japonicus nauplii®]
Ayl 744 Ebd Navicula sp. (B-394)004 23%8 /b
Erom Uma FRME 03-2% FELE Byt
VB 7. japonicus?) nauplii®) AAko) 7MY Navicula
sp. (B-394)9} FZ2F7} ol HAME Aake]l B T suecica,
T1E] 3 Navicula O]QOJ FZEZA PUFAS] 8eko] 714 =
Y Rhaphoneis sp.& GO 2 ol§ 3559 nAzEE

%o A polyunsaturated

T Japonicus® ZFZF AR 3 oluliedba) Ak BAje] Z
E Table 4, 59 T} ofeimdte] F7E 7738 3 Al
J&2 §AE A%E Byt & oAb T suecica® FF

G T japonicusoN A 52.2%% 7V X3 Rhaphoneis sp.2

354%2 713 wikch e F ofmliedlel] thgl d4s ol

4o} H]8-2 438-5.0% MR ME uiss }%u} Glutamic acid

=3 AEF BROA 5177%E M B8 ¥ES AR g,

cystein HEE A ghopr) Threonin—l B T swecica AR

8.0%% 7H4 wehoy, o] nlAZ=FEE wdst T japonicus2)

threonine 2.6% B34 TH I T suecica®] glutamic acids=

2.5%F ot 0]&0 2 8l T japonicus®] glutamic acid®

1% 7V B T4 UEE AT o] Belsiqrh
3FH ”l*ﬂ&%‘r‘?«‘ Zpzt wWiokgt T japonicus®] ARHiRE

C16:0°0] 223-249%% 7} ¥ ¥l&& XA Cl6:1

Rhaphoneis sp.olA < 23.1%%. T. suecica$}t Navicula sp.

(B-394)2] 14.0%9}F 15.8%°] vjstod B53] L W8S BY

o} EPAS] A% 3 ABTAA 11.6-13.1%2 FAIA AL

DHAL 14.4-19.8%2] Bl&& & Xolx gk
| &

32k 21’\1 A} harpacticoid &7+ T japonicus%i' Bo P
Aog FH3 FAwstI T 2 W 8T) (Koga, 1970). T
liter'® 100,0007M o]4ke] tn-%}uﬂogro] g0t olEx]oial
Z R Ao HelWEE ©]-8-H ) (Park and Hur, 1993; Park
et al, 1998; Fleeger, 2005). T. japonicus= & EEEHAE
7 g o past HeshA] 3 Wueld 2a7| e e
oA 2FE ZeleE $4¢ AU At} (Ogawa, 1977). o

= B

A



272

LR E SR

Table 3. Fatty acid composition (%) of ten microalgal species for high production of Tigriopus japonicus nauplii

Fatty acid P-9 B-4 B-41 B-45 B-129 B-161 B-304 B-293 B-394 B-482
C10:0 0.3+0.02° 0.6+0.24 0.6+0.02

Cc12:0 0.120.05

C13:0 0.2:006 07+0.10 0.610.26 0.3:0.04 03013 0.3+0.02 1.2#055 121049 0.320.03

C14:0 1.3#0.28 11.941.00 052004 28+0.14 454039 394044 564176 3.0:+040 4.7:032 57015
C14:1 2.1+0.02  3.0+0.55 1.240.47 0.0£0.00
C15:0 0.5£0.10  1.1x0.08 0.520.11 0.4+0.05 0.3%0.10 0.4:0.04 1.0£0.74 1.22¢049 0.4:0.01 1.6+0.02
C15:1 1.00.06 1.2¢0.30 0.6+0.00 0.3x0.04 0.3+0.13 0.3%0.02 1.2+055 1.2#049 0.320.03 0.5£0.45
C16:0 2641025 12.0+1.45 19.0£0.13 1712155 13.8+0.41 1854128 19.1+005 1581115 18.240.06 19.5£0.19
C16:1 1.820.08 13.520.64 34.3+1.74 42.6+0.67 33.842.38 22.5+5.73 21.1x4.70 24.3£3.14 451+1.67 36.3x3.14
c17:0 0.320.04 0.4:012  1.2£0.55 0.320.03  0.4+0.51
C18:0 4.3+1.73  4.0£279 153066 3.2+1.42 0.9+0.26 12.144.92 3.623.10 1.7+0.82 0.9+0.12 3.841.16
C18:1n9 17.210.09  3.0+1.34 1.9+0.30 4.0£0.82 3.2:0.00 58+1.86 582050 3.2#0.22 2.5:0.08 2.3t0.95
C18:2n6 8.3:0.70  2.1+0.10  2.620.01 2.0:#0.14 1.6+0.03 3.3%x0.90 212075 1.9#0.74 1.0£0.13  1.1x0.17
C18:3n6 0.410.05 1.2£0.01  1.420.01  0.520.04 1.20.55 0.5£0.01 042051
C18:3n3 20.1£0.37 9.8+1.21 0.620.12 03:0.04 0.3+0.13 0.33x0.02 1.2¢0.55 1.2+049 0.640.03 0.4+0.51
C20:0 0.410.12 0.310.04 0.310.02 0.420.51
C20:1 1.820.31  0.5£0.29

C20:2 0.7£0.3¢ 0.7¢0.50 1.9%0.25 2.3:£0.52 3.9£229 1.2%0.49 052030 292053
C20:3n6 1.1£0.22  0.020.01 0.3+0.03

€20:3n3 0.520.09 0.630.13 0.320.03

C20:4n6 241024 32+004 6.0:0.06 1.7£0.05 1.7+0.06 10.9£3.9 11.323.14 2.1x044 2.110.056 1.7£0.02
C21:0 0.3+0.04 0.0:0.00

C20:5n3 10.0£0.53 31.521.87 26.1+0.19 1234017 13.9+1.29 574241 36+1.74 29+058 971031 6.3x0.05
Cc22:0 0.3+0.04 0.0x0.00

C22:1n9 0.8+040 84+3.39 19.9+3.79 1264211 13.547.40 36.9+049 9.7¢1.60 16.2£0.86
C23.0 0.640.01

C24:0 0.210.04 0.440.04 11105 2.7+044 0.0:0.00 1.2#0.55 1.2%049 0.3:0.03 0.0£0.00
C22:6n3 0.8:0.06 0.5+0.09 0.7:+029 032004 0.3x0.13 0.34#0.02 123055 123049 23:0.04 0.420.51
Saturated 336 30.6 23.9 259 226 35.9 32.9 23.9 25.1 318
Monoun- 24.0 21.2 376 554 57.2 412 428 65.6 57.6 55.3
saturated

Polyun- 425 48.1 37.8 18.1 18.3 20.6 205 93 16.8 104
saturated

n3 HUFA 314 41.8 279 12.9 14.6 6.3 59 5.3 12.9 7.1
né HUFA 111 6.4 9.9 52 3.8 14.3 14.5 4.0 3.9 32
n-3/n-6 28 6.5 2.8 25 39 0.4 04 13 3.3 22

HUFA, highly unsaturated fatty acid.

P-9, Tewraselmis suecica; B-4, Navicula cancellata; B-41, Rhaphoneis sp.; B-45, Phaeodactylum tricornutum; B-129, P.
tricornutum; B-161, Navicula sp.; B-304, dmphora sp.; B-293, Navicula sp.; B-394, Navicula sp.; B-482, Cocconeis californica.

A T japonicus®] A AL DB 2 TEA AAEHE
B8 49 Q49 fAE £ Ak B8 T japonicusE
o og o vlHER Holig A e AE R
Aol 288 5 e 8 vARR g P AER
28% ¢ A& otk

2 A HERAT B5E2F, SUEZRE, 92 F
vl Mzl BISt T japonicus nauplii AAro] FSkch 1
£ FERI O MAZRA Hse] 2340 ¥ Aoz
gt 1359 F2F FolA F2Ao] 23 Rhaphongis,
Amphora, Navicula, Nitzschia 52| 9 & nauplii A4+l 91o]
B2 F9F Aot 91Y HeE HOF T japonicus®] Bol2
S48 o BorEnt I# P ricornutum ™ Navucula
spSF £ TFEFO AR MR FARE 2719 FUNE strain
o) w2} nauplii A4H2 Zo)7} QI o]E 3 B AR
#9 AU} strainol] W ZolE BE ul uje} §744]
Fol WjFo 2 X% = Ut} (Utting, 1985; Brown et al.,

=
]

Jo o

o]

i

1989).

£ A¥eA 338 um Alo]9] FRfeME 27 HE
T. japonicus nauplii 84F2] F2l3 zolrt gIE Aoz Hol,
&k 40 pm ©)3}e] FFFE T japonicus?] Hol|2 A3 Ao
E g 9255 A4 525, JHEER, 48R
ZFE FEF) vis) F pauplii A4+ B 53 1%
B 31244k (high unsaturated fatty acid, HUFA)9] &3]
Eol 2 F HolE de] ol&HE I galbana$t P. lutheri
B& e dWe R U2 % (Volkmn et al, 199%;
Poisson and Frgan, 2001; Min et al,, 2007) 7. japonicus®] S|
= AR FUth Akashiwo sanguinea, Prorocentrum
minimume 2] SARZFE Calanus, Temora & & 7%
o] Yolg #go] 7H5dlthE KL (lanora, 2005)7F 9ot
B ZAl) A AGE Pominimum S T8 3F 9] FHUEEF
B EF T joponicusd Ale F& Ho|EEE BYTh 25
A Chlorellas & A F5-311 9o rotifers] Hoj
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Table 4. Amino acid contents (%) of Tigriopus japonicus
fed three microalgal species

Amino acid P-9 B-41 B-394
Aspartic acid 5.3+0.18 3.940.82 4.6+1.10
Threonine 2.6+0.23 2.0+0.36 2.3x0.55
Serine 2.8£0.09 2.0+0.38 2.5+0.45
Glutamic acid 7.7+0.94 5.1£0.74 6.6+1.45
Glycine 2.910.20 2.210.42 2610.69
Alanine 3.5+0.40 3.047.41 3.0+0.68
Cystein 0.0£0.00 0.0£0.00 0.0£0.00
Valine 3.320.57 2.310.24 2.840.61
Met 1.0+£0.06 0.5+0.13 0.74£0.12
Isoleucine 2.0x0.17 1.41£0.31 1.7£0.30
Leuine 3.6+0.47 2.5+0.30 3.1:0.61
Tyrosine 2.3x0.31 1.4+0.23 1.820.34
Phenylalanine 2.4+0.22 1.810.34 2.1+0.40
Lysine 3.7+£0.53 2.2+0.28 3.1£0.06
Histidine 1.1£0.13 0.6£0.03 0.9+0.22
Arginine 3.820.46 2.3+0.40 3.320.67
Proline 4.5+0.00 2.4+0.62 3.510.65

Total 52.2 354 44.7
SEAA 23.5 15.5 20.1
SEAATA(%) 45.0 43.8 44.9

EAA, essential amino acid; TA, total amino acid.
P-9, Tetraselmis suecica; B-41, Rhaphoneis sp.; B-394,
Navicula sp..

Table 5. Fatty acids composition (%) of Tigriopus japonicus
fed three microalgal species

Fatty acid P-9 B-41 B-394
C8:0 0.1£0.09 0.6+0.19
C13:0 0.3+0.05
C14:0 0.15+0.08 3.220.47 2.210.03
C15:0 0.7£0.09 0.5+0.12 1.3+0.13
C16:0 23.5+0.37 24.9+0.77 22.3+0.80
C16:1 14.0£0.16 23.1£1.03 15.8+0.49
C17:0 2.3+0.02 2.1+0.02 3.3+0.19
C18:0 6.9+0.04 5.6+0.22 5.7£0.09
C18:1n9 9.2+0.27 6.3x0.11 8.1+0.73
C18:2n6 2.1£0.01 2.410.08 3.6+0.13
C18:3n6 0.9+0.00 0.7£0.19 1.6£1.37
C18:3n3 1.2+¢0.01 1.0+0.10 2.140.44
C20:0
C20:1 0.5£0.12 0.2+0.07
C20:3n6 1.1+0.28 0.410.09
C20:4n6 4.4+0.03 3.5+0.22 1.9+£0.22
Cc21:0 0.0+0.04 0.4+0.17
C20:5n3 11.8+0.01 11.620.11 1312017
C22:0 0.1+0.02
C22:1n9
C22:6n3 19.8+£0.14 14.4+0.90 16.9+0.23
C24:0 0.5+0.26
Saturated 337 36.3 36.7
Mono-unsaturated 23.7 29.6 23.9
Poly-unsaturated 413 34.0 39.2
n3 HUFA 328 27.0 321
n6 HUFA 8.5 7.0 7.1
n-3/n-6 39 3.9 45

HUFA, highly unsaturated fatty acid.
P-9, Tetraselmis suecica, B-41, Rhaphoneis sp.; B-394,
Navicula sp..

A2 da) o] 855 9o} (Cabrera et al, 2005) T, japonicus

T. japonicus®] AEUAF] QoM x 3% SRR ZF
Chiorella’s 22 ATE BRY} o8} -2 olf+ ol A
Z25F7) dgz ez RENMIIRTE A7 e A3
$EAQ e v AzFol7) Wi T japonicus”t A3H3t
7] ) WEeE fgEn), et BEEFY T suecica
9 AL F287) obdd s T2 naupli S Bk
o218t olfe T suecica?t ThE EHZEFo nlste] §AA
At w7 WEoz dvd

S n2F YR F nEEIs) At g
olulnzate Hol B 2A U 7IXE AATE Fa 2do
T} (Millar and Scott, 1967; Langdon, 1982; Brown, 1991). ¥
Agolx] HEAow AEE 105 vHFFe opu =it T
£ Brown et al. (1997)%} B9} vhR7}A| & aspartic acid®}
glutamic acidS 1.4-3.0%%, valine2 13% "jRHo 2 g w2
24 BEo)k 18 T suecicas threonin®] 8.0%% w-$
=0 ol Bolalgirh Ao ol viyzRe F of
5ARE 13.0-19.0%, Bobrliagl SRS 43-47%E frAYsth
B For wol o]E 10F plAER U] dd=

o7t gg Ao g BTEG

Aupatel 749 A4 53], mynistic acid (14:0),
palmitis acid (16:0)9} YBEZ} AAte FAFFE FA1 9
A& 9 FEol AR FE ©]-8-% 51 (Boright et al., 1986;
Thompson et al, 1993), CHEXSEA Y, EPA, DHA 52 W&
HaEEn 24 4 A% B Agatew Wt
(Langdon and Waldock, 1981; Brown et al, 1997). =
arachidonic acid (20:4n-6)% 8J4tolF 2 ¥-HFFE YUY
Zof) vl Q3 prostaglandin®] A7EE, ol 24E B AF
z2A) 203 422 s A0F BT} (Castell et al,
1994), L} B AP AL, 140, C16:0 T8 F3pRt
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e QT F2Al 27t AATH(P<0.05).
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