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utilizing specific or mxture of periphyton species in the systent The
present invention particular includes a nethod to culture pu

periphyton. 10 Background of Invention Current survival ratekmﬂmﬂ mnwmmum

| arvae in shrinp hatcheries nati onw de ranged from 30- 60% her

rate can only be obtained if water is exchanged 90 1009&evefyvday-‘P%mever—
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agents, changrfg water—rh i Sl REyon ¢ . Thus
15 method to naintain high mater quallt that does not |nvolve frequent

wat er exchange is needed in ordéiﬁﬂéﬂﬂgéﬁﬁﬁéLlarV|cuIture t echnol ogy

Anot her cause for low survival in larval rearing sector is the high |arva
nmortality due to cannibalism Some aquatic animals such as shrinps are

canni balistic. Cannibalismcan 20 be high when the | arval sizes are not
uni f or m Hileldsof Inmertidmat chery tank with clear water, 2

5 The present invention relates to production of a portable and recyclable apparatus which
is used to improve aquaculture production by utilizing speciﬁc or mixture of periphyton
species in the system. The present invention particular includes a method to culture

purified periphyton.

10 Background of Invention
Current survival rate of shrimp larvae in shrimp hatcheries nationwide ranged from 30-
60%. Higher survival rate can only be obtained if water is exchanged 90-100% every
day. However, with limited availability of clean sea-water and widespread disease
causing agents, changing water in culture tanks poses high risk to the larvae. Thus
15 method to maintain high water quality that does not involve frequent water exchange is

needed in order to improve larviculture technology

Another cause for low survival in larval rearing sector is the high larval mortality due to
cannibalism. Some aquatic animals such as shrimps are cannibalistic. Cannibalism can

20  be high when the larval sizes are not uniform. Thus, in a hatchery tank with clear water,



canni bal i sm canyrun hi gh due to absence of refuge for the weakJsnall er
shrimps/fish to escape. Availability of hiding places would offer shelter
‘for the larvae. In addition, the growth of the |arvae can al so be increased
wi th additional supply of 5 natural feed such as mcroal gae, either in

pl anktonic or attached form the later is referred to as peri phyton.

Resear ches have shown that shrinp/fish | arvae suppl enented wth m croal gae
showed significantly higher growmh and survival since m croal gae have high
content of essential fatty acid ei cosapentaenoic acid (EPA-20: 5n-3) and
docosahexaenoic acid (DHA- 22 : 6 n-3)¢ 10 According to prior art, US

patent 547648 4R |c§ﬁ'mrf)l‘ﬁg UL &5 QEdHae,¢ alfd&&re'fl)f ﬁ%%é‘a%rsn{aﬁgp%lgl?ps:ﬁnhs%g ani c

nitrogen-based inpuritieS fromwater. invention'1s use eani ng

wat er eff|uent fr . e.treatnment facilities_.or ant. Patent US5985147
di scl osed” Sgarlf)ei rﬁ@éﬂ%ﬁ@%gw&ﬂ?ﬁ? ﬁvﬁﬂdﬁ(ﬁe\ﬁ/ﬁ}fe@fef foﬁrt%‘g &Cpul p and i nprove
soil quality by 15 using mcroal gae. Patent US2006024404 utili zes

m croal gae culture as high nutrient-contained feed for aquatic aninals.
Wi | e patent W2004032610 rel ates to nmethod using culture of mcrorustacea,
Par vocal afiuasidiion, wlagiowth odghe lasvdceean dleg be hecrbased ivdth addigortad sepdiande t he
aquacul ture production. However, so far, no invention being disclosed as a
port abf e ratgtal fdedgsuah avi micvadlgae eithbt U lBYSHRITLO hrdMRArfBiHS tHeOlatdrMRr ovi ng
20 larviculture or aquaculture by not only providing high

nut ri ent -eRmeaithad pb@sa h R b thek WAGE 51 Bt M{%ﬁs@&%@s‘g@@%ﬁleh{esat ment

system 3 Summary of the Invention The present ention i irected to a

met hod t ; ryi tus for,i.nprovenent .of
nquacul t o T PtBgEst Sho3d BRIV RS BRRGE b SN RS RE Vet i on
"al so rel at.ed to_ an par at.us whi ch.can be applied i, uaculture to

mai ntain eli‘ Y ?’f;‘fsw%l%e%t\w r?ﬁldf)cﬂlq%?l?fﬁ‘ aENQIf F“Hg /et nis3)gragdt | y
reduce the rate of water changes and limt the contact of aquatic animals
Wi th di selesasaiaxasnalg 2aieA- Zrnénpesent i nvention further provides an
apparatus that functions as refuge for small or weak aquatic animals by
avoi dithg the cannibalismtherefore elevate the survival rate of these
animal s and increase the harvest. 15 Another objective of the present

i nvent i onédrding dbsphars @n,amsa@a@hﬁtsu%imtplmwﬂi@ieﬁicfljagjhae Nt hdigRl faat ural
feed to aquatic animals constituted from specific periphyton species or

T xtur e GbmBeik AYLARicSREGLEShasEl i RbuRRSCEORNAR, Ghid Qgerﬁ;‘&%&g@%gh gure

lis the graph shows the pefcent o tion of ammon
differ entcl&%{ﬂgpax{eg)@fﬁlpe%? 't sewage treatment facilities or plant. Patent US5985147

disclosed an integrated system to purify water, produce pulp and improve soil quality by
15 using microalgae. Patent US2006024404 utilizes microalgae culture as high nutrient-
contained feed for aquatic animals. While patent W02004032610 relates t(; method
using culture of microrustacéa, Parvocalanus sp. nauplii, as the feed for the larviculture
to enhance the aquaculture production. However, so far, no invention being disclosed as
a portable and integral microalgae culture system or apparatus for improving
20  larviculture or aquaculture by not only providing high nutrient-contained feed but also

functions as refuge and a water treatment system.



4 Figure 2is thg graph shows the percent of reduction of nitrite in water
by different periphyton species. 5 Figure 3is the graph shows the percent
‘'of reduction of soluble reactive phosphorus in water by different
peri phyton species. Figure 4is the graph shows percentage of survival of
shrinp larvae in rearing tank with the presence of the
apparatus w thout water change for 10duration of 17 days. Figure 5is the
graph shows the percentage of survival of shrinp larvae in rearing tank
under the reverse salinity stress test, 15 Detail Description of the
I nvention The term m croal gae used in fhe specification thereinafter is a
general termto denote mnute al gal species. M croal gae can be planktonic
or attached, known as periphyton. The periphyton types of nicroal gae attach
to the sugf%ce of a?iltable material in the aquatic environnment for grow h.
Per i phyt ons™IRVE s WY ERYe hames depending on the 20 kind of substrates on
whi ch they are attached such _as plants (epiphytic), sedinents (epidemc),
rocks (epﬁ“i PRTSEN IEAEON dpi drssiadc o ¢r mediodals mapiacheei pgriphylonobaserdon,
Purification and Culture of Periphyton The present invention includes a
met hod t capparatusrier puproféreeht o€ pdysioyiton thre¢foreeeniitndd the hgrvedieboidtedi ned
purified periphyton for manufacturing of the m croal gae-based apparatus to
5

The present invention also related to an apparatus which can be applied in aquaculture
to maintain water quality by removing pollutants in the water thus greatly reduce the
rate of water changes and limit the contact of aquatic animals with disease causing
agents.

10
-The present invention further provides an apparatus that functions as refuge for small or

weak aquatic animals by avoiding the cannibalism therefore elevate the survival rate of

these animals and increase the harvest.

15 Another objective of the present invention is to disclose an apparatus that provides high
nutrient natural feed to aquatic animals constituted from specific periphyton species or

mixture of periphyton species.

Brief Description of the Figure

20  Figure 1 is the graph shows the percent of reduction of ammonia in water by

different periphyton species.



5 inprove the guality of aquacul ture. The abovenenti oned nethod conpri sing
t he 'steps of collecting and cl eani ng of periphyton m xed sanpl es;
‘concentrating said periphyton m xed sanpl es; washing said concentrated

peri phyton; culturing said washed peri phyton under suitable condition to
obtain first culture; obtaining purified periphyton species by inoculating
the interested species fromsaid first culture; culturing said 10

i nocul at ed peri phyton speci es under suitable condition to obtain the
purified second culture. In one of the enbodi nents of the present

i nvention, sanples of periphyton are cdllected fromthe natural environment
such as brackish-waters. The peri phyton sanples 15 collected are normally
m xed sanples constituted fromdifferent species of periphyton. Therefore
cl eaning @and purifi.cation . steps . are requi.red to t. a purified. species from
the ni xeapal %‘gﬁ%] e cof I%?eec%rgql %}Qg" 8° BE P ?% FFEI“F%@ Fﬁﬁi})}%{ﬁt@%&é& €0 or
manuf acturing of said apparatus. The collected m xed sanples are at first
re-suspended in stdF?ngQHSPW¥?%red seawat er and centrifuged between

- 1000-3000 rpmfor 5 to 20 mnutes. The 20 sterilized filtered water is
prepared by autoclaving seawater that being filtered through 0.2i Am
MIlipore filter. The re-suspended periphyton sanples are then centrifuged
at 6 3000g3e00 rpnsfoe graph 2bws nhd exramd sthecdgUeRUS RHRSR: aeLtidé sposed.
This is followed by washing the periphyton sanples with autoclaved filtered
seawater. These cecrj;sHoisﬁwastih%t@fr@ dﬁé@h{;ﬁerﬁih% E§ed epeated 3 tines to
reduce the unwanted materials. The washed periphyton sanples are
re-suspended in autoclaved filtered waters before

Figure 4 is the graph shows percentage of survival of shrimp larvae in rearing
tank with the presence of the apparatus without water change for

10 duration of 17 days.

Figure 5 is the graph shows the percentage of survival of shrimp larvae in rearing

tank under the reverse salinity stress test.

15 Detail Description of the Invention
The term microalgae used in the spe;iﬁéation thereinafter is a general term to denote
minute algal species. Microalgae can be planktonic or attached, known as periphyton.
The periphyton types of microalgae attach to the surface of suitable material in the
aquatic environment for growth. Periphytons have different names depending on the
20 kind of substrates on which they are attached such as plants (epiphytic), sediments

(epidemic), rocks (epilithic), sand (episammic) or animals (epizootic).



5 culturing the m xed sanples. The washed peri phyton are streaked onto
soli'd m croal gae nediumfor 4 to 10 days under tenperature of 20C to 35Cto
‘obtain the first culture includes all the periphyton species available'in
the m xed sanpl es used. After the incubation period, each cell colony of

t he periphyton species in first culture is inocul ated respectively fromthe
first culture to separate culture nmedium by selecting 10 single cel
colonies in the first culture. The inoculated cell colonies are further
cultured to obtain the second culture which conposes of specific purified
peri phyton in each separate culture medi um The optimum condi tion for
culturing the second culture is 4 to 10 days under tenperature of 20C to
35C. During the culturing process of the second culture, the growh of each
specificigeflgh on speci es.are. -.jt?ged closely to ensure 15 the culture
i s axeni coaftd>p Pt e dt Penhgionas ot her species. If the cul ture
was inmpure, the process is repeated until pure cultures are obtained. To
ascer t ai nl Renrepsit invgnapninghisles agnaihod tecybiarg prrifiedrperiphitan thebire mhbzisgcond
culture, identification of the species is done by preparing either fresh or
per manentthe pbdmsd guriichpekegtamide mahifbturieg of titei noieraad gae dmesippaibhe tahol e
isolation and purification process are conducted under sterile 20

condi t § orimpFoveatheiquiality osfsaquadil@rg. e doverhéhtioned Plegforlr dovsbri et of the
present invention, two different sets of stocks, the undisturbed stock and

the startgr coﬂ%&ﬁ{g, arfll @eaning of periphyton mixed samples; concentrating said periphyton

mixed samples; washing said concentrated periphyton; culturing said washed
periphyton under suitable condition to obtain first culture; obtaining purified periphyton
species by inoculating the interested species from said first culture; culturing said
10 * inoculated periphyton species under suitable condition to obtain the purified second

culture.

In one of the embodiments of the present invention, samples of periphyton are collected
from the natural environment such as brackish-waters. The periphyton samples
15 collected are normally mixed samples constitufed from different species of periphyton.
Therefore cleaning and purification steps are required to geta purified spécies from the
mixed sample collected before utilizing the periphyton species fo£ manufacturing of
said apparatus. The collected mixed éamples are at first fe—suspended in sterilized
filtered seawater and centrifuged between 1000-3000 rpm for 5 to 20 minutes. The
20 sterilized filtered water is prepared by autoclaving seawater that being filtered through

0.2um Milipore filter. The re-suspended periphyton samples are then centrifuged at



7 mai ntained fqr each species of periphyton. The starter stock is
frequently used to initiate nass propagation of the interest species and
‘said mass propagati on may involve nore than one type of species in the
culture tank depends against the requirenment. Therefore the starter stock
IS subjected to cross-contam nation of other species. Instead the 5

undi sturbed stock is used to maintain pure lines of said species. To be
noted that the above nentioned periphyton culture is preferably used on the
genus Gscillatoria sp., Navicula sp., gynbella sp., and Anmphora sp.
Nonet hel ess said nmethod of the present”invention is described inits
preferre bodi kt,is5nt enst 0 t_th re f. i.nvention
may be eggghie bﬁﬁﬁgﬁﬁéF'gpg%fg?géfg?%sﬁénﬁﬁgg&%gﬁﬂgi%%t@%ﬁF%it &> 90l e
enbodi nent .descr i bed, aboye. Manufacturing.of the Aquacul ture | nproving
Apparatug%uﬂﬁ%fhﬁﬁmgﬂggd¥%gﬁ?p miﬁ%n%?%g@ﬁﬁ“%ﬁﬁﬁﬁgﬁﬁﬁ“%ﬁﬁHV@E" %8t hod to
manuf acture an 15 apgaratus for aquacul ture inprovenent. Follow ng the
preferr ecFeB?gﬁ%?&\?Pé@, YaRINgsteRs arc TRRsalded ke tasiedpes B uppavicd imsderls. | east
one suitable construct a purified periphyton culture container; grow ng

sai d pur i Fheedaghed ipstiphdan gamplse aguref aspendid smiautoslaived Bltered omestrs tbeforeint i |

its surface coated with said periphyton; and renoving said coated construct
from sai cubutibgitte rooed aimeles.flre weked B&iph§tdnrraceikd@na® dolid klerogrpaedi ment
of the present invention, the construct are noulded or prepared in a

pref err edn&haReoPefon6 dayOuhdbr Anpdthrd HE 26Ut 18 SCCOMHIR e filsPcQRAer to.
have the apparatus performin optinmmcondition, shape o f%e construct is
i nport ant; egar, g ‘ i l.abl e r.the purjfi peri phyton
attachedl?gadSng?ﬁ%§Hgggnﬁﬂggéﬁg??%gﬁgﬁ%ggf%%ﬁ??agg?ag%%ﬁ@?#ué§%?§ﬁﬁrepared
“in the form,of holl.ow tuhe o iipe as to larger surface area provi ded and
convenieﬁegﬂ?%o%éﬁﬁ?§%§881ﬁ?g &%ﬁ%%(%rﬁﬁoﬁﬁg’ Br BPECHE B diad uttitre 15
activities carried out. Further in accordance to the preferred enbodi nent
of the adﬁ%’ué%t% respegtivelvafrompthe first culture to separate culture medium by selecting

10  single cell colonies in the first culture. The inoculated cell colonies are further cultured
to obtain the second culture which composes of speciﬁc purified periphyton in each
.separate culture medium. The optimum condition 'fof culturing the second culture is 4 to
10 days under temperature of 20°C to 35°C. During the culturing process of the second
culture, the growth of each specific periphyton species are monitored closely to ensure

15 the culture is axenic and pure without contamination of other species. If the culture was
impure, the process is repeated until pure culture_:s are obtained. To ascertain the pﬁrity
and species of the periphyton in each of the second culture, identification of the species
is done by preparing either fresh or permanent slides and checked under high resolution
microscope. The whole isolation and purification process are conducted under sterile

20 condiﬁbn. To avoid cross-contamination, invthe preferred embodiment of the present

invention, two different sets of stocks, the undisturbed stock and the starter stock, are



10 preparing or, noul ding the construct is very inportant as regards to
survivability of the periphyton species attach on the construct. Exenplary
‘materials suitable for preparing the construct are plastic, wood, banboo,
scrubs or tiles. It is nost preferable that the construct is made of
pl astic especially polyvinylchloride which is capable to resist erodent
aquati c environnent and being recycled for re-utilization once the
peri phyton 15 species depleted on the construct. O inportance to propagate
or culture the interest periphyton spﬁiies, t he physical paraneters of the
cul ture tank or contai ner have to be intained in certain narrow range for
the cult [ t : ing the
20 opt i may oA E S TERIOR e srRe sl IHERRAR Bl B pled ol
culture tgo cul ture.nmedi o 1: 100 The ot her. S|cal par anet ers
to achi evBXEHRbBsAIRERT 1 el é?e&hes.%éwawemaﬁemms@upﬁ D FhvaReney
aeration, salinity %f 15 to 35 of 5.5 to 8.5 and tenperature of 20C
to 35C. Filft ABS H‘BFé) Spereesdpiag ?H&%taﬁh\ﬁépws@éa@@iaila@aequﬁemﬁet diberelpre tank -
or container for duration of 5 to 8 days for the interest purified
per i phyt dhe sjtastar eodkuliy pukjecied oo @ptsarohtaprinatianhef subdraspeciet. tiveeadomst ruct .
In accordance with one of the main features of the present invention,
di f f er ntumpéstirpby stock Speed Rsmainrinp@d lihesprwid spebigs.or in conbination to
produce synergistic effect. In the nost preferred enbodi nent, the
peri phyton species is selected froma group of periphyton species
conprising genera Gscillatoria sp., Navicula sp., Cynbella sp and 10
Anphor a i cillatoria
Spr 1S of § bé@étﬁﬁﬁ%ﬁe%b?ﬁﬁﬁ%ﬁ%ﬁ%? DeERSRLEREY GBI SE0E SRt or

“envi ronmne u tri reactiv hosphor ous and the sane
thus pr OV@“&I Z?@‘méﬂ s%p Flbl zrtljiaaspery'ymbe}la sp., and Amp orpc)z Sp. Rlonetheless said method

of the present invention is described in its preferred embodiments, it is to be understood
10 that the present invention may be embodied in other specific forms and is not limited to

the sole embodiment described above.

Manufacturing of the Aquaculture Improving Apparatus

Another embodiment of »the présent invention involves a method to manufacture an

15 apparatus for aquaculture improvement. Following the preferred procedures, the method
includes the steps of providing .at least one suitable convstruct a purified periphyton
culture. container; growing said purified periphytoﬁ on the surface of said suitable
construct until its surface coated with said periphyton; and removing said coated
construct from said culture container for use.

20



aquatic enyvironment for its own survival as well as for aquatic aninals.
Anot'her exanple is regarding to the use of diatons type periphyton such as
"Navi cul a sp., 15 Cynbella sp., and Anphora sp. in catering nutrients to the
aquatic animals to enhance their growh and boost up their health status.

It is found in practice that the diatons types periphyton are cultured in
the sane tank or container so that the construct can be coated with
different types of diatons periphyton at the sane tinme which not only ease
t he process of manufacturing but al so gnable different types of diatons
peri phyton 20 conpl enent each other in°providing nutrients to the aquatic

ani mal s %%céﬂ&@n&gg%@érﬁﬁocﬁﬁie%f‘{ﬁgggéég{g iﬁ\%{iee(itﬂg &{Lﬁa@gﬁg%ﬂé@% In

| i ke manner, the constructs ca e Into cu

cont ai ner 1 xed lture of .genus .Oscillatoria sp. and diato

peri phyt o%r\.éf)%?dml Ay, Hf) %gﬁ%pc?ns fgrﬁclfl Vl%oﬂg IQLO &ﬁe%i?lé‘gc?ﬂalgfﬂ' BRI Rk or
contai ner, wi th each periphyton species respectively. 5 In another

enbodi ment@V6fhg %a&t‘g%f&ﬁ‘&%ﬂmv SRETER, cogitionr @3pe ebsCPREIUST % IROTRFISr ent
types of periphyton species are joined together to forman integral system
t hat provicaasds dhe swfasparagessiatiable ifapthevmrmidiet rfeophythe attaciedubt I theguostvi ti es.
In this enbodi nent, each single construct acts as subassenbly for said

i ntegral py&trehentOdibsenhesasd absfroctds paparfedrih bhe fore @ipdbat tube 60pipethswi t h
different types of periphyton species are transferred to the aquacul ture

- far m suchodsrgbagutfilce bRArOEdPMI @MdeRbRead beR3dde itBealidNK pBhdPRRde The
apparatus inproves water quality in the aquaculture tank or pond by

mai nt ai ni g {;}&‘6’ ekt @fgmgﬂ giand nitrite levels. In addition, it also
provi des na? raP ﬁbodlsdﬁp ement consisting of beneficial diatons that
“enhances growth 15 and health of the aquatic aninmals. The apparatus al so
give refuge to the aquatic aninmals to mnim ze canni balism especially anong
shrinp agﬁﬂ{i sh larvae. Therefore, the apparatus can greatly enhance
qual ity hgtidRtaccgrdgres e Tupprierest cmbedimanh @l thar awppistiss tmaferidofort is to
be understood that the present invention may be enbodied in other specific
f or ms l@ndpresarmgt orlhenldiad thocertstuetds acnnibpditastds rdesds ibsotviabolie, ofHhaever

periphyton species attach on the construct: Exemplary materials suitable for preparing

the construct are plastic, wood, bamboo, scrubs or tiles. It is most preferable that the

construct is made of plastic especially polyvinylchloride which is capable to resist

erodent aquatic environment and being recycled for re-utilization once the periphyton

15  species depleted on the construct.

Oof importaﬁce to propagate or culture the interest periphyton species, the ‘physical
paramefers.of the culture tank or container have to be maintained in certain narrow
range for the cultured periphyton‘ grow exuberantly. For the purpbsé of obtaini‘ng the
20  optimum condition in the culture tank, the ratio of the purified stock .culture to culture

medium is 1:20 to 1:100. The other physical parameters to achieve the optimum



-11 nodi fication and equival ents of the disclosed concepts such as those
which readily occur to one skilled in the art are intended to be included
‘within the scope of the clainms which are appended thereto. 5 Exanple 1
Sel ected periphyton as natural foods (the diatons) has good nutritional
values with protein ranging from30%- 38% lipid from26 - 33% and
carbohydrate from31 to 46% (Table 1). In addition, the diatoms al so have
adequate essential fatty acids for high quality growh of shrinp/fish

| arvae. Table 1 shows the proximte cogposition (% dry 10 weight) of

di fferent periphyton (diaton) species.” Table 2 shows the fatty acid (%

tot al fatéo}ﬁdﬁi‘éh%clﬁ&h@ﬁahét&ﬂ hﬂBteBﬁH ROMEOR SRGE! 651 F@MRaALE 111 £ % nl o
Di g E@@!{ ein | pi d) Y at

used shrinp l|arval Paranet ers
Mpi st ure 8A‘§ ancﬂ/emperature 08f 2056 ]tb ggoé%uﬂ?lgrlm(%z the constructs have to be soaked n

the culture tank or container for duration of 5 to 8 days for the interest purified

periphyton species fully coat or attach onto the surface of the construct.

In accordance with one of the main features of the present invention, different
periphyton species are used respectively or in combiﬁation to produce synergistic effect.
In the most preferred embodiment, the periphyton species is selected from a group of |
periphyton species comprising genera Oscillatoria sp., Na‘vicula sp., Cymbella sp., and

10 Amphora sp. For example, periphyton species derive from genus Oscillatoria sp. is of
importance in reducing those toxicant substanceé in the aquatic environment such as
ammonia, nitrite, reactive phosphorous and the same thus‘ providing an appropriate
aquatic environment for its own survival as well as for e;quatic animals. Anobther
"example is rega:rdingvto the use of diatoms type periphyton such as Navicula sp.,

15 Cymbella sp., and Amphora sp. in catering nutrients to the aquatic animals to enhance
their growth and boost up their health status. It is found in practice that the diatoms
types periphyton are cultured ih the samé tank or container so that the construct can be
coated with different types of diatoms periphyton at’the same time which not only ease

the process of manufacturing but also enable different typés of diatoms periphyton

20 complement each other in providing nutrients to the aquatic animals Oﬁce the apparatus

being used for improving the aquaculture. In like manner, the constructs can be soaked



30. 77+0. 75, 0. 38+0. 009 0. 08+0. 002 Navi lcui a 29.60+0. 12 25. 46+0. 47 44.59+0. 42
0. 28+0. 002 0. 086+0. 0006 Anmphora 30.89+0.70 33.05+2.10 35.38+1.78 0.54+0.01
"0.136+0. 003 15

10

into culture tank or container with mixed culture of genus Oscillatoria sp. and diatoms
periphyton. Similarly, the constructs can be prepared in culture tank or container with

each periphyton species respectively.

5 In another embodiment of the present invention, different constructs with different types
of periphyton species are joined together to form an integral system that provides
different desired improvement for the aquaculture activities. In this embodiment, each

single construct acts as subassembly for said integral system.

10 As hereinbefore set forth, the vapparatu‘s coated with different types of pefiphyton
species are transferred to the aqliacu'lture farm such as larval rearing taﬁk and placed

~ inside the tank or pond. The apparatus improves water quality in the aquaculture tank or
pond by fnaintaining low level of émmonia and nitrite levels. In additibn, it also
provides natural food supplement coﬁsisting of beﬁeﬁcial diatoms that enhances growth

15 and health of the aduatic animals. The apparatus also give refuge to the aquatic énimals
to minimiie cannibalism especialiy amoﬁg‘ shrimp and fish larvae. Therefore, the
apparatus can greatly enhance quality and quantity of the output of the aquacultufe

industry.

20 It is to be understood that the present invention may be embodied in other specific

forms and is not limited to the sole embodiment described above. However



Table 1 12 Paranmeters Periphyton Navicul a Q/nbel | a Anphora Nor mal
| arval feed Artem aArtificial diet SFA 57.41 55.89 30.01 13.52 16.40 MJFA
'27.72 25.16 30.77 ‘

11

modification and equivalents of the disclosed concepts such as those which readily
occur to one skilled in the art are intended to be included within the scope of the claims

which are appended thereto.

5 Example 1
Selected periphyton as natural foods (the diatoms) has good nutritional values with
protein ranging from 30% - 38%, lipid from 26 — 33% and carbohydrate from 31 to
46% (Table 1). In addition, th¢ diatoms also have adequate essential fatty acids for high
quélity growth of shrimp/fish larvae. Table 1 shows the proximate composition (% dry
10 wéight) of different periphyton (diatom) species. Table 2 shows ;the‘ fatty acid (% total

fatty acid) composition of periphyton species compared to commonly used shrimp

15

Table 1

larval feed.
Diatoms Parameters .
‘ Protein Lipid Carbohydrate Moisture Ash
Cymbella 38.25+1.02 | 30.50+1.77 | 30.77+0.75 0.38+0.009 0.08+0.002
Navicula 29.60+0.12 | 25.46+:0.47 | 44.59+0.42 0.28+0.002 0.086+0.0006
V Amphora 30.89+0.70 | 33.05+2.10 | 35.38+1.78 0.54+0.01 0.136+0.003




45.80 20.30 PUFA 4.50 4.40 7.44 20.80 58.43 DHA 2.00 3.00 2.00 Nd 8.07 EPA
8.00 5.01
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Parameters Periphyton Normal larval feed
Navicula Cymbella Amphora Artemia  Artificial diet
SFA 57.41 55.89 30.01 13.52 , 16.40
MUFA 27.72 25.16 30.77 45.80 20.30
PUFA 4.50 4.40 7.44 20.80 58.43
DHA 2.00 3.00 200 . Nd 8.07
EPA 8.00  5.01 15.09 Nd 0.64
Total n-3 10.07 8.19 20.35 13.17 33.70
Total n-6 285 - 284 10.24 7.64 227 .
Table 2
5
SFA = saturated fatty acids
MUFA = monounsaturated fatty acids
PUFA = polyunsaturated fatty acids
DHA = docosahexaenoic acid (22 : 6 n-3).
10  EPA = eicosapentaenoic acid (20: 5n-3)

Example 2

Ih terms of Water quality improvements, Oscillatoria significantly (p<0.0S) reduced

~ total ammonia ﬁitrogen by approximately 90%, nitrite by 91% and soluble reactive
15 phqsphoms by 83%., Similarly other types of periphyton aléo signiﬁcantly reduced the
. toxic compounds such as ammonia (Figure 1), and nitrite (Figure 2),\ and improved the
water quality in the larval rearing tanks. In addition, the periphyton spe;:ies also
reduced the concentration of soluble reactive phosphorus (Figure 3) and decrease the
likelihobd of Water‘ turning into green soup, which is undesirable for larval rearihg

20 activities.



15. 09 Nd 0,v64 Total n-3 10.07 8.19 20.35 13.17 33. 70 Total n-6 2.85 2.84
10.24 7.64 2.27 Table 2
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Example 3

The aquaculture improving apparatus shows significantly higher sﬁrvival compared to
those without rings (Figure 4). In fact, larvae reared with. said apparatus show
significantly higher growth rate and are more tolerant to stress. When exposed to stress

5 test, those larvae cultured in tanks with the aquaculture improving apparatus show
significantly higher survival rate (Figure 5), iﬁdicating the booster effects of the
aquaculture improving apparatus on the health and robustness of the larvae broduced.
In conclusion, the larvae live under the effect of the aquaculture improving apparatus
are healthier and have high resistance to stress.

10
The present disclosure includes> as contained in the appehded claims, as well as that of
the foregoing description. .Although this invention has been described in its preferred
form with a degree of particularity, it is undersfood that the present disclosure of the
preferred form has been made only by way of example and that numerous change§ in

15 the details of construction and the 'combination and arrangements of parts may be

resorted to without departing from the spirit of the invention.



SFA = saturated fatty acids MJFA = nonounsaturated fatty acids PUFA =

pol yunsaturated fatty acids DHA = docosahexaenoic acid (22 : 6 n-3). 10
'EPA = ei cosapentaenoic acid (20: 5n-3) Exanple 2 In terms of water quality
i mprovenents, Oscillatoria significantly (p<0.05) reduced total ammonia
nitrogen by approximately 90% nitrite by 91% and sol ubl e reactive 15
phosphorus by 83% Sinilarly other types of periphyton also significantly
reduced the toxic conpounds such as amonia (Figure 1), and nitrite (Figure-
2), and inproved the water quality in the larval rearing tanks. In '

addi tion, the periphyton species alsojyeduced the concentration of soluble
reacti ve phosphorus (Figure 3) and decrease the |ikelihood of water turning

into green sp i i j f : i . tiyvities. 13
Exanpl e 3 Thgqganﬁgﬁg{ijﬁ{ﬁ? %f%§§%F%%6p§{ %({ugésu\ﬁg}ﬁo&\/\r%ﬂﬁrg%t’?% C %%1{1‘9- hi gher

survival conpaged Jo those without rings (Figure 4). In fact, larvae reared
W th said apparatus show significantly higher growh rate and are nore

tol erant to SLYigRs at 1MESheSARBRIndActhb BSiea pb&itytont NASE dbALKAe cul tured in
tanks with the aquaculture inproving apparatus show significantly higher

survival rat goffnk GBS urlied baﬂihf@ﬁ IoRGnd ALraROOSIAS sflbiechsual: dnfifi@quacul ture
i nprovi ng apparatus on the health and robustness of the |arvae produced. In

concl usion,  §ub@cd RE¥ARith s¥EpHpERsn; e ef fect of the aquacul ture inproving
apparatus are heal thier and have high resistance to stress. 10 The present

di scl osure i palLYAESai@SosRNBAMEH o thR QRRBRNGRMif! 8l iFBoin 35dWehikq @S that of
the foregoing description. Although this invention has been described in

its preferregnbicis whdserdd degnuagnet thartdgel arity, it is understood that
“the present disclosure of the preferred form has been nmade only by way of

‘exanpl e and that nunerous changes in 15 the details.of construction and t he
conmbi nation and arrangenents of parts nay be resorted to wthout departing

fromthe spisid mehod Becihinvent d:lﬂﬂl 1, wherein said culture container comprises at least

one type of said purified periphyton.

3. A method as claimed in claims 1 and 2, wherein said periphyton is selected from a
group consisting of genus Oscillatoria sp., Navicula sp., Cymbella sp., and Amphora

Sp.

4. A method as claimed in claim 1, wherein said construct is plastic, wood, bamboo,

scrubs or tiles.
5. A method as claimed in claim 1, wherein the'.construct is hollow tube or pipé.

6. An apparatus for improving aquaculture comprising a hollow construct with
surfaces pre-coated with purified periphyton that the hollow construct is transferable
to an aquaculture farm to improve water quality and provide food supplement, .

wherein the surfaces of the hollow construct are wholly pre-coated with the



14 1. A nethod, to manufacture an. apparatus for -aquacul ture inprovenent,
conprising the steps of: providing at |east one suitable construct into
‘purified periphytons culture container; grow ng said purified periphyton on
the surface of said suitable construct until its surface coated wi-th said
peri phyton; and renoving said coated construct fromsaid culture container;
wherein said coated construct is transferred to aquaculture farmfor use.
2. Anmethod as clainmed in claim1l, wherein said culture container conprises
at | east one type of said purified periphyton. 3. A nmethod as clained in
claims 1 and 2, wherein said periphytqg is selected froma group consisting
of genus Gscillatoria sp., Navicula sp., Cynbella sp., and Arrphora sp. 4.
A met hod as I IS tjc, wood,
banmboo, scr gﬂ%ﬂ&fl é@teﬁ fgmkowﬁggh&séﬂ%eg}l% 1?6{%&5 sﬁi’%\[a?cg& tein the
construct i sCrighellomw. ,tan@émglﬂmpﬂpénd thg hollw coppiencis belloforby erpirsvi ng

aquacul ture conprising a hollow construct with surfaces pre-coated with
purified periphyton that the hollow construct is transferable to an

aquacul ture 7 Ak b RPN Ein @Famglsad | W héred the RIANY Q@nsfngaqs st4Rplgnment,
wherein the surfaces of the hol low construct are wholly pre-coated with the

15 peri phyt Oﬂaglglm%gbgg@ﬁbggr@l% consi sting of genus Gscillatoria sp.
Navi cul a sp., Cynbella sp., and Anphora sp. and the hol | ow construct is
hol | ow tube or pi pe 7. An apparatus according to claim5 6, wherein the
hol I ow construct is made of pl astl c, vvood banboo, scrubs or tiles.



