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Figure 6.1 Mesocosm studies in ocean acidification research - upper lefi: PeECE III study in the Espegrend
Marine Biological Station, Bergen, Norway (Riebesell ef al., 2008a); upper right: mesocosm facility at Jangmok

’
IJ.E 0 O KO 0 uo U q on the southern coast of Korea (Kim et al., 2008); lower panel: free-floating mesocosms deployed in the Baltic

Sea (Riebesell et al., unpubl.).
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Figure 6.2 Examples of two basic designs of mesocosm enclosures - lefi: MERL (Marine Ecosystem Research
Laboratory) mesocosms at the University of Rhode Island, USA, with two different mixing schemes (left — plunger;
right — rotating paddle, enabling a stratified water column); diameter: 1.83 m, height: 549 m, volume: 13.1 m’;
from Donaghay & Klos (1985); right: flexible-wall in situ enclosures with floatation rings at the surface, used
i CEPEX (Controlled Ecosystem Pollution Experiment) studies i Saanich Inlet, BC, Canada, in the late 1970s
(Menzel D. W. & Case I, 1977. Concept and design: controlled ecosystem pollution experiment. Bulletin of
Marine Science 27:1-7.).
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Figure 6.5 Examples for nuxing approaches in experimental ecosystems: /eff: rotating impellers (Petersen ef al.,
1998); centre: vertically oscillating plunger used in MERL mesocosms (Owiatt ef al., 1986); right: airlift — upward

motion of water inside the tubes induced by rising gas bubbles (Kim et al., 2008, p. 211. Copyright (2008) by the
American Society of Limnology and Oceanography, Inc.).
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Figure 6.4 Size categories of ecosystem enclosures and duration of experiments in relation to relevant biological
processes (SCOR Working Group 85, 2° Report, 1991).




Table 6.1 Scaling of ecosystem enclosures and swtable ranges of application.

Volume

(m?)

Number of
units

Duration

Range of application

I-II

1-10

Multiple

Days to weeks

Most suitable for rigorous quantitative
hypothesis testing using parametric
statistics. best operated for process
studies on communities up to the level of
heterotrophic protists.

II-I1I

10-100

<10

Weeks to
months

Suitable for quantitative hypothesis
testing and longer term. time-dependent
observations: ideal for process studies
on communities up to the level of micro-
and mesozooplankton.

III-IV

100-1000

Weeks to
months

Ideal for studying multitrophic
interactions including tertiary trophie
level, difficult to carry out quantitative
hypothesis testing: 1deal for gradient
studies and trophic quantification.

V-V

=1000

lor2

Months to a
year

Ideal for growth-mortality studies of
larger, less abundant organisms: data

evaluated through time-series analysis.
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Opermikn aéia
Table 2
Individual size (dry weight: DW), dry matter content (% of wet weight: WW), ash content, and lipid components from copepods, copepod nauplii, zooplankton
(copepods and decapod zoeae), rotifers, and Artemia (1-day or 3-day after hatching)

Abbreviations  Svartatjern Hyltro Intensive live feed

Copepods Copepods  Copepod nauplii  Zooplankton  Rotifers  Arremia

2000 2001 2001 2001 IMR*® l-day® 1-day® 3-day®

Individual size, dry matter, and ash

Number of samples N 30 26 3 1 I 1 1 1
Dry weight (pg/individual) DW 9.4%+2.5 8.1+2.7  0.63°+0.7 9.9 0.61 2.1 2.1 2.5
Dry matter (% of WW) DM 14.9+1.1 15.3+1.5 152419 17.7 13.2 10.2 10.8 8.9
Ash content (% of DW) ASH 10.3+£1.2 10.5+1.3 9.9+0.5 153 9.6 10.4 9.6 9.5
Total lipid (ug/mg DW) TL 111435 108421 86°+12 143 154 254 243 249
Neutral lipids (ng/mg DW) NL 4944234 454+133  326+135 91.5 92.5 215.0 193.4  206.0
Sterol esters + Wax esters SE+WE 1.5+1.5 IL1+1.2 [.34+0.5 22,6 1.6 n.d. 1.3 nd
Triacylglycerol TAG 20.3+19.5 2214131 14.04£13.3 42.1 60.6 195.9 1679 1784
Free fatty acids FFA 3.3+2.1 33+1.6 3.942.1 6.6 6.9 44 5.8 8.9
Cholesterol C 14.5+£6.3 13.3+£3.5 9.5+3.6 15.5 [1.6 14.6 18.4 18.7
Monogalactosides + Cerebrocides MGDG +CB 1.6941.0 2.7+2.6 2,1+1.3 1.3 n.d. n.d. n.d. n.d.
Digalactosides + Sulfolipids DGDG+SL 23+1.1 29415 [.8+0.8 34 1.9 n.d. n.d. n.d.
Polar lipids (ng/mg DW) PL 61.9+16.8 62.6+144  53.7+£2.7 51.5 6l.1 392 49.9 433
Phosphatidylethanolamine PE 19.9+£5.8 20.4+4.8 17.3£2.1 15.2 21.0 12.3 16.8 14.3
Cardiolipin CL 5.7+42.0 5.8+1.6 52403 25 3.1 22 3.0 25
Phosphatidylglycerol PG 22423 1.5+1.0 0.8+0.2 1.4 1.5 0.5 0.8 0.5
Phosphatidylinositol Pl 39+1.7 42+1.4 5.1+2.1 5.6 10.6 3.8 5.1 4.2
Phosphatidylserine PS 55941.5 6.6+2.0 6.4+0.7 4.8 53 3.1 4.1 3.2
Phosphatidylcholine PC 20.046.0 19.4+5.3 15.0+1.3 19.0 18.5 16.4 18.6 174
Lysophosphatidylcholine+ Sphingomyelin ~ LPC +SM 47+1.6 48+1.6 39402 29 [.1 09 1.4 1.1

Acartia grani, Centropages hamatus & Eurytemora affinis

(T. van der Meeren et al. / Aquaculture 274 (2008) 375-397)



Fatty acids (° of total lipid)

Muyristic acid 14:0 3.4941.7 1.741.1 [.3+£0.8 3.8 6.7 1.7 1.5 24
Palmitic acid 16:0 14.54+1.9 144+1.4 13.7+2.5 14.1 9.7 14.9 14.4 15.8
Palmitoleic acid 16:1(n-7) 34418 4.4+47 1.8+1.4 7.6 92 4.8 1.0 30
Stearic acid 18:0 3.5+1.0 3.74£0.7 39+1.0 4.1 3.9 5.0 5.0 54
Oleic acid [8:1(n-9) 23+1.1 26+1.4 1.3+0.7 7.3 7.8 233 22.8 17.8
Vaccenic (Asclepic) acid 18:1(n-7) 2.7+0.6 2.9+0.7 2.0°+0.5 3.1 4.9 5.5 6.3 54
Linoleic acid 18:2(n-6) 1.5940.5 2.3+0.7 1.5¢4£0.5 2.2 [5.3 6.6 5.8 4.2
a-Linolenic acid 18:3(n-3) 1.9941.0 24+1.1 1.5£0.9 l.4 1.2 12.2 16.2 10.2
Stearidonic acid 18:4(n-3) 239414 41429 45+57 5.2 2.0 2.8 32 1.7
Arachidonic acid (ARA) 20:4(n-6) 0.84+0.5 0.9+0.7 0.6+0.3 1.6 1.9 2.0 2.0 32
Eicosapentacnoic acid (EPA) 20:5(n-3) 17.4+3.1 16.2+3.4 16.3+6.4 16.4 7.1 7.8 7.8 9.2
Docosahexaenoic acid (DHA) 22:6(n-3) 344146 3IZUT0.¥ 4057 +72.4 I7.3 2.4 [70.0 IT.1 200
Other saturated fatty acids 3.0+1.1 3.3+1.2 39+£2.7 9.7 n.d. n.d. n.d. n.d.
Other monounsaturated fatty acids 3.7941.0 2.8+0.9 27+1.2 2.0 4.2 1.2 1.5 1.7
Other polyunsaturated fatty acids S.0+1.2 54+1.5 4.6+1.0 4.2 38 1.6 1.4 n.d.
Total amounts of fatty acid groups (”0)
Saturated fatty acids SFA 2469429  23.1+22 22.7+£2.9 31.7 30.3 21.6 20.9 23.7
Monounsaturated fatty acids MUFA 12.1+2.1 12.7+6.1 7.8+3.2 20.1 26.1 34.8 31.6 27.8
Polyunsaturated fatty acids PUFA 63.3+3.7 64.2+6.8 69.4+538 48.3 43.7 43.6 47.5 48.5
Highly unsaturated (n-3) fatty acids DHA +EPA 51.89445 491468  56.8°16.8 33.6 9.4 18.4 19.0 292
Fatty acid ratios (n-3)/(n-6) 11.3942.7 9.8+2.5 12.5°+3.0 7.0 1.5 3.9 4.2 55
DHA/EPA 2.1+0.5 22+1.0 2.8+1.3 [.1 1.7 1.4 1.4 22
EPA/ARA 247492 23.2+10.1 27.7+4.0 10.3 3.7 4.0 4.0 29



Content of protein (P) and protein-bound amino acids (PAA) in copepods. zooplankton (copepods and decapod zoeace). rotifers, and Arremia (1-day or 3-day after

hatching)
Abbreviations Svartatjern Hyltro Intensive live feed

Copepods Copepods Zooplankton Rotifers Artemia

2000 2001 2001 IMR*® I-day”  l-day®  3-day®
Number of samples N 30 26 ] 1 ] 1 ]
Protein (ung/mg DW) B 382.6'+25.5 565.4+40.0 366.3 2434 287.9 309.2 326.2
PAA in weight® (ug/mg DW) PAA, 443.6'+41.6 412.6+41.0 302.5 247.7 271.5 293.8 367.6
Indispensable amino acids (ng/mg DW) IAA, 2013"'+16.8 189.6+20.8 141.8 120.0 133.3 140.3 175.2
Indispensable amino acids (%) IAAL/PAA, 454+1.5 459409 46.9 484 48.0 47.8 47.7
Indispensable to dispensable ratio IAA, /DAA, 0.83+0.05 0.85+0.03 0.88 0.94 0.92 0.91 0.91
PA A concentration (umol/mg DW) PAA. 4.1'+04 38404 2.8 23 2.5 2.7 34
Indispensable amino acids (umol/mg DW) IAA, 1.7'+0.1 1.6+0.2 1.2 1.0 1.1 1.2 1.4
Indispensable amino acids (%) IAA/PAA, 404'+15 41.3+009 41.5 43.7 433 428 42.7
Indispensable to dispensable ratio [IAA/DAA, 0.68'+0.04 0.70£0.03 0.71 0.78 0.76 0.75 0.75
Indispensable amino acids (nmol/mg DW)
Leucine LEU 349.0'+38.5 320.5433.8 246.4 230.1 225.6 295.2 237.0
Valine VAL 291.8"'+36.4 253.04+24.9 200.7 160.1 175.1 233.6 183.9
Lysine LYS 241.3+43.0 231.1434.7 163.8 136.6 149.0 2226 166.7
Isoleucine ILE 209.6'+26.3 187.3+20.1 146.5 143.3 137.6 186.8 148.7
Arginine ARG 121.7'+£27.6 161.7+14.1 126.4 83.7 115.7 149.4 108.8
Phenylalanine PHE 1544 '+18.7 143.4+15.7 112.1 114.9 105.7 138.8 111.8
Threonine THR 128.7 '+13.1 120.0+14.1 95.1 70.7 86.3 114.6 89.1
Methionine MET 1223 '+13.4 77.7+38.1 69.4 47.6 56.8 40.5 63.2
Histidine HIS 53.7 '+26.2 63.7+10.1 10.5 6.9 43.2 60.1 45.9
Tryptophan TRP 44.6 '+84.1 0.7+2.7 n.d. 4.4 2.3 7.0 3.5
Dispensable amino acids (nmol/mg DW)
Glutamic acid + Glutamine GLU+GLN 577.8"+66.4 505.2+52.7 384.7 325.0 3254 4274 328.2
Aspartic acid+ Asparagine ASP+ASN 411.1+43.4 432.3+54.0 335.8 293.0 271.9 363.5 282.4
Alanine ALA 463.4'+54 8 39234382 284.7 189.0 230.2 306.9 2524
Glycine GLY 441.2'+94.7 352.1+49.7 286.1 181.0 2247 321.8 2458
Serine SER 204.9'+223 190.7+19.2 152.0 136.8 136.7 186.3 143.7
Proline PRO 252.0'+59.9 186.8+24.8 164.4 134.4 157.4 2174 200.8
Tyrosine TYR 122.2'436.1 154.5+£16.9 40.5 19.9 88.7 109.5 89.5




Free amino acids (FAA) in copepods, zooplankton (copepods and decapod zoeae), rotiters, and Artemia (1-day or 3-day after hatching)

Abbreviations Svartatjern Hyltro Intensive live feed

Copepods Copepods Zooplankton Rotifers Artemia

2000 2001 2001 IMR* I-day® I-day © 3-day*©
Number of samples N 30 26 1 1 | 1 1
FAA in weight (ug/mg DW) FAA,, 56.1£9.7 64.7+9.8 86.0 16.6 33.7 32.1 27.5
Indispensable amino acids (png/mg DW) IAA,, 18.4+3.0 18.2+1.8 19.3 5.8 4.4 5.5 5.1
Indispensable amino acids (%) IAA/FAA, 329%+27 28533 224 34.7 12.9 17.0 18.7
Indispensable to dispensable ratio IAA, /DAA, 0.49°+0.06 0.40+0.07 0.29 0.53 0.15 0.20 0.23
FAA concentration (nmol/mg DW) FAA, 471.7°+89.8 580.1+95.1 766.6 124.5 277.6 254.0 219.0
Indispensable amino acids (nmol/mg DW) IAA, 113.6+18.2 109.0+10.7 119.2 38.0 27.7 36.4 343
Indispensable amino acids (%) IAAJFAA, 24320 19.1+£2.2 15.5 30.6 10.0 14.3 15.6
Indispensable to dispensable ratio IAA/DAA. 0.32°+0.03 0.24+0.03 0.18 0.44 0.11 0.17 0.19
Indispensable amino acids (nmol/mg DW)
Arginine ARG 79.6+158 83.1+13.7 68.3 13.6 13.7 12.3 13.4
Threonine THR 102425 d d 3.0 0.9 29 3.1
Valine VAL 58°¢1.9 406+1.5 7.5 4.0 1.9 5.0 4.6
Histidine HIS 51°¢1.7 9.3+5.7 21.3 4.9 29 6.2 3.2
Leucine LEU 3.6°¢1.4 30+1.0 5.0 2.0 1.9 29 2.9
Lysine LYS 33411 39418 6.7 5.2 44 3.1 34
[soleucine ILE 2.5 1.1 1.9+0.8 32 3.0 1.1 1.8 2.0
Phenylalanine PHE 2.0°+0.9 1.5+0.5 2.6 1.6 0.8 1.1 1.0
Methionine MET 1.3£0.5 1.4+09 44 0.6 0.1 0.9 0.5
Tryptophan TRP 0.3+0.2 0.3+0.1 0.3 0.2 n.d. 0.2 0.1
Dispensable amino acids (nmol/mg DW)
Glycine GLY 126.5°+37.1 231494582 235.3¢ 8.8 54 8.2 9.7
Taurine TAU 84.3°+16.7 101.1+£23.3 136.0 29 65.5 57.8 58.2
Alanine ALA 43.5+18.1 36.4+16.0 68.0 8.9 65.7 342 28.0
Glutamic acid GLU 3354701 245+7.0 45.0 14.6 27.0 352 31.2
Proline PRO 2434197 38.3+389 125.9 39 50.7 34.6 25.0
Aspartic acid+ Phosphoserine ASP+PHS 17.9°+3.1 13.7+3.7 9.3 4.6 6.2 6.9 53
Glutamine GLN 103+1.7 104+3.0 7.6 6.2 11.7 17.0 9.4
Serine SER 86423 7.0£2.0 9.3 16.4 2.1 5.0 6.3
Gamma-amino butyric acid GABA 36+1.5 38+1.1 4.4 0.8 1.5 29 1.9
Tyrosine TYR 30°+1.1 25+0.7 3.9 10.6 7.3 5.8 3.5
Asparagine ASN 2.7°40.8 2006 2.9 8.7 6.8 10.0 6.2



Table 5

Pigments and vitamins in copepods, zooplankton (copepods and decapod zoeae), rotifers, and Artemia (1-day or 3-day after hatching)

Abbreviations Svartatjern Hyltro Intensive live feed
Copepods Copepods Zooplanktn Rotifers Artemia
2000 2001 2001 IMR* I-day® I-day® 3-day®

Pigments (ug/ec DW)
Number of samples N 30 26 1 1 1 1 1
Astaxanthin 626.9+139.1 747.7+£296.8 197.9 24.0 n.d. n.d. n.d.
Canthaxanthin n.d. n.d. n.d. n.d. 752.4 744.7 654.0
(»-Carotene n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Lipid-soluble vitamins (ug/e DW)
Number of samples N 16 19 | | | l |
Retinol Vitamin A tr. n.d. 0.2 0.2 -4 . _
Cholecalcipherol Vitamin Dy n.d. n.d. n.d. 0.9 0.7 1.8 1.0
Total Tocopherol Vitamin E,, 112.0+28.1 114.0+61.3 114.0 513.1 571.8 340.2 465.3

a-Tocopherol Vitamin E,, 108.0+28.5 113.5+61.1 114.0 509.0 562.0 327.8 4243

-Tocopherol Vitamin Ej, 0.5+0.2 n.d. n.d. n.d. n.d. n.d. n.d.

v-Tocopherol Vitamin E,, 35423 04+14 n.d. 4.1 7.4 94 329

o-Tocopherol Vitamin E, n.d. n.d. n.d. n.d. 2.4 3.0 8.1
Water-soluble vitamins (ug/c DW)
Number of samples N 16 19 1 1 1 I 1
Thiamine Vitamin B, 23.1+4.7 22.7+11.7 9.2 48.6 18.2 13.0 20.9
Riboflavin Vitamin B, tr. 28.0+£3.6 28.9 30.7 53.1 52.1 51.9
Ascorbic acid Vitamin C 476.6+224.6 552.9+£360.2 271.1 220.1 530.6 361.3 372.6




2>UAoyn Ayplou ZwoTtAayKToU

* Ao nuikAeLoteC OaAAOCLEC TIEPLOXEC LEYAANC TTAPAYWYLKOTNTOC.
e Emoyxlakeg Slakupavoelg (moootnta, Leyedn, idn kot otadia).
e Xpnon og yBuovuudec ancvbeiog N we adpavr tpodn.

70-100 pym
120-250 pm

>250 pm

Tpoxolwa

Tpoxolwa, vauttAior &
KWTNTTOOATEC

EvAAIka KwTATT00d



188 G. BARNABE
COLLECTE DE PLANCTON POUR L’AQUACULTURE 187

146m3/h T

3 / b | \\]
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Figure 1. — 1. Amarrage ct alimentation électrique ; 2. Flotteur; 3. Poulie de I'axe moteur; 4.
Moteur ; 5. Poche filtrante ; 6. Hélice et poulie d’entrainement ; 7. Axe d’hélice et supports ;
8. Grille (vide de maille 0,5 a 2 cm); 9. Collier de fixation de la poche.

*Juokeun ouAloyn¢ (Unik Wheel Filtersystem),
Suvatotnta ¢ktpapiopatog 1-5 m3/min

*.AutokaBapllopeva meploTpedOUEVA TIAAYKTLKA
dATpa pe ekTOEELON VEPOU QATIO UTEK.




H nebBodocg €xel edpaplooTEL OTO
nopeABov otnv lamwvia kot otnv
FaAALaL.

Alievon {womAayKToU PE avtAnon,
Ao NUIKAELoTEC BAAACOLEC TIEPLOXEC
LEYAANC TTAPAYWYLKOTNTOLC.

MeyaAec eMOXLOKEC SLOKUMAVOELG
(moootnta Blopalac, cuotaon o€ €i0n,
LeyEDN, €ldn kot avarmtuélokad otadla.
To ouA\eyopevo rAaykTov, adou
CUMTTUKVWOEL e el6kO diAtpo,
XpNOLLoToLETOlL O€ LYBUOVUUDEC
arnevBelog N KatePpuyuEvo.

=

—



XpNOLUOTOLOUMEVOL TUTTOL

* Ydatwol oykol >1m?3 rou €xouv
QTOMOVWOEL A0 TN UNTPLKN
voativn pala, oL omoiot
ouvioTtoUV BloAoyLka autovoua

OUOTAUOTA LLE OPYOVLOMOUC TIOU
avrnkouv oe dtadopa TpodLKA
enimeda.

e TUTIOL LECOKOOUWV

— Aol oakol amnod povoaua, N
TIAQYKTLKO SixTU

— TOUUEVTEVLEG, N TTOAUECTEPLKEC

defapeveg

— Yépootaoia (YwuaTtveg deEaEVEC)



H Meooyelakn eumneLpila

Tunog MAsovektApato Aduvaypieg
defaapevwv

MeyadAoL oykot  *[Lo AmoTeEAECUATLKOL, *AUGKOAO YEULOUQ

>100 m3 speyaAUtepPn TpodLKN *AUokoAo adelaoua
auTtovoula, 2-4 UnVveg *AUGKOAN aAievon
*Alyotepec dpovTideg

Mkpol oykol *EUKoOAO adelaopa *[eploootepn ppoviida
*EUKOAN aAlevon *JUOTNUOTIKO TALOMA KO
*EUKOAOC KOBAPLOUOC aVOTANPWON TIAQYKTOU (NHL-EVTATLKNA

Hopodn)

Y6pootaola *EUKOAN KATAOKEUN *AUGKOAO TO AdsLlaopa KAl N
*[priyopn Bloamodounon amooTpaAyyLon
opYyaVvLKoU UALKOU *AUoKoOAN tpoacPBaon (Boupkog)

*X€ALa, kaBoupla, audimoda KTA

BaBocg 1,5 m. Mikpotepo, pakpoduta. KAtw amd 1 m, KALPLKEC
ouvOnkec(aktivoBoAia/Beppokpacia statuion, Bpoxn)

Mpavni kaBeta katd to duvatov. H peyaAn kAlon eival mayida yia afyad ko
VOUdEeC (HakpoduTa, AVEUOC KTA). 2TIC XWUATIVEC OMWC TIPETIEL VO UTIAPXEL yLaL
oTaBepOTNTA TWV TIPAVWV.
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Figure 3 - Transversal view of mesocosm larval rearing facilities (adapted from
(Interactt, 1997)). T - rearing tank; L- Light; FD - Automatic feeding dispenser; Wi -
water inlet; Wo - Water outlet; R - Roof \polycarbonate cover; B - Boardwalk.



A B

Figure 4 - (A) Photograph of the larval rearing thank used in this work. (B) Position of
the aerators red circles in the tank.



1 Etowpocio de€apevng

Xwuatwn

* Amootpayylon kat anoénpovon 7-15 nuepec

e Eav auTto sivat aduvatov, e€oA0Bpeuvon
OPYOQVIOMWV UE:

— AoB€otwon
— Napaottoktova _ Meaywol
. / / opyaviopot
[ AlaAupa x)\wptvnq] (084NN
* Rotenone (1 ppm oe uia npépa)
e Dipterex (5 ppm)
Kapkivoeldn,
JapLa otn
Adorn

(amodounon o€ 15 nuépec)




KAwBol amo povoaud, n 6lytu

* Bouptoilovtal Kol OTEYVWVOULV TIPLV TN Xpnon

AgéoLEVEC OTIO TTOAUEDTEPQ

 KoBaplopa pe vdpoxAwptlo (edpaiot
opyaviopol pe aoBeotoAlBika keAUPn)

* JTEYVWUO OTOV NALO VL0 LEPLKEC NUEPEC




2 Nepopa

ATIAN aAAd onuovtikn Stadikaoia. Ta Aabn duokoAa
SdlopBwvovtal (Eava amootpayyLlon, CTEYyVWHA)
KoAOC TIpOoypaALATIOMOC

— Beppokpaocia urtodoxneg TS voudpng

— $paon wplpavong Tov LECOKOGUOU

[MpogAeuon

— Oalaoowo

— N dAtpaplopevo (mnyadia os appwdn mapaiia),
avaKkatepevo pe Balaocowvo (50%)

— 'H vepo AipvoBaiaocooac apatwpevo pe Balaoowo (90%)
Dktpaplopa vepou ota 360 pm yLa ArtoKAELOUO
Bnpevtwv



3 Altawvon

OcetIkn entibpaon o€ GUTOTTAAYKTOV

Aev €xelL amodeLNTEL N avayKaLloTNTA OTA
ETIOEVO TPOPLKA ETTLTIESO L

0,5-2 gN/m?3
N/P =5-10:1



4 3ToKaplLopQ

eAv ol ouvOnkeg elvat kKataAAnAeg, kat euBelav

le afya

— N AaBpakt S=35-38 kal Beppokpaciol6-18 °C

— lNa toutovpa S=34-36 kol Beppokpaocia 18-22 °C

oe dladpopEeTIKN TtEPLMTWON,

— Enwaon og ecwteptko xwpo (200-300 afya/Lit)

— Metadopd vupdwyv otnv evapén tne e€wyevouc
dlatpoPnc

TowtoUpa, 0.5 voudn/Lit. AaBpakt, 1 voudn/Lit

Oeppokpaotakn npooappoyn (Ewc 3°C), 1°C/min



5 Atadoyn MAQYKTIKWY Onpapatwy

Favella sp (Tintinnida )

Synchaeta sp (Rotifera) \

Copepoda




Larval rearing in extensive conditions

-10 0 10 20 30 40 50 60 70

3 ye—
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o 3 "
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%2 _—5
e ..... 1o
2 e 1o
E —14
B —_—15
< 16 &
1
DYNAMICS OF ENDOGENQUS - s
POPULATIONS .
PELAGIC PHASE— 1 BENTHIC PHASE — Boosting =
NB./M? . .
- semi-extensive
1
= %
oy
o ;

RELATIONSHIP BETWEEN THE
DURATION OF TROPHIC SELF-SUFFICIENCY

AND STOCK DENSITY

Fig. 3 — Dynamics of the systems. and their starting points. A: Actions to begin; 1: drying out
and preparation of the pond: 2: filling pond with filtered water: 3: final enrichment: 4: obtaining
eggs: 5: incubation and resorption of yolk (period of possible action on the time of start of first
feeding): 6: latency of zooplankton development: 7: Optimal period for start of first feeding for
fragile species (sea bream. (striped bream. sheepshead bream) and more robust ones (bass.
white bream): 8: True larval rearing. Start of exogenous feeding involves endogenous
production of food organisms: 9: start of aeration: 10: start of water turnover: 11: start of
weaning to fresh diet: 12: start of conditioning to dry diet: 13: preparation for harvesting: 14:
emptying and harvest: 15: cleaning pond and eradication of predators: 16: preparation for a
new cvcle. B: Population dynamics: 1: diatoms: 2: small ciliates: 3: Favella and/or Synchaeta: 4:
copepod naupliiz 3: benthos. C= Relationship between the duration of trophic self-sufficiency
and population density: 1: requirements for exogenous food: 2: maximum productivity of food
organisms in the pond: 3: natural productivity unlimiting.



6. MePLOPLOTIKOL TIAPAYOVTEC KOl EVEPYELEC

* Qwtiopoc. OxL navw amo 20 kLux, okiaon louv-
2EMT

* Qepuokpaoia. BEAtioto eUpoc otLc 20 MPWTEC
NUEPEC 15-24 °C, peta 12-27 °C

DO\ Otav €xouv pmet voudec, 100-120%. MNote
i arno 160% (okiaotpo)

.6-8.5




7 Emuotnuovikn tapakoAovdnon

ABLOTIKEG TTAPAUETPOL BLOTIKEG TAPAMETPOL

e T°C e YUvBeon Kal MUKvVOTNTA

« AhatdTtnTa MAQyKTIKwV TAnBuouwv

. DO ava dUO NHEPES

* pH . Mriikog vupdwv avd 7 .
" nuépe ’

* Opemtika HEPES

Auvatotnta €mAOYNG
Bnpapatog yla .
EUMAOUTIONO {woTAayKToU



8 Oaynto

* [lot€ katw amno 10 Onpapata/Lit. AladopeTIKA, OVATTANPWON UE
KaAALEpYOUEVO {WOTIAQLYKTOV

NaBpakL ToutoUpa MNapoxn 0-1%/ h
e ATMO TNV apxn Umopel va [ * Ano 3,8-5,5 mm, Brachionus |
/~ OgxteL Instar TArtemia e A6 5,5-8 mm, Instar | N\
e Meta ta 6 mm, Instar |l Artemia
(eurmhoutiopevn)  AmO 8-12 mm, Instar |
\_ Artemia )
Mapoxn10%/h

e Metad ta 10-12 mm, amokor



Use of Copepods in the Semi-intensive Seed Production of Grouper

Water Management

< no water »| «— 10-50% __, ¢ 50 - 100% >
| change water change water change ‘

| < siphon 2x/week > |
Feeding Scheme

inoculate
copepods

(60ind/L) | <— rotifer 2-10 ind/mL —>> |

| Artemia metanauplii and

| < copepod nauplii > | pond grown zooplankton _>|

Days of Culture

Figure 13.2. Water management and feeding schemes for semi-intensive rearing of grouper larvae.

-

Aa1aTIKOG popdg Epinephelus coioides

http://www.fishbase.org/summary/Epinephelus-coioides.html



Preys/ml

Chelon labrosus

Preys/ml

0 10 20 30
Larval age (days p.h)

I Wwild zooplankton Enriched Brachionus plicatilis
2 Newly hatched Artemia [0 Enriched Artemia



EXTENSIVE REARING OF SPARIDS LARVAE (S.aurata, P.puntazzo,

D.annularis ) EXEPT D. dentex .

TANK AGE SIZE
(DAYS) (mm)
%
104
S00(. Eags
U 0 Hatching 21
¥ Open the mouth 3/g
* Translert
MeSOCoSM i
4o - eom’® ]
]
b T
3oj - 40,0
R 20,0
.
50,
4
80‘120-4 22' MO

(0,15—1,03)

*

Filling the tank 8(surnmer)
Without fertilizations (ammonium 1 phosphate)

FEEDING OPERATIONS
FILLING *
Counting of zooplankton
Parameteres mesurnents
Ecremeur
£
BLOOM
3 +SHADOW
ARTEMIA (Ao)
X ‘
WATER RENEWIN
(A1) Enriched .
+
Sevbar (200-400)
or Lansy A2
F WEANNING
|
! Siphon
i FISHING

15 days (winter) before larves introduction with filtered (360 j.m) sea warer.

sea with pump

+ Inoculated with natural zooplankion from the

cullure of Synchacta sp.




SEMI IVE REARING OF Dicentrarchus labrax LARVAE

TANK Al SIZE FEEDING OPERATIONS
(D/\YS) (1mim)

] Fggs FILLING *SHADOW
+1 |A i.| i 4,5 Counting of zooplankton
MESOCOSM oo Parameleres mesurnents
60w ] Ecremeur
8 5,0 F‘ )
1 pen the mouth BLOOM
1€
+
ARTEMIA (Ao)
3
] 10'0 (A1) Enriched
A e
] Sevbar (200-400) WATER RENEWING
] 15,0 or Lansy A2
304 k-
i
401 200 k. WEANNING
]
50+
| Siphon
60-0] 40,0 FISHING
(409)

Prears o
3

.

O L at A —
f:‘:“'\

g

. u‘”('lg\'

* Filling the tank with filtered (360 p.m) sea warer.
Fertilizations 0.5 g N/m" + (.1 g P/m" (5:1)



9 PoAoc aAAwvV mopayoviwy

O€TIKO ApVNTIKO

 T[epopa de€apevne o veo
deyyapt

*  OuLvUudec apxilouv va TPWVE e
TIAVOEANVO

* T[epopa de€apevng 2-3 NUEPEC
LETA oo Katalyida

 EpBoAlaopoc pe cUAAEYUEVO
TIAQLYKTOV

* AUpa otnv enipavela
e  XapnAOC aepLOUOC

repopa tng de€apevng oe
TTAVOEANVO

OLvUudec apxilouv va TpWVE He
VEO deyyapl

Fepopa de€apevine Hepa
Katalyioag

Xpnon xAwpivng, n poppoAng
EvteAw¢ oTACLUEG UOPOAOYLKEC
ouvOnkKeg

Not BAETTOU HE TLC VOUDEC TLC
MPWTEC 15 NUEPEC, ELOLKOTEPA TLC
npwTteg 7 (kakod onuadt)

Na pnv tig Sov e ya Eva pRva



10 Zuykoudn

Y& kataAAnAo peyebocg (m.x. toutovpa >10 mm)
Flushing

AdeLaopa

[Meploplopoc pe Sixtu pkpou patov

Wapepa pe kovBa

EvaAAoKTIKA Xprion GwWITOTAKTLOUOU
Metadopa o de€oueVEC TIPOTIAXUVONC



H cupfoAn Twv Kwrnmodwv

X Avokohia
KaAALEPYELOC O Hallkn
KALpaKOL

X Emtoywkotnta

‘/ MeAayka

‘/ Quokn tpodn

‘/ KatdAAnAo Bripopa
‘/ Aplotn Bpemtikn afia

‘/ 2uvnONnG xpAon ota EKTATIKA CUCTAHOTA
KOl OTNV €KTPOPN VEWV ELOWV




AvOTtopoywyLKa TPOTUTOL

Embryo broadcasting Embryo brooding

Nopaywylkotnta:

* Eidog,

 Tpodn (moocotnta, molotTnTA)
 Quwrtornepiodog



AvaOTOAEC epBpuaKknC avamTuénc

* Dormancy = OAEC OL TEPLITTWOELC TTALUONCE TNC AVATTTUENG, ATTO TNV
sruBpaduvon (quiescence) éwc tnv dtanavon (diapause)

eAueon avtidpaon oe Suouevelg
NEPPAANOVTIKEC CUVONKEC

*H avantuén amokabiotatal otav
BeAtiwOouv oL tepLBAAANOVTLKEC
ouVvONKeg

eEkdnAwvetal pe emifpaduvon tou
HeTaBoAlopou

e Avtibpaon oe KUKALKA pawvopeva (cue, A.X.
dwtomnepiodocg) mou cupPaivouv mpLv TN
XELPOTEPEU DN TOU TtEPLBAAAOVTOC

e EkONAwvETOL PE BLOXNULKES, GUCLOAOYLKEC
Kol EVOOKPLVOAOYLKEG AAAAYEC

e Mrmopei va adopd afyo (mapaktia,
upaApupa €6n) N kKwnnmodntko otadLo
(avoiktr) BdAaocoa A.x. CV otadio Calanus)



Avya dLamavonc

Qawopevo KoAd peAetnpevo oe 44 idn (epdavion voumAlwy PETA Ao
enwoaon delypatoc BuBou oto epyaoctriplo). (Marcus, 1996)

H mapaywyn touc paivetol OTL TPOKUTTEL Ao cuvOua oo avoéiag Kal
JUyouc.

Mrmopouv va erBLwoouv akOpn Kol o€ €kBeon o€ TolkeC ouvOnKecg (A.X.
H,S).

EktatikeC KaAALEpYELEC LxBuovuudwy (Aavia), afya dtamauong os OAa ta
unootpwpata (avoéika, rotenone): 104-10%/m?2.

Agv xAvouv TNV Lkavotnta EKKOAAY NG He TNV apodo Tou Xpovou avtiBeta
le ta quiescence (A.x. Acartia clausi xavel tn duvatotnta ekkoAadng oe
165 nuépec otav €xel ouvtnpnBel otouc 5°C, ) og 70 nuEPeC otouc 20°C).

Mrmopouv va armoAupoavOouv TtpLv tnv xprion touc.
KAelSl yua tn padlkn xpnotpomnoinon Kwnnmodwyv otnv LyBuokaAALEPYELAL.
Mot TOAAQ €16n, bev elvatl eUKkoAo va KaBopLoTel AKOUN O XPOVOC EMWAONC.



2tadla avamntuénc

AiaBéoiun
TPOYN

O¢ppokpasia

KWTTNTTO00U

-

&R T~ \
PSP ALdoK VLA :
e TN NITe-do o LALPKELOL VEVLALG :
Avyo NI~ ~ N-I‘\;Xm
D =128,8 01207
OvToyévveon

MAUCHLINE, 1998)

D o€ nuepeg, T o€ °C
(HUNTLEY & LOPEZ, in



To avamtuélakd otadla €xouv

KATAAANAQ peYEDBN, oupBata NaurAioi KWITNTTOOITEC EviAika
LE TLC LKOVOTNTEG Brjpeuonc
, MAkog (um) 106-250 390-680 730-965
Twv OBuovuudwv.
IAGrog (um) 65-120 175-265 240-355
=. Bapog (ug) 0,64 3

7,5 ug




Copepods

LENGTH |
m
: 800 +
1
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Figure 8.3. Eggs and nauplius of Acartia sp. NAUF‘L”

COPEPODITES

Fig. 3. Cephalothorax lengths and widths of Acartie tonsa DFH AT, reared in the labo-
ratory. The number of individuals measured is given at each data set. Bars indicate 95%
CL. o, Carapace width; ®, carapace length.

(Stgttrup et al. 1986)



EAeyyopuevn Mapaywyn Kwnnmodwv
/KaAavoeldbn/Acartia tonsa

v KoopomoA{Tiko oTIg EUKPATEC TIEPLOXEC.

v EupUBeppo, eupvaro amo 0°C wg 30°C kat aro 1 ppt we38 ppt
v YynAn yovipotnta. (18-50/2/yévva)

v KaAd pLEAETNEVO OTO EPYAOTNPLO.

v MNapayel eAeVBepa BevOikad afyd ou umopouv va amoBnkeutouV og XOUNAEG
Beppokpaoieg.

KaviBaAilet (apfya kat vaumAloug).



[EVIKEC OUVONKEC
KAAALEPYELOLC

Alatotnta: 30 ppt

Enetepyaoia OBalaocaovou
vepou: 50um, 10pum, 1pum &
uv

‘Hrtiog alepLlopog
DO > 4mg/I
‘Hrtlol xelpLlopol yevikotepa

KaBnuepwvoc eleyyo¢
aAatotntac, pH, DO.

AmtoAUpovon e€omALopoU




DoptiloeLlC
e[TuKVOTNTA YEVVNTOPWV
1/ml

e[TuKVOTNTA AUYWV TIPOC
ekkoAapn 50/ml

* AVOLLEVOLEVN TTOPOYWYN
Buwolpwyv vourAiwv 50%



Awatpodn

* Rhodomonas salina &
Isochrysis aff. galbana (T-
1ISO) og avaAoylo KUTTAPWV
1:1

e Avaloya pe to otadlo, amno —’
1x10% ewc 2x10° kUTTOPA ’ *’@ 4
/ml KaAALEpyELOC




>UAAoyn ABywv

MAayKTKA diAtpa:

e 100-153 pum, ouykpadtnon & amopaKkpuvon
"okourdLwv"

*45-53 um, cuykpatnon twv apywv,




*70 um, EemAvpa ofywv

* 90 um, ouykpaAtnon & amopdKkpuvon
vHoTwdwv napaocitwy

eJTOKAPLOHO 0TOUC 2 °C




Typical Production Cycle
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Figure 6. Typical Production Cycle. July 6 - August 8. Tank stocked with N3 - C1 A. tonsa
at 1 per ml on July 6th. One week later egg production started. Two weeks later egg
production began to peak. Three weeks later, egg production remained high, but the
hatch % was declining. After four weeks of batch culture, hatch was below 25%.

Marcus NH. Wilcox JA (2007) A guide to the meso-scale production of the copepod Acartia tonsa. Florida State
University, Department of Oceanography, Biological Oceanography



EAeyyopuevn MNapaywyn Kwnnmodwv
/KaAavoewdbn/Cladioferens imparipes

EupUalo: amd 1 wg >35ppt.

EupUBeppo: amnod 10 - 28°C (avtExel o€
AavOavouoa katdotaon otoug 6°C).

Mn KaviBoALoTIKO.

‘Evtova ¢pwTtoToKTKOL VaUTIALOL.

Payne M.F. & R.. Rippingale, 2001a. Intensive cultivation of the calanoid copepod
Gladioferens imparipes. Aquaculture 201: 329-342.



V' AnoBé pota Alrmoug 5

Andtopn petacdopd Twv VaumAiwvi
20° otoug 8°C: emBiwon 99%, Gtatnpnon tnq

Opemntikng Tou agiag .
—— | I
100m :

100 m

, 100 1tm



2TOTIKN KOAALEpYELO

Refill from reseviour (3)

./

150 um
mesh

Add algae (4)

Full level

Drained level

Pre-set valve

53 um
mesh

(2)

N |

Open/close
valve (1)

1000 1 copepod culture

200 I barrel

Overflow



X Mopaotta KaAALEpYELWV

Figure 13. Photomicrographs showing the exoskeleton of adult copepods with
Figure 12. Photomicrographs showing, a & b) the harpacticoid copepod Pseudc  infestations of ciliates: a) apostome ciliates, b) stalked peritrichous cilliates, c) severe
sp. and c) the rotifer, Brachionus sp.. which may invade copepod cultures. infestation of stalked ciliates that have accumulated debris.



Katopetpnon

runeta (Witeg)




EAeyxouevn Napaywyn Kwnnnodwv /ApmaKkTlkoeldn

*Mey€On 90 - 200 pum.

e Tigriopus japonicus To MA£ov TapaywyLko (100,000
vaurAtouc/lit/nuépa).

e|SLaitepn ppoviida 0To cUCTNUA TTAPAYWYNC TWV
VAUTIALWV (0TTOKOAANGCN WOCOKKWV).

a

e Tisbe holothuriae to A€oV avOeKkTKO. MAayKTLKol
vauTiAlol aAAd Evtova pwtodofLkot

eEvnAlka BevOika, mapdaya.
* Y NUOVTLKOC 0 AOyoc¢ emidaveLlac/OykKou
eKaBapilovv tic de€alevec




