Substituté hé&et - 6 July 2000 -1- SYNTHETI C AQUATI C STRUCTURE, METHOD OF
CONTRCOLLI NG AN AQ UATTC ENVI RONMENT, AND AQUARI UM BACMGROUD) OF THE

| NVENTI ON_5 The present invention relates to a system for p;gﬁ@%& nd/or
control li H&OP’HE"B? owt h of biol ogical species. The invention reFat es to
a buoyant system for providing food, shelter and a nursery environnent for
bi ol ogi cal 10 species. The invention alsd relates to a synthetic structure
for supporting the growth and reproduction of organi sns suitable as food
resource material for nollusks, crustaceans, fish, 15 and the |ike. The

i nvention also rel at eSYN'DHETDdegQEu!aItOSTB.UdTbREaCMETDHbBt ogn systens for

renoving nutrien é§§$£§ﬁ¥§_§zéﬁ;§8, t erials 0 20 The
invention also r &&glg Eﬁ&l .@Egﬁhegkétgéﬁgbigg for
providing food, controlling water qual [ ty, pr ovi ding shelter, and/or
enhanci ng aest h yar i Pat e 9, 657

l,cs.in_an a ) 6

(Masami chi ) ref@&% St &St Re SQRELHRE lg?sﬁnnﬁPgFlgF &Léwgﬁﬁgk lid materials
to form ar Abb'EL&icalt:Lb&bNbat 99f/on 1f,iegn., Hid.est Magidly 43 ,r efswg edvHircibyis

Masam chi are intend or, use in relatjv hi gh ener wat er where
stur dy st r BcCOPESDEA glﬁé’e&é‘dparfhé’fst Ur-fet %r%'f fz‘é’rﬂﬁé'd’g%/t&% NArsani chi are
fstaéI iC V\Endﬁsubmlegessq aialaﬁt m@f rl;errSfB,V\l(ldlﬂg‘.V Jhavend @rtgave dicldduedsires to
ee i ch _wou ose the fish to pre at| n 0 er
structures tfhgt- m %ﬁg /04]1, 671 and 08}%&, 335

are incorporated hereln by reference.

10 .
BACKGROUND OF THE INVENTION

The present invention relates to a system for
promoting and/or controlling the growth of biological
15 species. The invention also relates to a buoyant system
for providing food, shelter and a nursery environment for

biological species.

The invention also relates to a synthetic structure
20 for supporting the growth and reproduction of organisms
suitable as food resource material for mollusks,

crustaceans, fish, and the like.

The invention also relates to biodegradation and
25 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
30 quality, providing shelter, and/or enhancing aesthetics in

an aguarium.
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habitat for marine life are referred to in U S. Patents Nos. 4,374,629
(Garrett) and. 3,540,415 (Bronl ey) and Japanese Patent No. 54-70989. '15
Prior art synthetic seagrass beds are used in erosion control systens +o0
inhibit thavoswsitsggort of sediment froman area and.to sinul PEWASY20878 nduce
the deposition of sedinents to forma berm The effect of viscous drag may
be utilized to maxim ze the efficiency of 2 he sedi nent 20 deposi tion
process. U S. Patents Nos. 5,176,469 and 5,575,584 (Al sop) and 4, 437, 786,
4,490,071 and 4,534,675 (Morrisroe) describe prior art synthetic seagrass

beds for providi pgger @3l @20, 5, 63YNid:d! -(M&sﬁmiﬁ’:ﬁﬁg”&1e'¥%-rs4t§9%h%29
(Wllinger) refers to artificial plant’s for aquafiums. The artifical
plants are beenod oflasslydse teirdsli @ndliednelaselddr oadle niatise thi fogh 30
provided by 53¢ 5025t bad iR M Qi bl 19, 1he Rl ded fmptey gy, The
artificial plants are sard to have i'ncreased surface area to support
bacteri a gr dwt Mafsemilghd| egiecdintended3 forf ivster dmi aelaThoediyt hfiighi ahepigant s

are al so sai i.d | di I s _for, fish U HE
TVERTT ON & ALEe: ARl Sl SeBildit ol 3980 el o T ML e
a synt heti c retfeagedr €0 bymMaissimigh ibamea st atdice ainal suljecd Hioglsceurf,ace
area struct fQr.,p td I @l ogi ar. ai t.het i :
structure. %%?br Fﬁgaggﬂghﬁt er%ghggﬁiﬁb#getﬁgg%gfggﬁro&%ﬂgﬁga’s&hgﬁgtic
seagrass st woutldr exposesiting tfamsdodsl wredatiidbnng f ood, predation shelter
and breedi ng enhancenent for
10 Other structures that might support or provide a
habitat for marine life are referred to in U.S. Patents
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 sxnthetic 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

IHE



15 bi ol ogi cal species, said synthetic seagrass structure conprising: a
plurality'of ribbons with free upper ends; and an anchor structure foran
anchoring said ribbons to the benthos; and 20 wherein |

ri bbons i n¥PPIA7CA) a buoyant |ayer for causing said ri bbon?’?gnjesgé%oﬁzg
upward in the photic zone and (B) a second |ayer structured to enhance

bi ol ogi cal growth, said second | ayers each I ncl udi ng a high surface area
structure for pronoting biological growh on said ribbons, 25 said high
surface area structures being separate from said buoyant |ayers, and
wher ei n saifili 1t gt ot f acEhar®et Sf1¢iCd lrpbants sare sbsondaidytosphavida
surface area that .is . greater thap or_gequal to one square neter per gram 30
Accor di ng t%?%ﬁﬁﬁk&ﬁdgﬁ%dﬂfﬁ%ﬁﬁ f rE*¥8- provi ded a method of controlling
an aquatic environnent, said nethod conprising the steps of: providing
synthetic rj &gi ;g%g @ higE EEEE ce area structure; causi ng upper
portions of2 to float within said aquatic '
envigonnment; and causing water within said aquatic environnent to contact
said high surface area structure, and using.said 5 high surface area
Structure to proet PHRErEYI LATSHEOAR HPERVEARE 8y RYRERPELS: phEbGraze:
Accor di ng teuemoidesyrthetioeséagbese, i §iphodi Heghasayfhbet kgeat ructure,
conprising: 10 buoyant materjal; and first and sec Ed high S rf%pe
areh structTHESCERFe s nHRPRARbLER boBL 3ot PniSatr BRI BOXARLANJUPBRRE the

reactions igynehéeticsabdgbasyanibpBherial thei paotoeatedebet mhenpsgaisdnti r st

and second hi gh surface ea structures; _the hi )
10 .ingentgon mayage used to sgmultaneouggy provide food,

predation shelter, and breeding enhancement for a wide
variety of aquatic species. The invention may also be used
as a bioaccumulation or biodegradation system for removing

heavy metals, nutrients or other materials from water.

15
In one aspect of the invention, the high surface area
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
20 batting, dense felt, high loft spun bond material, or
needle punch material. The high surface area structure may
also be formed within microporous particles.
In ano%per aspect of the invention, the synthetic
25 structure is formed of ribbons each having a buoyant layer-
and a coextensive second layer. In a preferred embodiment
of the invention, the second layers are structurally
adapted to enhance biological growth.
30 An object of the invention is to provide a method of

using a synthetic structure to biologically control or

improve the quality of an aquatic environment.
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15 surface structures are used for pronoting biological growth on the
synthetic structure. According to another enbodi nent there is provided a
nmet hod of operating an aquarium said nmethod conprising the 20 steps of:
provi di ng woanrdosi ci al plant with biologically active nmat @CBUS28878 hi gh
surface area structure, said biologically active material being |ocated in
said high. surface area structure; 25 4 subsequently, locating said
artificial plant in said aquarium and causing at |east portions of it to
float; and subsequently, generating food for aquatic species fromsaid

bi ol ogi cal | y actingg i @sdlet 3¢ the AMeNdigR it0 AN Rodigent there

is provided an artificial "plant for an aquarium said artificial plant
conpri si ng:SuPpdrdxithice idmpdy 2 aaduradi giregenesed iayee£0o0r uct ure
connect ed 0,530 £33 fdd Y hUQRRchANEe rp&% Wt dR S YET aCcG seea
structure is used for pronoting bi'ological gfomh on the art|ﬁ|0|al pl ant .
Accor di ng Verdedvhef amediiteenwirenamendspr ovi ded an educational kit for
usegw th an aquarium conprising: an artificial plant with a high surface
area structure 5 used for pronoting biological growth on the artificial

pl ant, and a budypathempiriecin@®htihet daviemtdonals deserioiidg ©he function

erbodi ment HAPAY ST o qagisa 12 M e Sk, simal MR prat ool !
aquari um bdaith fodd jagidalsheddgraFo s taguatice sperdeissi ng: fl exi bl e strips
havi ng buoyant |ayers and high surface
10 Another object of the invention is to provide a
synthetic seagrass system 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
15 of a given aquatic species may be maintained in a

concentrated area.

Another object of the invention is to support the
growth of photosynthetic organisms, such as algae, on
20 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
25 in length. "

The larger zooplankton are an important food source
for many aquatic species. By increasing the population of
zooplankton, larger aquatic species are attracted to the

30 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 aquatic life is enhanced.

This Sheet Has Been Replac

D




area structures for pronoting biological gromh on said 15 strips, said
hi gh surfaCe ar'ea structures being connected to said flexible buoyant
layers; and a flexible anchor for securing said strips to the bot the
aquari um S‘HPC?WFT‘@% bl e anchor being integral with said fl exFET@’Séé)’ﬁsg
Buoyant material is used to novably support the synthetic seagrass rlbbons
i n the photic zone. The present invention %ay be used to sinultaneously
provi de food, predation shelter, and breedi ng enhancenent for a w de 25
vari ety of aquatic species. The invention nmay al so be used as a

bloaccunulatlon @udukﬂknpaukmyxnthauﬁhreéfmlméﬁﬁm@maurﬁfwucﬂatals
nutrients or teri.als frﬁh mwater. | n.one e invention,

the high suﬁr XMfQﬁrikﬁ TS TR DIPER &&ééﬁ %%$rt?5aﬂ? | astic
mat eri al . AIHa&j’J.ﬁaitl \/Biiy aduer it psetidace Hi€aopés ugﬁﬂf@caaar@e borord of a
filamentary ,ma er%ﬁgﬁbsuq%ﬂﬁiﬁpol ster b ttlﬂ? dense felt, gh | of t spun
bond mat eri &% T dfse YHear +2%¥ENG 8UrERFRict BF e
may & so be a5 d otgerts Vo f htecovaroppr Htise poépiodestive SUbgést ofesabret - 7
Jan 2000 - 3C - I.n_anot her ect of the invention, the synthetic structure
is formed of’T9VHHY &t R a buoyant |ayer and a coextensive second
| ayer. In a preferred enbodi nent of the invention, the second | ayers are

structural |y adapt to 5 en ce biological gromh. An object of the
i nvention ig to 3} hﬂ%ﬂ e 3 %l%gsgﬁ?%%??crﬁ?Pﬁ gupayt e

bi ol ogi cal | yseiardtied tDcK d:dSPDtEJQVE the fhahht Yool sRidadyahtcatedi wOBRERAL -
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.



Substitute sheet - 7 Jan 2000 -4 - The invention nmay be used to encourage
and support the production of a natural, regenerative food source for
successf ul aquacul ture production in a wi de variety of aquatic

envi ronmem9y/iibes | nventi on nmay serve to provide a durabl ep@mﬂ;smﬁn cal
system for simltaneously providing both food and shelter for aquatic
species. 10 The invention nmay provige a synthetic seagrass system

whi ch sinmul taneously provides a supply of food, shelter and reproductive
support for aquatic species in a single structured area. By providing food

and shelter in ture vi abl e. popul on_of given a uatlc
speci es may 15 %Qgﬁgéﬁ?%ﬁi %€|%£at%%n£%%??%&§% a%? %V+€%e%t?¥ﬁ
used to supipat tcameogr ewvmomi cahby oa@aph@dilmd)rmmsﬂ@d dﬁcbtﬂkiﬁﬁfé&%gte on
i ndi vi dual ea S rlbb Such ma oducti on on
separ at e f?%%ﬁ%%ﬂﬁg%%ongﬁ%?o%?%% ethe 9% ‘%{1 %’% Qﬁ%ﬁﬁm Pt
zoopl ankt cﬂyn@u@hlasrw@d:ms anay \ioé omhamrdd ey asmm@mvéﬁgus;m@%fﬁgeg
Zo Iankt e 0 t went crons o six hundred
n1gfons in {?ééﬁ éé@hée%e I%é%é [ﬁ%ﬁl %I ST AP R ¥ 0d
sour ce forlmatriye asuaf ace smmcelsuray |mraewc$imﬁh&i¢mpﬂécatbm$]@ha
zoopl ankt I e uatl es _are, attra t he synthetic seagrass
and suppoﬁ{l]ae% liz’iéog%%}?/c olnVe jh%rh *Pakt sthel'ﬁ"tfsgq" f)&t‘ﬁﬁ dtTfef i ncr eased
bi onass prsiitud twre au:otdmedolasetmé & 1 b fimiosll edriocdll. & fite @ O helaand
reproductléw#€otent|al of all local aquatic life is enhanced..

S

Si mul t aneou t he t hree-di mensional structure
10

Another object of the invention is to reduce the
reliance on formulated feeds in aquaculture environments.
Such formulated feeds may omit important cofactors which
are critical to immune function. The present invention may
15 be used to provide a complete, natural diet for aquatic

species.

Another object of the invention is to provide an
economical and convenient system for removing undesired or
20 excessive nutrients from water. In a preferred embodiment
of the invention, both aerobic and facultatively anaerobic
reactions are performed simultaneously and in close -
proximity to one another. The invention may employ high
surface area structures such as open cell foani, batting
25 ‘material, féit material, needle-punched material, and other

high surface area structures.

Another object of the invention is to provide an
economical and convenient system for biologically removing
30 chromium, zinc, and other toxic metals, and for complexing
such metals to preclude their future biological '

availability.
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produced by the synthetic seagrass provides shelter and habitat for aquatic
speci es. The open surface area of the individual ribbons may be used as an
egg laying surface, or 5° as a neans of recovering free Lve
stages of ¥&MW136%ani sms as scal | ops. Advant ageously, the sd;ggﬁasgg)g@\g/\een
ri bbons may be selected to control the am%unt of shade generated within 10
the ribbons, as well as to control predati‘on and canni balism A notion
study of cutthroat trout, reared on synthetic seagrass mats with different
spaci ngs between mats, 15 reveal ed that the fish prefer mats that are
spaced at intervahsthkerghbhgcthoift ¢het hawventdion dsertal lprliosrigieh bubivant a
three-inch gi reterre C i e r I a five-inch
fish prefer%%%QaBP§&§9rngﬁ@§%§€§§§.S$ §%§od%§%t§8%@§éﬁ§%gg§%ﬁ 85% of their
time insidesthecOres) fout sgugrdnmsg ofMhiehdnyenftdess adfsa e latsson and

receiving the _benetfi ntinual .shelter. As the fish _mat.ur.ed, their
dependence 3ﬁt%§é%g§s%gg§$ga§g§ rtl-‘ F&, satruﬁt%ﬁeﬁcr%){ B é’)} olﬁl%/ %nt er ed
t he Bat stroohuieudusi sgppdy odfs fobdheaontovdildast wateat guajhitty,25

Synthetic nats camstru tcigin accc}rda e wth the invegathi ch[;_rrray be used at

rel ease poi RESVAAPHe SHELESFs FRVIPEe PTs FNAAF Fishide S e tidt e f or

initial predgueetumsat e@hieodinvahitdiona nalyoikle pevefad tive swaild gt be

retrieved 30 fromth ease site and.used agai n at_.different rel ease
e

) | ]
boints,  SOBEFLHNFe Dbt L15F95a7 00 GEUE T M e TR At IR Ll S0
provi de a splbafmst haty den frerceofew cantimedaisedanttatdlometdy in

dif&srent g&ghagﬁ{ions,

Another object of the invention is to provide an
economical method of making biologically active artificial
plants for aquariums and the like.

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.

it

25
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
30 ribbon of the seagrass mat of FIG. 2, taken along the
line 3-3.
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For exanple, the growth of organisnms on synthetic ribbons may be enhanced
by selectively nodifying the surface structure 5 and/or by providing
desired nutrients in the surface.structure. In addition, desired bacteria
may be seygebuiesy inplanted in the high surface area strRETUSIBRESTEr eat e
t he desired biological effect in the water. 10 The invention may
additionally serve to reduce the reliancg on fornul ated feeds in
aquacul ture environnments. Such fornul ated feeds may omt i nportant
cofactors which are critical to i mMmune function. The present invention may
be used to provi a, compl ete,, nat u i 0 uat i G 4 8. 3l5 The
i nvention may bgéld(g'se% 1% apr%%ﬁtdleaaian&g%:so%o%%ga Jnaﬁ&%%’nvlelﬁf%?tﬁ;ys%em for
renovi ng witlesirisben £oocemsotteenudynehesid rosagwa sy .math conatafugied
enbodi ment, of the inventi Otr}g ‘_ﬂ?‘lot h, I@@ég@jgn and facultatively anaerobic
reactions O TR nkd-8i WiT tHheoustY and in close proximity to one
anot her. The invention may enploy high surface area structures such as open
cel] foam batt] terial, felt terla eedl e- pun riql, and
ot r hi gh surf‘l’éﬂg' ar ex° st r%fﬁ%%@ﬁ%g#h%e?%/ﬁtf%ﬁy’mc{/ﬁg? ﬁ(g'e %’n
econoni cal sieswli 5@ Ny end igtndn sfet eandciebi symghetl ¢ yseagoasmgnathr oni um  zi nc,
and other toxic netals, and for conplexing suc a to preclude their
future bioﬁ?@ﬁ%ﬁﬁcgﬁﬁi*%b????@ga$@$%ﬁiﬁﬁmﬁheE#é¥§§%1$€Mbstitute sheet - 7
Jan 2000 -7 - In other forns the invention nmay provi de buoyant, free
noving, artificial plapts (and other flexible.structure quari uns.
The invention aFE%‘rélh?e% ?%IB}?ff?E?if %?%ﬁ%%ﬁ YEL CR1kd OF189S]

10 showing a ribbon for yet another synthetic seagrass mat

constructed in accordance with the invention.

FIG. 7 is an enlarged view of a portion of the ribbon

of FIG. 6.
15
FIG. 8 is an end view, like FIG. 2, showing flotation
structures for a seagrass mat constructed in accordance
with the invention.

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

FIG. 1Q is a schematic plan view of another
25 aguaculture ;ystem 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.
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and ot her structures for providing a continuous supply of 5 food,

control ling water quality, providing shelter, and/or for enhancing o
aest hetics_in aquariuns. The invention may be useful in sm riums
and in Iar 5@‘§huar|uns The artificial plants may be fr&k?gﬁﬁg&ﬂHg
centinetres to several neters in length. 10 Econom cal nethods of naking
biologically active artificial plants for9aquariuns and the like, also form
an aspect of the present invention. 15 Q her features, objects and
advant ages of the invention will beconme apparent fromthe follow ng

det ai | ed descrith@n hﬁdidrampagslhllusbsatbagtmbﬁfeﬁead edkredFaent 8,0f the
I nventi on. BRIE]E DESCRI PT] ER@ g 5e%3ﬁ %tlve

vi ew of syn? efi £+RRIYr 52E ARP 85n§¥PE P& ﬁeﬁ%Sﬁaaﬁ‘é §iPPR SERE S5 esent
i nvention. 25 accor8fafice2withabhendnveawioh.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. FIG 4 is a parti al
cros$ section \d/i BEIG. IilBeéEI 6p3rtﬁﬁlﬂ.cﬁ:bbboBe‘cﬁﬁ.oﬁn@tlbelf i keh@TiGE Sgagr ass
mat constructe |n ccor ance W th the _inyention FIG 5is a
bartial or o8t SeELPBROFRR, SPPEReR BYhshebigeRiTEsFFoBEh FoPSRToEE
syntheti c sgAgaassrdahceonsithuchedinfreaeéondance with the invention. FIG 6
is a partial cross section view, like FIG 3, 10 showi ng a ri bbon for
yet another synthetic seagrass mat constructed in accordance with the

invention. FIG ¥#i1Gs aa esl ar gednvi ewoek acp@ibnorRriel e an kl@ardfunt| G 6.

10 constructed in accordance with the invention.

FIG. 15 is an end view of an artificial plant located

in an aquarium.

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 securinq;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



15 FIG 8 is an end view, like FIG 2, showing flotation structures for a
seagrass mat constructed in accordance with the invention. 20 ° '

FIG 9 is a schematic plan view of an aquacul ture system constructed in
accor dancavowy/ivéoshe present invention. FIG 10 is a schematoa/ysosizeses ew of

anot her 25 aquacul ture system constructed in accordance with the
present invention. FIG 11 is a schemati@ plan view of another aquacul ture
system constructed in accordance with the 30 i nventi on. FIG 12 is
a partial cross section view, like FIG 3, of a ribbon for another

Syntheti c mRADIGH BHe GAISISHIC b ddl aC£OT AANE G M oS 1S ITNAIN P S

FIG 13 is a partical cross section view, i of a r1bbon for
anot her syitehddse sadihs sfolded @isetuctathdtmmzrcortencshestt mashde

. t . ] . . f . . f . 0 )
conat uot ST et R ASilin P Fonf R uplk e I FUEUIMREE | of an
artificiallqiamedspaedionarthewndhon stfructureDEPA L HhOESCRIPHION OF
PREFERRED & [ RRLENL 109 AW {hdile Ar il as,q Wher g diske el ements

are desi gnat ed "by erence nuner I'S shown i IG 1 a
plurality asntsiymetieats cirespalss tmtprddud the inghinsitduect edibbonec dd.dance
with the present invention. The mats 10 nmay be enpl oyed in seawater,
freshwater, and ot her aquatic systens and environnments. Each nat 10 has a

plurality of rilitsornd®amtaidiwse blé iancimmest fyctiiilel iy ftdre gatie i ng the
ribbons 1?22t q&&e B%%J‘é? 211p (th% bzgllast 24 may be sand, crushed

10 rock or another available material. The ballast 24
provides sufficient negative buoyancy to sink the mat 10.
The integral anchor structure 14 is advantageous in that it
requires no penetration into the benthos 16. Another
advantage is that the flexible structure 14 allows easy

15 movement of the mat 10 within a pond, tank or runway to the
desired spacing for maximizing shelter or removal for

cleaning.

The length of the ribbons 12 may be determined
20 according to the depth of the photic zone 18 at the
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 &bout 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 12.
The width and stiffness of the ribbons 12 also affect the
ability of the mat 10 to provide shelter for aquatic

i



25 The upper ends of the ribbons 12 are buoyantly suspended in the

photic zoné 18. In the illustrated enbodi nent, each mat 10 is constructed
of a single sheet of nulti-layer material 30 f ol ded O\r/é;c.[z&g'?}z Lf and
sewn (stitMNEYYPS t o produce a hol | ow tube 22. The sheet nay be folded in

the mddle to produce a mat with side-by-side sets of ribbons 12.
Alternatively, the sheet may be fol ded attlan edge so as to have only one
set of ribbons 12. The tube 22 is |ocated at the base of the fol ded sheet
structure. The sheet nmay be ten neters in length to forma mat 10 that is
ten meters sppwieeasTlee prabertdd sachorofthetgbitetdédwidifhefegheetchs 5

o produce THEThat 31 Hhar™ rhponeds, S EPenceli oo BFTE . TARE kAL Ly
filling thef utlee 22ivlpoins b2 |y 12¢. fhdre baél tist £24enagnbiémstads, crushed 10

rock or anaqthe vial | abl e ecial,.. . Th | 2-4. Ldes.sufficient
negative bd%?%é%@bﬁ%ysggﬁunﬁé’%n.e?fﬁmﬁ'%P?htggéslSgﬁgﬁggsgt§ﬁc§agé 14 is
advaiht ageousiblon hb2 mayrleguiras ®o5 peoeBtat gpamsnpert benbemehes &6.

Anot her advantage is th h xible structure 14 allo easy_15

novenent cﬁm??ﬁ§%%SSH% a%T%i§5%A%Ond#r?gﬁ§189 %ﬂﬂﬁﬁ?gt8aF%£lﬁ§sFi8895pacing
for maxi m zting Hhel t kengthrefiovhe fbbboheddi hgcrdheekenpgehsoh fEhessi bifions
12 may be dq%erniqﬁd 2£ according to the depth of the photic-zone 18
at the inst2fattORTotation. Wiile the zone 18 might be as deep as thirty
nmeters, a typical ribbon length would be fromone to four neters. 1In the
illpstrated enbodi nent, the rjpbons 12 are_each abouyt 1. ers | on Some
of 18’ 11 bbons i BEact 188, CERE P Ebegns TorREre " IBdenRpRSREL At Eng e
predati on. o¥Sefli snushedwatefDiR dewatl lBakavont heThRbswi@enmpthenar r anged

assists in the mass transfer of nutrients 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 areaﬂstructure for enhanced agquatic 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.



in rows spaced at intervals of fromabout five to fifteen centinmeters. 30
The width and stiffness of the ribbons 12 affect the mass transfer' of
nutrients between adjacent ribbons 12. The width and stiffness of the-

ri bbons 1%dremst f ect the ability of the nmat 10 to provi deCTEPEFIOBIS or
aquatic species. The preferred ratio of height to wdth for each ribbon
12 is in the range of from20:1 to 60:112The width of the ribbons 12 may be
fromone to five centineters, preferably about 2.5 centineters. The
stiffness of each 5 ri bbon 12 may be from0.5 to 3.0 grans per

centineter as npasy ed-bye ATMAES e ROV (G IWOVRN e PR £ Lo 81 0ng t he

full length of eri i ncreases t stl ness e ribbon 12. 10
In practi ciel",tetfﬂerﬂ bb@mr 120 rmae bmdé?ﬂsmi@mf ol ywesthander in the wat er

nut i oot 3 REEEIbyIche JBEn LN IPEMSES Ak R TR TS SEE O e
onIy tVW)rm¢¢EWEa12%éDrhih© aa*@ecifn¢agrawatﬁ of | Trsom 0 i O, tothes 1§|

1 ein
pr acglnie err ng %%v‘? é%ﬁéd\%yé% narb(gper ’P a}:\#éa éjngéofi??reb(ﬁ'té“ Z:ach
ri bbon 12 qmné.lpsr cuidli s ecamdithetyer s den zmore pr&feralhe dlaywr 0300 32

are 1Nt ear iy SPETE] COSLiEl Vs SUigblen) T \lRd sibeslve 34 O her

adhesi ve SECUTT hg nmeans fma I hstead of the
ext ruded ambtqmsjetémrlbkboxdestrmdtuﬂélew; r3z, I%A/ehaéma pseediisc buoyancy. The

aquatic greRRTEeyTHE Thgcrahet, A3 0 o 9cke G hd ref e che
ribon 12.cémtixhéteer wor ds, each | ayer 30, 32 extends al ong and across
substantially the full length and width of the ribbon 12.
The second layer 32 is formed of an open cell
polyethylene foam. The open cell foam material has a
reticulated open pore surface structure to support and
15 thereby promote biological growth. The open cell material
provides anchorage for periphytic organisms. To enhance
the growth of algae, the cell size of the open pore
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.




30 In the illustrated enbodi nent, the first layer 30 is fornmed
of a closed cell polyethylene foamabout 2.2 mllineters thick. I n
alternative enbodi nents, the closed cell foam of the first l?éfﬁ)?ﬁhﬁ?%mbe
formed of p¥PYMOBane, pol ypropyl ene or anot her suitable mafSPivare e
foam material may have a specific gravity of from0.05 to 0.6 5 gr ans
per cubic centineter, nore preferably 0.153to0 0.2 granms per cubic
centineter, even nore preferably about 0.19 grans per cubic centineter.
Preferably, the entire conposite ribbon structure 30, 32, 34 has a specific
gravity in the r@ig€eabhy). the aydhtHe tgras furtunedi3n, 1B2, 34 centineter.
The second layer 32 s forned of .an open.cell palyethylene foam The open
cel | foam naCermes cﬁag‘aé:erré'talq'c?ulté’tag:d ‘%ﬁbr‘i’eposr rsﬂﬁ“fé% R &3 % 0 support
and 15 chherahe priameshe Dedlmgidadagydowt h.  The open cell material -
provi des anchorage for periphytic organisnms. To enhance the growth of

al gae, the cell size of the open pore structure should preferably be |arger
thansabout twent\ mMitbeis ndEdreshdilar abaithdtin thtisansigws as. | n the

20 illuystrated odi.nent, the second | ayer_ 32 has aver age .pore
226 of aboltGad nu THad 1A A0 s Oif (SRand SR ATT 2 PR
materi al fol PiRyERERONG ey 0 .32 THY Hibkdn | FRYrabidlds itk senee® meters

per 25 gram preferably greater than 20.0 square neters per. .gram
Pref erabl y, StH&aSEcaiea H% eg'ﬂ"qrtc%%i“ﬁ%ﬁﬂjg??]t SRRt e FHRRRR €10 of

nutrients thaQUuEe R U Jea Striued Wis dded Nendd Usd ret@gl, erbaga nept, the
thi%%ness of 30 the second layer 32 is about 1.0 +/- 0.2 mllineters.
In general, providing only a single second layer 32
per ribbon, as is the case in the FIG. 3 embodiment, is
advantageous to prevent one second layer from shading the
other. However, in alternative embodiments of the
15 invention, each ribbon may have three or more layers, all

of which may be coextensive with each other.

A ribbon 50 for another synthetic mat is shown in
FIG. 5. The ribbon 50 has a second layer 52 formed of a
20 spun polyester batting. The batting 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 %9 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 Qtructure 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,



Preferably, the synthetic structure 30, 32, 34 is forned of materials that
can be sterilized by steamor chlorine wthout being danaged. '5 ' A
ri'bbon 40 for another synthetic mat is shown in FIG 4. The ribbon 4G has
two secorglobsiy®bs 32 sandwi ching a buoyant |ayer 30. The rHCINESASTHrovi des
I ncreased surface area for enhanced biol ogi cal growh. The ribbon 40 may be
used in mats |i ke the ones shown in FIGy 1 and 2. 10 In general, providing
only a single second | ayer 32 per ribbon, as is the case in the FIG 3
enbodi ment, is advantageous to prevent one second |ayer from shading the

ot her. However, {n alternative odi_nen I nv I on, each
ri bbon na?rﬁgﬁgabﬂye e8P ﬁ%?g Fgggys?ggﬁ%goﬁg&%Pghégﬁygggméoegﬁénsive wth
each ot hediafetiekboff Bhef conahothbes $ydbhents maedi sospoeduce Fh& 5. The

ri bbon 50 has.a second l.ayer 52 for f a spun y r.hatting.
The battiﬁamﬁéﬁér%ﬁFe8r86%88§¥8nﬁ§|g%ﬁ%?“%u?%ﬁBStPSF g%hggggd%%%glggical ’
growt h. Ofh€ryt haerohe .sedanthkayeéilusRrated embbdamBOtshboive batELiGI 5 is

substantially the sane ri,pbhon 12 shown in.ELGS. 1 ri bbon 50
may be us@ﬁtéﬁlgiséﬁgﬁagingﬁﬂlPE@ gﬁgngngpﬁg p°lye§§8ﬁnb§ﬁtlpgs. 1 and 2,
in place phterial pddiduced by Shetapedcc@hdusiies,1Zncl.p abidchi ds, at he
pol yester batting material 52 may forma sandmﬁih s%ructugeroga%thgger of
n-th

buoyant nBEIFPLY 963MSh PERe SHRARS MSH&En SPRIFPRLYS Sty Tibe

ermbodi meniiithl wsistattadel BrebGof5 twehe ypdopes semalrat ietg riss perebeaabl y in
the weight range of fromfifteen to one hundred grans per square neter,
providing a surface area of fromone to one hundred square neters per gram
pnef erably | esgnt han afithltnazdver emiddienpebfgtae iflvention,

the second layer 52 may be formed of dense felt. In

another embodiment of the invention, the second layer 52
may be formed of a high loft, spun bond material. The
present invention is not limited to the specific seagrass

15 structures shown and described herein.

A ribbon 60 for yet another synthetic seagrass
structure is shown in FIG. 6. The ribbon 60 has a second
layer 62 with a microporous surface structure. Other than

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. :ﬁlternatively, 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.



di aneter of the continuous filaments used to produce the conplex three

di nensi onal batting structure is fromfive to fifty mcrons. In the

il lustrated enbodi nent, the batting 5 - material is a SYPEE 5?& prand
spun pol ye¥P&¥ 19606t i ng material produced by Synthetic Industfies,

which is a seventy grans per square neter gpun pol yester fi ber battlng W th
a surface area of twenty four square met et per gram 10 In an
alternative enbodi rent of the invention, the second | ayer 52 may be forned
of dense felt. In another enbodi nent of the invention, the second |ayer 52
may be fornmed of Bgr Ieh@ledlddfntg appuophdrat eratuegrizant sThe prmasepurdm\ﬁew ion is
not limted,{oQ egld S 15 S UGH rlbed
herein. A ri %‘So g’(ﬁ?‘o% yé Eﬁ nefc syn etblec sseelagcrrtgsvge%'s‘fruc ure |s S

in FIG 6. Bbheteirhibonesq reas f@rsmuiﬁmy@ur@ﬂasust s wechmeasy o:dmmrsgjrdﬁce
structure. her t han 20 e seco er t he ribbon 6Q shown in
I G 61 s eob8n PrRRpTRD teand N + RONHARERE EEAITARE M QB £ The

ri bbén 60 naﬁlberu@eidnwdnusbﬁ|MGrdfkpemnfxdunmesrqugiﬁsélenthﬂg an place

of or in additi,on t the 0 cel | r|b on Al ternati vel t he
nicroporous%F§ﬁ§ 4%?1 ar \ﬂ?ﬂ?%ﬁ%%ﬁi?ﬁe on both
sides of a bwmﬁmﬂedﬂmuﬂﬁﬁﬂnﬁﬂ)dﬂtHﬂﬁEﬁH§1 réﬁunw1dﬂ1&Béahrbhlsuffmne

enbodi nent |IIustrate%§ e secaond | a ‘€H&IS p entlally
o s of ArsAos et i Gin At S Ire, Yo it Rt M LHS | ne
growt h of tympivealtiper, pelldated gﬂcﬁemca &San Aﬁ@m@mmdtm e dostaant
gro h wi thi qh s. of the layer 62 would be limted to, copl ankt on
o' pr Gom A JisT ST R (e BCtue e ibeda HRP Shpr opr | at e
nutrlents | AnidlenanRs it r fdif Yrigmthofpdt S0P sk O ean be sel ectively
enhanced for
In a preferred embodiment of the invention, an array
of ribbons 60 each with different, selected nutrients can
15 be used to create an artificial wetland for the removal and
complexation of excess nitrate and phosphorous compounds in
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 particlés 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 or 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.



bacteria desired for specific purposes such as cleansing of the
environment. Thus, synthetic seagrass mats can be 5 tailored for one
or nore specific uses by preselecting a desired high surface area structure
and/ or pr@xgddpgrssel ected nutrients within the pores 64 of PCTYESIH2§875sur f ace
area structure. In an alternative enbodinent of the invention, selected
bacteria can be inplanted in the pores 196 64 of the high surface area
structure with or without inplanting nutrients in the porous structure. In
a preferred enbodi nent of the I nvention, an array of ribbons 60 each with

different, selegt dnutrr can 15 rtificial
wet | and for the ? S%a?ﬁ@ﬁhb exc 255%,%F§?%§g5 %hosphorous

f(ﬁnptz)gnds isrhotédﬁe 1\1rat1:'a:rGf sl yThEhe:J.\bé:rqn 2 Iharsorae§e@4m¢h)lab'@rpr1é’@uced by
e adhe 0 nultr le | ar. gh rea
particles (?@rﬁf’ldsG %g)co[ags[%e SR ﬁs ?r’f ooagm%%h 4 Iﬁt %%glrd:nul ar
particles Gc&trmarlave 'Imeswﬁl'mml am)amfs far drhifddk tl;ayce(x §.|2>4 Homhesd ofquar e
nmeters per ranr i ze of the ti.cle 0 two
hund¥ ed ni fs ér?aﬁqogflr o 66%72’%0%1:2?"”@{?%“ darwttl)ﬁcfh silica,
ggl yur e]E hamgyy w@qwd & o cSlIQHeEh&:edJlVlﬁqdm bermmdmrmdmemmeeri al s

e sur ace area and, po i, t he
known t echififfu&ERRN4 ﬁd“fr@‘ aa/(ﬁlif‘r glai(% tﬁr?g‘lspa he cl)(-'ehgr r’]#;he pre ent
I anent ion Cinz : 124@&:&{“&&14&\@1@ lhwmrrectetd es esfcharthetthe avai | abl e
surface area of natura e n f.th of I red
functions direfieraRlym %Iﬁ% Oyr}]\ﬁ %‘ﬁﬁéﬁo r’ﬁ-:)kasr g:rhoavnl ?hng%"oq‘g‘%t i on
agaignst predatdon.22. A ribbon 120 for yet another seagrass structure is

shown in FIG 12. The ribbon 120 has a second |layer 122 fornmed of coarse
open cell foamor high loft, spun bond

Préferably, the density of the third layer 124 is at
least about 1.5 ounces per square yard. Felt material
lighter than about 1.5 ounces per square yard may permit

15 adequate perfusion for oxygen to reach all the way through
the third layer 124 to the surface of the buoyant layer 30,
even after a biofilm is established, thereby eliminating
the potential 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
is 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 0.016
inches thick. In addition, the permeability and
diffusivity of the second layer 132 are preferably greater

than those of the third layer 134.

il



material. The ribbon 120 has a third layer 124 formed of 5 open cell
foam or dense felt. A buoyant |ayer 30, which may be forned of closed cel
foam is sandwi ched between the second and third |ayers 122, 124 hr ee
| ayers 30, WOINTHE 4re adhesi vely |l am nated to each other. 5@#&9&%&?2 t he
- third layer 124 is thicker than the second, 10 | ayer 122. Preferably,.

- the density of the third layer 124 is at | 84st about 1.5 ounces per square
- yard. Felt material lighter than about 1.5 ounces per square yard nmay
permt 15 adequat e perfusion for oxygen to reach all the way through
~the third layer 124 tbet hélastiratedoembloeimenitant: hleajpaioyaht awsremfIterisa

biofilmis e I gh . y.elimnating,.the po ial_ for facultative

* anaer obi ¢ gr%&?ﬁkngérﬁgéhéggh% aé-‘gugfk't h?hﬁu&il?&ﬁta ;‘g*g r%(f AF995on 130
- for yet anotbed sbagdadsystisudBarnelidd dsowbouwt Bl Genlizr Hirl dddhvaries3Girhas
a second | ay and a.third lLayer 134. A bugyant, closed cell foam | ayer
30 s Iocate§58égééeﬁgpﬁékgé8%n %éﬁ& #hFP@qe§y€%§ pgpargzyarsy  The g

. second and tHistrlibyptionl 3%, thd4 threaidornBed bey weesdteep Weddtny drdy aad AB6

- back and forth.thro t buoyant | ayer, 30., Preferably, .the thickness of
~the third Ia%??’ef&ligg’gﬁéét & P%&Ht[ %?g)%t {1035 T6FPERE I8dohd | ayer 132.
~ The third layer 134 nmay be, for exanple, about 0.040 inches 30 t hi ck.

addi tion, the per TER0ITIERSHE BT FIB TP bAARE Jodomed BorbesE ar e
~ preferably goeater inkaest haze af 10hgria péd ayplark34entinkblbdh idiy.
ll'lhleu?h; gggd 12%@? gk‘g?—'%té‘egqtéz%ﬁg '%%agteclo%%erlai}oerl SZLB%b%.ust por'e0f9e5ralbr}.cyheasb<;[uh1'l ck.
; 0.016 inches. The permeability of the third layer 134 may
be about 0.23 darcy at the surface of the foam léyer 30.
The permeability of the second layer 132 at the surface of
the foam layer 30 is about 31 darcy. Without limiting the
15 scope of the invention, the total surface area of the
seagrass structure 130 may be about 564 square meters per

square meter of surface, considering all pores down to 40

angstroms.

20 While the specific embodiment illustrated in FIG. 13
provides advantageous results, the present invention is not
limited to the specific structures described and
illustrated in detail herein.

25 The se;grass 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



and third layers 132, 134 is about 5 denier and provides an overall density
of about 4 ounces per square yard. The 5 distribution of 'the thread
136 between the second and third |ayers 132, 134 is about 30% and 70% -
respecti veloposrFées t hi ckness of the third layer 134 may be pbrusosogrs2
inches with a 10 gram per square centinmeter |oad. 10 The thickness of
the second layer 132 is preferably abouti®. 016 i nches. The perneability of
the third | ayer 134 may be about 0.23 darcy at the surface of the foam

| ayer 30. The perneability of the second |ayer 132 at the surface of the

foam | ayer s 8fubeuplQUiagl 4300 e bBOPEA! LT LhPEr | DPLASa qigsSFPRE OF the
invention, the total surface area © 8 seagrass strictare i30 ey be
about 564 eyvger heedrefpédrteqldrmihbigran$s perfiitercontheechemgisttypores

down to 40.an r . ' he_specLfi nbodi nent
iIIustrateafi%ﬁélgﬁﬁigggrgsgggglg van gg%%%sf?eggl#é?f?ﬁ%'present I nvention
Is not limted to the specific structures described and illustrated in

detail herein. 25 + T [&SSyS $Pes, sh in FIGS. 12 and
13 %an be used to SVBnEtgzéé?o FéﬁgﬁgC?éEEW@é#ﬁ%éf?ﬁgﬁagrggfg reactions

sinmultaneously in close proximty to one another. In particular, the
aerobi c reducti a ni g.can ke_pl ace, very rapjdl Lthin the second
| ayers 122, 13 ,Qng%? S%Re glﬁ?heggﬁr?5%%r8?l?h§e%ﬂ§§éﬂ¥ %%y%+€§%?eprovided
t he 18 séanuctoueswifbBinlBBheatkitdchapdrsnlai e134i hdan thesshvacoxygen
| oad of 2 1.l Ljar r Liter_ The.chem stry of the,annpnia
reduction %ga% ?g%u%ggggniggggméb’[eF?foﬁig?ﬁ% gﬁﬁéa??n%?a%%%lﬁggi?obic
retdcti on showntthat nahrateurediichiont bent ber tihayedsedlusiddipets t he
surface regions located relatively deep within the thicker third

layers 124, 134.

Thus, for example, a layer 134 of needle-punch felt
15 with a density of at least about 1.5 ounces per square
yard, and with the establishment of a biofilm and its
detrial layer, may be used to prevent dissolved oxygen from
reaching the surface of the buoyant layer 30, thereby
creating sufficiently anaerobic conditions to support
20 Nitrobacter, the primary genus involved in nitrite/nitrate

reduction.

Further, characterization of the density of the third
layers 124,Ml34 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 perméability.

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




of the buoyant |ayer 30. Peroxidase surface analysis has 10 shown t hat
nitrate reduction can be limted exclusively to regions |ocated rel atively

deep withip t icker third layers 124, 134. Thus, for ex yer
134 of neegloe;}&]%%h felt 15 with a density of at |east 6‘3%98%45?
ounces per square yard, and with the estagéi shment of a biofilmand its
detrial layer, may be used to prevent dissdlved oxygen fromreaching the
surface of the buoyant |ayer 30, thereby creating sufficiently anaerobic

conditions to support 20 Ni trobacter, the primary genus involved in
nitrite/ nitthreugbdtde dhirbuldelyers dA2dradi3el itzataldrovofanderatsivsity of the

third |ayer . risjmetr Q hat,t h rieabi lity 25 or
di ffusivi ty%g ﬁel%?%yteprés%%fﬁde%ft?égﬁgﬁo cie'r ?rrehfnga%fiﬁoggré%igng its
limtati on bacieyded thayresparft detihimssiizesiafe titee poms strudieatesers 124,

134 and the _relati t hi.ckness of t | ay. 2 134 both aff.ect

per nmeabi | i t)‘?'.l%%ﬁn the thrde RS &%ﬁ'esle‘{éséurt T ij[eenﬁﬁes: 1'1h§( 10[ err]
squake cent iperitmeadijdr s enehdHeatebpataArsd neddiecddhidif fugserst 24, 134 at the
surface of the buoyant | ayer 30 generally produce sufficiently | ow oxygen
mass transport rates through the third layers 124, 134 to all ow

anaer obi ¢ condi t iThrs Muzh et grimiddcdmtl. 1aiheraddi2, asdfabldachess al
| ayer of detrius Jjnsi t he pore structures within the third |]ayers 124,

t
134 furt her TERFEEE (He FYIED L3N iqq%%r%&u#h?mﬁ?ﬂﬁp?ﬁgﬁF+% uces
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of diffusivity for gases in fluids are typically an order of
magnitude higher than that of inorganic solutes (nitrates
and nitrites).

15
Further, the closely associated periphytic algal layer

at the outermost surface of the second layers 122, 132
produces oxygen in the presence of sunlight, thereby
increasing the local gradient for oxygen saturation in the

20 ~ vicinity of the second layers 122, 132.

The two diffusivity phenomenon discussed above,

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

25 simultaneoﬁsly 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.
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déggfkiesE%SHP&SEYOLPQBEQLeahMQLCQre intolerant of ammonia,

at even modest levels. Examples of species which
specifically benefit by the removal of ammonia are shrimp,

bass, trout and salmon.

The materials used in the ribbons 12, 40, 50, 60, 120,
130 should preferably be composed of polymers which do not
leach harmful chemicals into the environment. The
materials of the ribbons 12, 40, 50, 60, 120, 130 do not
decompose in water (including seawater) and sunlight.
Consequently, the mats 10 may be used for long periods of
time and may be cleaned and reused at other sites. 1If
desired, the ribbons 12, 40, 50, 60, 120, 130 may include
one or morq‘additional layers (not illustrated) or
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
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

15 Further,' the

| ayer at the outernost surface of the
second | aywoO299426d5 132 produces oxygen in the presence of seei/Usds2087her eby
the |l ocal gradient for oxygen saturation in the 20 vicinity
of the second |ayers 122, 132. The two diXdfusivity phenonenon di scussed
above, controlled by the perneability of the seagrass structures 120, 130,
al | ow anaerobi ¢ and aerobic processes to proceed 25

| ' ' i
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specifically benefit by the renoval of ammonia are shrinp, bass, trout and
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30 t hei1321ppE34 etdelscriBéd abbbensid2whhghbeakbethanbuagahke ri bbons
12, 40, 50, 60 1€o 139 descri hed ggove, in mhic@ caﬁe t he ribbo Sd7% are
buoyant and THE bUBYERt ' $t PLRYUPEs2Yh BFoUPEE R8dFPPOREPYBAGYaREFASd To

Al t erhati vel yuppdet rthbonsbbong27pay be forned 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 structures 74 provide

gll or nost of theh@muapa%tnfededgteeg 74 maSjUbEOIflbrinhﬁ r)ifbb@fﬁﬁl ¢é211The
uoyant structures 74 may_be fornmed of open, ce p et ene fqam or

oot nor sul tROEKSERYDRRE RREE! P5I ShohheR SyARAPLE BUPYRBY FACthE) Ale
adhered, stitedepuoyadf struceubeswrgzemappbepadakeky,ceraeehed be the upper
ends ﬁf the rjpbbons 72. The mat to.provi de biologica

0 b d
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descri bed abp¥Bbons 72. The mats 70 may be used to provide biological
growth enhancement and aquatic shelter as in the other

embodiments described above.

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
mollusks. 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.

3.

25 In operation, scallops (not illustrated) may be placed
in the center 102 of a corral 100. The spat (larvae)
migrate radially 6utward 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.
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growth may be conveniently increased by using a single,
movable structure to provide a food source, predation
shelter, and a holdfast material for harvesting the grown

species.

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
other, shade and maximum predation protection are provided
for young fish. In the offset or spaced regions 112, more
open area (less cover) is provided for larger fish. 1In

addition, the spaced regions 112 provide increased

photosynthgyic exposure to increase the production of food.

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.

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

T



parallel to each other and in a staggered manner to accomodate fin fish
growout over a wide size range. In regions 110 where all the mats 10 are
adj acent tqQ_each ot her, shade and maxi num predati on ' are
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area (less cover) is provided for |arger f%ih. In addition, the spaced
regions 112 provide increased photosynt het exposure to increase the
production of food. 25 The mats 10 nmay be aligned East-West
(perpendicular to North) to maxi m ze sunlight exposure on the nmats 10
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bei ng rai sed ®EhEEt hEPCpERRREES: SPEFASE 88179 FR15E e MY S
represent ed plrametegshenmatically by lines only for the sake of clarity of
illustration. In practice, the wavy action of the ribbons 12 in water would
cause the mats 10 to have an uneven and constantly changing profile in plan
vi ew. Dependi ng ofint FEGEnDORL1GT timet martsi 10t herenatepresidnead bbons 12 coul d

1132 o PEBREREAEY B s, s SR S o2 I o oe
illustration. In practice, the wavy action of the ribbons
12 in water would cause 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 I
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 thifty-centimeters. There were 30 seagrass mats

25 . per hectaré. 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



ri bbons 12 and the water. Exanple |I 20 120 synthetic seagrass mats 10
spaced five centineters apart, and wth sixty ribbons 12 per row, were
deployed in a series of freshwater ponds having an average depth of one
hundred t Wewvyitseht i neters. There were 30 seagrass mats 25 PCT/US9820875
hectare. Zoopl ankton production in the ponds, as conpared with control
ponds w thout the synthetic mats, was 7 20 20 tinmes greater. Walleye raised
in the seagrass ponds were 18% | arger than those raised in the control

ponds after the first 52 days of growth. Survival was 30 statistically
no differ cRhedyonde Menf ealbradsiatts 1B e 6a8! ol chANdsARnd, ponds
with 30 mats per hectare. However, 1n the to 92 days tine perio

fish not olopdgrewThe gwmbang@nonyoﬁet@ﬁﬁe swe factiors (Weightoandhe ponds
Wi th Seagf%ﬁ%v‘l%‘ai Wﬁéaﬁf&%t gt Oddran 1t %‘io&%@tsr% oRARES o T%@. ¢QEbi nation of
these two factors 8me|g surV|vaﬁ) meant at overaPI | ONBsSsS
product i onpondsheigbndd watls permbestpge West 848 gaead4¥ gheat hathan t hat
Suct | Suadual LAC HANLCAl BINGDAasY MUihAIRANSAE! ikl Friacr ease 0
producti on 8% decrease in f utrlization was acﬁleved
resul ti ng Amcr2®skeowsr pyodtgttioon @JB$. degrease in fertilizer
Exanple 11 s r W t onpo e
shown in Flggﬂggagﬁgndepgo%é l%%%?ve§%gﬁé?§P5pgﬁd§b%E%€ﬁ%% %r%ﬁ&%&é%ﬁ
ri bbons percosdits.(or row of 15 ri bbons). The spacing between mats was
about 7.5 centineters. The ribbons were about 2.5 centinmeters w de and one
hundred centineters | ong. Snall nouth bass reared
10 Example IT

Synthetic seagrass beds with the composite ribbon
structure shown in FIG. 5 were deployed in fresh water
ponds. Each bed had 400 ribbons per mat {(or row of

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 tge synthetic structure could be increased 250%.

25
Example IIT
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




in the synthetic structure showed 2.3 tines the survival of fish in control
ponds w thout the structure, and the fish 20 were 43.5% | arger in the
ponds with e hetic seagrass beds. The zoopl ankt on production jn_the
ponds with eggz'}%ﬂ]%hetic structure was 12 tines that of the fﬂﬂ%f’)z%ﬁds.
The effective fish population that could bg supported in a pond with the
synthetic structure could be increased 25048 25 Exanple 11l A synthetic
seagrass bed with the conposite ribbon structure shown in FIG 6 was

depl oyed in rows of r.ibbons 30 about 2.5 centineters wi de and 45
centineters pomgus Baenuwlew cortdingsd of4 siillikenhavihey emwerve 20y ows of

- ribbons per . i en the rows s about_ 5. tineters.

- The second IE%%F%Z(@% %g'%% ;&%D%g);\ﬁ@gﬁsolngt’e osfurvpacpeora}ﬁfsa g‘?fgn%ﬁgrs%‘b%f? ngs
of silica hamengranpavregags,pand dre siezagel ptransiransof 86 wWrigoeratiea of
360 square r e r and an .aver.age pare size of 80 angstrons. The
~ bed was subggbge e?hafg %@ﬁﬂ%ﬁ%%féJbﬁix%? .qugﬁﬁﬁﬂgéeﬂfgﬁﬁwge ef fl uent
- was pbnped through the submerged bed at an average |inear velocity of 30

mllinmeters per mgn ...Ihe water doped with nitrat on ndr ed
mlligrams of ni tmrsal#‘téﬁﬁé:re R AT E\cy ﬁlmpe‘fl '%H(?}ége}h\h"r $ grans of
phosphat e pesubineeged bifd et an avaradavdlineaawseloariwy Et®i al comunity
to becone estagHLsh%q, it was .foynd that 92% of thecritr tes .and, 76% of the

phosphat es WY iPpEd B oM Sol Tt adhif i asht FhHHLRityate
conpar ed w t Hohgphtaldrddd neillliigyrns of rRaaen g Nese X HRANd ighosphate

ised s an arirecr MR, S A o et man AOHer L HmS
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 Hydraulic

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 - Bioaccumulation

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 48 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.



filter techniques of equal HRT. 20 Exanmple 1V -

Bi oaccunul ati on A synthetic seagrass bed with the conposite ribbon
structure showmn in FIG 6 was deployed in rows of ribbons about 2.5 cm w de
and 25 cnwiomeg7éokach row cont ai ned 24 25 ri bbons and peBUS98087 48
rows of ribbons per bed. The spacing between rows was about 5 cm The
first layer of each ribbon consisted of 2 buoyant pol yet hyl ene foam havi ng
a specific gravity of about 0.12. The second | ayer of each ribbon consisted
of a porous granular coating of silica 30 particles having an average

size of 60 m orpng. p34SHLLACEALEGeq" 1 £095 SUURL EnbELEL SoPELaBLRTARY 2N
average pore size of 120 m crons. e bed Wwas subnerged 1n 25
centi net er sioflakédr phatisgnbabhesopubiongwaat puspedt thnowags pleped t hr ough

t he subnerged b t erage_l inear | oci . Ll Ljmeters per
m nut e. Th%g%%%ggﬁé P§$t3¥naﬁhgvgﬁ ﬁgi%%gggg %Xlgéﬁ?§i§¥ngba conventi onal
nutrient bmbilhif&térs Ba8rxi mbnhte 100Theabsdowasoleéftr bm bheasehubionci d nm ne
drajLnage and air,.diffusion ipiected at a flowraie LcLen mai nt ai n
o @b cootvenonfotaifbeoerofehbhpie Randistant P the BEFEP B ARI br fen
days, the baohgramsdofii sedllfrom anaadea ofl atidmmbhesdnainaged phdting bath
effluent (pH 3. aving 100 rt,s_per mllign, chron + _val ency and 100
parts per %%Ffig%ngﬁ&°g+19&?§ﬁ%9 ﬁgsapg%ﬁgdg?ﬁgoﬁagkgﬁ%gggdgét a linear
vel ocity oha2htaihl andissslped okpgen. 14fedr gpaatagetbénlB8 liters (1 bed
vol ume) through the bed 2 ef {1 uent was a d_and si dual
| evel s of Tﬁrgﬁgﬁﬁwﬁnaeﬁi%&tﬁére ?ggﬁﬁ anb ays, ngtggégrw%FIP%%ﬁnéﬁd 2.3
parbs per ahdl hospluespacbifvelipulivedepianing bhehcapatiept! ¢ptl 3£ 09 he
system 20, oing®iBY' Bhe¥sPhaL 910360 SRLUL:GR WeS.RYIREY LhROYEh the

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,
respectivelx. On a dry weight recovery basis, the:

25 biological érowth 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
bioaccumulation process can be stripped from the flexible

ribbons by acid exchange. Alternatively, the fabric mats




systemin 50 liter batches until the effluent concentrations of heavy
netal s reached 5% of the input. Chrom um and zinc | oading reached 17, 850
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bi ol ogi cal g‘JPo\;?Pﬁ‘“Sn the surface of the ribbons was found to F&IHS2PR087S
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- preclude their future biol ogical availabil??y. Thi s denonstrated an 1100

- fold concentration capability. 30 The immobilized netals associated with

- the bioaccunul ation process can be stripped fromthe flexible ribbons by
aci d exchangeanAbeebnanedeky, rekevbabthe meikxic metan kedudrgied tag recover

i the toxic ne i onpared w th ion.exchange technol ogy, the
present inve%§#8§9§§y3259§§8 gg&é?“?? %Fﬁ@?°€ﬁ@YvO %ebgﬁﬁﬁﬁpi; 10 ti nmes

t he processi hgvepeédp may¢ haveastt heashi 12t ¢ itesakher 12ad cagdatshenical

val ency state, t . to.reduce its _biological toxicity. After acid

stri ppi ng ateﬁﬁéf. ﬁﬁg§%§08ﬁo§BHOFPgegéia?dtﬁg bﬁﬁtﬁ @igédﬁﬁh§§’ﬁﬂﬁ§??al

was rb-suspehtledchemikell®alencyskanter off ahle metadnaichetleduzadays and t he

experi ment e equilibration period and the passage of the

run. At ter th
first bed vgﬁzﬁggggc?%et§§ﬁfﬁ§¥rc plating bath m xture at a flowrate of 10

mllimeters per mnute, the concentrations in the effluent were found to be
0.08 15 partéfﬁgr m Llion for chromum 6+ _and 0.13 parts per m|]lion
for zinc. Thus, i & 8648 $EA1PRANG RE Odhnili-Budd inguPRosradomEid oni ng

of the bi oacthmubghthetiyssenyrasseaatdriby 2As re-sudlprinded aif ittiency and
CaPAFH( Y | ot SERRRRChELERNEA, DA0ChAS 9% WIYT T chet tiperinent was
rerun. After the equilibration period and the passage of
the first bed volume of the synthetic plating bath mixture
at a flow rate of 10 millimeters per minute, the
concentrations in the effluent were found to be 0.08
15 parts per million for chromium 6+ and 0.13 parts per

million for zinc.

Thus, it was observed that the continued reuse and

reconditioning of the biocaccumulation system increased its

20 relative efficiency and capacityl It was determined that
the optimum mass transfer for biocaccumulation occurred at a
linear velocity of 15 millimeters per minute. Maximum load
capacities were related to the mass of biological growth in
the micropoious structure of the ribbons. The greatest

25 concentration ratio achieved in these tests was 1,870 to 1
with chromium. The highest load capacity achieved allowed
the extraction of 2.15 grams of chromium from the 6+
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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suitable biofilms on the respective surfaces. The structures were then
depl oyed in a 3 ' tar t ati f . [ er, en ,cubi c
nmeter of water. S%%gr%asrrgi s\e/\t/écéltc}o%l&g v]\'n ]{(13 Ealt:r}rl?r’t?%i éag'ﬁ%%s%&%ﬁ%ﬁ tEr%éf'e 1t30 |
concent r at Wens @fl15wed ltHogmarkmneerin ifiish aade®@@sniflori gwenmob®hs to per
liter, res hval y. A truGt W, % Qf . t. nia within . |
aboct 6 hodr et sytaudy Siidhd BLES, 2o lerdt AN M T0 s
hours. Tur fiiheg sktowatmrElsGwel4, thiser alepd ogfedlinam 3quabiiemmEd@rl ank
constructed.li rd Wi _t t qt her odi. t . of t resent

Sna SR B 0 et R e SRR S e, e BSRNTT,

i nventi on. aquari um S “conven wa

bot t omlégG Tohef itranky we sg elogea E@Lt][recazmmgw aaralr?pa@?.iufh?macb@' its:of [ :c I gg wth
wat er ) . y f-r.es r r. op. .

the aquari E%g%gﬁtn%%f lgoglgongn.s %{&I]‘tlgr%aat%}sv%aef l\zgll%ceovealn %(9%0 E‘Hé‘aﬁ')g%m be
prd®i ded. @GeavdlitEs? (respsartdvely .l odatee s tomctingelso remavist . 90Bhe fytheel 162

oy blhg‘r’e A RAATE W10 out 6 FRULLd ard BoRRP03% ¥ OB 1R om 2

was removed within about 10.5 hours.

Turning now to FIG. 14, there is shown an aguarium 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. BAlternatively, a cover (not
shown) may be provided. Gravel 162 (or sand) is located oﬁ
the bottom 156. The gravel 162 may have an ornamental
colox, if desired. Air bubbles 164 float up from a bubbler
{not illustfated). Artificial plants 166, 168 are anchored
25 to the graéel 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 aguarium 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




(not illustrated). Artificial plants 166, 168 are anchored 25 to the
gravel 162. The artificial plants 166, 168 include artificial seagrass 166
and artifigj y plants 168. Fish 170 swimin the water t the
artificial %‘?éﬁd’? 66, 168. Shellfish (not illustrated) may %%W%n
the water 158. 30 The aquarium 150 nmay be @i zed for pets and hone use.

Thus, the side walls 152, 154 may be abouf twenty to sixty centineters

hi gh, for exanple. The fish 170 may be gol dfish or small tropical fish.
Alternatively, the aquarium 150 may be sized for a zoo or the Iike. On such
a |l arge scalopldflishsiate smdlls thBhidsl fesh be Aevermitineekys thegh, and the
fish 170 may, J : e e Jike. her
aspect of t%%\edu{?a?vlﬁrf il(r)gr?{I ea%eausalfgl%im %@n%lé%eoﬁd%%?e%i#%'r eé(%e%’??rﬂen%al
or research jangsosesld orthexaiple wal ks kB2t S dirmrpdghe asevadat hmetens

Porma of it T AR RIENE Hey MR MBI FEP0; CoRadkl, e y®

mat s Sor pai rtheoflirkgs, |ike the mats shown in FIG 1, but sized 15 to
fit in the aquarium 150. |In FIGS. 14 and 15, the ribbons that woul d be
behi nd the respective illustrated ribbons 172, as part of the same sheet or

mat, are not shovin farother sakpeof <f athe¢ yinWémtiben, sthecaguarivmshbln in

FIG 1. 20 e j b S uafr | 0] fo d of

any of the ribhae 4GP BEF i Snltataf GHRRREERCR BURECRRS) GROEL Pons

and nmechani cstamghks dut estsdy cshefbidkogiagl assdr chémihsal 78roagsbest s sane
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 aquarium 150. 1In 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
characteriiyics of the seagrass ribbons 172 may be the same

25 as those of the ribbons shown in FIGS. 1-13. 1In
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.



25 as those of the ribbons shown in FIGS. 1-13. |In particular, the
seagrass ribbons 172 may each be formed of a buoyant |ayer 30 adhered (34)
or otherw se connected to a high surface area structure 32, 52, 62, 122;
124, 132, WePY1Té08 hi gh surface area structure may be used POI/P88208% 30

bi ol ogical growth in the aquarium 150. In a preferred enbodi nent, the high
surface area structure is formed of pol y&Oefin. 30 An anchor 14 nmay be
used to prevent the ribbons 172 fromfloating to the surface of the water
158. The anchor 14 may be sufficiently flexible to be bent easily into the

desired positiomEnahdkoPoid MR PInd NEsSdUEs | YR vdlX the ribld@dPlf2 the

anchor 14 nmay be bent into a repeating zig-zZag or serpentine shape (as
shown for eikEemlEloating tq)the serfree ythe Heakee hbe8 14 TG 3oFPe%W a

curved pat 4 angd, tihe @@f@péléﬁt{rgyff@ﬂﬁfé ewtﬂs@rbém ecisily idbgovener. 10

The anchor 14 nday be buried in ravel Alternatively, it can rest
on the surf%&ﬁ#%ﬁdtM@nghg%lOQGQh%sb%tﬁﬁm ¢ﬁ ¢h%33anrH%% ang®®r 14 shoul d

easidy conformboeNithe gﬂéhaﬁli@yﬁay%émeﬂfay@&o 162, amen 03 iony 04 the
I

aquarium 150. 1 Mbr eover, the anchor 14 should prefera have a
t endency toOJFe%%PFPﬁl@*élTaes%lMPghiafFlﬁ'@o‘mlmaﬁmlqol@n cel)the ability

of the anChﬁté—é‘néﬁ’ YETRI Nehd éxééﬁékrf@' iy VELL Doy b@”&uP@éélC? aand

mal | eabl e wre, suc as” a coat copper wre 15 (Fl may be

| ocat ed wi tthe amehon| l4snaplenpirpbe apeher aajeqhe Wr‘éhQSWc?r’é?rr un t hr ough
the entire length or a portion of the anchor 14. The wire 15 may be coated

to preclude interaction between the netal and the water. Alternatively, the
bal1@st 24 may bBhe¢ opnedonf 14 may be buried in the gravel 162.

Alternatively, it can rest on the surface of the gravel 162
as shown in 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 shdg. The shot will provide sufficient weight to
maintain the anchor 14 in the desired position in the
agquarium, 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, 50, 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

M



25 bi smuth shot. The shot will provide sufficient weight to maintain
t he .anchor 14 -in the desired position in the aquarium with no tendency to
return to an undesired position. 30 The shapes of the ribbons 7172
may be the Y805 nose of the ribbons 12, 40, 50, -60, 120, PLIFSIPLWIiseq
above. The ribbons 172 nmay be economi cally provided in the formof sheets
with el ongated anchors 14, |ike the struct¥res shown in FIGS. 1, 14 and
- 15. These sinple, long rectangul ar shapes may be econonical to nanufacture.
Alternatively, the ribbons 172 may be trinmed and shaped to nore closely
" resenbl e readln dtl@l i cl sekfjransd. 1Any Dhesdestmplodurdsg magcbangulabe used

. economcal ly_.in |large uariuns. . such_as those found i 00s,.and al so in
snal | aquaﬂﬁﬁé??%né%%ﬂgbu%%?nq%l%@ngaem%ﬂﬂgﬁﬁéﬁr3EStﬁ%ﬁ?fgaFﬁye}Ne
aquari um 150he ndikbaiusl 172 bbaysbd 72r imyet eapd oshapdd sepametel ¥loselly snal |
groups to fif th val |l abl e space and to nore_closely 10 resenbl e real
seagrass.'ﬂéf??eﬁ)%srﬁsg %%&gg CpF VP HRE5 1 n %?¥f%feﬁPeF8n8fﬂ§uF St{EYin
diffé&rent sibe wspdrecomoibfallfy teslaede hdbearibiepssitdéR asythesprovi ded
in | engths %ﬁqgg 15 t han ul d, be regfired bx at icgl get fish
aquari um L= %e?%t%?oﬁf R A4TRr+AntT86L WBAHATLUPSt hBTeRBESoHSEhe
ri bbons én T® pfm?@sijél?ﬂaheﬁ@tassﬁﬂéeiast'fﬁi:c'tnéhsqagtaaﬁ 166,y be used
- to provide 20 .. . .fo or the fish 170. Thus, the present invention my
bo heed to madiviudl! Bt Behaoar S Ba Be JUAT e 150 EREELS BF 1D
suppl enent al sfi®eli gigoths otghfibechopatslabléhspageanhMmd5RorBY ch®sely
requj f ed. Food %ﬁg t he fish 170 may be generated naturally and regenerated
by the artifieFHMLe real §@agrass-166. The food generating and
regenerating function may be initiated, if desired, by inplanting or

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 aquarium. 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 nQFurally 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.



i ncorporating nutrients and/or bacteria into the high surface area
structure of. the artificial seagrass 166. In one aspect of thée invention,
the nutrients and/or bacteria 30 are incorporated into the high -.
surface awsm9oAtreasct ure by the manufacturer of the artifici ptT®sssposss 166,
before the artificial seagrass 166 is packaged for distribution and sale to

consuners. 32 In a preferred enbodinegst, the artificial seagrass 166 is
bot h buoyant and fl exi ble. The specific gravity of the seagrass should be
near to that of water, however. By 5 provi ding the seagrass with just

a small amount of buoyancy, the artificial seagrass 166 sways gently to and
froin the water 158, in the nmanner of real seagrass, to provide a visually
i nt eresti ng andlappeptefigreédeembodimestagthssatbbf shbal dspagtasabl§6not be

curront To-roRetbuyent; Rl tLShPL  “TERS e Sub LS FATLLY L0 THBEL o e

164, or byseagepsensbbubhd beunearofowahet Ofiovaséopnhowdherf| eBybl e
artificial geagéass %§g na% aésg bgtgnved bg thg imﬁnnaag fish 170. The
movement of - he 159 arfffrerals a&?ﬁgs 188 + he tBr 158

contri but esudpanags thansteifbdéialit seagtssanilebt seaysagenthystbedmeen t he

artificial seagraéé 166, and %Ee matgé 158. The artificial seagrass 166 may
be inexpen£¥9e Po-29 Ve ernﬁ f atPubkas® m??nﬁﬁyo et 8% i??a%f%ﬁ ted®from

| am nat ed sheeideod siscklbnt éntakssting amdngppealbrgaeffétci al Tseagr ass

166 does not_have tgGge #nd%éidua%l¥ Idedt The aétific'al segagrass 166 !
can be eastPIOFerFchosr ShORMEPT AT ot eBlBabrt pAEKaGCRUPKRE; 8%, FBUL | on and

sale. The standli £i9id2p uprigheaghnaskelfbteny bBheowated gueeendrtanot her

color to Ogéeé”tﬁgeaggikigga?rQSQS?E?L f%geﬁéy be generated by the

bubbles 164, or by a replenishing source of water (not
shown). The flexible artif;cial 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 pacgages 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. In this regard, to
control or improve the quality of the water 158, the

ribbons 172 of the artificial seagrass 166 may perform the




The artificial seagrass 166 may al so be used to renobve excess nutrients

and/-or toxins -(such as amonia, nitrates 30 and phosphates) fromthe
water 158. In this regard, to control or inprove the qualit§ of the water
158, the riWBIME76032 of the artificial seagrass 166 may perf SFH{USAY2087S gqne

bi ol ogi cal and chemi cal functions as those discussed above in connection
with FIGS. 1-13. The artificial seagrass 188 may al so provi de predation 5
shelter for the fish 170. The artificial seagrass 166 may al so i nprove the
overal | aesthetic appearance of the aquarium by providing noving passages
and obst acl esafner blibgobiigh 11l dddt ehewii@alhfemgt iamd asOwhbsel@iscussed The
artificial leafy pl.ant 168 may be .for of .the sanme materials as those of
the ribbons QEB&ﬁ il EP@@?Cf}f§.wfﬁ§:ﬁaﬁsriérgﬁ‘leafy pl ant 168 has
artificial stens 180 and artificial |eaves 182. An anchor 184 may be
provided to secure the artificial |leafy plant 168 in the desjred 15 |,

| ocation. The artPfi &F&ifdcdmd f@@gﬁé’fs&-}%ﬂ%l“ﬁé’d a&fsomﬂ%’dlciﬁ' %&cfm

pl ast ¢ mat eghallteth&oar thid Eiah hgaves TR am fie ifar b gfaddel semay

| ayers of buoyant ,and hi gh surface area structure nmaterials discussed
above. The hi%ﬁ%&F“P&@é’eart@f ﬁVthé‘rlﬁr feshheE aRRsarange I%‘gf’iﬁe‘pl ant 168
20 may Beuasetind ®y0ervald ipembviely tdies Jddds il vl dclds cRoK rehe t he

quality of the water 158, in the manner di scussed above in connection with
the artifici &tS8eddPady oM Fhrough and axgunthy  the artificial plants
166, 168 may forman integral part of an educational program on the biol ogy
and/ or. ecol ogy of aquatic systens. Printed educational materials_ (not

showdP may be provitfed@4ti fiifd adakegfar Idga ti k4P iy e ifoaned of e 166,
168, as a kilsamE@atlrials eiaaidnals e AlsordRYs o ail Peys [ he-13,

artificial plants =

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 plént 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 : Furthé;, 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 artificial 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



166, 168 interact biologically with the fish 170 and the water 158. Thus,
the artificial plants 166, 168 nmay be used to teach concepts such as the
"food chain," and the Substitute sheet - 7 Jan 2000 34 connecti ons- .

bet ween bina egireesnd wat er quality. The educational kit naypoeusssgpsesrent ed
by water sanple test kits for determning water quality, Petri dishes for
growi ng bacteria cultures, and m croscomes for viewing 5

m croorgani sms growing on or in the vicinity of the artificial plants 166,
168. The artificial plants 166, 168 may be fornmed of durable materials for
ease of hand] i . Shi ppi 10, ackagin cl i pa, reuse. The
above desc??ﬁ??gﬁéogﬁdgﬁggﬁfﬂg 8g§ 5n3|V?g%fr%§$géggf gfg?erred
enbodi nent sdwhathonah &thi mag hedcpmpﬂementéé bpjester Samplieesesnd

advant ages, of _t present .15 |nven t ed that the
i nvention B%L?iﬁ?feﬂeﬁgr?ﬁglgﬁb BaFRENES % YA g Er%eggéngdfgg det ai |

her ei n. Nbdtbwmaglbastenmhngumtuhea thadsmmcrbsaopescﬁpe viewhegf ol | owi ng
claLnms are_to_be considered p of the.cl ?bned.invegt|0ﬁ t§8 Thr oughout

t hi speC|Tf85?P5ﬁa3ﬁ5mfhgr8 éPﬁSORhPEhlPo Bw’ “thi'es€ Phe“¢Bntext requires
ot herwi se, atberioidl" phaptssebe, abd8vari ati ons such as "conprises" and
"conprising", will be understood to inply the inclusion of a 25 stated
i nteger or step or group of integers or steps but not the exclusion of any
ot her integer orhetapt@figialppbéntst &g6;,S168 mhgpbe BOrmed of

durable materials for ease of handling, shipping,-

10 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

15 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 invention.

20

What is claimed is:

1Y

25
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CLAI M5 1. A synthetic structure, conprising: buoyant material; and a high
surface area structure for pronoting biological gromh on said synthetic
structure. 5 2. The synthetic structure of claiml, wherein

surface ar@&’%Y 76%% ur e i ncl udes open cell foam 3. The syntﬁﬁﬁrc structure

of claim1, wherein said 10 hi gh surface area structure includes.-- -
pol yol efin or spun polyester batting. 4. 3%The synthetic str

1, wherein said high surface area structure includes m crogﬁ@ i’ Mﬂi I"m,”",
15 particles. 5. The synthetic structure of claiml

buoyant nateriaI11ncAudgﬁtnéesedsﬁehbtﬁeanrcaﬁprising: . The synthetlc

structure of clatel further rlalng at | east one ribbon sai d high
surface area str %?%?%tb@?ﬁﬁrtﬂ h8form of an el ongated strip supported by

said ribbon, andamhﬁgﬁlBuﬁﬂadeCéﬁﬁﬂdsﬁghbtﬁﬁéﬁfbi pRombe ihgr Bieflogical

el ongated str adhered to said high surface 25 area structure. 7. The
synt hetic s??ﬂ@? Bre of claim6, further conprising adhesive nmateri al

|l ocaged between said elongated strips. 30 8. The synthetic structure of

claim1, further _conpyising ribbons havin free Eer end and mhereln
sai d buoyant natériaff ?sngﬁaﬁeacaFt§HFBu Pel uﬁgé s Wheregn sagd

synthetic sgaghasarshedChyes E@EuskiWkt ARGIUELY open cell foam.

3. The synthetic structure of claim 1, wherein said
10 ‘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 e%ongated strip adhered to said high surface

25 area structure.

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

30

8. The synthetic structure of claim 1, further

comprising ribbons having free upper ends, and wherein said

buoyant material -is located at said free upper ends.

I
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provi ding food, predation shelter, and breeding enhancenent for biol ogical
species, said synthetic seagra ructure conprising: 5 “a plurality
of ribbons with free upper end !ﬂa#u ﬂﬁﬁr&ﬂ"structure for anchoring said
ri bbons twolbbgrdaent hos; and wh d ri bbons ipTI/usYs2¢8% a
buoyant |ayer for causing said ribbon to ext end upward in the photic zone
10 and (B) a second | ayer structured tggenhance biol ogical growmh, said
second | ayers each including a high surface area structure for pronoting

bi ol ogi cal gromﬁh on said ri bbons, said high surface area structures being
separate from buo | ayers, and erein said hi urface area
structures 15 %f SAi W %WdCI% aﬁ%v%\,@’éu%'ﬂ?’f%c%o’ér%gm‘fit.ﬁn?% ¥ater |
than or eﬂt@‘bf J.an@nﬁoGﬁlpapﬁemtﬁdSrapshi%lﬁ@m ditid Hfmeam hath\amsamass
structure_o In said ribbo g arra n_ro 20 11. The
synt het i cf%’éaﬁﬁ'%L%g%‘F?ﬁh?ﬁ?‘él%?' Fatth @Yn%h%?’e? ns%%\?]ga?%v\%tﬁ? V\@%]fbaced at
|ntervalsc§mpfi§ﬁm@bout five to about fifteen centineters. 25 12. The
synthetic seagrass stiuctur of claim9, wherein said buoyant |ayers

i mel ude a pol yAeP+RTHELEY ef cFHRROPREI#%0am 13. The synthetic seagrass
structure of ciRi hdRor 30t ¥heEerd 58F dagtseingesdid opibbons Utesthe
pol yet hyl ene. 14. The synthetic seagrass structure of claim 12, wherein
sai d cl oskentlPs; 1¥a¢h i ncl udes pol yur et hane.” 35 15. The synthetlc

seagrass struchyépePh &hahNdi2sailerEbosdi thelesed(ael & beeyanecl udes

ol ypr opyl ene. 37 16, The synthetic seagrass structyre of claim12,
PoLyP py layer for causing salg ribbon to extend upwarg fh the

10 photic zone and (B) a second layer structured to enhance

biological growth.

10. The synthetic seagrass structure of claim 9,
wherein said ribbons are arranged in rows.
15
11. The synthetic seagrass structure of claim 9,
wherein said rows are spaced at intervals of from about

five to about fifteen centimeters.

20 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,

25 wherein said closed cell fqam includes polyethylene.

14. The synthetic seagrass structure of claim 12,

wherein said closed cell foam includes polyurethane.

30 15. The synthetic seagrass structure of claim 12,

wherein said closed cell foam includes polypropylene.

This Sheet Has Been Replaced
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wherein the specific--gravity of said buoyant |ayers is fromabout 0.05 to-

abaut 0.6 grans per cuki ) 5 17. The synthetic -
seagrass structure of rmmmm“nmmlln said ribbons are fr S,&&ﬁi ve
centi net er YOMd#%Nnd f~onmrone to fSsour meters |ong. 18. The g’?ﬁ%e?. C
seagrass structure of claim17, 10 wherein the stiffness of said
ribbons is fromO0.5 to 3.0 grans per centi/neters as neasur ed by ASTM D5342.
19. The synthetic seagrass structure of claim 12, wherein said second

| ayers include an open cell foam 15 plastic material with cell sizes

in the range of fg.omihendyntleti® ddwmsassl icuonsre 20f dheisyh? hetic
seagrass structure of claim12, wherein said second |ayers include_fine
cont i nuous ¥Frein éﬁqeﬁﬁﬁﬁ %%NQﬁ?ﬁny<ﬁﬁﬁﬁ%&§ﬁ$?%%?%¥ FEEHhatS st ure
of batting drithd 0% Wd asot R, 6 ngtdies rpegecuhid resnoneeteor one hundred
square nmeters per gram 21. The synthetic seagrass structure of claim12,

25 wherein said second | ayers include a porous granular materi al
adheg ed to said Juoyarie | syetiset 22. sddgrsyat etuctseagoAsslaimut2 ure of

claim 21, fuyrther coqf i Sj nutrieqég for enhang¢in algal romﬁhw.go

sai d nutri SR RPHOEHRRCHT tIFH SEPH YT ok ﬁﬂs uFESFEHBEEPFRI WiGe 23
The synt hetdfd SEagh asse St UESL em@fe € alongl, further conprising nutrients
for enhancing bacterial growh, said nutrients being |located within said

porous granular material. 24. The synthetic seagrass structure of claim 21,

further conprisiTg. nutKé ey St kot POCHYEGHEs S her ghevhhe ObENMETE AN YA sns for
envi ronnental cleanup, said nutrients being |ocated within said goaous
gréHhIarlnﬂQﬁW%ﬂq the stiffness of said ribbons is from 0.5 to 3.

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 enhancing algal growth,
30 said nutrients being located within said porous granular

material.



25. The synthetic seagrass structure of claim21, further conprising

m croorgani sis inplanted in the high surface area structure. 26. The _
synthetic seagrass structure of cl aomlm”"mulﬁﬂ"ﬂde m cr oor gani sms ~ -

i ncl ude bagbesnmos 27. A nethod of c tic errOIVuRISReST; said
met hod conprising the steps of: providirg synthelic’ ribbons with a high
surface area structure; causing upper p@gions of said synthetic ribbons to

float within said aquatic environnment; and causing water within said
aquatic environnment to contact said high surface area structure, and using

said high surfagg ar S t e | sai d

synt hetic struc?gfe.ﬁgg.g%ﬁgh%é?ﬁpgegégggélﬁ?ﬁgcgg tﬁer gm%% gfng t he
step of préurtheg qumpréausgonu$aidnbsgﬁosuehhaacangabattariale and

rher el SShRRRERD Sho B PA-RRL PARRET 2 BELLEATAL BhiR LI BRELE S 11 ohore
provi di ng gaadubatrrmenegiab.sai d hi gh surface area structure. -39- 29.
The.net hod of claim 27, further conprising the step of renoving nutrients

froﬁrsard aquatic environnent. 30. The nethod of claim 27, further
conprising the 24st ephef syathetig seagtaésoatsabduaquaficlemmizmnnent by

bloaccunulgt gg on sa,d.s¥ntheth Qbogs 31. A Séntgetic s% ure :
conpri si ng’ §anfORBE&PTH-2L; "y HITB FRFEPLaH EofE°R ého urface
area st rudnhlbﬁ&of:g&niisﬂﬂil fareenshyopmenehlnglaanap) csand anseiehts
reactions |n,uatel..83h0. QURYaNL 18! SEL_»%LSbSEQ%u&S%a}nSQeBEH’ae” said

10

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

surface area structure.

15 26. The synthetic seagrass structure of claim 25,

wherein said microorganisms include bacteria.

27. A method of controlling an aquatic environment,
said method comprising the steps of:
20 providing synthetic ribbons with a high surface area
structure;
causing upper portions of said synthetic ribbons to
float within said aquatic environment; and
causingﬂwater within said aquatic environment to

25 contact said high surface area structure.

28. The method of claim 27, further comprising the
step of selecting said high surface area structure, and
wherein said step of providing said synthetic ribbons

30 occurs subsequent to said step of selecting said high

surface area structure.
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first and second high surface area striucturés; the high surface area :
structures are used for pronog) ' ' 5 growth on the synthetic
structure. 32. The synthetic memmmg“m“ m 31, wherein said fir %'hi gh
surface arW@97#6t ure includes coarse *open cell foam 20 3§.CT’H§38'§‘?§ hetic
structure of .claim 31, wherein said first high surface area structure
i ncl udes high loft, spun bond material. 2% 34. The synthetic

structure of claim 31, wherein said second high surface area structure
i ncl udes open cell foam 35. The synthetic structure of claim 31, wherein

sai d second hi glpsur e méEiRo@tSHICELH i 2T UBeStHEASEohBtisiRg 8Re The
synthetic structure of cJaim 31, wherein said first apd second high surface
area structth® Ar IR TRL AU ek s ptFthet it r 2402 BXE eRRV HEOMREBEgh sai d
buoyant material, and wherein said second high surface area structure is
thicker than said first high surface area structure. 37. A nethod of
operating an aquiffi unfhedrethed ol claim PnpEnsthgrt REMBEEBANSf Ehfr ovi di ng
an agtificiglep!antrdhdPilyohOghLartymashidCagRheltabnddoAmBhehpgur face
area structure, said biologically active material being |ocated in said

hi gh surfaddleaeaayiykier eon19pid synthetigpsthpensty, |ocating said
artificial plant in said aquarium and causing at |east portions of it to
float; and subsequently, generating food for aquatic species fromsaid

bi ol ogi cal | y act}ve rhateyphhetic structure, 3gomprigingthod of clai m 37,

wherein said step,Qfant material; and

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.

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

foam.

33. The synthetic structure of claim 31, wherein said
20 first high surface area structure includes high loft, spun

bond material.

34. The synthetic structure of claim 31, wherein said

second high surface area structure includes open cell foam.

25
35. The synthetic structure of claim 31, wherein said
second high surface area structure includes dense felt.
36. The synthetic structure of claim 31, wherein said
30 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

This Sheet Has Been Replaced

TRHTA0




providing said artificial plant _with said biologically active nmateri al

I ncl udes the step of nutrients and bacteria into said hi gh
surface area struct "!ﬂﬂ EK ﬂ)nﬁ thod of claim37, further conprising
the step Qo doanéBd s ar ea structure t 0 cont PCT/USY&0813al i ty
of water in said aquarium 25 The net hod of claim 37,
wherein said step of |locating said artlumplal plant in said aquariun1

i ncludes the step of locating artificial seagrass in said aquarium 41. The
nmet hod of claim 37, wherein said step of 30 Iocating said artificial

plant in said ari um jnel udes .t he step af i.ng al leafy
plant in s3F& a%%%?lﬁﬁ1 hickey th%& Sah af%*??C?%ﬁh %gﬁé g%%éaquarlun1
said artifserattprant conprising: a flexible buoyant Iayer, and a high
surface area structure connected to said 5 flexible buoyant |ayer; the high
surface area structure is used for pronoting biological growh on the
artificial plan37 43A méthadt of i opatapingt anfagharinm?, sabhérmévhedi d 10

flexible buo ant eg |nc udes Iosed cell foam 44. The artificial plant
of 2l ai m 4%° Rﬁb?%? Bf oS hERR 8 fface area structure is adhered to at

| east one side pfoﬁﬁdﬂn§|Qﬂlbkﬂlbﬂeyantplayerw1ﬂ5 Bholdgicatlyfactavepl ant

of claim42, mhereln ga gh surface area Etructure |ncIudes a |layer of
fllanentarvaﬁﬁf%? afnd a high surface area s cture,

biologically active material being located in said high
surface area structure;
10 subsequently, locating said artificial plant in said
aquarium; and
subsequently, generating food for aquatic species from

said 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 in said aquarium.

25 40. Tﬁé method of claim 37, wherein said step of
locating said artificial plant in said aquarium includes

the step of locating artificial seagrass in said aquarium.

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

aquarium.
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20 46. The artificial plant of claim42, further conprising an

anchor for securing said plant to tﬁ“'ﬂtﬂlllm‘Eulmnmaquari um 47. An _
educational kit for use with an aqu ing: an_artifici
pl ant wi t WIS surface area structure used f8r pronoti ngPEFEEEE%
growh on the artificial plant, and a buoyant |ayer; and printed materials
descri bing the function of said 30 artiffeial plant in the aquarium 48.
The educational kit of claim47, wherein said artificial plant includes
buoyant material. 35 49. The educational kit of claim47, wherein
said hi gh surfade.ar ea sirtidiwiel pdamesdd lairejuami vmt esdiad . 50. An
artificial _s a&&ass structure for, an aquarium said artificial seagrass

i

structure &§ Sid BB 5O8PHYSH8 thavi ng buoyant | ayers and hi gh
surface area stauEléxddleobupiyamd ilagdy olangl cal growh on said 5

strips, said high surface area structures being connected to said flexible
buoyant | ayers; %aﬁ&gz? ﬁ“e'i(flaaﬁ:lee %&tgu&%%ﬁq{be%% Q5510 the
bot som of tfhexd@iar budyasdi daledxi bl e anchor being integral with said

flexible strips. 10 51. The artificial seagrass structure of
claim50, wherein said flexible strips are formed froma single sheet of

material, and wag.ei mrsaiakATEaRl prateE fdmmsaid, shegte i s@i@rial . 15
52. The artificial seagrass structure of claimb50, wherein said anchor

i ncl udes a f@EdRAfd RaYend: hamed itnchyies st ekl M artificia

seagrass structure of claimb52, 20 wherein said ballast materi al

i ncl udes bismuth shot .
10 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.

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

material.

46. The artificial plant of claim 42, further
comprising an anchor for securing said plant to the bottom

20 of the aquarium.

47. An educational kit for use with an aguarium,
comprising:
an artificial plant with a high surface area structure
25 for promofiﬁé biological growth; and
printed materials describing the function of said

artificial plant in the aquarium.

48. The educational kit of claim 47, wherein said

30 artificial plant includes buoyant material.

49, The educational kit of claim 47, wherein said

high surface .area structure includes filamentary material.
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54. The artificial

wre for

10
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20

25

30

IO |11 ] J——

42

50. An artificial seagrass structure for an aquarium,
said artificial seagrass structure comprising:

flexible strips having buoyant layers and high surface
area structures 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 flexible strips are formed from a single sheet
of material, and wherein said anchor is formed from said

sheet of material.

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

said tube.

53. The artificial seagrass structure of claim 52,

wherein said ballast material includes bismuth shot.

54. The artificial seagrass structure of claim 50,
further comprising a wire for maintaining the shape of said

anchor.

2%
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