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Copepods culture kit.

Loading PreviewSorry, the view is currently unavailable. You can download the paper by clicking the button above. ISOLATION. CULTURE. And the use of MARINE COPEPODES in AOUACULTURAS BACKGROUND OF THE INVENTION FIELD OF THE INVENTION [0001] The invention concerns marine larvae. BACKGROUND INFORMATION [0002]
The use of coppods of cultivated calanoids allowed recent advances in the larviculture of snappers and clusters of tropical lutjanids (Ogle et «/.,2000. Toledo et al, 1999, Schipp et al, 2001) and the nutritional superiority of marine coppods against conventional living prey (rotifiers, Artemia) was confirmed (Shields et al, 1999). Acartia sp. coppods was
found to be effective diets for European turbot larvae (Stgtrup et al, 1986, Urup 1994) and gold snapper (Schipp et al, 2001) while extensively grown copépods (species of mixed calanoids) were successfully used to create red fulgor and 2000 Doli vulgo, 2000. [0003] Having identified the high dietary value of coppods of marine calanoids, researchers
and aquaculturists have sought to develop methods of mass culture. Until recently "extensive" rather than "intensive" capapod production techniques predominated in this field (Liao et al, 2001 , Van der Meeren and Naas 1997). In the extensive technique or "mesocosm", a mixed assembly of wild plankton is closed in a large fertilized outdoor tank,
pond or pond (Van der Meeren and Naas, 1997, Divanach and Kentouri 2000, Benetti 2001). Fish larvae are then added to mesocosm and allowed to graze in the endogenous plankton population. Alternatively, the appropriate-sized zooplankton can be harvested from mesocosm and supplied for larvae in separate incubation tanks (Van der Meeren and
Naas, 1997, Shields 2001). "conventional" prey (rotifiers, Artemia) can also be added during the creation process as theendogenous endogenous etnemlaicini iof ,setnahlemes sodatluser e setsen esab moC .L/001-05 a sadatimil marof ametsis etsen satluda asnot .A ed sedadisned sa odutnoC .acitlab sanomodohR aglaorcim a odnasu )L.004-052 emulov(
latnemirepxe ofA§Aairc ed seugnat me sepA§Aareg sairjAv arap aitracA ed asnot a ossecus moc marairc )6S91 (late purtt AtS .)3002 la te nonniKcM ,0002 la te purtt AtS( augjA ad edadilauq a e sacit©Ateid sadartne sa erbos omix3Arp elortnoc mu ed metissecen arobme ,sanretxe siatneibma sepnA§Aidnoc sad etnemetnednepedni rarepo medop e
sosnetxe somsocosem so euq od augiA ed emulov sonem mazilitu avisnetni arutluc ed sametsis sO .avral ed o£A§Aatnemila omoc sohniram sedionalac ed sdoppoc ed sedaditnauq sednarg rizudorp ed ovitanretla oiem mu mecerefo anretni avisnetni arutluc ed sametsis sO ]5000[ .) 1002,./=1I te ppihcS , 4991 ,purU( odaruod ortpec o e saieporue tobrut
ed savral sa arap otnemila omoc ,pps aitracA ed alacse agral me arutluc a arap otix2A moc odazilitu iof odot© Am etsE .snegavles setnof ed zev me roodni euqotse ed sarutluc ed notknalpooz e saglaorcim moc odaluconi ©A omsocosem o euq me adacitsifos siam of£A§Aairc ed megadroba amu ,otnatrop ,maratoda serodarepo snuglA .)1002 ,la te ,oail(
lariv asovren esorcen ,olpmexe rop ,exiep ed soneg3Atap ed o£A§Audortni a arap ohnimac mu ecerefo m©Abmat ofA§Aairc ed ametsis od atreba azerutan A .sacisAf siatneibma sepA§Aidnoc uo notcn¢Alp ed seic©Apse/aicn¢Adnuba ad of£A§Aisopmoc a erbos elortnoc ed atlaf A odived levijAirav etnematla res a ednet odot© Am etse odnasu
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much higher culture densities (up to 5,000/L) and Nauplius yields can be obtained for ACARTIA SP, Gladioferens Imparipes and Oithona SP (Schipp, et al, 1999, Payne and Rippingale 2001, Lipman et al, 2001), symiles bestioline, stillalanus crassiroscarin culture alkaris [0007] Relevant literature [0008] McKinnon, A.D., S. Duggan, P.D. Nichols, M.A.
Rimmer, G. Semmens and B. Robino, 2003. The potential of tropical paracalanids copépods as live food in aquaculture. Aquaculture 223, pp. 89-106. Benetti, D.D., 2001. Mesocosm systems for semi-intensive larval creation of marine fish. The lawyer, February 2001, 17-18. Dhert, P, Divanach, P, Kentouri, M and Sorgeloos, P, 1997. Development of
creation techniques using large closed ecosystems in the mass production of Fry Fry Fry. Fisheries Reviews Science 5, 367-390. Divanach, P. and Kentouri, M., 2000. Incubatory techniques for diversification of species in the larvae of the Mediterranean Finfish. CAHIERS OPTIONS MEDITERRANENES 47, 75-88. Doi, M., Toledo, J.D., Golez, M.S.N.
OHNO, A., 1997. Preliminary investigation of the food performance of early red-stained garoupa larvae, Epinephelus coiodes, created with mixed zooplankton. Em, A. Hagiwara, T.W. Snell, E. Lubzens and C.S. Tamaru, eds: live food in aquaculture, Proceedings of the Live Food and Marine Larviculture Symposium, Japan, September 1-4, 1996.
Developments in Hydrobiology 124, 259- 263. Heath, pl. and Moore, C.G., 1997. Creating Dover sole larvae in Tisbe and Artemia diets. Aquaculture International 5, 29-39. Liao, I., Su, H.M. and Chang, E.Y., 2001. Techniques in the Finfish farming in Taiwan. Aquaculture 200, 1-31. Lipman, E.E., Kao, K.R. and Phelps,2001. Production of Copepod
Oithona sp. underconditions. 2001 aquaculture. Summary of contributions presented in aquaculture 2001, including the annual meeting of the national seafood association, annual meeting of the fish culture section of the afs, world aquaculture 2001 - the annual international meeting of was, p. 379. marshall, A.J. and purser, G.J., 1999. the oo of
copépodas harpactoides seasoned nauplii as a first feed for language larvae (rhombosolea tapirin—1). world aquaculture '99. summaries of contributions presented at the annual international conference of the world aquaculture society, p. for the first food. aquaculture america 2000, summaries of contributions presented at the annual naa conference,
oasa and eua chapter, p. 249. payne, M.F. and rippingale, R.J., 2001. intensive cultivation of the calanoid copépode gladioferens would imparia. aquaculture 201, 329-342. schipp, G.R., ].M.P.Bosmans and A.J.Marshall, 1999. a method for the hatchery culture of tropical kalanoid copépods, acartia spp. aquiculture 174: 81-88. schipp, G.R.,
J.M.P.Bosmans and D.]. gore, 2001. a semi-intensive system of larval creation for tropical marine fish. in, ci. hendry, g. van stappen, m. wille and p. sorgeloos (editors,) special publication of the European aquaculture society no. 30: larvi 2001, symposium of fish larviculture and storage storage storage and article, ghent, belgica, pp 536-539. shields,
R.J., bell, J.G., luizi, f. gara, b, sargent, J.R. and bromage, N.R., 1999. natural copépods are superior to enriched nauplii artemia as food for larvae of alabote (hippoglossus hippoglossus) in terms of survival, and morphology of retina: relation to essential fatty acids of the diet. journal of nutrition 129, 1186-1 194. shields, R.]J., 2001. finfish marine
farming in Europe. aquaculture 200, 55-88. stiturp, J.G., richardson, k,. kirkegaard, e. and pihl,gniviecer eavral )sunahcepmac sunajtul.( reppans der fo setar htworg dna lavivrus avoidapmoc swohs 2 erugiF ]11000[ ;ps sunalacovraP dopepoc eniram htiw elcyc erutluc evisnetni esahp-2 a fo margaid citamehcs a si 1 erugiF ]01000[ : _,5 ecneicS
seirehsiF ni sweiveR .yrf hsif eniram fo noitcudorp ssam eht ni smetsysoce desolcne egral gnisu suaqginhcet gniraer fo tnempoleveD .7991 ,saaN dna .T nereeM red naV22 The naeporuE .niapS ,sonilomerroT ,3991 yaM 72-52 ,39' erutlucauq The dlroW fo pohskrow ethylletas eht fo sgnideecor : P.7991, H.N.,reksroN dna .G.J.,purtt,Ats .69-78,25
erutlucauqg A .eavral hsif eniram rof ecruos of evilof a sa esu rof ana D asnot aitracA fo noitavitluc ehT.6891No addition of cultivated or copépod rotifers, parvocalanus sp; [00012] Figure 3A shows an angelous 28-day flame (Centropyge loriculus); Figure 3b shows a 25-day red parego (Lutjanus Campecanus); and Figure 3C shows a 28-day blue with
trevally (Caranx Melampygus); [00013] Figure 4 is a graph of temporal changes in adult densities and silly copépoditos sp under controlled growth conditions; [00014] Figures 5a-c are graphs of temporal profile A in a 30,000L tank, judgment in 1; 5b collected from a 30,0001 tank, judgment in 1; and 5C of a 30,000L tank, judgment in 2; [00015]
Figures 6a and 6b are graphs of average survival percentage of larvae cultivated under predetermined conditions on the 7th day; [00016] Figures 7a-c are graphs of incidence bars: 7afish Detailed description of the invention [00018] Enhanced methods and materials are provided for the aquaculture of marine fish difficult to rear and other aquatic
animals. Cultivated copods are used as concomitantly cultivated live feed in microalgae in the presence of fish larvae or grown independently in separate tanks and fed to fish larvae, both under selected controlled growth conditions. Particularly, the parvocalanus sp is employed as a live feed. SP can be cultivated in a variety of individual or
microalgae mixtures and fed to fish larvae, where a wider spectrum of microalgae feed can be used when copépods arein situ. [00019] Parvocalanus is a numerous Famaman with a large number of spirit. Of particular interest is a spirit that can be found in the Kaneohe Bay coral reef, Oahu, USA. The parvocalt yad no setidopepoc ot esohpromatem
iilpuan .ps sunalacovraP ,niereh debircsed snoitidnoc elbarovaf rednU ]02000[ .)sunahcepmac sunajtul.( reppans der dna ,)sugypmalem xnaraC( yllavert nifeulb ,)sulucirol egypirtneC( hsiflegna emalf gnidulcni seiceps hsif eniram laciport ,llams fo lavivrus dna htworg gnivorpmi ni ssenevitceffe nevorp sah seiceps tcejbus ehT .sirtsorissarc
sunalacovraP rof htdiw ni mA%A 7.83 x htgnel ni mA%A 1.26 fo snoisnemid ot derapmoc htdiw ni mA%A 3.14 x htgnel ni mAY4A 6.57 si seiceps tcejbus eht fo snoisnemid egats IN silpuan naeM . serutxim eagla tnereffid def sirtsorissarc sunalacovraP fo ytidnucef ni devresbo erew secnereffid on ,tsartnoc nl .seiceps tcejbus eht rof ytidnucef dna
Javivrus ,htworg mumitpo rof tnedive era ).ps sisyrhcosl dna .ps sorecoteahC( sdeen eagla ni secnereffid cificeps-egatS .rehgih ro lm/iilpuan 54 ot 02 egareva na hcaer seiceps tcejbus ety seitisned erutluc .yad/elamef/gnirsfo 13 saw udorp tsehgih eht ,tsartnoc nl .rehgih ro yad/elamef/gnirpsffo 04 revo fo noitcudorp htiw ,yad/tluda/sgge02 seveihca
seiceps tcejbus eht fo noitcudorP .yad/L/iilpuan 878 si smetsys LO05 ni sepirapmi snerefoidalG rof dna yad/L/ iilpuan 044 si smetsys L.000,1 ni ps aitracA rof setar noitcudorp detroper ,tsartnoc nl .noitces latnemirepxE eht ni htrof tes snoitidnoc eht gniyolpme slavretni yad 5 ta detsevrah smetsys erutluc hctab L.008 - 004 ni yad/L/iilpuan 057,3 fo slevel
noitcudorp gnihcaer seiceps tcejbus eht htiw ,seiceps dopepoc etarepmet ro laciport rehto naht seitisned noitcudorp erutluc rehgih yb deziretcarahc era sdopepoclaciport ,tcejbus ehT .scitsiretcarahc elbarised emas eht gnivah .ps sunalacovraP rehto dna noitnevni tcejbus eht ni deyolpme seiceps eht edulcni ot dednetni si ti .ps sunalacovraP ot
gnirrefer post-stocking, with the first adult copepods observed 18-24 hours later. The adults Parvocalanus sp. then live for up to 9 days, representing a total life span of circa. 13-14 days in culture. They can be grown with a variety of microalgae, such as Isochrysis sp, Chaetoceros sp, Tetraselmis sp, and Nannochloropsis sp, individually or together, as
well as other species depending upon the conditions under which they are employed, whether grown in situ with the fish larvae or grown independently in the absence of the fish larvae. Generally, the total cell density of the microalgae will be maintained at or about in the range of about 105 to 107 ml"1', usually in the range of about 105 to 106ml'l.
Usually, the fecundity of the Parvocalanus sp should be at least about 15 eggs/adult/day, preferably at least about 20 eggs/adult/day. [00021] Generally, the nauplii will be presented to fish larvae in tanks or ponds of at least 200-liter capacity, but usually between 1,500 and 100,000-liter capacity, at a density of at least about 0.5 ml"1, more usually at
least about 5ml"1, and may be as high as 20ml"1 or higher, usually not higher, and maintained at that level during the course of larval rearing. Target densities are reached and maintained either through daily, supplemental additions of nauplii, as required, through the 2-phase copepod production system described herein, or though natural
recruitment when grown in situ with the fish larvae, or a combination of both. At target levels, larvae of fish species not only ingest the nauplii, but survive beyond yolk exhaustion on the diet and grow rapidly. The Parvocalanus sp nauplii are an efficient and effective diet, particularly during the early phase of larval rearing, as compared to other
common diets such as rotifers (Brachionus sp). The early phase begins at day 1 of the larvae and continues to day 5, usually day 8, and more usually day 10. In the subsequent later phase, SP food is desirable but less important, and can replace the use of artemia. [00022] The all of the creation employs conditions are substantially using the sinforce
and the larvae are created under conditions that at least that at least the larvae. substantially inhibit the introduction of infectious agents. All components used in the creation are selected or treated to be substantially free of contaminants and infectious agents. [00023] Different protocols can be used to create marine fish larvae using Parvoclanus sp.
The larvae are generally supplied directly or as fertilized eggs in tanks or ponds resulting in densities of usually 1 to 30 larvae of one day / L. The additions of Parvocalanus sp. Usually will be daily, but may be done more or less often. Parvocalanus sp. Nauplii added fish larvae can be advantageously lifted separately in a 2 -phase culture system
described here. Nauplii is first supplied in at least 600 liters of pots, usually between 1,000 and 100,000 liters of vases, and fed microalgae, individual or combination of spirit, exemplary isochrysis, SP. and Chaetocerous SP, and usually at least about 150,000 C © Lulas / ml, plus usually in 200,000 CLAS / ML or more, and can be 107, usually more
than 10 or more of each of each Lulas / ml. Other microalgae that find use include tetraselmis sp, etc. [00024] For the whole that employs the separate growth of Parvocalanus SP, ie a 2 -phase system, when nauplii reaches adulthood and starts to reproduce, resulting in naupliii harvested from vessels and fed to larvae. Adults are reintroduced to the 2
-phase Coppod culture system to reproduce again to reach the end of their life. [00025] Alternatively, nauplii can be produced in situ, in effect 1 -phase, in the same environment, for example, the tank, the microalgae, the parvocalanus sp and the larvae of fish. dumbcalanus sp. cultivated in situ are first supplied asSyad 52 ylbarised ,ega fo 81 tsael ta
ot desiar Eb nac Eavral hsif snoitidnoc Eseht Rednu .1"157 tuoba naht eram ton Yllausu ,1"1 To yllausu ,1"l eavral hsf 01 tuoba tea because fots EB Isf hsf yllini ,yllaneg .wan yad owt yllated stasset eb , DNA 0.5 Neewteb yllaususu erom tub ,mpp 0.5 tchael because Era yllausu slevel negyxo devlossid dna ,caf,82 DNA Caff,32 tuoba edew-0 Gnideef
dopepoc Htiw Yliad %03-02 deecxe ton yllausu liw tnecalper rewag .0.9 naht retaerg on tub ,5.8 dna 5. the Retaw Gniraer Lavral Eht Fo Ytinlas .Serutluc kcot snoitdda yliad hguorht ,yrassecen fi ,im/sllec 000,005 dna 000,0 neewteb yllausu deniatniam era sknat gniraer lavral ni slevel .ps sisyrhcosl .Im/5 ot 1 yllausu tub ,lm/01 dna 5.0 neewteb era
iilpuan dopepoc fo seitisned tegrat dna ,emas eht yllaitnatsbus era sknat gniraer lavral eht fo snoitidnoc latnemnorivne eht ,sehcaorppa htob ni ]62000[ .yrasteed Eb yam Metasys ertluc dopepoc esahp-2 taht s ,seitised ilpuan ilpuan deterat ,derrat ,Deriuger in ,yliad dedivorp Eb slevel detegrat ta deniatniam era setidopepoc dna stludA .egnar taht ni
deniatniam level eht dna ,eavral hsif gnikcots ot roirp yad eno ,lm/sllec 004-000,002 ylralucitrap ,Im/sllec ,000,005 - 000,001 yllausu erom ,601 - 501 tuoba neewteb fo noitartnecnoc Latot that EB dluohs Hcihw ,noitibmoc ylelos ,eaglaororcim rehto ro .ps sisyrhcosi ylbarised ,eaglaorcim fo ecneserp eht Im/50.0 naht ssel on ,Im/1 age, and can go to 40
or more days of age, in relation to the particular fish species. The fish and fish larvae are then harvested from the larval rearing tanks through a center drain and into a harvest cradle with usually between 500 and 1,000 micron mesh screen, more usually about a 700 micron mesh screen [00027] Fish that may be grown according to the subject
invention include fish for human consumption, e.g. fish in the taxonomic families Lutjanidae (snappers), Etilinidae (deep water snappers), Carangidae (jacks), Serranidae (groupers, sea basses, sea perches), Mullidae (goatfishes), Polynemidae (threadfins), Rachycentridae (cobias), Coryphaenidae (dolphin fishes), Sciaenidae (drums), Scrombridae
(tunas) and ornamental fish, e.g.fish in the taxonomic families Pomacanthidae (angelfishes), Chaetodontidae (butterfly fishes and related families), Acanthuridae (surgeonfishes and tangs), Pseudochromidae (basslets), Zanclidae (Morrish idol), Labridae (wrasses), Pomacentridae (damselfishes and anemonefishes), Gobioidei (gobies), Cirrhitidae
(hawkfishes), Syngnathidae (pikefishes & seahorses), and families in the suborder Blennioidei (blennies). [00028] A 2-phase intensive copepod mass culture system is shown in Figure 1. This system involves the daily harvest of Parvocalanus sp nauplii (as prey for fish larvae) and recruitment of new Parvocalanus sp adults in separate environment-
controlled culture vessels 3, 5. Master cultures of adult Parvocalanus sp. are maintained separately, in usually 15-liter kreisels at usually between about 20 and 30A°AC, usually about 24A°AC and usually between 2 and 7 adults/ml, usually 5 adults/ml, that usually contain 10 - 12 nauplii/ml for inoculation and restart of the 2-phase system with
resulting nauplii. Copepods in the master cultures are usually fed the same algae at the same concentrations and conditions as described in the 2-phase system below. [00029] In the 2-phase system, the are are fed microalgae, one or more species, e.g. 2, generated in closed photobioreactors 7, 9. The preferred conditions for the photobioreactors are:
pH between 7 and 8, but no greater than 9.0; dissolved oxygen no less than 5.0, generally between 5 and 6.5 ppm; temperature between 20 and 26A°AC, usually about 24A°AC , and salinity between 15 and 35 ppt, but usually about 32 ppt. Microalgae, usually Chaetoceros sp. and Isochryis sp., and usually between 100,000 and 1,00,000 cells/ml, but
at least 100,000 cells/ml, and usually between 100,000 and 300,000 cell/ml for each algae, are metered 13, 15, 17, 19 from the bioreactors into the nauplius production (NP) tank 3 and broodstock recruitment (BR) tank 5 at the appropriate concentration and species ratio for each copepod developmental stage, nauplius, copepodite, and adult. The
concentrations of algae used for each developmental stage are usually the same. Concentrations of algae maintained in NP and BR tanks are between 200,000 and 400,000 cells/ml total, usually 300,000 cells/ml, and usually between 100,000 and 200,000 cells/ml of each algae, usually 150,000 cells/ml of each. The species of microalgae from
bioreactor 7 or 9 used for copepod culture can be altered to match the nutritional requirements of different species of marine fish larvae. [00030] The number of microalgae species used can also be modified with addition or deletion of other bioreactors. The amino acid, fatty acid, and proximate composition (content of lipid, protein, ash, and
nitrogen-free extract) profiles of the algae used influences the profiles in copepods, their growth, survival, and fecundity. The resulting profiles in copepod nauplii, which are consumed by the fish larvae, in turn influence the profiles in fish larvae, their growth and survival. Algae are chosen with profiles that optimize copepod growth, survival, and
fecundity and fish larvae growth and survival. A minimal quantity of culture is removed during the harvest of nauplius 21 to decrease the use of microalgae. Nauplii are preferably harvested with the use of special techniques, usually light traps that naturally separate adults and nauplii in situ. Nauplii and any non-separated and adults are then drained
collected on a mesh sieve of 38 micron. This mixture of coppods is then sifted through a mesh sieve of 105 micron to retain adults and large coppodites, and nauplii harvest to feed fish larvae. Nauplii are usually harvested when nauplii densities reach at least 5/ml, more generally between 10 and 20/ml, or even more. Nauplii of the production tank 3
are repeatedly harvested 21 to feed 20 fish larvae. Nauplii of the production tank 3 are initially inoculated 23 of master crops for the BR 5 tank in densities usually between 2 and 10 nauplii/ml, more generally about 5 nauplii/ml. Once the broodstock in tank 5 matures, the remaining contents of the production tank 3 are discarded 24. The mature
nauplii in the 5 tank are transferred 25 to the production tank 3. [00031] Preferably, the 3 production tank and the BR 5 tank are interchangeable, the 25 inoculation line is reversible and the 5 production tank has a 21 harvest line and 24 tank dischart line similar to the tank 3. Instead of transferring mature nauplii from tank to tank, the functions of
the tanks are interchanged. The 5 tank becomes the production tank and mature breeder nauplii are inoculated in the 3 tank, which becomes the BR tank. [00032] When the nauplii in the 5 tank is mature, the 3 tank is discharged 24. Tank 3 is filled and the tank 5 nauplii are inoculated in tank 3. Nauplii are repeatedly harvested from the 5 tank and
the 5 tank harvest is transferred to feed 20 fish larvae through a outlet in the 5 tank which mirrors outlet 21. When I nauplii odalortnoc odalortnoc mu me odanoisnemid res edop raludom dopoc ed o£A§Audorp ed ametsis etsE .1 arugiF an odartsom oliuga arap atlov ed saditrever etnemavon ofAs seuqnat sod sepA§Anuf sa ,sorudam ofAs 3 euqgnat by
adding further NP 3 and BR 5 tanks. The 2- phase system operates in biosecure mode to avoid contamination, utilizing sterilized sea- water (15 - 35 ppt), usually by autoclave or ultra-violet light, or artificial sea- water made in the lab, usually in closed-loop or in a biosecure, indoor culture room, usually with positive air pressure, and with controlled
personnel access, usually with disinfection prior to entry and exit. [00033] The subject methods permit the use of electronic database control and monitoring. Samples may be automatically taken from the various tanks, analyzed as to the population and the components of the water, and the information fed into the database. By employing a computer,
the data can be analyzed and the conditions associated with each tank modified as appropriate. An algorithm is employed that uses the information obtained from the samples to adjust conditions to provide for optimum copepod production and fish maturation. [00034] The following examples are intended to illustrate but not limit the invention.
EXPERIMENTAL [00035] Zooplankton were collected from shallow coral reef areas in Kaneohe Bay, Oahu, HI using an 50 cm diameter plankton tow net of 120 _m mesh aperture, towed down- current at low speed. The contents of each 5-10min tow were concentrated into separate sealed 15L plastic buckets and transported to an Oceanic Institute
laboratory. The bucket contents were then size-fractionated using a 100 _m aperture nylon screen in order to separate out adult copepods. Those organisms retained on the 100 m screen were examined using an Olympus SZX12 stereomicroscope to identify copepod species, and adult stages for culture. Twenty adult individuals of 5 different copepod
species (Undinula vulgaris, Labidocera madurae, Arcatia sp, Parvocalanus sp and an unidentified cyclopoid species were then transferred by glass Pasteur pipette into separate 250ml Erlenmeyer flasks containing UV sterilized sea water. Four of these vials were stocked for each copy -pruning spot and each Copa © cine can received the following
microalgae: only SP Chaceter, with a cell density of 1.5x106ml'1; Tetraselmis sp, in a cell density of LXL05ml "'; nannochloropsis sp, only a 6x106 cell density! .." 1; and the three together in 5x105 Maman®uo "" ', 3x104ml" and [00036] the vials were kept under static, continuously accepted (with fluorescent wires), conditions at 25 & ° C by 7 Days,
after what the time -copy of the time, the developmental stages and the size distribution have been quantified for each spirit. Parvocalanus SP exhibited the highest survival and fertility rates of isolated spray and produced nauplii with appropriate dimensions (length of nauplius in the hatch = 77.8 microns) for small marine fish larvae. [00037] A SAIN
OF EXPERIMENTS was performed to compare different fancies, microalgae concentration and proportion of spicy, Coponial inventory densities and harvesting techniques for Parvocalanus sp. Differenties dependent on the stance in algae requirements were found. The fecundity Parvocalanus SP equaled the best -published figures for other COPIES of
COPA © can calendar cultivated in more than 20 eggs/adults/day. High productivity was kept expansion in 15L cultures, with nauplii densities of the sparer spa of at © 45/ml being reached. These crops are used to use 600L 600L breeding tanks. The growth of the confidential population of copy of copation has been reached. The containing
production of microalgae in closed photobioreactors has been reached for confidential quantities. [00038] IL glass cups were used Survival and growth rates of Angithella flames (C. Loriculus) and Vermelho (L. Camamechanus lavase receiving different concentration of parvoclanus sp naplii. The fish larvae were stored in a 50L density "1 in EM
containing microalgae of isochrysis SP (cell density 105mi "'). Parvocalanus sp nauplii were then offered to larvae at a density of 1, 5 or 10ml" 1. The larvae of both species of fish ingested the nauplii and survived beyond the exhaustion of the egg yolk, as well as growing rapidly. [00039] The advantage of the sp nauplii stump over other cultivated live
prey was demonstrated by a comparison with Rotifers (Brachionus sp) as prey for red pargo larvae. The red sponge larvae were stocked in 1 glass cups L containing microalgae of isochrysis SP (cell density 104ml "') to a sock density of 50 larvae L" 1. Both the rotifers and the parvocalanus sp nauplii were offered with a prey density of 5 ML organisms
"1 and the survival and growth rates of the larvae and the incidence of monitored feeding. The survival larvae and growth of parvocalanus SP were clear, illustrated in figures 2a and 2b. As shown in Figure 2a, the larvae of parvocalanus SP 31 showed an average survival rate of 31.5% per day 7 post-hatch, versus only 1.5% for the larvae of Rotifer 33.



In addition, more than 80% were higher, on average, than the pargo larvae of Rotifer 37 on the day 7, as shown in Figure 2b. The results of these laboratory feeding experiments were verified in large-scale fish breeding tests performed with the mass culture of the parvocalanus sp. [00040] As shown in Figures 3a-3c, flame larvae Angelfish 41, Red
Snapper 43 and Bluefin Trevally 45 were created for metamorphosis using parvocalanus sp. ANKs containing microalgae of isochrysis SP in densities ranging from 1 to 5 larvae L "1. The fish larvae were fed by controlled daily additions of the appropriate size class of the parvocalanus SP or by introducing the adult plasterboard SP, which then
produced Nauplii in the breeding tank. [00041] 1.1 The expansion of arap arap adaicini iof ]24000[ ps sunalacovrap intensive techniques of culture of the cupd in large volume containers. This work was carried out using square polyethylene tanks 100 x 100 x 60 cm in dimension. The culture tanks were continuously lit, smoothly aerated and
maintained at a temperature of 27-28°C. [00043] Initial tests were performed in work volume of 100L or 200L, using the supplied copépods of 25L polycarbonate tanks. The crop volume was duplicated each time the adult coppod density reached 1ml"1, up to a maximum volume of 400L, at which point a new crop tank was inoculated. A mixture of
Chaetoceros sp and Isochrysis sp microalgae was provided when available, although due to the lack of isocrose sp, the crops were sometimes fed only with Chaetoceros (density of cell 300,000-500,000 ml1"1). Microalgae was added once a day to the desired cellular density. Each culture tank was completely harvested in 3 days intervals. The harvested
copépods were concentrated in a 38um nitex mesh bag, rinsed and replenished in a clean tank. [00044] During these initial tests, densities of up to 30 ml of Parvocalanus sp nauplius were obtained, although crops tend to be unstable, possibly due to the inconsistency of the microalgae supply. Nauplii routine harvest was not tested during this phase.
[00045] The production capacity of microalgae was subsequently increased to allow routine feeding of the cupd crops in a combination of Chaetoceros sp and Isochrysis sp. As the general supply of coppod increased, the practice of dividing cultures since adult densities reached 1 ml"1 was discarded without prejudice to the performance of the
culture. Using this approach, individual culture tanks can be kept indefinitely without crashing. Figure 4 illustrates the densities of Parvocalanus sp adults/copepodites and ]74000[ ]74000[ omsocosem ,asnetxe megadroba amu odnasu notknalpooz assam me arutluC .2.1 ]64000[ .doppoc ed aicn¢Adnuba an sacitsAretcarac sacilcAc sepA§Aautulf sa
odnartsuli ,eugnat lat mu arap J] Pna seiceps diopolcyc deifitnedinu na erew ssalc ezis m1/41055-001 eht ni sdopepoc tnanimoderp owt ehT .noisacco hcae no dereffid notknalpooz fo seititnauq dna sepyt elbaliava ehT .knat erutluc eh B ehoenaK morf ten notknalp yb detcelloc saw notknalpooz ehT .knat erutluc hcae otni dekcots saw noitalupop
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aneugep me sotnemirepxE .1.2 ]45000[ saneuqep sexiep ed savral arap aserp omoc odavitluc ohniram notcn¢Alpooz od ofA§AailavA .2 135000[ leV|A1fnoc siam anretxe assam ed arutluc ed odot© Am mu ed ovitacidni ©A ,saglaorcim ed arutluc ed sortem¢Arap so e augiA ad otnematart o erbos elortnoc rohlem mu moc etnematnuj ,)onretni euqotse ed
sarutluc ,©A otsi( adinifed etnof amu ed sedop©Apoc ed osu o ,ralucitrap mE .0£A§Aacilpa ed angid © A megadroba asse euq somAulcnoc sosnetxe ofAt notcn¢Alpooz ed ofA§Audorp ed sametsis ed acitsAretcarac e acitjAmelborp ajes arutluc ad ohnepmesed on edadilibairav atla a arobmE .)o£A§Aes amix3Arp a etlusnoc( etnemlavert siuza e samahc
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lanif on odavele uocif 3As 1 orem®An o ,otnemagluj oN .ps alucivaN ed of£A§Aartnecnoc a ,odal ortuo roP .saxiab mare adnia sadop©Apoc ed sedadisned sa otnauqne ,)sadop©Apoc ed ateid omoc adaugedani( PS alucivaN acitjAmotaid ad serolf maratnemirepxe 4 e 2 soiasne sO 121: 12d. 251 breeding containers were gently aerated praying a single
central air stone, while the il containers did not receive aeration. creation containers were filled with sea water from a header headercontaining biofilter media. This water supply was continuously exchanged at a rate equivalent to 100% of the total volume of the header tank per day. When necessary to fill the experimental breeding containers, the
sea water was drained from the base of the header tank by means of a sterilizing UV unit. [00057] A stock of 30-50 fish eggs L"1 was used in all experiments. Numbers of hatched larvae and daily survival rates of larvae were estimated in IL glass cups by direct visual inspection, while 50 ml water samples were collected from the 25L Containers and
the content collected on an NITEX screen for counting. Larvae for size measurement and intestinal content analysis were piped from the creation containers, anesthetized using MS222 and examined using an Olympus Szx12 stereomicroscope. of each experiment. [00058] An initial experiment was carried out with flame anguish larvae in 25L breeding
containers, comparing the survival rates and growth of larvae that receive only tetraaselmis sp microalgae with those who receive tetraselmis sp more parvocalanus sp in a density of 2 nauplii/ML (Law experiment #3). The differences between the growth performance of the 2 diet groups were evident in an initial development STA GE, so that the
anguish larvae fed with parvocalanus sp had an average myotome height of 195,6 im (+.17,9 im) on the 5 post-hatch day, compared to a myotome height of 138,7 im (+_11.8 tem) The survival rates of the larvae were similar between the 2 diet groups with the day-to-day pH, however, these larvae offered only microalgae suffered a rapid mortality
during egg yolk exhaustion, with zero remaining survivors on the 7 pH day. In contrast, the flame angitisla larvae fed said said 7 ed adajenalp 0£A§Aarud ad m©Ala saletlgna savral ed opurg esse rairc a raunitnoc levAssop iof ,otaf eD .ocitArc odoArep omsem o etnarud aicn2Aviverbos ed saxat satla marevitnam PS 0£A1acovrap aid on emotoim od
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setnahlemes saxat maribixe sadop ©Apoc moc sodatnemila sopurg s2Art so otnaugne ,Hp 5 aid on o£A§Aatnemila ed aid © Am aicn2Adicni ronem maribixe 1" Im 1 ed edadisned amu me iilpuan sedop ©Apoc odnebecer savral. .1'lm 1 a seroirepus sedadisned me saletigna iilpian ed samahc arap iilpuan ps sunalacovrap recerefo ed levAnrecsid megatnav
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savral moc etneuqesbus ateid ed otnemirepxe mU .sedop©Apoc ed seic©Apse sassed of£A§Aailava an e arutluc an marartnecnoc es ateid ad sianoicida sasiugsep ,lavral ateid omoc ps sunalacovrap od aicjAcife ad ranimilerp o£A§Aamrifnoc aob amu oditbo odnet 195000[ .Hp said 22 arap ,otnemirepxe O The differences in the size of the dio size were
not statistically significant on the 7th p3s-hatch. All diet groups suffered a sharp decrease in survival between 4 and 5 pH (Figure 7C). No survivors were found in the microalgae group on the 7th, 7th, Average survival rates for the remaining groups of copépodes ranged from 4.6% to 7.7% of the hatched larvae and were not significantly different
(Figure 7C). [00062] 2.2. The pilot-scale larvae breeding tests [00063], having established that the parvocalanus sp is a first prey organism suitable for small larvae of tropical marine fish, was then sought if the cultivated calanoid copépods can be used to create larvae beyond the first feeding to metamoi T hosis. This work was carried out in larger
1,500L breeding tanks equipped with water exchange. Due to the limited quantities of parvocalanus SP available in internal monocultures at this phase of the project, the necessary feeding for these larger breeding tanks was harvested from an external "mesocosm" system. The parvocalanus SP was the species of dominant but not exclusive
copépodas, harvested from this system. [00064] Three larvae-creation trials were performed using this approach, two with flame anguish and one with trevally blue. In each case, the breeding tanks were inoculated with a combination of microalgae Nannochloropsis SP and Tetraselmis SP. Copepod nauplii were added to a density of 1.5-2.0 mf'on day
2 pH. The residual levels of copépodes were monitored daily and other nauplii added as needed, to maintain a density of 2 ml "1 or higher. Copépod nauplii was available daily in the mesocosm system until the day 10 pH and only intermittently from then on. 11 pH densities and 3-5 ml rotifers "1 subsequently maintained by daily addition. Artemia
nauplii was first offered to the larvae at 19 pH and subsequently maintained at a density of 3-5 L "1. Studies of us and a small percentage of Angelfish flames survived the metamorphosis, a world first. Figure 8 illustrates the increaseaverage standard length for both on sadignarba ofAs sepA§Aairav e sepA§Aacifidom euq odidnetne jAres ,amica
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