~89:; e3elnlffgl bggmmmmml ch 2002 SYNTHETI C AQUATI C STRUCTURE, METHOD
OF "7 T C BACK ENTI ON The present inventi O'béﬁlk?crh%oﬁo a

system for pronoting angége. controlling the growth of biological specie€s.
The invention also relates to a buoyant system for providing food, shelter
and a nursery envimmmmm m Fiological 10 species. The invention al so
relates to a synth wmm HMM e for suppdrting the growth and reproduction
of organi sns suitable ggef,p0d resource material for nollusks, crustaceans,
fish, 1% and the like. The invention also relates to bi odegradati on and

bi oaccunul ati on syst enss h@fgEEM ARt MUt r4 giiSrueawseiml e and ot her
materials fromwater. 20 The invention alsq relates to artjificial plants
and ot her structu e oty ‘IIi k'l S v RSt ,
provi di ng shelter, and/or. enhancing aesthetics in an aquarium 26 March
2002 V“>99'%ZEEEaBS&bBﬁ%ﬁ&EEﬁE@yENH Patent No. 5,639,657 (Msanichi)
refers to the uSe of grassy naterial and other solid materials to form
artificial habitats for fish. The structures referred to by Msamichi are

intended for userhd pebathveldvbhohogNBEDYLSsVebeh MNSEEnSEYEdYrashbUehyr es
are needed. Th??structure referred to gyaghganlchl are static and subject
he-s

to scour, amadfPEncABEFalhive the| aort et 83l t BPFBEES - whfB® woul d
expose the ihséntbopreliedi peladds Gbes BShoysttir egstdat £for ghtosiPpagt or
provide a h b(ixtiat fg;trrrari nrz ‘,I:Iife are re;lgrlggrgmtotig xl_J.bSi%f’atlenatlibl\los.
4,374,629 ( rrét?? na £ 0,43%rf%§%n$ey3 andFﬁapa%ese ateht )
54-7098%0 1speries.art synthetic seagrass beds are used in erosion control
systens to inhibit the transport of sedinment froman area and to
si mul t aneously i nduce the deposjition of sedinments to forma berm The
ef fect of viscouSR@rHFVaRELPe TP i TRPERS nefki di DEGIRE BF 156N erieyr o E Athe
?ef“ me;ﬂ ngﬂey@ﬁii:h@ntlpé ogeseth s RepesdscdNasn &f 1o6g4bhs draélds@jbtﬁe?&lém
Al sop) and 4,937.786, 4,990,071 a 534,675 .(Mrrisroe escrj pri or
art “synt ottt R e

and the like.

The invention also relates to biodegradation and
bicaccumulation systems for removing nutrients, heavy metals

and other materials from water,

The invention also relates to artificial plants and
other structures for providing food, controlling water
quality, providing shelter, and/or enhancing aesthetics in

an aguarium.



25 control. U S. Patent No. 4,699,829 (WIlinger) refers to artificial
plants for~aquariuns. The artificial plants are fornmed of ”Dh%ﬁﬁaﬁbgﬁbbc'
They have a rough matte finish 30 provided by sand bl asting the no or- by
etching twown7ésd material . The artificial plants are sai d POI/ 89820875

i ncreased surface area to support bacteria growh for biol ogical 26 March
2002 , filtration. The artificial plantg are also said to provide secure
hi di ng pl aces for fish. SUMVARY OF THE | NVENTI ON 5 According to one

enbodi ment of the invention there is provided a synthetic structure,

conpri si ng: buoyant terial: a [ surface,area structure for
pronoting bi ol oéi' al %Hf(}edﬂ'to\m%‘ E @?’dggz/nm%??@lE%rlgcfﬁlfé.rsA&?or g to
anot her enbedi BENG1kBENE mak i et coSyet hebl £dSpageass 1§t kuCtryren for
sinultaneousl¥ grovidin .food,dpredaiion shel ter, and breedi ng enhancenent
for 15 bi ofbgtEaFigped ada Fynkhti ¢ Sedgf BEWCERFREt GRECESRFY itSI ng: a

plurality o mabbansnw bhd KR LRI @nds;santh afe SBEDVE1S! hUGHULA S,
anchoring said ribbons to the benthos; and 20 wherein each of "said ri'bbons
i nc ude (AY2REBUBDERE SAYECY Gt LB TR <Al RedBeR- t oTBRt ERAUGHEHELSS i n t he

photic zong. aodr£8) ta %?Cﬂﬂ@ahﬁlﬁﬁ.%%ﬁé“§&5@¥ht§h@ngéﬂfgc9iQBOQE al-, growt h,

said second | ayers each’including a gh surface area Structure for
pronot i ng PG| ByFaroylewhiven taileavieiors, sBickibe di §h farflacehdcha

structures,bei 89 gggagﬁff&ngs@dj @t ayers, and wherein said high

surface area structures of said secon ayers have a surface area that is
greater than or equal to one square neter per gram 30 According to another

e di ment therg.js.p [, de d of .contraqlling an aquatic

egsfronnent, sé?%h%%t%géhgdgﬁgﬁgﬁﬁgﬁiﬁgqgﬁﬂﬁgQﬁgr%r%ﬁi%fﬁ&lg§n?hetic

ri bbons wihdbatat ghosumbadeecaléd sstamectnafsrre@6dvaiehU 2002Patent s
Nos. 4,374,629 (Garrett) and 3,540,415 (Bromley) and

Japanese Patent No. 54-70989.

15 Prior art synthetic seagrass beds are used in erosion
control systems to inhibit the transport of sediment from
an area and to simultaneously induce the deposition of
sediments to form a berm. The effect of viscous drag may
be utilized to maximize the efficiency of the sediment

20 deposition process.

U.S. Patents Nos. 5,176,469 and 5,575,584 (Alsop) and
4,437,786, 4,490,071 and 4,534,675 (Morrisroe) describe
prior art synthetic seagrass beds for providing erosion

25 control.

U.S. Patent No. 4,699,829 (Willinger) refers to
artificial plants for: aquariums. The artificial plants are
formed of molded plastic. They have a rough matte finish

30 provided by sand blasting the mold or by etching the molded
material. The artificial plants are said to have increased

surface area to support bacteria growth for biological



causing float within causing contact said 5 high surface said synthetic
upper portions of said aquatic envi water within said high s
area structure to Lc structure. -3A said synthetic ribbons tgﬂiﬂéﬁ?gﬁﬁgnt
and aquatic environnment to structure, and using said pronote biol ogical
growt h on According to another enbodinent there is provided a synthetic
structure, conprising: 10 buoyant mateyial; and first and second high
surface area structures for sinultaneously pronoting aerobic and anaerobic
reactions in water, said buoyant material being | ocated between said first
and second. hipg fac r I, res; 1 0 S CEe~S es are
used for g%gEﬁFF;gEbioﬁggi%gfigF%%%ﬁ gﬁj¥ﬁ2§§§%iﬁg%$% %%%%c?%r ?ggé%%rding
t o anot heseenbedhmenngt héreeiss fproviiddd a nmet hod of operating an aquarium
said nmethod conprising the 20 steps of: providing an artificial plant with
bi ol ogically active material and a high surface area structure, said
bi ol ogi cafUNMARY| © AEeI NSENBFEONg | ocated in said high surface area
structuge; 25 subsequently, locating said artificial plant in said aquarium
and cauSing at |east portions of it to float; and subsequently, generating
food for aquathccspéthestdbronmesamtbobiiolengi cdl Ibhecitnwenmiatreritadre 30s
According_to_another enpgd%nenttEh%%%rgs provided an artificial plant for
an aquari S ?8 artyFirer Fchanf compri sing: 2 F1%xi bl e buoyant | ayer;
and a hi gh surbacgaateaastrtielur endonnected to said 35 flexi bl e buoyant
|l ayer; the high surface area structure is us faor. pramoting. bi ol ogi.cal
growth on the %rﬁ?gpcfﬁf?ﬁan?Fea S%fgcﬁﬁF@h fﬁbfrd%é%lngrgagﬂoglégl

10 growth on said synthetic structure.

According to another embodiment there is provided a
synthetic seagrass structure for simultaneously providing
food, predation shelter, and breeding enhancement for

15 biological species, said synthetic seagrass structure
comprising:

a plurality of ribbons with free upper ends; and

an anchor structure for anchoring said ribbons to the
benthos; and

20 wherein each of said ribbons include (A) a buoyant layer
for causing said ribbon to extend upward in the photic zone
and (B) a second layer structured tc enhance biological

.growth, said second layers each including a high surface area
structure for promoting biological growth on said ribbons,

25 said high surface area structures being separate from said
buoyant layers, and wherein said high surface area structures
of said second layers have a surface area that is greater than

or equal to one square meter per gram.

30 According to another embodiment there is provided a
method of controlling an aquatic environment, said method
comprising the steps of:

providing synthetic ribbons with a high surface area

structure;



According to anot her enbodi ment there is provided an educational kit for
use with an aquarium conprising: an artificial plant with a 'ﬁﬂ¥§y?iﬁce
area structure 5 used for promoting biol ogical growh on the &rf g

pl ant, and a buoyant l|ayer; and printed materials describing the function
of said artificial plant in the agquarium 10 According to another

enbodi nent there is provided an artificial-seagrass structure for an
aquarium said artificial seagrass structure conprising: flexible strips
havi ng buoyant |ayers and high surface area structures for pronoting

bi ol ogi cal growth, .00 $&i ¢hdey %éft&%né%@' U 0D SPERCE; @reaysdidictyr es

bei ng connected to sajd flexible buoyant |layers;” and a flexible anchor for

securlngfﬁﬁ%P%ﬁrW1ﬁp%Q)%%ﬁgtﬂﬂ%%ﬁﬁ?ﬁeQWﬁ¥%ﬂﬂﬁﬂqtwﬁn%ald f1 exi bl e anchor
bei ng integral wdlsigad dvddeexivil tehisi I‘Elé[.]Sﬂ aZQJﬁmyaemVIMremered i used to

S eaont T pRHtad e ST S RsAaS sidkd D BNl Uity The

present I nvent 1 on aneous pr ovi foo t i on

shel ter,? afti Bt e%tﬁﬁﬁf%rﬁ%‘eﬁ?ceﬁfeﬁﬁbmé?e é%%@%d?i%k%ﬂlcﬁalacﬂmvf@ $Peci es.

The i nvent |m@@y@y§&lb_e dised-m@as«a bi oaccunul ati on or bi odegr adati on
system for renoving heavy netals, nutrients or other materials fromwater.

In one aspect of the invention, the hi gh surface area 30 structure is
formed of an opéwamsidirpdm rﬂrmh'ecr regittend iglentAl thayeatiisy elnpvitdesd B gh

surface ar esayrgy(étcltdjrsecmﬁ% fgdmi@‘i@:fi | amentary material, such as
pol yesng({ battin dense felt, _high !oft spun bond material, or needle
e

punch rial. At ek tiede structure may al so be 35 forned
wi t hi n m cropor dus spararicclsessond 26 gvharseir f20@2 are3C sthmcanatelserfcaspect of

the inventiQny,tRe Sy RhRe Ok uet lére‘?:o'b%cf %@e%n%fefabfi@%a%%qﬁ%nga%ﬂg a

bucyant Iayer and a coexténsive secaond referred i ment of
the i nvent i"6¥¥.e%th&adel P YeaFe e terd adt P@é@@r élolc;?féf@aﬁ’ﬁéa’eteél &ftt&nce
bi ol ogi cal fgrrewt h,ndAraae@imjrﬂcﬁu@h tshue fiaee atrie@n slt&utcﬁume@;\u daeahligthhod of

using & synihgtic Ssttrr‘ﬁ%tt‘d s %é% %'s%%' 58%'2}6 %9{5‘5 1Qlg Rig Q\ﬁ gwagal ity

of an aquat’i ¢ “envi ronment hé |nvent| n may € used to
encour age é’ﬁdtéll?pﬁmntthteﬁécprs@ér&ﬂ@ttuéﬁ of a natural, regenerative food source
for successful aquaculture production in a w de var | ety of aquatic

envi ronnment s.

According to another embodiment there is provided a
method of operating an aquarium, said method comprising the
20 steps of:
providing an artificial plant with biologically active
material and a high surface area structure, said
biologically active material being located in said high
surface area structure;
25 subsequently, locating said artificial plant in said
aquarium and causing at least portions of it to float; and
subsequently, generating food for aquatic species from
said biologically active material.

30 According to another embodiment there is provided an
artificial plant for an aquarium, said artificial plant
comprising:

a flexible buoyant layer; and
a high surface area structure connected to said

35 flexible buoyant layer; the high surface area structure is
used for promoting bioclogical growth on the artificial
plant.



5 The invention may serve to provide a durable and econom cal system for
si mul t aneously providing both food and shelter for .aquatic Sp?@i\/ﬁa? h 2The
invention may provide a synthetic seagrass system which sinul ANE00S
provides a supply of food, shelter and reproductive support for aquatic
species in a single structured area. By providing food and shelter in the
sanme structure, a viable population of aj3gi-ven aquatic species may 15 be
mai ntained in a concentrated area. The invention may be used to support the
growt h of photosynthetic organi sns, such as al gae, on individual synthetic
seagrass ribbons. Such primary production on 20 separate floating ribbons
pronotes the reproduction and grow h of zoopl ankton, such as daphni a,
Cycl ops, and parRGeeT Y nf Y sHREherh bl gkt oheiey be PrRYHeEE aiige of
from twent Yequd£¢ D08al Ok St Xf Stinegs £dy NI TN Sadu AN NeodSr TdEnd ar ger
zoopl ankton are an inportant. food sou,r%ﬁ fqr, n uatic speci es._\gly
i ncreasi ng the pUpAs:toE it Garfktsh,2 | Hr%gr 15 ApediTRErEe
attractefl tusddef syniheidci seagiralssyiared suppdrit esh | woal d ye iofhi @i gler nanent
basi s. Thu?Pl tpré}y&d‘;%gmd:ealsa LDi apss production at the base of 30

al n, and re

the food c the gro | roduction potential of all |ocal aquatic
life i s enhance®rintsl Mt o2 deswy iggingy 605 HETAUSTS) 208 = i1

Si mul t aneoustoys £ dieat Hyegrdiiensionajuastinmect ure produced by the synthetic
seagrass provides shelter and habitat for aquatic species. The open surface

area of the individual ribbons may be used as an egg | aying surface, or 5
as a nmeHhs of regoverding ftue anepread wethodd netrnageheafe Suc prarvgal@dsns as

scal | ops. Aduaiageausiy the shagiag hetucen.ribans ey g sel ected to

control the anount’ e genera wi thin "1 ons,” as well as to
control preddtifoiciald scaunass issmucAunst icompstigdygof cutthroat trout,

reared on synt hetjies i$9207ASS gBRES Wingh bl hetenh yeRacngs theghnveen fiRks, 15
reveal ed that the fish prefer mats that are_spacéd at intervals slightly
shorter th&FRhETIGRIEES JoanSERMOFRES, PdtREAERINEHOMESh OFr Efdfr ed nat s
spaced ISw dguidhes apdd hilgH eua flaicee aireah stirsh cpireke beatga chateciteadh to
spaci ng. Thse Jypung Lrqut spent  over e%%% gf 4t heir time inside the 20 mats,
grazing on the surtaces of the riBBGAS ‘afd recei vi ng the benefit of
continual shelter flaxithe fRinchomatforedecuéng depéndémépsanot hbemat s

decreased wnfidom @l %% bRGASI unl NEX 1ANkY e&BbEEEANERS MBE1 ST YatRESaEUr i NG
peri ods of heavy aqvercast or at night.
with said flexible strips.
20
Buoyant material is used to movably support the
synthetic seagrass ribbons in the photic zone. The present
invention may be used to simultaneously provide food,
predation shelter, and breeding enhancement for a wide
25 wvariety of aquatic species. The invention may also be used
as a bicaccumulation or biodegradation system for removing

heavy metals, nutrients or other materials from water.

In one aspect of the invention, the high surface area
30 structure is formed of an open cell foam plastic material.
Alternatively, the high surface area structure may be formed
of a filamentary material, such as polyester batting, dense
felt, high loft spun bond material, or needle punch
material. The high surface area structure may also be

35 formed within microporous particles.



25 Synthetic mats constructed in accordance with the invention may be used
at release points in the wild to provide fish with famliar r or
initial predation protection. After a short period the nats (S:iaan%FeCIH 05
tetrieved 30 fromthe release site and used again at different rel ease

poi nt s. 26 March 2002 _6_ The inventjgg?ngy al so provide a systemthat
can be econom cally adapted and tailore or different applications. For
exanple, the growh of organisnms on synthetic ribbons may be enhanced by
sel ectively nodifyi t he (face struct dlor provi.di desired
nutrients in tgé ébggggg g% UE ufﬁé'{¢%eéﬁﬁ%?€ﬁ§96e2¥?e59§§g?ggfa may be
sel ecti vebyrunphaet éd ifo e [ifghr irdrececaceah st ingt ar butgaokedbgerhend
desi red bi ol oqi fect | e er.. 10_ The_i nt.i on iti.opally
serve to Feaueetinelver Sarel bl At ronattY £oh hetRY gpE® brotRe
envi ronnmehhgenSioh, f aheulsatcethd dedse mmye man ¢t tupoe tahl ycatiaptedstwhi ch are
criticak to innung.fgnctqu. The present invention may be used to provide a
conpl et 8, SREEHFSI PAPEPIFGA LagiN ™ 'speci es. 15 The invention may be used to
provi de an econom cal and conveni ent system for renoving undesired or
excessi ve nutr%ent;,fron1%@t r. In a preferred enpodigent of th igvention,
both aerobic afll f éﬁFFa?ivéﬁf and i react? oneC%edard Perrerne

si mul t anegeshy andyhmhekase sprravdtiirdey o0 Winel enoddEery dbetkoyesti dfpABye
enpl oy high sur%zce area_structures such as g?en cell foam batting

mat eri al , “F8I BURRLEYi 8F, 2ReBFHE- T & SR %1, and ot her high surface
area structures. The invention may provide an econon cal and conveni ent
system for biologically renmoving chromium zinc, and other toxic netals,
and for conplexing such netals to preclude their future biologica
availability. 26 March 2002 1In other forns the invention may provide
buoyant, free noving, artificial plants (and other flexible structures) for
aquariuns. The invention also relates to artificial plants and ot her
structures for providing a continuous supply of food, controlling water
quality, providing shelter, and/or for enhancing aesthetics in aquariuns.
The i nvention nmay be useful in snmall pet aquariuns and in |arge zoo
aquariuns. The artificial plants may be froma few centinetres to severa
meters in length. . 10 Econom cal nethods of making biologically active
artificial plants for aquariuns and the like, also forman aspect of the
present invention. 15 OQther features, objects and advantages of the
invention will becone apparent fromthe follow ng detail ed description and
drawings illustrating preferred enbodi nents of the invention. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS



FIG 1is a perspective view of synthetic seagrass mats constructed in
accordance with the present invention. 25 FIG 2 is an end vigwatnop62
the synthetic seagrass mats of FIG 1. FIG 3 is a partial cross sectio

Vi ew of
3-3.

a single ribbon of the seagrass mat of FIG 2, taken along line

26 March 2002 WO 99/17605 PCT/ US981 20875 8 FI G 4 is a partial

cross section view, like FIG 3, of a4ribbon for another synthetic seag
mat constructed in accordance with the invention. 5 FIG5 is a partial
cross section view, like FIG 3, showing a ribbon for another synthetic

seagrass mat cONstypeded; bR rﬁ‘&i%gaﬁgéd""cBheﬁ%u‘v@\é‘%”%h@” sUgdSrd the @

parti al
anot her

Cross section view, , 10 showing a ribbon for yet
FERHHR IO ey rass® hafa Lon5eF AR e EATt i HeadB6AIAREE OF TP he

of
n

rass

invention,, Fld&se, lf%ﬁﬂbéﬁﬂ@ﬁﬂgdebgwtgioa PHVE'Qﬂd@fv%Q§eE®bQ9”a%EaEH@ 6

15 FIG 8 1s an end view, |1ike 2, show ng flotation Structures f
seagr ass aftingwsanigted in accordance wth the invert=on. 20 FIG 9 is
schematgy ¢ plan view of an aquaculture system constructed in accordance with
the present invention. FIG 10 is a schematic plan view of another 25
aquacul ture s;ﬁmeemrcmt:rmtmwmea*ccot@lamevmﬂehat Herpbésennd nventi on.

FIG 11

| accor (RARE G HE G001 S0 ent ARt SRCRAY R D05 0B BT Lrager Shd®

PCT/US98EQ@&ﬁEﬁ9ﬂamaaqgauxnesmﬁnieal cross section view, like FIG 3,
ri bbon for another synthetic seagrass mat constructed in accordance with
the invention. 5 FIG 13 is a partial cross section view, like FIG 3,
ri bbonl(f or andtheerirsyatttiiein onseqyrassdend spnshetittedeagrass system

15

25

which simultaneously provides a supply of food, shelter and
reproductive support for aquatic species in a single
structured area. By providing food and shelter in the same
structure, a viable population of a given aquatic species may

be maintained in a concentrated area.

The invention may be used to support the growth of
photosynthetic organisms, such as algae, on individual
synthetic seagrass ribbons. Such primary production on
separate floating ribbons promotes the reproduction and growth
of zooplankton, such as daphnia, cyclops, and paramecium

infusora. The zooplankton may be in the range of from twenty

microns to six hundred microns in length.

The larger zooplankton are an important food source for
many agquatic species. By increasing the population of
zooplankton, larger aquatic species are attracted to the
synthetic seagrass and supported locally on a permanent basis.
Thus, by providing increased biomass production at the base of
the food chain, the growth and reproduction potential of all

local aguatic life is enhanced.

or a
a

t ed
of a

of a



.in accordance with the invention FIG 14 is a front cross section view of
an aquarium 10 constructed in accordance with the .invention. oEhMarchl®od2s an
end view of an artificial plant |ocated in an aquarium 15 DETAI LED -
.DESCRI PTI O\I%@R}%EERRED EMBODI MENTS Referring now to the drawdgssosnhese

| i ke el ements are designated by like reference nunerals, there is shown in
FIG1 a plurality of synthetic seagrass mats 10 20 constructed in
accordance with the present invention. The nats 10 may be enpl oyed in
seawat er, freshwater, and other aquatic systens and environnments. Each mat
10 has a plurality of ribbons 12 and a fl exi ble anchor structure 14 for
securing the ribb8agulzaneousd oerttostlieg R igmernyionsl Theruppereends of

t he ribbons u nt.l : i {C: e

illustrated éﬁ%ggﬁﬁgn?&ag&éﬁ t 10 :aési gc%ni{fsuggtgegcé‘glf&g s?%gf‘%ggh%g? of

mul ti-layer habétkaél £30 holuaddd owgrewied t selife ampkrseswr {atet ehes 20) the
produce a hol| W EHB% 2%"‘0 %%ssr&%et JRYy, be faol daed ei n '\t/f;e m ddl e %o Eroduce
a mat with std -Hy-5| (]ie 38015t "Fifobons slef A e st Ei’{/fn?hﬁug a& ’r’r8§ be
fol defl at anasdgemsanasoffo recove rAhgviimde 2 oduMB 98¢ 15685 PCI £ USA8H20875
10 have only one set of ribbgons 12. The tube 22 is |located at the base of
the fol ded sﬂé%?néfWﬁcﬁarSFa%ﬁgp§heet may be ten neters in length to forma
mat 10 that is ten nmeters | ong neasured al ong the anchor structure 14. The
sheet is 5 slit pergendicular to i ength at two and gne-half centineters

S
intervals to prodi@&2PRBIERYSHY AU | A PEHRETANCHIPORT (TRY PR 14 i s

formed by fitéiagréhetbuben2ZoM tthebanAasit 24 sHaRIDYdrasta2dd Wyt Ren sand,
crushed 10 rock or another available material. The ballast 24
10 the ribbons, as well as to control predation and

cannibalism.

A motion study of cutthroat trout, reared on synthetic

seagrass mats with different spacings between mats,

15 revealed that the fish prefer mats that are spaced at
intervals slightly shorter than their overall length.
Thus, a three-inch fish preferred mats spaced two inches
apart while a five-inch fish preferred a four-inch spacing.
The young trout spent over 85% of their time inside the

20 mats, grazing on the surfaces of the ribbons and receiving
the benefit of continual shelter. As the fish matured,
their dependence on the mats decreased until, at six
inches, they only entered the mat structure during periods

of heavy overcast or at night.

25
Synthetic mats constructed in accordance with the
invention may be used at release points in the wild to
provide fish with familiar structure for initial predation
protection. After a short period the mats can be retrieved
30 from the release site and used again at different release

points.



provides sufficient negative buoyancy to sink the mat 10. The integral
anchor structure 14 is advantageous in that it requires no pepghhhioggai nto
t he benthos 16. Anot her advantage is that the flexible structure 19 all ows
-asy 15 novenent of the mat 10 within a pond, tank or runway to the desired
spacing for maxim zing shelter or renpval for cleaning. The length of the
ri bbons 12 may be determ ned 20 accor’(‘f’i‘ng to the depth of the photic zone
18 at the installation |location. Wile the zone 18 m ght be as deep as
thirty meters, a typical ribbon Iength would be fromone to four neters. In
the illustratethenbodentnon mhy pillbbopsol2 dr @ eacdtembothad. Gmedvers | ong.
Sor ne of 1 bl e nger. r r I nd
predat i on%ginséﬂaTE%gz rergg?ééengr gkgeggilﬁto%%{&o%f&fﬁggn%é&% %@f‘gﬁgﬁﬁged
in rows spacezxamplat etial growthr ofh alygan ifsmee cro shirfittesini centbret ersay 30

The w dt n i e he.ribbo 2 affect t r$§ t f

nutri ent rs]o(!ge%ir'vxl/z‘%egrllé% j%ie%%l%lcgﬁéﬁgglgﬂ.%d#ﬁfﬁﬁgd%ﬁeang‘ S |$Ef n%@?%?&]f%e

ri bbonss 1#hafso af fpcovitengbikstyedf nulterimatt s1Ant ol cvidEacshel ter for
S R M I RS B e
from 20: linml £0:dd Thetwedhbhgbf sthéarebbere k2 rmy vhe frorome-d ocHe ve
centineters,. preferably.about _2.5 centipeters. The stiffness of each 5

ri bbon 12’“5?%%/’?%2 k?Jr%fr?%.l%at?oeg%ﬁcér éﬁ’stggr w@%ﬁtri'rret er as neasured by ASTM
D5342. Providing buoyant material along the full |length of the ribbon 12

i ncrea §S the stiffness of the ribbon.12. .10 In practice,. the ribbons 12
nove izdepende t?yl%Ye%téjcﬂnoTﬂ%ra lgﬁgn\ﬂ/&t‘gr SRV vf W € Thi s wave
noti on assalsisanda dhefomsslatadsfeedsl inukpuertid ~La carch Wfiremndra ssur f aces
of the ripbgns_12. Wil | G,2 shows only two ribbons 12 for the sake of
larity GROTH SRATSTERS HERES T8Y: PBDONLTPILBoL: O THEHAG e G it ¢ at ed
ri bbons vextt«h ed Socbeinthish®dl euhotpsact i the Rekeehicnd nv@wtlionF@ay e in the
illustrated enbodi nent, each ribpbon 12 has first and second |ayers 30, 20
32. The | SABETARSIGE A 7PBYr&FFy SBEHFAY £o§Et EQF BYIVA TG RGeS -
extrudesl adhesive 34. Ot her adhesive materials or other securing neans nmay
be enpl oyed instead of the extruded adhesive 39, if desired. .The_;L first

| ayer 30 provides BUGRANS? HRé RRcBREY 59ePr8¥1BRoFPdESCROMIGR 25 r f ace
ar ea, st r udnifen fait edfanerdr aguadnev ghgWhhdedhechayer £x3@ss3Zeare general ly

coextensive with the ribbon 12. In other words, each.layer 30, 32 extends
al ong and"Herdds SubstRnt3 oy the #uPFefengen Sﬂgo H‘Fﬁtof’ft &€ i bbon 12.

30 In thedddrtstdmt esbenbogioBnt , ahdesbbnstatayel y3@nkerbpiredealta stisosed
cel | p% yet hyl ene foaé’n about 2.2 millineters thick. .
are performed simultaneously and in close proximity to one
another. The invention may employ high surface area
structures such as open cell foam, batting material, felt
material, needle-punched material, and other high surface area

structures.

o
W

The invention may provide an economical and convenient
system for biologically removing chromium, zinc, and other
toxic metals, and for complexing such metals to preclude their

future biological availability.



= - 26 March 2002 WD 94117605 PCT/ US98/ 20875 12 In alternative enbodi nents,
the closed cell roamof the first layer 30 may be forned of p%m;&tﬁae,
pol ypropyl ene or another suitable material. The foam naterial nay nave a
specific gravity of fromO0.05 to 0.6 5 grans per cubic centinmeter, nore
preferably 0.15 to 0.2 grans per cubic centineter, even nore preferably
about 0.19 grans per cubic centineter.7-Preferably, the entire conposite

ri bbon structure 30, 32, 34 has a specific gravity in the range fromO0. 15
to 0.25 grans per cubic 10 centineter. The second |layer 32 is forned of an
open cel |l polyenhytgee tganms The eperreebh heamgmiwerdalnhagad: | eticdl at ed
open pore surface structure to support and 157t hereby pronote blologlcal
growt h. TReVepen eeFifiatatli BlLapirovil@assd 5ERST &d€H il et PrytFeeor geifi sns.
To enhancﬁ?&§519ﬁ9“¢hT9é ahgagcibheagebl rehze Qf the apen pore sidudure
shoul d preferably be |arger than about twenty mcrons and | ess than about
two thoushd PreebnStrrAtEREs260F| PESVEEiad entseditheous mureomE | ayer 32
has an avesage pokersizengfwabaut qhﬁ@lhvndp%@v%%@n%hameeﬁurJ@d:/%zarm of
the open cell material fof the second | ayer 32 may "be at [ east about 1.
squar e meRRRANPERI 2B HEART IpFelBr BN §HBAL er T@ﬁaﬁ@t@r@lﬁuaﬁa&’rﬁﬁers per
gram Pr bly;nt c i hi; h

ranst or o1 At 1 BTt hrogh  Cha st Paca ot uatace, T PRagT1oEr athe
enbodi msrﬂ“tlflecl@ll ckherss ghagobehéremcandcraygentdmeitseshdipt severa/l- 0.2
mllinetey rs AT g? March 2002 ' WO 991 17605 PCT/ US981 20875 13
Preferably e synt ic structure 30, 32, 34 is forned of materials that
can bel %terlllzed by steam or chlorine wi t hout bei ng damaged. 5 A ribbon 40
for anot her sy t [ 4 [ two second
| ayers 32 sandﬁé%ﬁéﬁgcwbﬁ%igﬁggrgge@agé)%T ég:ﬂlg I;Bg%g?[é’ p%&\% es increased
surface arealforiahhaberts bf ot ogicarignewend The Liksbona9Gonrdyprdre ansed in

mats |ikeddgongs showg-Loefl Gohydnafgn2. 10

15 Other features, objects and advantages of the invention
will become apparent from the following detailed description
and drawings illustrating preferred embodiments of the

invention.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of synthetic seagrass mats

constructed in accordance with the present invention.

R0
U

FIG. 2 is an end view of one of the synthetic seagrass
mats of FIG. 1.

FIG. 3 is a partial cross section view of a single ribbon

of the seagrass mat of FIG. 2, taken along line 3-3.



.In general, providing only a single second | ayer 32 per ribbon, as is the
case in the FIG 3 enbodinent, is advantageous to.prevent ongs glaehEboRayer
from shading the other. However, in alternative enbodinents of the 15 -
.inventi on W@a¥H6BS bbon may have three or nore |ayers, all of PGHUEW 28I be
coextensive wth each other. A ribbon 50 for another synthetic mat is shown
in FIG5. The ribbon 50 has a second | ayeB 52 forned of a 20 spun pol yester
batting. The batting material provides a hol df ast surface for enhanced

bi ol ogi cal growth. O her than the second |ayer 52, the ribbon 50 shown in
FIG 5 is. subs g Lyt S ri 1,12 wn i I 1+ 3. The
ri bbon 50 may bteE%S;ts'eg4 i ayg%éa]g?g%g ?n%?glsi EEQ?ES%OP{E‘% 5 s l(r)kvevrﬁ ES’?'FI:{GS. 1
and 2, in plfaeerobbom iforadthdtiloart sybheebpenseeblrasisbivart ¥2nstrwddid i on,
t he pol yester _batting mater.i al rma sandwi ch structure on a |ayer

52 may f
of buoyantlﬁaFEFPﬁd ,eiﬂ%quF%%nﬁgyegﬁbaﬂ'in FIG 9. 30 In the enbodi nent
illustrated in FIG 5, the polyester batting is preferably in the weight

range of fromfifteen to one hundred grans per . sqguare neter, viding a
sur?ace ar ea of%%EOngﬁgtﬁ)QﬁﬁFh%ﬁd?g S§qﬁ§?Elﬁat¥F§wpe l&@é%ﬁ y $L~ 26
March 2002shoWbng9kl ta@h ACTEHISHHZO8SD d¢nphet ecabkyghrass aan fifty
square neters per gram,. The diapeter of the continuous filanents used to
produce thEOEBEﬁPQ rée &H M Wbt t Fhg LEVERELPB-is fromfive to
fifty mcrons. In the illustrated enbodi nent, the batting 5 material is a
SYNTECH 250 brand spun pol yester batting material produced by Synthetic

| ndustries, |ncEFIGuhifchsi & Pagdiighk yCEPahsSpericquiievwmetdkesFdR -pdlryest er

fiber batipgowihl & subbace @fLa,of éx‘{@@ﬁé’rfQ&'ﬁtﬁQ’c'%esggb%%sp%tgram 10
In an alternativé enbodi nent of the 1 nvention, the second”l ayer 52 may be

fornmed of denserpered Ln assdrsangmodi Wenthefinnenthosnti on, the second

| ayer 52 nmay be fornmed of a high |oft, spun bond material., The present
invention is not limted to the specific seagrass 15 structures shown and
descri bed herei RIGA (/i Blsorn6@rflmrged arew hef sypeheion efaghassibbruct ure
is shown ing 6 The ri bbon 60 has a second | ayer 62 with a m croporous
surface structuré. O her than 20 the second | ayer 62, the ribbon 60 shown
intF G 6 is essentially the sane as the ribbon 12 shown in FIGS. 1-3. The

ri bbon 60 may beg_used i.n mats |jke the one s in FIGS. 1 and 2. .in place
of or i add: t1 BRET ot e Bkl 4 pna S I 121 nabPoaRg BFREAtiOR
M Ccr opor oust tayense6?2 fory aba ety nised nat acaanthiictedt inchkoeeraanbet h si des

of a buqug&tga£ﬁglgkvggtggn{he manner shown in FIG 4.

20 FIG. 9 is a schematic plan view of an aguaculture
system constructed in accordance with the present

invention.

FIG. 10 is a schematic plan view of another
25 aquaculture system constructed in accordance with the

present invention.

FIG. 11 is a schematic plan view of another
aquaculture system constructed in accordance with the

30 invention.



n the enbodinent illustrated in FIG 6, the second |ayer 62 is
preferentially composed of pores 64 (FIG 7) 30 that are toozgmréh bgp2l | ow
the grom h of typical periphytic algal species. Accordingly,

-pr edomi nany, v@ within the pores of the layer 62 woul d bq,df,ﬁggsggg-,t_;o
plcoplankton Ich is predom nantly bacterial in nature. 26 March 2002
WO 991 17605 PCT/ US98/ 20875 15 By enbeddin% appropriate nutrients in the
pores 64, the grow h of picoplankton can be sel ectively enhanced for
bacteria desired for specific purposes such as cleansing of the
environment. Thus, synthetic seagrass mats can be 5 tailored for one or
nore specific ufFés.byZpriesel quimipla aesss esjemfgmn suiéwcelakeaFs6Grudture
and/ or pro |d|n I ct tr ts. w.thin t th urface
area struc%ure % %gaﬁ gﬁgé%#éqqé}éﬂgﬁéﬂ%é;ﬁ EE)cﬁlgélsnventl ngtpg?ggg
bacteri a can becbrpkartediitih tthe: poresntlibe4 of the high surface area
structure with or without inplanting nutrients in the porous structure. In
a preferred enbodi nrent of the invention, an array of ribbons 60 each with
dif$erent, sel egted 0ot Hisent pacariald dwdseskdtol ot eadewanl akéi FIGL aB,

wet | and for t he repoval_ and conplexatl n of excess nitrate and hosggorous

conpounds Ph BhEIRALEr T8FpFNP PRt S %ﬁﬁﬂlsiﬁ9%%5%4m%5y0%%sb BabE8d by
t he 20 adhgﬁlgacgidgubglnh@hlam%ridﬁedﬂﬁgunar hi gh surface area particles
66 (fIG 6> to the closed cell foammaterial 30. The granul ar particles 66
may have a surface area of fromfifty to six hundred square neters per
gram The size pigthespakt ixClree &6 JRYs Paddamd Werdw 40 dN0apypeled

m crons. 25 The particles 66 be formed of carbon, silica, "pol yurethane,
cop®l ymer sC@RSSEYFEAE évaﬁﬁ;?lorb‘éﬁ%é’ltd’r thehemYRTtek9™d s The surface area
and pore size of the particles 66 may be controlled by known techni ques
during the manufacture of the particles 66. The present invention 30 may
provi de one hunBied LPmés én gvde ille Pfaidrald it Slrdistle kaat oforated al
plants while perforong.many of the other desired functions of plants in
aquatic environnments such as providing protection against predation. 26
March 2002 - WD 991 17605 PCT/ US98/ 20875

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to the drawings, where like elements

are designated by like reference numerals, there is shown
in FIG. 1 a plurality of synthetic seagrass mats 10

20 constructed in accordance with the present invention. The
mats 10 may be employed in seawater, freshwater, and other
aquatic systems and environments. Each mat 10 has a
plurality of ribbons 12 and a flexible anchor structure 14
for securing the ribbons 12 to the benthos 16 (FIG. 2).

25 The upper ends of the ribbons 12 are buoyantly suspended in
the photic zone 18.

In the illustrated embodiment, each mat 10 is
constructed of a single sheet of multi-layer material
30 folded over on itself and sewn (stitches 20} to produce a
hollow tube 22. The sheet may be folded in the middle to
produce a mat with side-by-side sets of ribbons 12.

Alternatively, the sheet may be folded at an edge so as to



16 A ribbon 120 for yet another seagrass structure is shown. in FIG 12.
The ribbon 120 has a second |ayer 122 fornmed of coarse open gg€hMardrozap20r
high loft, spun bond material. The ribbon 120 has a third |ayer 124 fortred
.of 5 openwtrdd176@sam or dense felt. A buoyant |ayer 30, whi clPGTASMBRE7Sr ned
of closed cell foam is sandw ched between the second and third | ayers 122,
124. The three layers 30, 122, 129 are ddhesively | am nated to each other.
Preferably, the third |ayer 124 is thicker than the second 10 | ayer 122.
Preferably, the density of the third layer 124 is at |east about 1.5 ounces
per squar r Fell iateri te an u unces per_ s re
yard may gg}ré% gm% é)dee usaete O?)%er‘JTlubg‘?%rnéfio:%1 oxéggntc{%er g%ch ?f%taht Cgva?/

t hr ough t heet biase Io&yafhel%ltdaed hehesatt f sceuotutbe bubyanrthdetyefaydbhe even
after a biofilmis esta ‘e reby elim t he potentlal for

facul t ati vVEaRg&Ffsisi &%Bﬂ#ﬁheﬁ ?@“sﬁr’f‘%@egﬁ F‘%E Bfoyait MehRS 30. 20 A
rl bbon 130ohar meetsuvaret harorieafiasenShistci tif@ctrehoun i mhkl Ghekt ildhe

bon 130_has a second layer 132 and a third | aye 34. A buyoyant, cl osed
E foamsllé ePe3BS; Hcdg'ftred:ooe‘t%g]rﬁrf%"ehs%'&oﬁﬂxaﬁﬁét RPEghBdfers 132, 134.

25 The se@@ﬂd;ﬁ.@detr@ righ deateNs k32, p Ak @é echor Pedi by angedl:e HpdnehiIng,
thread 136 back and forth through the buoyant |ayer 30. Preferably, the

t hi ckness of the third layer 134 is greater than the thickness of the
second | ayer 138e Then rd damelrel 3ty nay @@rmé@rngﬁmll‘ingal%wét 40

inches 30 thick. The second |l ayer 132 may be | ess than about 0.016 i1 nches
t hi ck. | n2dddithokaliles tperdealfing t@alalrﬁﬁ‘\dlﬂ ufsilyl b? sfndhe cgushed | ayer

2002 i Go 1008 BCH R GsaaFA0R T P R K11 | TAEar X ES oad ment . the |

buoyant |myeri@86si sudlfdgti ed.t0 9% Jatcihes ummcﬂhtaotmaadtm%mﬁmr lthe second
and third yer 2, t eni gr. an % II enS|ty
of about Egguggggége% égéélr% %QQ: t?‘nrceje glﬁils%l%@%?%%g%? ?heg %?%ad

bet ween theqseceadnan@emleltrrditllayemmt:tBZ,héLazﬂemSh@bous 308nantde?0a
respective t.hi.rd Ia 134 about 0.042

i nches mA?ﬂ¥5PT€88$gkfggP%sﬁﬁgrgqféﬁb%ﬁﬂeﬁ W?ﬁﬁfelg?¥ﬂgEPHFcﬁﬁ§¥§ of the

segond | ayeveddRti Sfpltﬁfeemm v Calduthih Glonhesaniherpennwabi kot yhef the
t:-gird layer 1 bout 0..23 darcy .at. the surface oi %he foam | ayer

30. The p ?ﬁaﬁ%gl FP? f’gt Is BRSNS SPRLLRT (P STPPREL 5PTthe foam
| ayer 30 ¢§e§lbgu@ 31 darcy Wthout |limting the 15 scope of the invention,

the total surface area of the seagrass structure 130 may be about 564
square meters per square neter of surface, considering all pores down to 40

angstroms. 20 Yhil eehBenspecichieC ramMpRAHITEY Mdy USd r@éedriinElG 13 provi des
advant ageous results, the present invention is not |i m ted to the specific

4 uct ur ACTRELEPBe8CakAei FERSDr Rfedhen RRAGET 7RA%I W8

installation location. While the zone 18 might be as deep
as thirty meters, a typical ribbon length would be from one
to four meters. In the illustrated embodiment, the ribbons
12 are each about 1.3 meters long. Some of the ribbons may
25 be longer than others to control shading and predation. As
discussed in more detail below, the mats 10 may be arranged
in rows spaced at intervals of from about five to fifteen

centimeters.

30 The width and stiffness of the ribbons 12 affect the
mass transfer of nutrients between adjacent ribbons 1l2.
The width and stiffness of the ribbons 12 also affect the
ability of the mat 10 to provide shelter for aquatic



.25 The seagrass structures shown in FIGS. 12 and 13 can be used to pronote
aerobic and facultatively anaerobic reactions sinultaneousl| ysd MafrdrHom®2

proximty to one another. In particular, the aerobic reduction of amonia
.can take ppowery rapidly within the second |ayers 122, 13271/uses?083D t he

surface of the buoyant |ayer 30, provided the - ~ . 26 March 2002 WO
99] 17605 PCT/ US98l 208?5 18 structures 1201 130 are located in water with a
di ssol ved oxygen load of 2 to 12 mlligrans per liter. The chem stry of the
anmoni a reduction reaction is as follows: 5 N+ + 0, --~ NH30H + 0- --~

NHZOH - ~- ~ the_sane ti th naer obi c reduct nof itrate
can occur%H%Qﬁ%FT}{%Q?NQ{Ff%ﬁﬁ?g 53 iol@% ﬁSéﬂkghéosH%F§ uoyant
llayer 30. Reswd dasel suid agige anghysi s£hasoh028howa ot lgat: 1ni t rIatitee wezmmti on
can be limted excl usweli/ tore ions | ocat ed rgl atively deep within the
thi cker t % FisayerPRany: 14302y Hest T PBr OBRaAPI £1V8 FEFELTEEL IS

need| e- pURLR el adn 145 Mk B 08NséAYiEt aksl easheabeul rhes OUFCRS JIET Squar e
yard, and with the ‘establishnent of a biofilmand its detrial |ayer, may be

use@d to prévaR! diZs 3w X & okseend f$oﬁ?réa@h%@mﬁh9e§ufsﬁ§@éwetrh@5buoyant

llayer 30, phensy ¢ealdhng 53845 Ci e@%xyléﬂr%@ BQb?aHQ”thtt'eQﬂ%lt @ 18mpport 20
Ni trobacter, the pri'mary genus involved in nitrite/nitrate reduction.

Further, &her detldrilandtidh of B HEpReR yl &f InRECRAPFdthay 6itd f£28S5134 by
pori si mstr:dzl sShays, fhaty the perneability 25 or diffusivity of the layers
124, 134 is another neans of describing its limtation to oxygen transport.
The. size of the pores in the layers 124, 139 and the relative thickness of

t | ayers 124, ff WEabi | bt 0. D s le han
Dli]@ =1 x 10- GIan%arateEO%:lreEné?l éerlgﬁ?oer se%%nrﬁoygrl%{aégﬁ%h%%g toﬁi r%%c ayers
124, 134 aftchielre isurtfrecevadfert hien buioyawny fageicB80 gBhésalvbhyepmodioa

SUffICIentléléyvO%¥Qﬂ%'§§§%t{fgﬁg¥%r oglnutrlents to and from the
surfaces of the ribbons 12. While FIG. 2 shows only two
ribbons 12 for the sake of clarity of illustration, other

15 ribbons 12 located behind the illustrated ribbons would

also be visible in practice.

Referring now to FIG. 3, in the illustrated

embodiment, each ribbon 12 has first and second layers 30,

20 32. The layers 30, 32 are integrally secured together by a
suitable extruded adhesive 34. Other adhesive materials or
other securing means may be employed instead of the
extruded adhesive 34, if desired. The first layer 30
provides buoyancy. The second layer 32 provides a high

25 surface area‘structure for enhanced aquatic growth. The
layers 30, 32 are generally coextensive with the ribbon 12.
In other words, each layer 30, 32 extends along and across

substantially the full length and width of the ribbon 12.

30 In the illustrated embodiment, the first layer 30 is
formed of a closed cell polyethylene foam about 2.2

millimeters thick.



.26 March 2002 WD 99/t 7605 PCT/ US981 20875 19 through the third | ayers |24,
134 to all ow anaerobic conditions to beconme establ.ished. Thes@fridd pp20f a
bacterial layer of detrius inside the pore structures within the third-

.l ayers 12wo 9bA4sdsurt her reduces the 5 perneability and ther @6F/UH%087duces
diffusivity. The nmuch nore open second |ayers 122, 132 allow nass transfer
of oxygen limted only by the concentratimn gradient of the gas in the

wat er. Oxygen utilization is 10 only used in bacterial aerobic digestion of
solutes transported by diffusion in the water, and the rates of diffusivity

for gases in fluids are typicall n_order magni t ude hi.gher thap that of
i nor gani ¢ sol ut®s a?nﬁ‘??%‘?%@"%nﬁ“%??ﬁ“?ﬁgf! %EeFﬁ?‘f’ﬁ , ctegel c‘{%as”él?/g

associ at edHeerfiipiyt i la wd9ad 0 Iy eroat fbhre@uber post uswthage 0of the second

| ayers 122, 132 produces oxygen in the presence of sunlight, thereby

i ncr easi N®YSAGEAHCT RF HICFRFTL oXYHEAL LSt BREEFdA LN (THE ZPaARcinity the

second | ayRieridd me32-hahhe 4 Whelkifusi ybhviphepemenem @ .3oHSset apove,
controlled by the perneability of the seagrass structures 120, 130, allow
ander obi c S&AESa@edhi B Erteldng e pr obesd Presprabdandods) yrofl 32 i crons

apart. ThysarsNBceadliies UGt o8, 180en 1B DaKe FLaMRN LAl o d DIy ed

performance as ological filters. W present invention, water

cont am naBE@M&i PlethiqytPievedrs-igle te X r at Bsefareblyes thanénadmsni a can be
{reated byofpslndle idler dune alryesy, high 39 nesst Lausfien sates. Thus,

for exanple, “the Tnvention nmay icurafly usefu thé tTeat nent of
agri cul t ugakhvityofih ithecarestgaicimem Wbt 1ands 0.25- grams2@earceiniz002 WO
99417605 PgIéUS%§/20875 20 The very short nass transfer distances

associ at ed Wi th-tHe ‘use of thin fiims and the availability of high

di ssol ved oxygen concentrations generated by photosynthesis in the

periphytic alg comunity conbine to very raprdly 5 convert sol uble
i nor gani ¢ nutr?bﬁtgﬁﬁﬁqieﬁﬁﬁﬁrr#%r%%eﬁ?%ﬁéﬁaﬁhnﬁKa?pFB SF&ﬁogical tissue
whi ch maypbeyethlilzed Eoam.f oahesapsae vyl nofwdmcmapeeias sdshaas finfish,
crustaceans _and_nol | usks. Sinultane9usly W th this periphytic bionmass

product i ohSEFEHGBEG Y GREG BP & Qﬁﬁsﬁﬁ{HﬁEﬁ¥%OF§aﬁP PPF tcdRFounds,

pRSti cul ath¥rappopiramotle e lidEreasesr sicki nohdeppkhi 88 1fomaed sgpeci es
which are intolerant of ammonia, at even nodest |evels. Exanples of species
whi ch speBFPVEdFRPy 3BEREMAT Sy Ath P TSRV ©f O addhF RS ar eTShPPRBNBass,

trout andesal gRBwth> oFNRINRIET itdles dwed d1vd Ner riRBoBsed2pod@. S50, 60, 120,
structure should preferably be larger than about twenty
microns and less than about two thousand microns. In the

20 illustrated embodiment, the second layer 32 has an average

pore size of about two hundred microns.

The surface area of the open cell material for the
second layer 32 may be at least about 1.9 square meters per

25 gram, preferably greater than 20.0 square meters per gram.

Preferably, the second layer 32 is thin enough to
permit mass transfer of nutrients through the surface
structure. In the illustrated embodiment, the thickness of

30 the second layer 32 is about 1.0 +/- 0.2 millimeters.



130 shoul d preferably be conmposed of polyners which do not |each harnfu
chem cals into the environnment. The materials of the ribbons, Knarépzoc@
60, 120, 130 do not 20 deconpose in water (including seawater) an -
-sunl i ght. wowaomeently, the mats 10 nay be used for |ong perpPOTWSER20875mE
and may be cl eaned and reused at other sites. If desired, the ribbons 12,
40, 50, 60, 120, 130 may include one or nere additional |ayers (not
illustrated) or 25 materials for reinforcing, preserving or protecting the
ri bbons 12, 40 50, 60, 120, 130. Referring nowto FIG 8, synthetic

seagrass mats 7 haye ribbons 72 with buoyant structures_74 secured to
30 their upper gﬁggér?ﬁiyriﬁ n§yﬂf .qMFQ CELhRR ég'tﬁéfrﬁﬂbéﬁs 12, 40,
50, 60, 12@ork3Q desmbitbedzaBovdat rahigd LaseitheedihPossecis ake buoyant
and the buoxant structures 74 provide additional buoyancy. Alternatively,

t he ri bbon§hiozgnparéRh28620eING FRMELBTL PCT/ US98/ 20875 21 72 may be
formed mainly or entirely of one or nore of the high surface area structure
materials 32, 52, 62, 122, 124, 132, 134 described above, in which case the
buoyant structubesibhopr40i derasnoshampayrdfhethiec bupyaheysheedednto 5

support th i bhons Cp ugya et 4 ex$0 n
cel | polye?ﬁgfegé f3§§1ogggﬁgtggr%%ﬁfﬁggféﬂ%ﬁgygn%gigf%r?%l%gﬁﬂgg%ﬂgg nt
struct ur esa7guangnbelaher 88, sThechddbom UP qtevrivies bpprepsedtel y

connect ed u ends ri 7 T s 7 . S to
provi de bi%ﬁ65?§%IQggémfﬁgeﬁﬁgﬁ%g%ghFHgﬁgigﬁééiéyéﬁgﬁter9%§a¥ﬁgﬁﬂ§ gﬁher
enbodi nentmadeberubed abometsliiRef eéhel mpawowiawFlia BIGS helsyndh2tic mats
108§homm in FIGS. 1 and 2 may be arranged in spirals or other substantially
cl

ed contours to serve as shelters or corrals 100 for scall ops, nussels,
oysters or otheInngbhasks, phevedinal ©nlQ0 arayihfl espesired | yaysefsp for 20

col l ecting and feedi ng_spat. making the spirals nore or less tight, a
S ngl o | onRER FHEDGB pAS b8 HOBACESenIRe L6 MG ThGTHRATE R fbF ant

internal dkavehessed04, td0prasetesoned seZonld) 1epR At ¥ ﬁc@&i@cﬁsm@ot
iIIustratedé?nay be placed in tEe center 102 of a corral_100. The spat

P :
(larvae) nPgr&fe rBAVaVey- obtbwar§eFRamitfe STRREMETS R (S begin to
devl op shehtvsntIbe, 06o¥h ngispah AbLAGR VO thied e widhal1 4y dbonsalp of the
mat 10. During the growh 30 cycle, the mat 10 attracts and pronotes the
product i orPbf WREeR) TaYthe FARSEPRELVE Milnit Pash tHd'S%pi dly growi ng
juvenil e scall ops. 26 March 2002 ' WD 99/1 7605 PCT/ US98/ 20875 22 \When t he
spat have settled out, the mat 10 can be partitioned and distributed to
mat uration sited HhebenadPefPresepthenceysthedis M@ thrisyerftavn hen scal | ops

fromescapifg, 4n ofge epbodbiesd Qhst Be selvelf Qe t e ballasi 524 may be
enptied out of the flexible anchor neans 14 and the anchor neans 19 may be

i ffd at ed toPv@iBRlYPEtRILADL LRIt heThar Pagéing material provides a
holdfast surface for enhanced biological growth. Other

than the second layer 52, the ribbon 50 shown in FIG. 5 is.
substantially the same as the ribbon 12 shown in FIGS. 1-3.
The ribbon 59 may be used in a seagrass mat like the one
25 shown in FIGS. 1 and 2, in place of or in addition to the
open cell ribbon 12. 1In addition, the polyester batting
material 52 may form a sandwich structure on a layer of

buoyant material 30, in the manner shown in FIG. 4.

30 In the embodiment illustrated in FIG. 5, the polyester
batting is preferably in the weight range of from fifteen
to one hundred grams per square meter, providing a surface

area of from one to one hundred square meters per gram,



.Thus, with the present invention, spat recovery and 10 growmh may be
conveniently increased by using a single, novable structure Egheﬁayﬁﬁg a
food source, predation shelter, and a holdfast material for harvesting-the
-grown spewios®/1760515 As shown in FIG 10, synthetic nmats 10 eOMASPEROBED i n
accordance with the present invention may be arranged parallel to each
other and in a staggered manner to accomgpdate fin fish growout over a w de
size range. In regions 110 where all the mats 10 are adjacent to each 20

ot her, shade and maxi mum predati on protection are provided for young fish.
In the offset or spaced regions_112, nore open area (less cover) is

provi ded PERICEARY f4&%S q?ﬁ%ﬂﬁﬁf?bn?qPﬁEesﬁﬁééﬂsrE&Foﬁ§afT2 ﬂﬁﬁVide

i ncr eased gphgl@enidtetd e EXAOSIH EoL® FNCERARE St N8eBr @AUGHRM A theod. 25
The mats 10 may be aligned East-West (perpendicular to North) to maxim ze
sunl i ght ERPEIBKe torahadmansignafurbagtihe AFEUFEUsSe dise fgap fitve to

under wat ere; r als be a, f (oY 1 Q) - esi.red \NgS
bet ween tfr%rfﬁgt gh% o) FI%1 gﬁé sﬁjbji/\)sps gﬁ%?%?r QBP%%E %}I}glﬁt tlb(;%r bt%r%gcqﬂ exi bl e
mabs 10. Astiekiadt ist ed, SYNMEGhRS A Israfdt spusynbhyestesebgtdssigmats 10 may
be overl .Q.far edat| 6 o 99[1760S PCTAUS98/.20875
23 prot e(a:?‘igg%rgrgéagjr;gfg‘{cﬁdaﬁ %Sﬂerb%r}%%%@?%a?négggﬁo sbvégilcéppév gyrrﬁ)?(% a
sunl i ght wekkenbg granrsalbesr txyymmoyinet enhspeedppiyephetr € igreanwbhat -The

| i near anpu f _overl apping of. the mat en 118 may be determned as a 5
function H%Qbhg gﬁﬁgkf%gégﬁéuﬁ§eﬁy é?%dg?ggnsggﬁf?owegggﬁr§§F Fﬁgmaquatic
speci es being raised, and other paraneters. In FIGS. 9-11, the mats 10 are
represented 10_schematically by lines only fo e sake of clarity of
FBlstraton: FR hacH e natid s AP GTGHE o HBS: EBEBRCLEB"(n wat or woul d
cause thetHet se&BnHo 1kaa &P Wiy & afskronss andéysehaageng profil e in plan
Vi ew. Dependiggéon t he ampbunt of notion in the water, the ribbons 12 could

wave 15 pARPTLBRENCHPREIMENT Qf ddSddtVeRlerBt hehe wAfERNRokPY S néfease mass

transfer pgiwsenrbbacmicy 10 ranth beimeensghie pohonRstd2iand thgewater.
Exanple | 20 120, synthetic seagrass mats 10 spaced five cerntineters apart,

and with BFREYRE| bBERS tLPTpdrS MGk et qreptoyeliei pracséireseagraféshwat er

ponds havipg,apua¥sr agewderRHy feRne dumdiedeihirty centineters. There were
30 seagrass mats 25 per hectare. Zoopl ankton production in the ponds, as

conpared with control ponds w thout the synthetic mats, was 7 to 20 tines

greater. Wall eye,.tgisgd gpn : 182 t han t hose
X€rfBbead 6o ﬁo'}etyé%recaﬁ]r??}%ﬁnﬂﬁé&é ?/%éggggf |

raised in the control ponds af 2 days o Survival was
30 statisstraftyraoigi shementinddiliGhg @ he The stilPoriag8, het aceacond control

ponds a”thQ%-?PSEW LB+ a”%%r%?o[gf&gg ag&fé’@%‘%’@fuc'&‘réhe BtBQrQQhQHYS time
period, the frsh™not only grew 31.8% |arger by weight, but survival in
20 the second layer 62, the ribbon 60 shown in FIG. 6 is
essentially the same as the ribbon 12 shown in FIGS. 1-3.
The ribbon 60 may be used in mats like the one shown in
FIGS. 1 and 2, in place of or in addition to the open cell
ribbon 12. Alternatively, the microporous layers 62 may be
25 used in a sandwich structure on both sides of a buoyant

material 30 in the manner shown in FIG. 4.

In the embodiment illustrated in FIG. 6, the second
layer 62 is preferentially composed of pores 64 (FIG. 7)
30 that are too small to allow the growth of typical
periphytic algal species. Accordingly, the predominant
growth within the pores of the layer 62 would be limited to

picoplankton which is predominantly bacterial in nature.



.- WD 99/17605 24 26 March 2002 PCT/ US98/ 20875 the ponds with seagrass mats
was 80% vs. 640 in the control ponds. The conbination of themxMarh F082t ors
(wei ght and survival) nmeans that overall biomass production on the ponds
-with 30 mMe09IpBioshect are was 84% greater than that 5 found BETAR08H r ol
ponds. Sinultaneous with this increase in production, a 78% decrease in
fertilizer utilization was achieved, resulsting in 120 | ower production
costs. 10 Exanple Il Synthetic seagrass beds with the conposite ribbon
structure shown) in FIG 5 were deployed in fresh water ponds. Each bed had

400 ri bbons per_nma r..ow qf 15 ri.b ons%. The spacin nge ween ts was
about 7.5 centi]raﬁét %rrné.%d‘?ﬁglgr PO r\/\l/ealr%eea %tu]fl?%gcjé?]tlgh té?ge\?\ﬁ e’and one
hundred cetiténgtewshl ofigpiSeplllamitdn kass beagelkedii tdby synhhrted sbructure

showed 2.3btiges thg Sur Vi v%l? of fish.in control ponds w thout the £
structure, P3RESThe FPSAT56 wefe SBEBFIQRIFPIFHFT HUPONHE GrEATEHBI ©
synt heti c sleageassrbassntTheTnoep! aydtde rOdEEdd Hss Mmibe pondsew th the
synt hetic structure_was 12 tinmes that of the control ponds, The effective

fish popul @i bAr¢RafCLolNE BE TFForREF it G Yrfivs S threpel eght Retdc

structure &0 eeBeniyar easedcdS@Eea?s XAl lddd A Syt detdengeagrass bed
with the cogﬁosme ri bbon structure shown in FIG 6 was deployed in rows of

ri bbons 3CFabRLEeP. BUEEAENREL URShandd h P Tt ifettere ooy, sEaERCR ow

cont ai ned 2441 bppse yTher etuers %Q_tre%tqfveriel?m&@{? beg. ¢+ Jbe spacing
between the rows was about 5.0 centineters. The second |layers of each

ribbon constetrtior, seéephreéhbRO02IWe PHN 1605 MRRTUSHS/ DO8TISe 250 p@F ous
grgul ar coat ag hggra%k' €@, Bavkng 23 %V&r&@c%r%ayi'ﬁ &5 8 Ry #0 m crons,

a surface area o guare neters per gram and an average pore size of
80 angst r oiep 1 aher hednwasisobaerged hien p0F cwentstimtarsreof water. 5 Sinul at ed
sewage effluent was punped through the subnerged bed at an average |i near
velocity of 30 mllinmeters per mnute. The water was doped with nitrate
(one hundred nmlhigrapmeiefradt eabedpeernt odr thand mpleosphat € 40 frae

m | ligramns, of at ljter) . .After allqw twel ve days for_a
bacteri al ocign%unl ?@Qt ggbggéﬁebégbagll?sfﬁg ,nq;l’t %%rségﬁtoe\lﬁd”%ethrg é/rg?% St t he
niltr at es ded USEd of o t beephesphabes ividicd adt mepiechd rfam tttes sodmdvaln ard a

ntin I S, red with.typical raul i .
cont uou%x%&?ngaé?ogogPaeggesstnlE%gt%aangy%h%%pﬁ%rous compounds 1n

the water supply.

The very small pores 64 may be produced by the

20 adhesion of multiple layers of granular high surface area
particles 66 (FIG. 6) to the closed cell foam material 30.
The granular particles 66 may have a surface area of from
fifty to six hundred square meters per gram. The size of
the particles 66 may be from twenty to two hundred microns.

25 The particles 66 may be formed of carbon, silica,
polyurethane, copolymers of styrene divinyl benzene, or
other materials. The surface area and pore size of the
particles 66 may be controlled by known techniques during
the manufacture of the particles 66. The present invention

30 may provide one hundred times cr more the available surface
area of natural plants while performing many of the other
desired functions of plants in aquatic environments, such

as providing protection against predation.



.15 Residence Tinmes (HRT) in conventional sponge biofilters, the synthetic
seagrass bed, deployed and used as an artificial wetland, wase QRrdh 2002
faster than conventional filter techniques of equal HRT. 20 Exanple IV--

-Bi oaccunuwa 9mrreds synt heti ¢ seagrass bed with the conposite ROTIRIENI/20875
structure shown in FIG 6 was deployed in rows of ribbons about 2.5 cm w de
and 25 cm |l ong. Each row contai ned 24 25 t¢gbbons and there were 48 rows of
ri bbons per bed. The spacing between rows was about 5 cm The first |ayer
of each ribbon consisted of a buoyant pol yethyl-ene foam having a specific

gravity of about 0.12. Th econd | ayer of each ribbon consisted of a
por ous granularthﬁ@%ﬁfcééﬁif?ﬁaygg BQPFLEFeéeﬁgﬁ%ﬁfzﬂFEﬁ&ﬁ%ﬁ% 7 ze of 60
m crons, asygWmce aFEa. 0f2 280rsquaLbbbRt €28 pak @ FBUHH alk pyer BYE pore

size of 120 m crons, WD 99/ 7605_26 26 March 2002 PCT/ US98/ 20875 The bed
was subner GEFMSY B G&HRT HRt WP of Shat EPERNATs PG At ol SRHY PRR%

sol ution wagdanped t hruahi sihen subpergedabed gl an@veraoe ddgad yelocity
of 50 mllineters per mnute. The bed was |eft in the solution 5 containing
a cénventi OR&n MAkS Ramrof HmFe cbeB8+i r BnPuoyes tgdame of3Goith¢m an
area Of aChfl Mie A aldipase AL aLd. cOLLT Bshan Lal Qehehsalndh i da e
sufficient to maintain a dissolved oxygen [evel greater than 10 m1ligrans
per |iter. thet seacard dayd, thied bahenasl d? ai héd . 10Tard threel didyarof30,

si nul ated phating palh EJJC;{)&EN Nﬂg’m%?f@é{' £g. éQ@Bp%ﬁ;‘rﬁ%Rer mllion
chrom um 6+°Véal éncy and 1 parts per mIlron zinc 2+ valéncy was punped

t hr ough t hérlede ratoly | ittemrthietdclayenf 124 il thaekers them rheutsecdid er
paggage of 19% Iﬁbﬁrs (1 bed volune) through the bed, 15 the effluent was
measur ed a%a the “&si dual |evel s of chroniumand zinc were found to be 1.1
parts per mllion and 2.3 parts per mllion, respectively. To determ ne the

capacity |l oad of the system 20 sinul ated ating,.bath soluti.on was punped
thPoughythe sys?éﬁ%%¥%§§ﬁﬁt%ﬂe ?%%%EYU%¥P+h?hEgéF%I&éﬁﬁxbéﬁéeﬁﬁ?éﬁfozg of
heavy netalsaseaehettbq .&f dlicdpdx SHioré upaaad ziragtl aadierd aneached
17,850 and_ 13,670 liters, respectively. On a dry weight recovery bhasis, the
25 bi ol ogi CAPNFEEWH SN AN TS Ur FAHECE HRET | %%%ﬁgeméérfﬂoﬂ‘ﬁér PE T8t ai n
betseen 7. 3%eand tbl Yelteass oTetRd S, 0 Byg ¥R Bhit re §OAPLEXE@hieN waYCR K oMyh as to

preclude their futuri bi ol aogi cal availabilit¥. Thi s denonstrated an _1100
fol d concehbPafPeddcapaisit i%4h =0 Hie FWhodFEi 2bdthet BPeYaRSodiryedd Mt h

the bi oaccypuhabireR POCATY 193N e Sdtdwpeshdd pmhbeeblexibhg nkichhens by
acid exchange. Alternatively, the fabric mats 26 March 2002 - WD 99/ 7605
pCT/U398/298§5pgyential for facultative anaerobic growth near the
surface of the buoyant layer 30.
20
A ribbon 130 for yet another seagrass structure is
shown in FIG. 13. The ribbon 130 has a second layer 132
and a third layer 134. A buoyant, closed cell foam layer
30 is located between the second and third layers 132, 134.
25 The second and third layers 132, 134 are formed by needle
punching thread 136 back and forth through the buoyant
layer 30. Preferably, the thickness of the third layer 134
1is greater than the thickness of the second layer 132. The
third layer 134 may be, for example, about 0.040 inches
30 thick. The second layer 132 may be less than about 0.01l6
inches thick. In addition, the permeability and
diffusivity of the second layer 132 are preferably greater

than those of the third layer 134.



.can be burned to recover the toxic netal species. As conpared with ion
exchange technol ogy, the present |Invention may have at | eastogldatchPee2t he
| oad capacity, 1C tines the processing speed, and it has the ability to
.alter 5 tReoehprgpeal val ency state of the netal to reduce i tgeTiaisysaes7sal
toxicity. After acid stripping at pH 1.8 using phosphoric acid, the
synthetic seagrass material was re-suspended in the 10 starter broth For
anot her 12 days and the experinent was rerun. AFter the equilibration
peri od and the passage of the first bed volune o the synthetic plating

bath m xture at a flow rate of 10 mllineters per mnute, the _
concentrations T ttHe effirnia vRe eTRRMEMeBE bet beoBuPFapsr e vear 3@ 14s-. on
for chrom umcet anddd L3 ard scpedk M PO fPEadi N8 FRYS Higt sWasnePser ved
that the continued reuse and reconditioning of the bioaccunulation system

i ncreased iang Zhird dEvereffiLi enty Bhdkepach tgeniernasdderevidesd arhat
Lhe oPLIMuBVERSS 1t AR, [ DIAACCHBLALL O or il gdelddl | NagE Vel oclty
of 15 mllimeters per mrute. X mum 1 0ad capaci tres were reélated to the
mas§ of bi disgirddiutgroowmdt ithe Hehrdast opby dest e enict e esetonkde andbihiisd The
greatest 2 entyrat i r.atiq achigved i S ests.was 1,870 to 1 with
chrom um ?ﬁg/%%i%gﬁtgszt’ Il(%gd lcsaﬁgjcoﬂq-‘y 3;0(: iaenvé(;d-} aTI’g‘\a/\%%e%Eévgityracti on o. 2.15
grans of chromiumfromthe 6+ val ency state onto a single synthetic

seagrass mat. The biomass gro n t total surf area, of the mat during
30 the course o?gfai &g‘lFEWf%\ﬁa\é&Z%hﬁ%&%%Xﬁﬂe%ﬁtht Heaaéﬁ}’gm' um | oad
of 2.278 goang206ntBeBlwith aANDMYHEAEGE 28 dudErd| €eve 2ebBECcDo2802

PCTL US98/ 20875, Seagr ass structures |i t hose jllustrated in, Fl 13 were
) TBued t o Rkt GRS CRR SRS r Y ARSMARETE KNP oot § P Be BEF ABLY s ADSHEL ab] o

bi ofi | s 00.bhe haspeet.i vensufaerabilie stalicing eshieaerbhep depl pyed in a
3 cubic neter tank &;[ a ratio of 10 square neters per _cubic neter of water.
The tank was 688_@8 irER SFToW, &ta_r’frﬁles LERGA t‘?fajttehQ of%%)‘ﬁcéﬂi’?étﬁgns of 5
m |1 gramsTRer pkirhekpand :20Q Mithe WerdhdlQ Aedr 113 2Tat regPeshiyelby. oFhe
structures renmpved 90% of _t he ammoni a within about 6 hours, and about 90%
of the nitFBtefRany Faws¥ednilthizboaortl FRIEhourlkl thewhi hgmhbimgotirG 14,
these is shoup.apgragyar iuehed ol @RSiHHG e | AGCOL danCcee WLl Yet

anot her enbodi ment of the present invention. The aquarium 150 has

convent i onfagraseswatkacteze 154 sy Pehawh 956 RIuHFagnatgenepar| y

rectangul a e AR A ol | | i ; 1 e ef .l may be
fresh or sgﬁf’gagt rg?.Ig'?'tht %S‘ |f§6: eéf C%gls}tﬁﬁk?teet}al\gﬁtaﬁlulm 1 IE)J%B?/ e %%e%.g

Al t er nati véhgstaomsver (not shown) nay be provided. Gavel 162 (or sand) is
| ocated on the bottom 156. The gravel 162 may have an ornanmental color, if
desired. Air bubbles 164 float up froma bubbler (not illustrated).
Ard@ficial plantBile6the68parced fancleobediiz®ntto itlHeigrraeed 1652 . FIGe 13
artificial . 1 i.ncl.u rtificial S; ificial

| eafy pl an?gg?gggsﬁggﬁaﬁggggwﬁr% g%s{%%;tsmﬁ:gfe fg%a%rnrgc?lgl's&%ﬁgf%?ﬁ i%%)gl

pl ants 166]ik68edShel thesbperaifiic Iststicated)s rpscatiseed iamdi n t he wat er

158. 30 Thg a Uﬁéigm 150 nmy \t%g ized for pets and home use. Thus, the side
wal | s 152, &5 s § 88 aboGt ™6 n?ﬂ?rl%ns‘i xty centineters high, for exanple.
The fish 170 may be

25 The seégrass structures shown in FIGS. 12 and 13 can
be used to promote aerobic and facultatively anaerobic
reactions simultaneously in close proximity to one another.
In particular, the aerobic reduction of ammonia can take
place very rapidly within the second layers 122, 132, near

30 the surface of the buoyant layer 30, provided the



MO 99/ 17605 29 26 March 2002 PCT/ US98/ 208" S gol dfish or small tropica

fish. Alternatively, the aquarium |50 may be sized for a zooy®fatdne2dozke.
On such a large scale, the side walls 152, 159 may be several neters hi-gh
.and t he fwshoa7@snay i ncl ude manta rays, sharks, and 5 the [PCRAISI®083hot her
aspect of the invention, the aquarium 150 nmay be adapted for experinental

or research purposes, for exanple to study the biological and chem ca
processes in 10 aquatic systens. The artific~.al seagrass 166 nay be forned
of ribbons 172. The ribbons 172 may be in the form of individual mats or

pairs of nmts, like_theg.m shqown ,i n. Fl 1. bu ized 15 to fit in the
aquariun11%%§u?huﬁ§é87394 2?8 ﬁ%etﬁﬁfﬁﬁéﬁx)% Y%%?EWBbEB Bedﬁéﬁpﬁge he
respecti veoxygeist tabedotfi Rbaws 1272 i 1dS qradris Qfet heisape sithRet chemdstryare
not shown fgr?lhe sake.of clarity. The mat structurgoigPshomn in FIG 1. 20

I
The seagrass FPppdlECL#3 FEAYFHd O F&A UM ABA Feds b H8d of any of the
ri bbons 12, 40, 50, 60, |20, 130 di scussed above. The di nensi ons and

mechani cal characteri®tics of the seagragé%ribbon§a172 may _be the sanme 25
as t1hose of the riBBbnd Saowm MR 5.0 13 NHRHparx NQul &r 2RtPe seagrass

ri bbons 172 may each be forned of a buoyant |ayer 30 adhered (34) or
otherwi se connected to a high surface area structure 32, 52, 62, 122, 124,
132, 134. The hightBarfape AiBg sthectndenaRi berededtion ppbndi brabe

bi ol ogi cal ey o B aguari 5Q. fer ody hi gh
surface arce%{ g\%ﬂi}:f u‘?é{:?gnf g!r'!rére:%Hg]frapgla c?lrfes?ilﬁgﬁ qi%\dongg?lg%gggéﬁféggwar ch
2002 PCT/ Ushgipogrso pananshpe r 140nmy Pleg aysisid g0 prefase andlysbbonss172
o 11 0alafiyd G SYEEAEE ObabBE MRl ol 3 1T ANENOKC 195 1By Deco

y eto

f
sufficient Tl exi e bent easily into the desired position on the
bott om of ndwlayuatdTatedorebasxamplye deelpe wiridtior tie nilyi dleebetbiidto a

repeati ng : 'S enti ne shape (as shown for exanple in FT_G 1).
AIternathﬁﬁ%%gfﬁ%?ghcﬁ%?'l4 may follow a curved path, and the anchor 14
may encircle other objects in the water. 10 The anchor 14 rmay be buried in
the gravel 162., Al terpativel

it can_rest t surface of th ravel 162
hs shown i n P s HRE SRt A SoRauRY 2 RF SR et T
vdld eys i mitdre Praeesidpoat at heehott amoaf tthe agimtdpdb0sqidrdbdreover,
t he anchor 14 should preferably _not have a tendency to return to a straight
line ori et3dorf? cwgﬁmaﬁ%% ?%Eagg?ﬁgpﬁn5f hé& Q&ﬂ%ﬁlﬁfﬁq etain in a
desired cweted 4 hepdr posa{yiva, udedbkbephledanty @i sSHICIVAS & et eflr 20

copper wire 15 (FIG 15%% naé be located within the hallast 24 in the
anchor 19.F MG s sRyreR Phr bOGhPRRYAEH i S%emit/h ‘eER6rti on of

the anchorc bt iHe v feidbeABYybEnae2abed ct @ dpiadlivees 1dY ehgsidon bet ween
tge metal and the water. Alternatively, the ballast 24 may be fornmed of
0 Nitrobacter, the primary genus involved in nitrite/nitrate

reduction.

Further, characterization of the density of the third
layers 124, 134 by porisimetry shows that the permeability
25 or diffusivity of the layers 124, 134 is another means of
describing its limitation to oxygen transport. The .size of
the pores in the layers 124, 134 and the relative thickness
of the layers 124, 134 both affect permeability.

30 Diffusivities less than D, = 1 x 10°° square
centimeters per second for water in the third layers 124,
134 at the surface of the buoyant layer 30 generally

produce sufficiently low oxygen mass transport rates



25 bismuth shot. The shot will provide sufficient weight to maintain the

anchor 14 in the desired position in the agquarium wth no t%@wzé

return to an undesired position. 30 The shapes of the ribbons may be

the sane A¥OPHL®BS of the ribbons 12, 40, 50, 60, 120, 130 diFCaWEss8A08T50ve.

The ribbons i 72 may be econom cally provided in the formof sheets with

el ongat ed anchors 14, like the structurest&Shown 26 March 2002 ~ WO

991 17605 31 PCT/ US98/ 20875 in FIGS. 1, 19 and 1~. These sinple, |ong

rect angul ar shapes may be economi cal to nmanufacture. Alternatively, the

ri bbons 17 e | 0 e.cl I lLe real aquatic

seagr ass. r%ly o&?;thtg{sée%grd%lgfaj%%egz{)é ggédtécgggh‘l%cgﬁ%%@igﬁ carge

aquari uns, coumch aortshose e | e zaowk] slaed. al $hei adddwlilonagufam uns f or

honme use. rovi de .enhanced aesthetics fﬁ(_?r éﬂ% aquariym 150, i ndi vi dual
TR | lﬁj

To
ri bbons 1723f&y & priotd ded Separt et y* of POGPoGIS UES YRS t he

avai |l abl e spa¢dnanthd amire dwsed y1 A0, resenbhetheal regageasshelhe ribbons
172_may be provided .in different lengths to fit in different size aquariuns
1507 | f de?ierrgﬁ,a%tlﬂ-e‘trX stfiefze%fg]b%o predreed FHLFESgVREY-onger 15 than
woul d be required by a typical pet fish aquarium The operator of the
aquarium 150 woul d cut the ends of the ribbons 172 to the desired |engths.
The artificial &M ISF SeRPYe RN oL PYSTF de220 LéddatéPwt FESHS sh

170. Thus, ttB@sBeesH JupriH 10Mis Qﬂaw@t@n@wnaén%ék%&o operate
the aquarium 150. Little or no supplenental Teeding through the top 160 of

the aquari GFPES6TFaP ThdNe AT dd FROMFHRE t hePXYIEN 1701 ABFabéogedsr at ed
najgrally gpdyregemena eddbe,lhn ardiddd i 49, o807 a2s5584c Ihe food

generating and regenerating function may be Tnitiated, esired, by

i npl ant i ngtopnsREGtEsr Ay g ffirsdicentin ditd oratect e3snd theoraheshipdgh surface
area strucpt .t j fi gl .Seagr. a 0 pect h

i nvention, &Fﬁguggﬁ'?gn%yaﬁl&%lggj 5310?%‘?1?532)36‘2? eé%llé(g%%)?)?aggdogé 5(5 ?ﬁce hi gh
surface armagsttudeuhs giert éamarfadctafr emafgdmiec asdlfitesalnseagrass 166,
bef ore theag&ti Ei iiales eagrass 166 is packaged for distribution and sale to
consuners. 28 Frch=2002 ' WD 99/ 17605 PCT/ US98I1 20875 32 In a preferred
enbodi nent, the artificial seagrass 166 is both buoyant and flexible. The

specific gravity of.the agrass shoul d be near to that of ter, .however.

"5 oroviding FRECESagr S8 ARl P e R B E LGy bRy LAREE

artificial aseageasstikGmosways rfente Y ahandddand NLéyersalee, | 582 in the

manner of real, seagrass, tq provide a visual ysi teresti ng%?gg appeal i ng
t

effect. ThHRTSEHGFSsS*¥E5shdu Itg‘eprpe‘feéreé"ﬁiey Hhuoy ¥ to

increasing the local gradient for oxygen saturation in the

20 vicinity of the second layers 122, 132.

The two diffusivity phenomenon discussed above,

controlled by the permeability of the seagrass structures
120, 130, allow anaerobic and aerobic processes to proceed

25 simultaneously only microns apart. Thus, the seagrass
structures 120, 130 have dramatically improved performance
as biological filters. With the present invention, water
contaminated with high levels of nitrates, nitrites, and
ammonia can be treated by a single filter type at very high

30 mass transfer rates. Thus, for example, the invention may
be particularly useful in the treatment of agricultural

runoff in constructed wetlands.



10 stand rigidly upright in the water. The water current to nove the
artificial seagrass 166 may be generated by the bubbles 164, ,gr %} 02
repl eni shing source of water (not shown). The flexible artificCial seagrass
166 may avoOPIéédoved by the swimiing fish 170. The novenentPCITUIIRR0BTS
artificial seagrass 166 in the water 158 contributes to nmass transfer of
nutrients and other materials between thé&0Oartificial seagrass 166 and the
wat er 158. The artificial seagrass 166 nmay be inexpensive to 20
manufacture. It may be easily produced from | am nated sheets of stock
materials, for reifici e .hav e

i ndi vidually nﬂfﬁggygﬁﬁelggf?fla%ﬁ ég§£§§§%q%%%&%§%g§e§8§§%ﬁ§%€§?é&ﬁ%r
fol ded i ntoheompactfphbkagés lingr adicstuhichvainl smdl sayecfThegartificial 25
seagr ass 1(?6 ma% gg col ored green .or tanootsher col oreéo obt gion thetglesi.r ed
or nament al “e¥1@tY SO TREYdrt'i FPO S §§deé§s %ﬁﬁf?ﬁ@' Ig% BAOGSEY 8% dfove
excess nutin etits padiphytaxi adgeduciorasirampienbimer abesed aagidly
phaosphat es) fromthe er . 158. In this reqgard, to control _or inprove the
i Tty oroahte b, BpL1BhE" iRBToron A S netEr EPR 61 ap SEadgPae S bh
may perfordpideia) 260ML6D0d0@2A 1 WS bt PRy US981 2081533 agaa@e

bi ol ogi cal and chem cal functions as those discussed above in connection
with FI GS.faed ssoufee dbyi RAERER CsSRGCASS BB Theds of Sof bFbvi aEUSERG8RISN 5

shelter foind heofi®hkd70. sTRB18ENELUE13 H8APTESSs 106r MBYy Rk 80p BRAQYE the
overal |l aesthe~ic appearance of the aquarium by providing noving passages
and obst ad?ead4@fiene FednRCeAOtPF iUt QaRash RindS @l wohd. inorgRaic

arqtq fici al a f of Lal . hase of
CRS £ bbors Bty pr £8P TR 129, et Ao T OB EEe) By BR k0
artificialdenshsigagofandnanryi specdles| aiieh B3R Wﬁ@i’@h@!ﬁtlgg papobda,

provi ded 1 Seeul GifiesariLhaeial EsabypiRlants |5 yed hendegi red 15

| ocat i on. icial stens 180 nmmy be forne or extruded
pl asti ¢ nepmdiaficadhky apenéftitabyl cheeset@¥alnywheanmrmba afet hbrsmpe

| ayers of ,bhugyant_an i gh rface area structure materials di scussed
above. Théo%sl%{hnéﬂ?lfgcgﬁcgr%%EE‘PPGMures on the artificial leafy plant 168

205may be used to generate food for the fish 170 and/or to control the
quality of the ter 158, in the manner di scussed ove. i n.conpect | W th
the artificial Uimgpaseraah? SESEIRAERS REBRNY (11 40 pl At sod66: 2068 my
forman i rit3grsioykd tpoé £ @nablyc Bl @dalp o MWL fner Hi whdgy aadhot

ecol ogy of. aquat.ic sgitens PriTted edug%tionaL mat eri al s %not shown) may

be provi défAF" tHFS DREBLGELRI LR O &P SIEHAM Y ant sTA%6, 168, as a

Kit. The 3xteducatd ongl tmat eibBbssmay,expl,aisw heeg t ey tildo cdal nptants
125, 168 interact biologically wth the fish 170 and {he water 158. Thus,
t ke artifidGSAMRASHLE? 16851681 RAy UFdNGs §§ A teddc Rt DeEpt 898bich as the

"food Chaidbd'se’%i}ﬂeﬂé‘lﬁy, 20e MaEER 200223~ beOmRRe! IS alyveear D@5 0gy and
e edu

water quality. cational kit may be conpl enented by water sanpl e test
kits for defa mnf wayY Wweg eflyanprt pndpeeusedjiadhetlielr ¥ ng blcteria

cultures, And B, CrASEOPESHERE YhEWRY 50, 60, 120, 130 may include
one or more additional layers (not illustrated) or
25 materials for reinforcing, preserving or protecting the
ribbons 12, 40 50, 60, 120, 130.

Referring now to FIG. 8, synthetic seagrass mats 70
may have ribbons 72 with buoyant structures 74 secured to

30 their upper ends. The ribbons 72 may be the same as the
ribbons 12, 40, 50, 60, 120, 130 described above, in which
case the ribbons 72 are buoyant and the buoyant structures

74 provide additional buoyancy. Alternatively, the ribbons



5 mcroorgani sms growing on or ~.n the ~icinity of the artificial plants
166, 168. The artificial plants 166 168 may be fornmed of dur qh 8h ials
for ease of handling, shipping, packaging, cleaning, and reuse. Re “above
-descri pti omg endesdr aw NnGS are onl ~,: illustrat~.ve of prefermpegdasapodrsrents
whi ch can achi eve and provide the objects, features and advantages of the
present 15 invention. It is not intended tdyat the invention be limted to

t he enmbodi nents shown and described in detail herein. Mdifications com ng
within the spirit and scope of the following clains are to be consi dered

part of the clalned invention. 20 Throughout this specification and the
cl ai ms mhlcﬁ f BRFoke éﬂﬁﬁﬁgtWﬁ%QﬁﬁnQ%ae?%hﬁ?#EsogtH@Pwp§emoﬁﬁeoﬁoﬁée

"conprise", hagd \é@rrlf@fcleora&e%m&aﬁn COATRnA 86812 88032 ¢08BPT §oNgTpoW hbgbe
under st ood to i mply the inclusion of a stated i ntegef or step or roup’ of

i ntegers or 1d€epd 3Butessir ibrd rdasie wgﬁdﬂhb¢haﬁ§séthbﬁ Prewgat or step er
group of I NLegaLe 06 <ShaPPr Al ae 20 1 Nﬁf&*}n@QQZ % bByncd ALALOA! LS

structure, conprising: ant mat er and a rea structure
fcr bronntlﬁgpbpétogheawl@hmmﬂlﬁﬂ}sald synthetlc structure. 5 2. The
synthetic structure of claim1l, wherein said high surface area structure
includes open cell foam 3. The synthetic structure of claiml1l, wherein
said 'v high surTaeebaDean$tmﬁnnMMRnknnrbﬂesapobgofefmadoofsppanpoéyéster
batting. 4. Tg e§§ % eti structurn_et ml., gaidthighlsurface
area struct BPeYFHRYGGRS éWbﬁ%f@u? %ﬁuﬁ%ﬁ ﬁ% Pa ??%?8 MBLe€Thd synt heti c
structure OThélBuayéntWhe&mdtmﬁysiﬂmﬂm&yﬂbéﬁﬁdﬁefédjn§tﬂd§5e@|@§ed cel
fo 20 6. The sKnthetlc structyre of cIa“%}S, further ngrlsin at | east
b'e? n f

one*ti bbon, °E3F % F@haEBFPREéa§Fe§ SYREUr ?nu?R%r PHP cPahhe

el ongat ed sﬂb}poﬁslppgrteqihayma@sd 70 ekan, b@ﬂ.ﬂsé’&he&@f rSdideChbosedgcehl foam
isinthe formof an elongated strip adhered to said hjgh surface 25 area

structure. 95O ThR SHheEREe ”§tP&@t@HQQﬁlqﬂ%ﬂ?ﬁ??rf%ﬁth%rté%nﬁFP%an
adhesi ve me¢epbalmbéneat ad sbetiwaan asiv@ el ongated strips. 30‘

15 Referring now to FIG. 9, the synthetic mats 10 shown
in FIGS. 1 and 2 may be arranged in spirals or other
substantially closed contours to serve as shelters or
corrals 100 for scallops, mussels, oysters or other
molliusks. The corrals 100 may be especially useful for

20 collecting and feeding spat. By making the spirals more or
less tight, a single length mat 10 may be used to make
corrals 100 having different internal diameters 104, 106 as

desired.

25 In operation, scallops (not illustrated) may be placed
in the center 102 of a corral 100. The spat (larvae)
migrate radially outward from the center 102 as they begin
to develop shells. The growing spat attach to the
individual ribbons 12 of the mat 10. During the growth

30 cycle, the mat 10 attracts and promotes the production of
food in the immediate vicinity of the rapidly growing

juvenile scallops.



8. The synthet;c structure o claim1, further conprising ribbons ha.:rng
frae upper ends, and wherein said buoyant material is [ocate%sq@mﬁﬁbgojree
upper ends. 26 March 2002 -36 9. A synthetic seagrass structure for .

simul t anecygloy Vi di ng food, preda~ion shelter, and breedi pgrpelbagarent
for biological species, said synthetic seagrass structure conprising: 5 a

plurality of ribbons with free upper endsj;,and an anchor structure for
anchoring said ribbons to the benthos; and wherein each of said ribbons
include (A) a buoyant |ayer for causing said ribbon to extend upward in the
photic zone 10 and (B) a second |layer structured to enhance bi ol ogi cal
growt h, sai d sedbmein| arer spahchavacsgditArgda itgh the fMecle B e@aBtPActure for

promoting BiALO0L £8he 8" QLN 00: $2LALELORANS . 33 (UL Sl Apepbea
structures ‘bei ng separate from sai d buoyant 1 ayers, and wher el n- saj d hi gh
surface ar gzesimacenr£gnds of matd d€couwevieaysr $heavsradl lsap$ afteomr ea t hat

|5 greater Lhan of; equal Locongo SOYALE MBLRL pet Gram; d0. The synihetic
seagrass structure’ of tlaimo, erern sard ribbons are drranged TN Fows.
20 B1. The Zymaethe sepgiadsostraft uhe dfl exlidilm Snolver enernsai 4 ramd are

spaced at intervals of fromabcut five.tq,about fifteen centineters., 25 12.
The synt het % saéhcg}?%gsm%??ﬁcﬁgr’@agf IDSI ép%lé‘?e&hélpeirﬁlssaq oﬁb%cfgiaa%tiﬁaglgr S
include a peyrytfagéastic closed cell foam 13. The synthetic seagrass
structure of claim12, 30 wherein said closed cell foamincludes

pcl yethyl ene. 14. The synthetic seagrass structure of claim 12, wherein

sai d closed cel Itifioamuneh ugies poeyunet hagentlsn, TR asy M vLr eagd ass
structure of claim 12, wherein said_closed cell foamincludes

polPpr opy| SFEWED FER WHP R hCVHR L S MBL Yo 27565 SPETPYSYSIPEB A5 SRS The
synthetic $RAGASS StFuctWre 5 ﬁf@bﬂﬁéza food source, predation

shelter, and a2 hcldfast material for harvesting the grown

species.

15 As shown in FIG. 10, synthetic mats 10 constructed in
accordance with the present invention may be arranged
parallel to each other and in a staggered manner to
accommodate fin fish growout over a wide size range. In
regions 110 where all the mats 10 are adjacent to each

20 other, shade and maximum predation protection are provided
for young fish. 1In the offset or spaced regions 112, more
open area (less cover) is provided for larger fish. 1In
addition, the spaced regions 112 provide increased
photosynthetic exposure to increase the production of food.

25 The mats 10 may be aligned East-West (perpendicular to
North) to maximize sunlight exposure on the mats 10 during
the middle of the day. The underwater terrain may be a
factor in determining the desired spacings between the
mats 10.

30

FIG. 11 shows another plan layout for the flexible
mats 10. As illustrated, the ends 118 of the synthetic

seagrass mats 10 may be overlapped to form predation



wherein the specific gravity of said buoyant |ayers is fromabout 0.0S to
about 0.6 grans per cubic centineter. 5 17. The synthetic Se?ﬁ%ﬂﬁéhzooz
structure of claim 12, wherein said ribbons are fromone to five -
-cent i met eMOW/t0HNd fromone to four neters |ong. 18. The POTIURIBREBTS
seagrass structure of claim17, O wherein the stiffness of said ribbons is
from0.5 to 3.0 grans per centineters as Beasured by ASTM D5392. 19. The
synt heti c seagrass structure of claim 12, wherein said second | ayers

i nclude an open cell foam 15 plastic material with cell sizes in the range

of fromt a m crgn 2Q. e t i agr ass
structur;%ﬁ¥%§%$¢é§g,ggggge?%8éaiggsgggn rFé%ng%?hgﬁﬁﬁguifne cont i nuous
20 fil amentsvdorappegd a wonpl exnihpse diiddndicomala idtablet ure pfobiatd i ng

havi ng a surfhace area in ltlhg.ran?ewgl‘,l frﬁgp one tq one hur}/czire square neters
per gram Z1. 9fHe"SyRTherT ¢-88agf 845 st r aCfuré s cPEIoM™2,°25 wherein said
second | ayers i lppiteg acpothesmgt agnbar 108t eniyabeadkereethiine s aisd huoyant

| ayers. 22.. The synthetic seagrass _structure of claim.21, further

comgr i si ng THRGTEIR <O F of "enFEALY ho®hl GARCGr GRENPESA°CIE AT M s bei ng

| ocated wi tdygl s d 19198 Oagu gt abukpeciiekebeahg ra2BelBr e PQAhe38 23. The
synthetic seagrass structure of claim?21, further conprising nutrients for

enhanci n g B¥dA® % Sgrowt h, said nu~rients being | ocated within said
porous granular material. 24. The synthetic seagrass structure of clam 21,
further conprising nutrients to encourage the Gowh of m-creorgar.isns for
envi ronnment al  clEarflifES sa? ot hut FRenPatpelAgarBcaeedenienied sai d porous

grapul ar mateydmleido 1 Jhe, syphbet gl seagrasgesthet Wike .k Ghai 21,
further conprising m croor?anl snme inplanted in the high surface area
structure. 125 usth@s\on hetie BEAGEHSS, sthacvave artépai mf23hewrdbdionssai d

nicroorgamf@“iﬂ'u§65¥3$gﬂﬁgré§use the mats 10 to have an uneven and

constantly changing profile in plan view. Depending on the
amount of motion in the water, the ribbons 12 could wave

15 past each other and slide past each other which would
increase mass transfer between the mats 10 and between the

ribbons 12 and the water.

Example T
20

120 synthetic seagrass mats 10 spaced five centimeters

apart, and with sixty ribbons 12 per row, were deployed in
a series of freshwater ponds having an average depth of one
hundred thirty centimeters. There were 30 seagrass mats

25 per hectare. Zooplankton production in the ponds, as
compared with control ponds without the synthetic mats, was
7 to 20 times greater. Walleye raised in the seagrass
ponds were 18% larger than those raised in the control
ponds after the first 52 days of growth. Survival was

30 statistically no different during the first 52 days,
between the control ponds and ponds with 30 mats per
hectare. However, in the 0 to 92 days time period, the

fish not only grew 31.8% larger by weight, but survival in



27. A nethod of controlling an aquatic environnent, said nmethod conprising
the steps of: providing synthetic ribbons with a high surfac
structure; causing upper portions of said synthetic ribbons ?§QQE@QEQ%QFHH
sal d aquaW@9¥1™0% onnent ; and causing water within sai d aquardcTUSIR0O8TSNENt
to contact said high surface area structure, and usi:~g said high surface
area structure to pronote biol ogical groash on said synthetic structure.
28. The nmethod of claim 27, further conprising the step of providing
nutrients on said h~. gh surface area structure, and wherein said step of
causing sapd_u [, .portio f sai qd syntheti i bbon o.flat wthin.said
aquatic enbg?o ﬁgﬁ g&c&r%%fﬁ%fgﬁh%mi?cy%%j%O%t%%'o§4%r}B~%%%ﬁ9ﬂ§€ﬁﬂ%j
nutrients pondaid hehcenmbfiaee iare Stthedairewo £26tdBEchw2@Qt 3%d 29. The
n; et hod of claln1fg, further conpris%&g the step of renmpving nutrients from
n

sai d aquat TETEAVRFONREAPE 3G2TRY STt P AR 2 PF2FUCELPRhER E&fpri si ng

the 5 steppehdselnemi 30gmaRisalbel Qo £k apliat g £3 epvh 5 OBFERMhaBY that
blﬁgccunu7.at|on en said synthetic ribbons. 31. A synthetic structure,

compri si ngtOBRBYaRt TRl EPNAFOLaRPIEF 1 | retMEn P RRROPAVRERh tB&Ef ace ar ea

structures; fefesb8UL hapeedsky iPHQMRL i7Hk agl Okl £sand, apagt ehiigeeactions in
wat er, said buoyant material being | ocated between said first and second

hi gh surfaéel bt 8at3PRutEdr 8SNiENEhi dif SUrFR® i ekl St Favedr Bsodustdsad f or
pronmoting bigtggical 1~ growh on the synthetic structure. 32. The
synthetic structure of claim 31, wherein said first high surface area
structure includes coarse open cell foam 20 33. The synthetic structure of

cligy m 31, wherein said first high sgggggg aéga structure includes high

| oft, spun bond material. 25 34. Th structure of claim 31,
wherein said second high surface area structure includes open cell foam

20T SYTLTES G PR VBB SRR WAL S SeeEny g U o
31, whereistsactuféershoandise€dnd Bi gersurdegde wrdaistfnesnrestare for ned
Choreed! e punehed shokadogtendyes Ly s vt gmiegiel and
15 ribbons). The spacing between mats was about 7.5
centimeters. The ribbons were about 2.5 centimeters wide
and one hundred centimeters long. Smallmouth bass reared
in the synthetic structure showed 2.3 times the survival of
fish in control ponds without the structure, and the fish
20 were 43.5% larger in the ponds with the synthetic seagrass
beds. The zooplankton production in the ponds with the
synthetic structure was 12 times that of the control ponds.
The effective fish population that could be supported in a

pond with the synthetic structure could be increased 250%.

25
Example III
A synthetic seagrass bed with the composite ribbon
structure shown in FIG. 6 was deployed in rows of ribbons
30 about 2.5 centimeters wide and 45 centimeters long. Each

row contained 24 ribbons. There were 20 rows of ribbons
per bed. The spacing between the rows was about 5.0

centimeters. The second layers of each ribbon consisted of



26 March 2002 40 structure is thicker than said first high surface area
structure. 37. A nethod of operating an aquarium saidlnethogeqﬁggﬁbéb@g
the steps of: providing an artificial plant with biologically active -
-mat eri al aWmP ¥IAeAgh surface area structure, said biol ogi cal | PCXAtSI%20875
material being |located in said high surface area structure; subsequently,
| ocating said artificial plant in said aqkdri um and causi ng at | east
portions of it to float; and subsequently, generating food for aquatic
species fromsaid biologically active nmaterial. 15 38. The nethod of clam

37, wherein Ld.s f, JRr avi.di. g artifici . pla ' id
biologicallggg%gﬁv gﬁggéﬁra%x¥hcq%ﬁighthe %%%%C%$$%ﬁ o?%o%g%?ﬁg%nutrients
and bacteriparbiolsaidzei gif dir frHcercarea stsucface. a26a38f B8O setbad of

claim 37, fug%her conpri sing thegquegf q;iqg saj d_hi E gﬂ{face area
structure t9°EoRTr BF Tt E78TudNG ¥ ofr® VeitdF® iRC 5 T aqusFi Gm 2285§8°™Phe
met hod of cthenbdd, wabeseaibmesajed Strep! Dfcdrociate tersabd aatekicial plant in

sai d_aquar~urn includes the step of locating artificial seagrass in said
aqua?iunl 41. The nethod of claim 37, wherein said step of 30 |ocating said

artificial plantsifusaicddageatigemerralugdeas e simpedf thosaghngnan
artificial lea'y plant in said aquar_um_, 26 March 2002 -4
submérged bed at an average linear velocity of 30
millimeters per minute. The water was doped with nitrate
(one hundred milligrams of nitrate per liter) and phosphate
10 (five milligrams of phosphate per liter). After allowing
twelve days for a bacterial community to become
established, it was found that 92% of the nitrates and 76%
of the phosphates were stripped from the solution on a
continuous basis. As compared with typical Hydfaulic
15 Residence Times (HRT) in conventional sponge biofilters,
the synthetic seagrass bed, deployed and used as an
artificial wetland, was 90 times faster than conventional

filter techniques of equal HRT.

20 Example IV - Biocaccumulation

A synthetic seagrass bed with the composite ribbon
structure shown in FIG. 6 was deployed in rows of ribbons
about 2.5 cm wide and 25 cm long. Each row contained 24
25 ribbons and there were 4B rows of ribbons per bed. The
spacing between rows was about 5 cm. The first layer of
each ribbon consisted of a buoyant polyethylene foam having
a specific gravity of about 0.12. The second layer of each
ribbon consisted of a porous granular coating of silica
30 particles having an average size of 60 microns, a surface
area of 280 square meters per gram and an average pore size

of 120 microns.



A42. An artificial plant for an aquarium said artificial plant conprising:
a flexible buoyant layer; and a high surface area structure §ORRGG ffhot O
said 5 flexible buoyant layer; the H gh surface area structure |s used -f or
-pronot i ngwlj ®legiscal growth on the artificial plant. 43. Thecersoétezral

pl ant of claim42, wherein said 10 flexi bl e buoyant |ayer includes closed
cell foam 44. The artificial plant of clai m42, wherein said high surface
area structure is adhered to at | east one side of said flexible buoyant

| ayer. 15 45. The artificial plant of claim42, wherein said high surface
area structure includes a layer of filamentary material. 20 46. The
artificial planThefbedaivms4sudmandeedt kﬂnﬁﬁ|%¢%@R@ﬂtaﬁ§h©f VaEegeanfli ng

sai d pl ant 1, BEcHOLY MLl WIS AUANI LN, Aac AfBLEaLhpBBL KL or USe

wi th an aquarium conpri’sing: an arti twt ®surface
area strucsurmenged bed promnt iavydsigs dginsdr grelwbiop ofedartificial

pl ant, I r rint.ed rial S | g ctlon
of said 3gmglrffxﬁ¥‘§|@%§ gf\égn ?‘Pil%t e gzqhuarklgreﬁémewéﬂ,%f @ f ca%ll 8%g§tkl
clamdar, m@wt&inlsgid abhwhmmuwnqﬂenutHIEﬂthEDtMOyEDfCGHBé*Labn ) 35 49

The educat kit of cl 47, wh h surfa truct
el udes 1 PAneRtary Srasertal op S5 & sos o kb, SRpiarers fefal

seagrass séixl,ct@ief{lgﬁoanlaqu@mlewmatsa af 1wk i fd toa aéusﬁa@i@:ss sbructure
conprisin flexible trl % buoyant | ayer s and._hi urface area
structureg"“i”orl1 Cd+Bndt ﬁﬁsgiéfﬁgg Y SRS the] y,? sai d high
surface arggl 5igHehyr gerbek agrconmetheQd teh sl f | exe bber hupyandrh ayess;
and a flexible anchor for securing said strips to the bottom of the

aditari um 3R & f FekP bt eraRénhsiMBeiAt§ Y rﬂléd:rld}g Wath sof tlyerki PR 3t P ps.

having 100 parts per million chromium 6+ valency and 100
parts per million zinc 2+ valency was pumped through the
bed at a linear velocity of 25 millimeters per minute.
After passage of 185 liters (1 bed volume) through the bed,
15 the effluent was measured and the residual levels of
chromium and zinc were found to be 1.1 parts per million

and 2.3 parts per million, respectively.

To determine the capacity load of the system,

20 simulated plating bath solution was pumped through the
system in 50 liter batches until the effluent
concentrations of heavy metals reached 5% of the input.
Chromium and zinc loading reached 17,850 and 13,670 liters,
respectively. On a dry weight recovery basis, the

25 biological growth on the surface of the ribbons was found
to contain between 7.5% and 11% heavy metals, by weight,
complexed in such a way as to preclude their future
biological availability. This demonstrated an 1100 fold
concentration capability.

30

The immobilized metals associated with the
biocaccumulation process can be stripped from the flexible

ribbons by acid exchange. Alternatively, the fabric mats



51. The artificial seagrass structure of claim50, wherein said flexible
strips are fornmed froma single sheet of material, and wherebgSriodpchor
is formed fromsaid sheet of material. 15 52. The artificial seagrass
struct ure wboltadom 50, wherein said anchor includes a tube ardrisbdzasts
material in said tube. 53. The artificial seagrass structure of claim52,
20 wherein said ballast material includes2hismuth shot. 59. The artificial
seagrass structure of claimb50, further conprising a wire for naintaining
t he shape of said anchor. 25 30 .A Ay,. A9 A@A@ Ale, . Ay . AHS Af. A

.AF[. A fr. AnS. A A, . Af Al A A A AS L. Af. A A5

AN AS AShEap ot A&Rrﬁ@’%r z]e\sayﬁaﬁ saieStol g
| wrl f° [ V] cademdared C\{}ﬁl]:B’\ﬁbﬁa]aﬁabéa];éa}'@@}(c‘l@]l%@]yqa]mﬁ] Gl€sdg@] cal cal cal ca]
ca] cal ca] c"a] ca] cal ca] ca] ca] ca] ca£
YaQADHYN\ ¢ e} ket ‘d“%] cdAF¢afedfcafc Féé]:ca]zca]lé‘ﬁ]sca:]}]r?aﬂ@aﬂ‘ca]%@a]kﬁa] td)cajc
a] ca] cal ca]cla-]:csa]@eel Kﬁl‘@@éé@-lﬁ@] gskeal caheali¢ah®s the ability to alte

$UROBRE **| +wtd+, , H -} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca]5ca] ca] éé]ecaﬂhﬁa‘]h%] Eay2h§Ray caf 8 Apcafc aPGaeapdaten] @i usd cki%a] ca] cal -
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valency state onto a single synthetic seagrass mat. The
biomass grown on the total surface area of the mat during
30 the course of five runs was 21.47 grams dry weight with a

chromium load of 2.278 grams or 10.61%.
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5 establish suitable biofilms on the respective surfaces.
The structures were then deployed in a 3 cubic meter tank
at a ratio of 10 square meters per cubic meter of water.
The tank was doped with ammonia and sodium nitrate to
concentrations of 5 milligrams per liter and 200 milligrams
10 per liter, respectively. The structures removed 90% of the
ammonia within about 6 hours, and about 90% of the nitrate

was removed within about 10.5 hours.

Turning now to FIG. 14, there is shown an aquarium 150
15 constructed in accordance with yet another embodiment of
the present invention. The aquarium 150 has conventional
side walls 152, 154 and a bottom 156 defining a generally
rectangular space. The space is filled with water 158.
The water 158 may be fresh or salt water. The top 160 of
20 the aquarium 150 may be open. Alternatively, a cover (not
shown) may be provided. Gravel 162 (or sand) is located on
the bottom 156. The gravel 162 may have an ornamental
color, if desired. Air bubbles 164 float up from a bubbler
(not illustrated). Artificial plants 166, 168 are anchored
25 to the gravel 162. The artificial plants 166, 168 include
artificial seagrass 166 and artificial leafy plants. 168.
Fish 170 swim in the water 158 amongst the artificial
plants 166, 168. Shellfish (not illustrated) may also live
in the water 158.
30
The aquarium 150 may be sized for pets and home use.
Thus, the side walls 152, 154 may be about twenty to sixty

centimeters high, for example. The fish 170 may be
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In another aspect of the invention, the aquarium 150
may be adapted for experimental or research purposes, for
example to study the bioleocgical and chemical processes in

10 aquatic systems.

The artificial seagrass 166 may be formed of ribbons

172. The ribbons 172 may be in the form of individual mats
or pairs of mats, like the mats shown in FIG. 1, but sized

15 to fit in the aguarium 150. In FIGS. 14 and 15, the
ribbons that would be behind the respective illustrated
ribbons 172, as part of the same sheet or mat, are not
shown for the sake of clarity. The mat structure is shown
in FIG. 1.

20

The seagrass ribbons 172 for the aguarium 150 may be

formed of any of the ribbons 12, 40, 50, 60, 120, 130
discussed above. The dimensions and mechanical
characteris;ics of the seagrass ribbons 172 may be the same

25 as those of the ribbons shown in FIGS. 1-13. In
particular, the seagrass ribbons 172 may each be formed of
a buoyant layer 30 adhered (34) or otherwise connected to a
high surface area structure 32, 52, 62, 122, 124, 132, 134.
The high surface area structure may be used to promote

30 biological growth in the aquarium 150. In a preferred
embodiment, the high surface area structure is formed of

polyolefin.
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An anchor 14 may be used to prevent the ribbons 172
from floating to the surface of the water 158. The anchor
14 may be sufficiently flexible to be bent easily into the
desired position on the bottom of the aquarium. For
5 example, the anchor 14 may be bent into a repeating zig-zag
or serpentine shape (as shown for example in FIG. 1).
Alternatively, the anchor 14 may follow a curved path, and

the anchor 14 may encircle other objects in the water.

10 The anchor 14 may be buried in the gravel 162.
Alternatively, 1t can rest on the surface of the gravel 162
as shown i1n FIG. 15. The anchor 14 should easily conform
to hills and valleys in the gravel 162 at the bottom of the
aquarium 150,

15
Moreover, the anchor 14 should preferably not have a

tendency to return to a straight line orientation. To
enhance the ability of the anchor 14 to remain in a desired
curved or bent position, a malleable wire, such as a coated
20 copper wire 15 (FIG. 15), may be located within the ballast
24 in the anchor 14. The wire 15 may run through the
entire length or a portion of the anchor 14. The wire 15
may be coated to preclude interaction between the metal and
the water. Alternatively, the ballast 24 may be formed of
25 bismuth shot. The shot will provide sufficient weight to
maintain the anchor 14 in the desired position in the
aguarium, with no tendency to return to an undesired

position.

30 The shapes of the ribbons 172 may be the same as those
of the ribbons 12, 40, S50, 60, 120, 130 discussed above.
The ribbons 172 may be economically provided in the form of

sheets with elongated anchors 14, like the structures shown
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more clos

resemble real aguatic seagrass. Any of these products may

5 be used economically in large aquariums, such as those

found in zoos, and also in small agquariums for home use.

To provide enhanced aesthetics for the aguarium 150,

individual ribbons 172 may be provided separately or in

small groups to fit the available space and to more closely

10 resemble real seagrass.

The ribbons 172 may be provided in different

lengths to fit in different size aquariums 150. If

desired, the ribbons 172 may be provided in lengths longer

15 than would be required by a typical pet fish agquarium. The

operator of the aquarium 150 would cut the ends of the

ribbons 172 to the desired lengths.

The artificial seagrass 166 may be used to provide

20 food for the fish 170. Thus, the present invention may be

used to make it easier to operate the aquarium 150.

Little

or no supplemental feeding through the top 160 of the

aquarium 150 may be required. Food for the fish 170 may be

generated naturally and regenerated by the artificial

25 seagrass 166. The food generating and regenerating

function may be initiated, if desired, by implanting or

incorporating nutrients and/or bacteria into the high

surface area structure of the artificial seagrass 166. 1In

one aspect of the invention, the nutrients and/or bacteria

30 are incorporated into the high surface area structure by

the manufacturer of the artificial seagrass 166, before the

artificial seagrass 166 is packaged for distribution and

sale to consumers.
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buoyancy, the artificial seagrass 166 sways gently to and
fro in the water 158, in the manner of real seagrass, to
provide a visually interesting and appealing effect. The
seagrass 166 should preferably not be so buoyant as to

10 stand rigidly upright in the water. The water current to
move the artificial seagrass 166 may be generated by the
bubbles 164, or by a replenishing source of water (not
shown). The flexible artificial seagrass 166 may also be
moved by the swimming fish 170. The movement of the

15 artificial seagrass 166 in the water 158 contributes to
mass transfer of nutrients and other materials between the

artificial seagrass 166 and the water 158.

The artificial seagrass 166 may be inexpensive to
20 manufacture. It may be easily produced from laminated
sheets of stock materials, for example. The artificial
seagrass 166 does not have to be individually molded. The
artificial seagrass 166 can be easily rolled or folded into
compact packages for distribution and sale. The artificial
25 seagrass 166 may be colored green or another color to

obtain the desired ornamental effect.

The artificial seagrass 166 may also be used to remove
excess nutrients and/or toxins (such as ammonia, nitrates
30 and phosphates) from the water 158. 1In this regard, to
control or improve the gquality of the water 158, the

ribbons 172 of the artificial seagrass 166 may perform the
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The artificial seagrass 166 may also provide predation

5 shelter for the fish 170. The artificial seagrass 166 may
also improve the overall aesthetic appearance of the

aquarium by providing moving passages and obstacles for the

fish 170 to swim through and around.

10 The artificial leafy plant 168 may be formed of the
same materials as those of the ribbons shown in FIGS. 1-13.
The artificial leafy plant 168 has artificial stems 180 and
artificial leaves 182. An anchor 184 may be provided to
secure the artificial leafy plant 168 in the desired

15 location. The artificial stems 180 may be formed of molded
or extruded plastic material. The artificial leaves 182
may be formed of the same layers of buoyant and high
surface area structure materials discussed above. The high
surface area structures on the artificial leafy plant 168

20 may be used to generate food for the fish 170 and/or to
control the quality of the water 158, in the manner
discussed above in connection with the artificial

seagrass 166.

25 Further, the artificial plants 166, 168 may form an
integral part of an educational program on the biology
and/or ecology of aquatic systems. Printed educational
materials (not shown) may be provided in the same package
with the artif-cial plants 166, 168, as a kit. The

30 educational materials may explain how the artificial plants
166, 168 interact biologically with the fish 170 and the
water 158. Thus, the artificial plants 166, 168 may be

used to teach concepts such as the "food chain," and the
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connections between biology and water guality. The
educational kit may be complementsd by water sample test
kits for determining water quality, Petr: dishes for
growing bacteria cultures, and microscopes Ior viewing
microorganisms growing on or in the vicinity of the

artificial plants 166, 168.

The artificial plants 166, 168 may be formed of
durable materials for ease of handling, shipping,

packaging, cleaning, and reuse.

The above descriptions and drawings are only
illustrative of preferred embodiments which can achieve and
provide the objects, features and advantages of the present
invention. It is not intended that the invention be
limited to the embodiments shown and described in detail
herein. Modifications coming within the spirit and scope
of the following claims are to be considered part of the

claimed i1nvention.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of

integers or steps.
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growth on said synthetic structure.

5

2. The synthetic structure of claim 1, wherein said
high surface area structure includes open cell foam.

3. The synthetic structure of claim 1, wherein said

‘v high surface area structure includes polyolefin or spun
polyester batting.

4. The synthetic structure of claim 1, wherein said
high surface area structure includes microporous granular

15 particles.

5. The synthetic structure of claim 1, wherein said
buoyant material includes closed cell foam.

20 6. The synthetic structure of claim 5, further
comprising at least one ribbon, said high surface area
structure being in the form of an elongated strip supported
by said ribbon, and wherein said closed cell foam is in the
form of an elongated strip adhered to said high surface

25 area structure.

7. The synthetic structure of claim 6, further
comprising adhesive material located between said eleongated
strips.

30

8. The synthet:ic structure of claim 1, further

comprising ribbons having free upper ends, and wherein said

buoyant material is locatad at said free upper ends.
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I()-!Q8f5¥%@%égﬁg food, predation shelter, and breeding enhancement
for biological species, said synthetic seagrass structure
comprising:

5 a plurality of ribbons with free upper ends; and
an anchor structure for anchoring said ribbons to the
benthos; and
wherein each of said ribbons include (A) a buoyant layer
for causing said ribbon to extend upward in the photic zone
10 and (B) a second layer structured to enhance biological
growth, said second layers each including a high surface area
structure for promoting biological growth on said ribbons,
said high surface area structures being separate from said
buoyant layers, and wherein said high surface area structures
15 of said second layers have a surface area that is greater than

or equal to one sqguare meter per gram.

10. The synthetic seagrass structure of claim 9, wherein

said ribbons are arranged in rows.

1ll. The synthetic seagrass structure of claim 9, wherein
said rows are spaced at intervals of from abecut five to about

fifteen centimeters.

25 12. The synthetic seagrass structure of claim 9, wherein
said buoyant layers include a polymeric plastic closed cell

foam.

13. The synthetic seagrass structure of claim 12,

30 wherein said closed cell foam includes poclyethylene.

14, The synthetic seagrass structure of claim 12,

wherein said closed cell foam includes polyurethane.

15. The synthetic seagrass structure of claim 12,

(U%)
W

wherein said closed cell foam includes polypropylene.
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wherein the specific gravity of said buoyant layers is from

about 0.05 to about 0.6 grams per cubic centimeter.

5 17. The synthetic seagrass structure of claim 12,
wherein said ribbons are from one to five centimeters wide

and from one to four meters long.

18. The synthetic seagrass structure of claim 17,
0 wherein the stiffness of said ribbons is from 0.5 to 3.0

grams per centimeters as measured by ASTM D5342.

19. The synthetic seagrass structure of claim 12,
wherein said second layers include an open cell foam
15 plastic material with cell sizes in the range of from

twenty to two thousand microns.

20. The synthetic seagrass structure of claim 12,
wherein said second layers include fine continuous
20 filaments forming a complex three dimensional structure of
batting having a surface area in the range of from one to

one hundred square meters per gram.

21. The synthetic seagrass structure of claim 12,
25 wherein said second layers include a porous granular

material adhered to said buoyant layers.

22. The synthetic seagrass structure of claim 21,
further comprising nutrients for enhanqing algal growth,
30 said nutrients being located within said porous granular

material.
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granular material.

24. The synthetic seagrass structure of claim 21,
further comprising nutrients to encourage the growth of
micrcorganisms for envircnmental cleanup, saird nutrients

being located within said porous granular material.

25. The synthetic seagrass structure of claim 21,
further comprising microorganisms implanted in the high

surface area structure.

26. The synthetic seagrass structure of claim 25,

wherein said microorganisms i1nclude bacteria.

27. A method of controlling an aquatic environment, said
method comprising the steps of:

providing synthetic ribbons with a high surface area
structure;

causing upper portions of said synthetic ribbons to float
within said aquatic environment; and

causing water within said aquatic environment to contact
said high surface area structure, and using said high surface
area structure to promote biological growth on said synthetic

structure.

28. The method of claim 27, further comprising the step
of providing nutrients on said high surface area structure,
and wherein said step of causing said upper portions of said
synthetic ribbons to float within said aquatic environment
occurs subsequent to said step of providing said nutrients on

said high surface area structure.
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buoyant material; and

10

10 first and second high surface area structures for
simultaneously promoting aerobic and anaerobic reactions in
water, said buoyant material being located between said
first and second high surface area structures; the high
surface area structures are used for promoting biological

15 growth on the synthetic structure.

32. The synthetic structure of claim 31, wherein said
first high surface area structure includes coarse open cell

foam.
20
33. The synthetic structure of claim 31, wherein said
first high surface area structure includes high loft, spun
bond material.
25 34. The synthetic structure of claim 31, wherein said
second high surface area structure includes open cell foam.
35. The synthetic structure of claim 31, wherein said
second high surface area structure includes dense felt.
30

36. The synthetic structure of claim 31, wherein said
first and second high surface area structures are formed of
needle punched thread extending through said buoyant

material, and wherein said second high surface area
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structure 1s thicker than said first high surface area

structure.

37. A method of operating an aquarium, said method
5 comprising the steps of:
providing an artificial plant with biologically active
material and a high surface area structure, said biclogically
active material being located in said high surface area
structure;
1o subsequently, locating said artificial plant in said
agquarium and causing at least portions of it to float; and
subsequently, generating food for aguatic species from

salid biologically active material.

15 38. The method of claim 37, wherein said step of
providing said artificial plant with said biologically
active material includes the step of incorporating
nutrients and bacteria into said high surface area
structure.

20

39. The method of claim 37, further comprising the
step of using said high surface area structure to control

the quality of water 1in said aquarium.

25 40. The method of claim 27, wherein said step of
locating said artificial plant 1n said aquarium includes

the step of locating artificial seagrass in said aguarium.

41. The method of claim 37, wherein said step of
30 locating said artificial plant in said aquarium includes
the step of locating an artificial leafy plant in said

aguarium.
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used for promoting biological growth on the artificial

plant.

43, The artificial plant of claim 42, wherein said
10 flexible buoyant layer includes closed cell foam.

44. The artificial plant of claim 42, wherein said
high surface area structure is adhered to at least one side

of said flexible buoyant layer.

15
45, The artificial plant of claim 42, wherein said
high surface area structure includes a layer of filamentary
material.
20 46. The artificial plant of claim 42, further

comprising an anchor for securing said plant to the bottom

of the aquarium.

47. An educational kit for use with an aquarium,
25 comprising:
an artificial plant with a high surface area structure
used for promoting biological growth on the artificial

plant, and a buoyant layer; and
printed materials describing the function of said

30 artificial plant in the aguarium.

48. The educational kit of claim 47, wherein said
artificial plant includes buoyant material.

35 49. The educational kit of claim 47, wherein said high
surface area structure includes filamentary material.
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50. An artificial seagrass structure for an aguarium,
said artificial seagrass structure comprising:
flexible strips having buoyant layers and high surface
area structures for promoting biological growth on said
5 strips, said high surface area structures being connected to
said flexible buoyant layers; and
a flexible anchor for securing said strips to the bottom
of the aguarium, said flexible anchor being integral with said
flexible strips.
- 51. The artificial seagrass structure of claim 50,
wherein said flexable strips are formed from a single sheet
of material, and wherein said anchor is formed from said

sheet of material.

15 52. The artificial seagrass structure of claim 50,
wherein said anchor includes a tube and ballast material in

sald tube.

53. The artificial seagrass structure of claim 52,
20 wherein said ballast material i1ncludes bismuth shot.
54. The artificial seagrass structure of claim 50,

further comprising a wire for maintaining the shape of said

anchor.
25

30



