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NP Henapation Aptiiieil Resls

ince the early 19505 marine fishery interests have been invastigating artificial

reafs for manipulation of fish populations, using concrele rip-rap, natural stone, bricks, and

a weaith of other materials. All too often, these installations furnished a welcome excuse 1o

discard civilization’s refuse, such as automaobile fires, cars, ships, planes, busses, lanks, and

ofishore hydrocarbon platforms (“rigs lor reels”), with little or no regard for marine ecology.

In the 19605 and 1970s, power companies aven rasearched the possibilities of using

highly toxic fly ash as an artificial reel component. These agglomeralions of refuse often

leach dangerous chami-
cals, decompose and dis-
sipale quickly, and at best
funclion as fish aggrega-
fron devices. We call them
first genaration reals.

During the last rwo
decades [apancse agencies
and companies in paricular
have adopried more sensible
approaches w reef-building,
rying 1o increase the vield of
protein in relatively Barren
coastal seas, Specially engi-
neered devices have been
installed o help manage the
cultivation of fish, bivalves,
and crustaceans in hundreds of bays and esmaries along the
coast, Even fish- and invertebrate-specific reefs were devel-
oped, These reefs are constructed using plastics, sometimes
reinforced with fiberglass, concreve made with hydraulic
cement, and steel. They are vastly improved versions of their
predecessors, Using efficient anchoring techniques, they

represent state-of-the-an reef building—the second generation

Vel Bty

One of three identical reef frames established in 1993 near
Magril, Jamaica, upan which corals naturally
attached and settled. Submerged floating objects
repeatedly damaged the coral substrate, causing It to fall aff.,
Application of electrical current

immediately began to facilitate repair,
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Third Generation Artificial Reefs

5

he purpose of these reets
ranges from fish aggregation to mari-
culture, from providing diving sites for
sport divers o environmental mitiga-
tion and restoration. Yet their inherent
limitations prevent them from ever
approaching the wonderful, manifold
functions of coral reels, the most intri-
cite and productive of marine coosys-
tems. The vast majority of artificial reefs
we know are biologically impover-
ished and do not produce real growing
coral reel communities. Rather than
becoming pan of the marine environ-
ment organically, these structures will
Always remain foreign objects, and
sometimes dre ransformed inio dan-
gerous  projectiles in storms,  For
instance, afier Hurricane Andrew hit
southern Florida, a survey of anificial
reels in the area revealad that not one
remained inact. All had moved, and
while fragments were found, many
vanished entirely

At the same time, global threats
o ooral reefs have increised aminous-
ly. Globhal seq level rise of around twa
millimeters per year; marine pollution
and overfemilizanon: frining of coral
raock and sand; damage inflicted by
dredging, net, dynamite, and spearfish
1gs the Ll'l.r|:il.|.".1| FPeCies aduanum
trade; and activitles by sport divers
have combined 1o Giuse ever groater
damage of abour 10 percent of all reefs,
Recent repons podnt (o increasing b
teral and fungal discases auacking
corals. As the sea level rses and reels
deteriorate, coastl areas lose their msit-
ural proteotion, resulung in beach and
land erasion as well as sal water intru
sion imto aguifers. Al sk ol inuindation
are all the great and Fertile river delias,

vast stretches of coastal Lind, and all
lowe-lying islands, Entire island states
meay b washed down in size and as
extreme weather conditions increase,
Ty J:Lr.lLlll:|||g. o -||.|.I|.I|:'||.i:c vanish
beneath the waves I:r’q.'i1];:|._'u,||:-|-|: Crop-
Larvcd will be bost, ame hundoeds of mil-
lions of low-Enders will be foroed o
seck higher ground

O 1.'.'-.:||'|||:l|!|.' is the Maldive Re-
public in the Indian Ocean. Situated
on about 107,500 square kilomerers of
archipelagic ocean Aoor thar s pan of
a subsiding wectonic plue, it s com
priscd of abowt L2 small coral rock
skancls. Slight (o sevene coasiil erosion
= evident on most of them, Mining of
fossil and live coral as well a5 sandd for
construction and beach fonifcatbon is
widespread. The reef formerly protect-
ing the southern coast of the capital
island, Malé, was mined ouwt, leading 1o
severe flooding a number of vears ago,
Now concrete tetrapods installed along
the entire southern Mank of Muld and
costing more than 58,0060 per meter of
shoreline may help to avoid fumree
disasters. Huge quantities of coral sand
and agpregates, which once had a vital
role in supporing biodiversity, have
been worked into these ungainly
struciures, using imponced hydeaulic
cement. This production contribuies
vast amounis of the greenhonse gas
carbon dioxide to the simosphere,
ageraviating the praoblem of rising se
fevels even further,

Artificlal reel in the Maldives, started in 1986,
s spiny legs attaching the structura firmly to

the sea floor by mineral accretion.
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In response Lo thesge |:1:|:||:1]|;:|||'o..
we have dev 'II.:Ii'll'-i.l..I novel rechnaole IV
called mineral accreton, which uses
clectricity to “grow” lmestone rock on
artificial recf frames and inere
growth rates of corals and other reel
organdsms, Two clecirodes, supplied
with low-voltage direct current, are
submerged in sea water. Electrolytic
reactions at the cathode (a negartlvely
charged electrode) cause minerals mat-
urally present in sea water, parimeily
calcium carbonare and magnesium hy-
droxide, to build up. At the same time,
a wide range of organisms Omn oF ear
the growing substrate are alfected
by elecirochemically changed con-
ditions, shifing their growth rates

Reets of - configuration and
size can be grown for purposes of reel
restoration and shore protection, We
describe these structures as “thind gen-
cration reefs” because they have lide
in common with their predecessors,
Rather than being mere agglomera-
tions of deteriorating shapes, they are
growing life suppon systems, bringlng
abowt rich and beautihi] ecologies. Min-
el acoretion technology s unioue
because it is the only methad which
produces natural limesione, the ma-
terial which also constinures coral skele-
tons, reefs, and sand, As a result, prima-
ry seitlers and young corals readily set-
ile on the subsirate. Namrally senled
corls, atmched corals, comlline algae,
bivalves, and a host of othier organisms
grow at exceptionally Rast rates on
these third generation recfs, and the
rapicd growth of calcarcous algae sup-
plies sand for beach nourishment. These
growing reefls allow corals o thrive,

even whien water quality conditions have
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