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Abstr ac t

Art i f i c i a l F loa t ing Is la nds (AFIs ) are ve ge ta ted f loa t ing
pla t f o rm s use d in lakes , po nds and rese rvo i r s t o enhance the
aqua t ic envi ron me nt . AFIs have four func t ions : 1 ) wa te r
pu r i f i ca t ion , 2 ) hab i t a t en hance men t , 3 ) sh ore l i ne e ros i on
pro tec t i on , and 4 ) imp roved  l andsca pe fea tu re s . Th i s pape r
re views the pe rfo rmance of AFI. Al th ough AFI can be fo und in
man y c ou nt r ie s (e .g . Chi na , Engla nd, Germany, Ja pan, Korea ,
and Ta iwan ) the y a re mo st p re va len t in Japan whe re mo re than
70 ,0 00 m 2 of AFI s t ruc t u res ex i s t . AFI pro vi des c r i t i ca l habi ta t
fo r bi rds and pro v ide im por tan t subs t ra te fo r spawni ng f i sh .
Howe ve r, wa te r qu al i ty enhance men t i s t he i r mos t im por tant
fea tu re , espec ia l ly in As ia where th e i r in s ta l l a t ion ove r la rge
sur face a reas (10 to 30%) of lakes an d re se rvo i r s he lp m it iga te
the e ff ec t s o f eu t rophica t ion . Thei r sha de he lp s t o dec rease
ph yt op lan kt on, whi l e the i r ve ge ta t io n he lps in ni t rogen re duc t ion .
The cruc ia l adva nt ages of AFIs a re t ha t the y f loa t and adap t to
wa te r l eve l f luc tua t ions in re se rvoi r s and t he re duce pre da t ion
r i sks by p rov id ing safe , inacces s i b le r efu ge s fo r nes t in g bi rds .

Introduc ti on

In te re s t in the re s to ra t ion of aquat i c envi ronments ha s
been inc reas i ng wo r ldwi de . Ar t i f i c ia l Floa t in g Is lands (AFIs ) a re
ve ge ta ted pla t fo rms use d t o au gment or enhance aq ua t ic f ea tu res
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found in lakes , po nds and rese rvo i r s . AFI s have fo ur maj or
func t ions tha t inc l ude : 1 ) the e nhancement of wa te r qua l i ty, 2)
hab i t a t e nhanceme nt , 3) l an dscape fea t u res an d 4 ) reduc t i ons in
sho re l i ne e ros i on (Naka mura e t a l . , 1 999a ) , and 4) . AFI s can
imp rove wa te r c la r i t y by re duc ing tu rb idi ty a ssoc ia ted wi th
sho re l i ne e ros ion a nd by red uc ing a l ga l bl oom s. The y can a l so
provi de spawn in g subs t ra te an d cover for f i sh as we l l as nes t ing
and sanct ua ry ha b i ta t fo r wa te r fo wl and b i rds . They a re
espec ia l l y use fu l i n re se rvo i r s o r lakes tha t su ffe r f rom sho re l ine
e ros i on cause d by waves an d f luc t ua t i ng wa te r e leva t i ons . AFIs
provi de mana ge r s o pt ions t o ad d or inc rease hab i t a t d ive rs i t y to
accent t he landsca pe and at t rac t des i ra ble spec ie s .

As ea r l y a s 1900, AFIs we re ins ta l l ed in Ne w Ham pshi re
(USA)  l ake s to provi de nes t i ng hab i t a t for bi rds (Ga vi idae ) (AFI
s t udy group , 20 00) . The f i rs t f loa t ing s t ruc tu res in Japan were
ins ta l led i n t he ea r l y 1 920’s and were cons t ruc ted of fa sc ines ;
s t ic k bund les t ha t were ins ta l l ed to provi de f i sh sp awn ing
s t ruc tu re (Hi rose , 199 7) . Lake manage r s be ga n to reco gn i ze the i r
use fu lnes s and resul t ing de s i gns became more comple x and
du ra ble . In 1979 , the German s s ta r t ed us i ng a mo de rn AFI des ign ,
ca l l ed Sc hwimmka mpen; mean ing ‘f l oa t in g camp us ’ (Hoeger,
19 88) . In the ea r l y 1980 ’s , Japan led the wa y in the des ign and
tes t ing of la rge AFIs in La ke Biwa . A grea t dea l o f info rma t i on
was lea rned to imp rove the i r s t ruc tu ra l des i gn and bi o logica l
bene f i t s .

The Inte rna t io na l Conference of Lak es-Ka sumi gaura 95
was hos ted by Japa n in 199 5 an d resul t ed i n inc reased in te res t in
th i s t ec hn ol ogy (Naka mura e t a l . , 1995 ; Son g e t a l . , 1995 ;
Te ra zo no e t a l . , 19 95) . S ince t hen , increase d in te re s t and
assoc ia te d ma nufac tu r i ng c om pan ies h ave re su l t e d in mo re than
70 ,0 00 m 2 of AFIs be in g i ns ta l led on Japanese wa te rs (AFI s t u d y
group , no t pu bl i shed ) . Th is techno lo gy has a l so sp read to Korea ,
Aus t ra l i a , Canada , China , Ind ia , Germany, Spa in , Ta iwan, UK
and t he USA (Boutwe l l , 1995 ; Mue l le r e t a l . , 1996 , Lee e t a l . ,
20 01) .  
 Whi le AFIs ha ve be come a comm on e nv iro nmen ta l fea t u re
in ma ny places of the wor ld , t he re are few pape rs in En gl i sh t ha t
desc r ibe the tech no logy or a ssoc ia ted resea rc h f rom Japa n. The
pu rpo se of th i s pape r i s t o pro vi de a br ie f h is to r ica l pe rspec t i ve
of t he technol ogy a nd desc r ibe recent techno log ica l ad va nces in
un de rs tand in g the bene f i t s tha t can be de r ived f rom AFIs .

Des ig n a nd Str ucture

AFI des i gns can be di vi ded i nto two ca te go r ie s ; “ wet” a nd
“dry” (Fi gu re 1) (Nakam ura and Sh ima ta ni , 199 9b) . Wet
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s t ruc tu re s a re de s ig ned t o ha ve the ve ge ta t ive root ma ss ex te nd
int o the wa te r col umn whi le dry s t ruc tu res ha ve the ro ot mass
con ta ined in an enc losure . Wet AFIs can be d iv ided in to three
group s; t hose wi th a large suppo rt in g f rame, those c ons t ruc ted
wi th ou t a support i ng f rame and , l as t l y, o the r de s ign theme s . The
most common (70 %) AFI in use to da y i s a we t s t ruc tu re tha t has a
s t ruc tu ra l f rame whic h a l lows the ve ge ta t ion’s roo t mass to
extend in to the wa te r. AFIs ut i l i z i ng the dry des i gn compri se
nea r ly 20% of the s t ruc t u res in u se and a re t yp ica l l y c ons t ruc ted
of a f loa t ing she l l o f conc re te . The remain ing 1 0% fal l i n to the
“wet wi thou t a f ram e” or ot he r de s i gn t hemes (a no nym ous , 1999) .

AFI wet frame (FRP, EPS, concrete, timber,)

no frame (coconut fiber)

others (used tire, PET bottle)

dry concrete, EPS

Fig ure 1. Str uc tura l c las s i f ic a t ion of AFIs

Fi gu re 2 . Dry- con cret e AF I i n L ak e Ka s u mi gau ra ( l e f t ) (p h ot o :
Ma ed a E nv i ron ment a l Art ) , Wet -w i t h out - f ra me A F I wi t h
coco n ut f i b er pl ant ba se ( r i g ht ) (Ko moro reg ul a t i n g p on d)

Fi gure 3. AFI i n Lake Kasumig aura (wet with fra me )
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Dry AFIs (Figure 2, le f t ) a re dec reas ing in p opu la r i ty d ue
to h igh cons t ruc t i on c os t and the absence of wa ter q ua l i ty
a t t r i bu te s . Dry-co nc re te AFI a re gene ra l ly la rge an d can be
pla nted wi th mature t rees , sh rubs an d la rge te r re s t r i a l p la nt s .
When co mb ined wi th sma l l we t AFI, the resul t ca n c rea te a more
di ve rs i f i ed landscape tha t i s pa r t i cu la r l y a t t rac t ive to bi rds
(Te razono et a l . , 19 95) . Wet AFIs wi thou t f rame s (F i gure 2,
r i gh t ) a re of ten cons t ruc ted of coco nu t f iber ma ts an d f loa ta t i on
bla dde rs boun d tog ethe r by pol yp rop yl ene rope (Sa to and Iha ra ,
20 03) .  Thi s des i gn i s ga in ing popu la r i ty due t o i t s sof te r
appea rance and lo wer cons t ruc t ion cos t . Fra med AFI (F igu re 3)
can be cons t ruc ted of se ve ra l ma te r i a l s . Frame s can be bu i l t
wi th na tu ra l o r synthe t i c f ibe r, wood , re in fo rce d p las t ic ,
s t a i n le ss s tee l wra ppe d wi t h p ol ys ty rene , po lys ty re ne a lone
and wi th u re thane a nd c oncre te . Ot he r des igns ha ve inc orpora ted
the use of use d au tom obi le t i res f i l l e d wi t h pol ys t yre ne and
coconu t ve ge ta t i on sur rounde d wi th p las t i c t ubi ng. The se
s t ruc tu re s are ge ne ra l l y smal l b ut a re cos t e ff ec t ive (5 0 USD per
m 2 ) (Mue l le r e t a l . , 19 96) . Some ci t i zen groups ha ve made AFI
us ing plas t i c b o t t l e s (Anon ym ous , 1999) and rec ent ly,
re sea rche rs ha ve repor ted des ign s tha t suppor t sub me rged p la nt s
(Sh imada e t a l . , 20 07) .

Coconut f i be r i s the mos t com mon mate r ia l used to
suppor t ve ge ta t io n bu t ot he r ma te r i a l s ha ve a l so been
success fu l l y u sed such as u re thane fo am use d for hydro pon ic s ,
po lys tyr ene beads , f i sh net s an d even so i l .

AFIs a re ge ne ra l ly cons t ruc ted s ing ly o r in mul t i p le ce l l s
tha t a re j o ine d to ge the r. Ind i vidua l c e l l s n orma l l y mea sure 2-3
m in le ngth and can be t r i an gu la r, rec ta ngu la r o r squa re .
Nowa da ys AFIs can be aes t he t ica l l y des i gned depend in g upon
the i r pu rpo se (F i gure 2,  r i gh t ) .  St ruc tu ra l i n tegr i t y i s qu i t e
imp ortan t , espec ia l ly fo r s t ruc tu res sub jec te d to h igh wind or
wa ve ac t i on . The Japanese ha ve  de ve lope d spec i f i c des i gn
recomme nda t ions fo r AFIs subj ec ted to these types of na t ura l
fo rces (AFI s tud y group, 2000 ; Sa t o an d Iha ra , 2000) .

Ecol og ica l Func tion

Resea rch c on duc ted on AFIs (~1000 m 2 ) i ns ta l le d o n La ke
Kasum igaura has p rov ided some ve ry compe l l i ng in fo rma t i on
re ga rd ing the envi ronmen ta l me r i t s o f these s t ruc tu res (F i gure 3)
(Naka mura e t a l . , 1995 ; Nakamura and Shima ta ni , 1997a ;
Naka mura e t a l . , 1997b; AFI s t udy gro up, 20 00) . Ve ge ta t i on
or ig ina l ly (1 993) plan ted on the Lake Kasumi ga ura AFIs
cons i s te d of wa te r oa ts (Zi zan ia l at i fo l i a ) , ca t t a i l s ( Typha
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la t i f o l ia ) , Schoeno plec tus t r i an gul at us , bu r reed (Spargan iu m
erec t um ) , ye l low i r i s ( Ir i s pseudacorus ) and com mo n reed
(Phra gmi te s aus t ra l is ) .  The ve ge ta t i ve communi t y drama t ica l ly
changed wit hi n th ree yea rs , be i ng do mina ted by c om mon reed
fo l l owed b y wate r o a t s , ye l l ow i r i s , Po lygo num t hu nbe rgi i and 17
ot he r pla nt spec ie s .

The resu l t ing p lant comm uni t y was lush . The a ve ra ge dry
s tandin g c rop for th e AFIs was 5 .0 kg/ m; ho wever, whe n commo n
reed domina ted the commu ni ty, s tand in g c rop exceede d 8 .7 k g/
(Naka mura e t a l . , 1 997b) . The ave rage dens i t y of co mm on reed
was 424 shoot s /m2 whic h was th ree t imes de nse r than natu ra l
sho re l i ne comm uni t ie s (~15 0 shoo ts / m 2 ) .   
 F i sh a lso be ne f i t ed f rom the La ke Kasu mi ga ura s t ruc t u res .
Ove rhea d and in te rspaces wi t h i n the roo t sys te m pro vided hab i ta t
fo r se ve n f i sh spe c ie s , the maj or i t y were b lue gi l l (Lepomi s
mac roch i rus ) ,  rose bi t te r l ing (Rho de us ocel la tu s oce l la tus ) ,  
t opm outh gudgeon (Pse ud orasbora parva) a nd Tr ident i ger
brev isp in i s . Fish samples a ve ra ged 267 f i sh compa red t o on ly
one take n f rom cont rol areas (Na ka mu ra e t a l . , 199 7b) . AFI
samples were do mina ted b y year l i ng f ish su gge s t ing these
hab i t a t s p ro vi de impor ta nt co ve r fo r juve ni le s . Li kewise ,
p redat o ry f ish a re a t t rac ted to these s t ruc tu res because of the
po ten t ia l f ood so urce and can be more eas i l y ha rve s ted (Mue l le r
e t a l . , 1996. ) In Lake Bi wa , 85 mi l l ion f i sh e ggs (56,600
e ggs /m 2 ) were obse rved under the AFIs i l l us t ra t ing the i r use by
spa wni ng f i sh (Naka yama, 19 86) .

Bi rd use on AFI ’s h as been we l l doc um ente d (e . g. , Gi roux,
19 81 ; Ge tz an d Smit h , 19 89; Hi ra oka , 1996 ; Momose e t a l . ,
19 98) . Grea t reed warb le r s (Acroceph al us . aru ndi nace us ) and
common moorhen s (Gal l in ula chlo rop us ) nes t on AFIs on La ke
Kasum igaura . The spot -b i l l e d duck (Anas poec i l orhy ncha ) ,
l i t t le g re be (Tachy bap tus ru f i co l l i s ) and c om mon co ot ( Ful ica
at ra ) a l so nes t o n AFIs ins ta l l e d a t othe r Ja pane se lo ca t ions
(Momose e t a l . , 199 8) .

Aquat i c ve ge ta t i on i s c r i t ica l l y impor tant fo r  wa te r fowl .
“Wet” AFIs sup por t emergen t aqua t i c ve ge ta t io n whic h provi des
food, cove r, re s t in g and roo s t ing hab i t a t . St ruc tu re s havi ng a
“dry” o r “we t wi t hou t f ra me”de s ign suppo r ts fa r f ewe r wa ter
fowl (Momose et a l . 1998 ) . The “wet wi th ou t f ram e” AFI
s t ruc tu re s a re of ten inadequa te to suppo rt some t ypes of aqua t i c
pla nt s t ha t a re des i ra ble to wa te r fowl  and a re gene ra l ly sma l le r
in s ize .

S i ze , p lacement an d space a re impor t ant cons ide ra t i on s
whe n a t t empt i ng t o a t t rac t b i rd use . Gi rou x’s (1981 ) sugges ted
two maj or f ac to rs to co ns ide r : 1 ) AFIs shou ld be de s igned wi t h a
sur face a rea grea te r tha n 1 000 m 2 an d 2) the y shoul d be p la ced a t
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l ea s t 170 m from shore . Ade qua te space i s an importan t fac tor
in nes t ing succe ss due t o te r r i t o r i a l i sm, predat i on and
di s t urba nce fac to rs . Proper p la nn in g and p laceme nt can grea t l y
imp rove opp or tun i t i es fo r nes t ing success , e spec ia l l y fo r
f luc t ua t ing rese rvo i r s where ne s t in g ha bi ta ts a re e i t he r ab sen t o r
grea t ly l i mi ted .

Water qua l i ty

Wate r q ua l i ty en hanceme nt is one of the most i mpor ta nt
bene f i t s rea l i ze d f rom AFI. Bo ut wel l (2002) iden t i f i ed a
re duct io n of NO 3 -N, NH 3 -N, K, and t ot a l suspe nded so l ids f rom
wate r c ol l ec ted unde rnea t h AFIs d omina ted by ca t ta i l ( Typha
spp ) . Chang (200 6) s t ud ied the spec i f i c g rowt h ra te of 20 aqua t ic
pla nt spec ies a nd repor ted on the nu t r ie nt absorp t i on s
cha rac te r i s t i c s o f three . Nakam ura and Shima tan i (1997a)  
s t ud ied changes i n wa te r qua l i ty cause d by AFIs us ing
expe r i men ta l te s t ce l l s which measured 4m b y 4m in s i ze .
Trea t men t ce l l s con ta ine d an  AFI tha t cove re d 25% of t he ce l l ’s
su r face a rea and AFIs we re absen t in cont ro l ce l l s . They
re po r ted summe r a l ga l b lo om s occu r re d in the con t ro l ce l ls b ut
no t in t he ce l l s tha t conta ine d AFIs . Summer phyt op lank ton
dens i t i e s we re ~10 t ime s grea te r in the cont ro l ce l l s tha n in the
AFI ce l l s (F i gure 4) . Wate r qua l i t y i mp rovement occur re d on ly
du r ing t he summe r and no t dur i ng the wi nte r. Shad in g appea red
a t leas t pa r t ia l ly re spons ib le fo r t h i s imp rovement (Nakamu ra
and Shima tan i , 19 97a ) .
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Fi gure 4. Ce l l number of phyto pla nkton (AFIs and co ntrol )

Oshi ma e t a l . (2 001) t r ie d to di s t i ngu i sh the effec t of
sha de f rom othe r po ss ib le fac t o rs . The y pre pa red t h ree te s t ce l l s
(4m wide x 6m l ong x 2m depth ) . One cel l con ta i ned a
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ve ge ta ted AFI tha t cove re d 33% of the su rface a rea , the second
had a s imi lar a rea (33%) co ve re d wi th jus t p lywood, and th e thi rd
was t he cont ro l wi th no sha di ng (Fi gu re 5) . The y fou nd tha t bo th
the AFI an d pl ywoo d t rea ted ce l l s reduced phy top la nk to n
(c hlo ro phy l l a ) ;  ho wever, n ut r i en t s , pa r t icu la r ly ni t ro gen, were
on ly red uced i n t he AFI ce l l (Fi gu re 6 ) . Whi le sha de im pac ted
ph yt op lan kt on product i on , f loa t i ng vegeta t i on reduce d nu t r ie nt
conce nt ra t ions whic h di d not occu r wi t h s i mp le sha di ng.

The Up pe r Tone Ri ve r Manageme nt Off ice cont in ue d
Oshi ma’s re sea rch bu t re duce d (8 .3 %) the pe rce ntage of
ve ge ta t ive cove r used. Two yea rs of expe r imen ta t ion resul ted i n
the devel op ment of a regre ss ion curve showi ng the re la t ion sh ip
of su rface a rea of vegeta t ion t o the pe rcenta ge dec l ine in
chl orophyl l a (Fi gu re 7) (Nakam ura , 2003 [ f rom the unpubl i shed
da ta of The Upper To ne Rive r Mana ge ment Off ice ] ) .

Case 2: Plywood

experimental cell

Oil Fence

Case 3: ControlCase 1: AFI

Experimental cell

Volume 48m3＝4m x 6m x 2m Depth (Area: 24m2)

Area of Floating Island and Plywood: 8m2＝2m x 4m
Cover ratio: 33 %

Fig ure 5. Sc hemat i c view of experi me ntal ce l l s (O hshima et al .
20 01)
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Fig ure 6.  Tota l n i troge n and chl orophyl l a data for the AFI,
p lyw oo d a nd contro l ce l l s .

Recen t l y, Shi mada e t a l . (2 007) de vel oped t wo ki nd s of
AFIs des i gned for emerge nt an d submerged p lan t s , re spec t i ve ly.
The y co ve red 10% of the wa te r ’s su rfa ce wi th AFIs in a
mesocosm. Ini t ia l l y, the wate r was tu rb id b ut a week la te r i t ha d
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c lea red . Both AFI type s succeeded in c rea t i ng a “c lea r wate r
s ta te” (Sc he ff er e t a l . , 1993) . Af te r t wo mont h , na tu ra l
ve ge ta t io n became es tab l i shed on the l akes b ot to m due to
inc rease d sola r pen et ra t ion . Wi th in a yea r, subme rge nt
ve ge ta t io n ex te nded th rough 30-40% of the wa te r co lumn. Thi s
sugge s t s improvem ents in wate r c la r i ty ca use d by AFIs m a y
t r i gge r the es ta bl i sh ment and expans ion of na tu ra l vege ta t i on and
min im ize the nee d for expans ive AFI c ove rage .
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Fig ure 7. Perce ntage of AFI cover ve rsus decre ase d
chloro phyl l a percentage ag ai ns t co ntrol condi t i on

Conc lus i on

AFIs  a re be i ng used in Ja pan and other c oun t r i es to
imp rove wa te r q ua l i t y and e nha nce aqua t i c env i ronme nts . To
provi de s ign if ican t improveme nt in wa te r c la r i t y and re duce
a lga l b loom s i t i s gene ra l l y necessa ry fo r AFIs t o cove r 10 to
30 % of wate r su rf ace . Shad ing plays a s igni f i can t ro le in the
re duct io n of ph yt oplank ton; ho wever, AFI su ppor te d ve geta t i on
which a lso absorbs nu t r i en ts . AFIs are h igh ly use ful in re se rvo i r s
o r lake s t ha t a re sub jec t t o s i gn i f i can t wa te r l e ve l f luc tua t ions
which pre ven t s ve ge ta t ion f ro m es ta bl i sh ing. They a re a lso
prac t ica l in sma l l ponds whe re a la rge p ropor t i on of the surf ace
can be cove re d . AFIs provi de a va l id app roach for a t t rac t i ng and
enha nc in g ha bi ta t for nes t ing b i rds and pro vid ing som e f ish
spec ie s spawn in g habi ta t and cove r fo r the i r youn g.
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