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STRACT:

Mearshere sites in Grand Turk and Providencisles ware evaluated for
potestial davelopment of arifizlal ree’s and shore protection barriers using
mirargl accretion lechnalogy. Ervironmental conditions were found 10 be
exceptignally suitable. A pilot artiicial reef projact 's proposed for the norhern
Pravidenciales, and a piiot breakwater projsct is proposed for western Grana
Turk. Overall reef conditions were excel'snt, arang tre best in the Caribbean
but early sigrs of coral reef overgrowth 5y aigae were fourd nesr fourist areas
of Provicencia'ss, suggesting thal nurrient ‘avels may already be bacoming
Bxcessive. Algas overgrowih was z'so sesr in resfs aected by natural deap
watsr upwetling, [nticating thal 11e antire arez may be fairly close to critica
nutrient levels, A nutrient and zlgas survey ’s propoesed to ‘Cartify sites atfected
the nara! anc human sources of nutrents, and pelicy opticns fer raducing
hem. Soms potentially low cost options tor nutrient removal a<e autlined,
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1 SITES AND METHODS

At the request of the Ministry of MNaturz! Rescurces Department of
Enviranment and Coastal Resources af the Gevernment of the Turks and
Caicos Islangs and the Blue Planet Foundalon, severzl sites glong the west
coast of Grand Turk and the norts coest of Providancisles were examined as
potaniizl sites for use of mineral accration *c make zarificlizl reets and
preakwaters by Dr. Thomas J. Goresu and Prof, Wolt Hiberiz during one wesk
in garly May 1285 Environmenta: factors assessed includad the type of bottom,
wave sxposure, the ocsanoarachic, hyd=alogical. and gaolegical settings, and
potential energy supply via phetoveoliaic panels, wirdmils. or lina cumrent, As
many SCUBA and snorkel dives wera madse as possisle in the time available,
Biglegical factors evaluated included tha hard bettom cover oocupied by live
hard corals, sefl corals and sponges, calcareous zlgas, feshy algze, bare rock,
dead cora'. fish abundance zng variety, and rard coral and aigae species
presam. Sites which were exasined included slx dives on the edge reels and
walls of wesierr Grand Turk including McDongla's. Amphitteatre, Finbar's, and
the Ancror, the section of the Cockburn Town sea wall which is undergoing
grosian, tne norhern gaint of ¢ island. and the scuthsrn paint of the island
InC-uding rearby inshore reefs. Sites exgmined in Providenciales included
e Inshore sites along the Nern Coest, located in {-ort of the Ramsada Hotal,
n frent of Smexey's Beach Restaurant. a~c\@miih Reeflin frant of a large new
un-opensad “otel (Holiday Inn?), Due to lack of time it was not possible 1o dive
on tha east ccast of Grand Turk or on Providenciales,

2 SUITABILITY OF SITES FOR MINERAL ACCRETION

Site sutatlity cepends an a) the natura of the bettem, b) wave enargy, ¢
water quality, ard d} energy suzpies

a) Betiom typa.

Mineral accretion structuses can be built on any tyoe of bo'tom, but the
Dest type is limesione rock because the structures will cement themsslves
solidly onto i1, eventually becoming as massive and strong as a real reef,
Unconsolicated limestone sand will also be cementad on to the base, bu! since
siructures on sanc are net solidly attached to the bedrock they are prane to be
ioppled, rolaiated, or moved by sxtremely large waves. Minsral zceration will
continug on sporadically mabile structures as iong &s they receve current, but
the struciures are iikely to De damaged wher they move. ang will absorb less
Wave Brnergy in extramea evanis as scme of the force is convartad iato moticn of
the struciurs Instead of beirg absorbed, Unconso dated non-limestone
sed'ments wii; not harm the mineral scoretion siruciure-forming procsss, but
particies wi' be incornorated in‘o the mineral accreticn, giving it a “dirty" colour
ana pessibly reducing its mechanca! strengt- or Inhibiting growth of raaf
crganisms on it. Muddy waters can ba used for mine-al accreticn breskwaters,
but are uns.tabls for living anifcial reais,

Al mest stes examined 01 western Grana Turk t-ere wes abundant hamd
limestave bottar in the form of several beach rock ridges pereliel 1o tha shere.
Offshore para’e! beach rock ridzes provice |deal substrate for attaching arificial
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raafs, breskwaters. and wave baffles. Ridges along tha shore were composed
af vitually purs Gmestons-cemanted sand, with canch shalls, Ridges further
offshoe were increasingly colon‘zed by cerzls and bered by clams and warms,
ind cating that thei- age increasas with cistance from the shore. This implies that
nese shorglings are retreating, as was confirmed by old residarts and historcal
reccrds. The rate of long-term shoreling retreg: coud be getermined by Carbon-
14 dating of beachrcck cemen: crystials. The ranty of coral debns in the beach
reck, compared 1o that found in beachrock in Jamaica and in South Pacific
atol’s, whara i1 can predominate, suggests that hurricane svents capable of
creating ccra’ rubble beaches have beer much rarer in the Turks and Caicos In
recent gecingical bistory. This is surprising given its proximity to the major
nurricane alley across Hispaniola. Cubg, and the scuthern Bahamas.

Mast sites in Pravidenciales zlso had large arzas of hard limastons
sL—age, but tmiz was largely fat, and aposared o0 be composed of an clder
expnssc rock surace rather thes beack scck. The on'y excepiion was the st In
famt ¢f tha Ramada Inn, whers the bottom near sheore appearec to consist of
unconsolicated limestane sand. The predominzgnce of clean white sand and
SSegtass eopears 1o be dus 10 the calm and protected weters brehind the barrier
rzaf, which allows reef sand to accumuiate near the shore. The beach profile on
northern Providenciaies was wide and gantly sioping, indicative of a grawing
beach Mo sites were found to have non-imesiane sediments, and tharafors all
siles were siitable for iiving artificial ree’s, althoughn any structures made at the
Hamada Inn site would have to be held dewn on top of the sand by their own
weight and that of rocks packec insice.

b Wave energy.

Wave forces are a critical parametar since minersl accretion structures
are capabla of absorbing wave energy up to & point al which forces bacome
strang encugh to break or toppls the structure. As the structure ages. it becomes
thicker, heavier, stronger, and mare solidly attached to the bottam, so that the
maximum energy it can absorb ircrsases with time. Since hurricenes and
rorthers are unpredicable evar's, there is always an unzvoidable chance that &
severe slorm takes place which can camage the siructurs belore it is sufficiently
strong. Howevsr any damage can sasly be repaiced since mineral accration
will resume cnea current supply is reslored. and damaged sections can be
readily patched with steel w're mes~ andg S"ad In with 18w mineral accretion.
Strocturae must be designed o stand ua 10 the max’mum wave energy which
oCCurs In axtrame events, Fer this reason & is best o mimic the structure of real
coral reels in many very high energy enviconments: lew, flat, and solidly
a:tached 1o the bottom,

Of the sites examined the highest wave ene-gias appearad to be found In
frort o the erocing sea wall at Cockburn Town and the lowest at sites along the
norh coas. of Providenciales. with intermediate values at other sites. This was
'nd:cated by the abundance of bouldes and =oc<s at ths “rst 28 25 the result of
sand being scoured away by storms. whereas other si*es had abundznt sand
accum.latiry between beach rock r'dges and a0 the beach, These differences
N wave exposure appear to resul: from dif‘ering dearees of protection by
Df'sﬁnrgi barrier reeis, which raach the surface slorg nothern Providancisles
but which are absert off western Grard Turk, providirg no protection frem
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wavee from the west There eppears to be an additional wave focusing efisct at
Cos<burn Town due to the orien:atior of tha botom ‘cpography with regard to
waves from the west or norttwest Tne predominant drectors of long shore
cJurrants and sand transport 2soeared 1o be from nor™ t2 souh on westarn
Grand Turk, and from east tc west aong northern Prov.dencizies.

While &ll sites appearad {0 pe suitanie for miraral accraton, it was clear
“~at the greates: techn'cal problams wou @ exist at the Cockburn Town seawall,
Straciures thars would have to be iower and more s'rongly atiached to the
battem to be elsctve ard survve high srergy events.

¢ Watar guality.

Save-al wails- cdality carameters affect the saccess of miraral 2ccrat'on
sructures and artificial reets. Inzluding B salinity, ik temparaturs, T nutbents, v}
turbidity, and v poliution, All perametes aogear 10 be at least a5 gooo or batier
n the Turks and Caicos than they are i1 existing artificial resfs in Jamaica,

i) Salinity. The rate of gowth of mineral accration crystals increases as
higher selin'ty ‘ncreases the concentration of dissolved calcivm and carbanate
ions. Grow'h of mineral aggregate is very slow in fresh waler, moderats in
bracxish water, high in normal salinity ssa wa'er. and highest in hyper-saline
water sgcadsa it is most super-saturated with 'mes:one. Fresh water flow o the
sea i1s vary smzll because mest of the sroundwaler is brackish. Low rainfail
results in no rivers, a low groundwater table slevation, and minimal flows
twrgugh the rock and sand into the zea. Coastal zore waters should havs
normal open ccsan salinity, gxcept under rare conditions of very heavy rainfall,
or under exienced calm, het, and clear cenditicns when the salinity may be
consideradly elevated in shallow coaste waters and ofishore banks due to
avapoc-ation. I° it gets high anjugh, limesionse may soontarsously orystallize
and precipitals out of seawater, resulting in the formation of fine limestona
crystals which turn the water milky, These ssz water “whitings" were chsarved
from the air over the Caicos Banks and ir the shallow rearshare zone along the
beacn In Providercigles, Under these conditions sea wa'er is highly super-
seturated with dissolved limesione, and growth of minaeral accretion will be
exceptionzlly rapio. These conditions make the Turks and Caicos lslands beiter
suted for rapid mneral accetion grewth per Lnit enargy inpu’ than Jamaica,
wiere {he coastal zene is frecue~'y brackish v the ra'ny saason due 1o the
‘arge numbar of rivers and extansive groundwa‘er flow into tha sea through
caves and sprags on that high, wa! lsland.

) Temperature. The rate of minerai accration growih increases at highsr
‘emparatures, whichi increase the degree of imeastone superseturation in sea
weler, Mineral accretion shoule grow more rapialy In summer than winter, 21d
o2 maximal under hat, calm, clea”, and sal'y conditions, Offshore ooean waters
in tie Turks and Ca'cos are somewhat ccaler than 'n Jamaica, but shallow
\"3ACre walers could gst warmer, esgecia’y under caim conditions, oecause
shaliow dartks with restricted circuiaticn are more coTmon in the Turks and
Caicos, and bacause inputs of coc'sr fresh waler are not present as thay arg in
Jamalca. Terrperaiure corditions are trerefate I%ely 1o be abolt as suitahle as
Ir Jamaica,

_ i} Nutrients. High dissclvec nutrien's. espacialy phoasphorus and
rirogen, simulate the growth cf fouling algas. which can block flow of ses
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water to the crysta! surfaces, inhipiting mineral growih. Very high leveis of
nutriems cause axcess've growlh of wesdy fleshy algas, which are canaale af
gvergrowing cargls on artificial reef structures. The miraral astrelion protess
provides & sirong compeistive edge ‘or srganisms with limesicna skeetans.
Cora's and sand-producng a'gae cn artificial resfs in sewage-polluted coastal
waters in Jamaica whn grossly excessive nuirent leve.s were ab'e to nold their
own and g-ow very rapldly ever though almost &ll corals ang sand-procucirg
agae on surrounding resfs were killed by weady sgae ove-growth. Becsuse
autrlant levais anc algae abundance are much lower in rearshore waters in the
Tur<s and Ca'ces :han they are in Jamaica {see sect ons below) due 1o much
lower population density and lack of sewage fiow i~to the coasial zone,
condiians wiil be more favourable for hezithy growth of a coral reaf communily
on mireral accreton structures.

iv) Turbidty. High turbidity inhibits the growth of grgamsms on the
gtificial reef by reducing light ‘evels needed ior photcsynthesis of corals and
algae, ana by causing them to expend much ¢f thair anergy In gleaning their
surfaces of secimeant, Increasing respiration and decreaging growth rztes. Due
ta the complete lack terrigenous sediments and coastal uncif, the only sources
of turbidity a*e wave-suspended reef sand and wh'tings, These sedimentary
materials erg identica’ in ¢compostion to minaral accration, and will be readily
incorosrated i~to it without gisce'cursing or weaksning ii. Due to lack of land
based sources of sediments or of nutrizgnis waict can cause phyloplan<tan
blooms to turn coastal waters dark a~d gresn, &8 in Jamaica. the waters arcund
‘he Turks and Caicos are generaly clear and blue, with much higher
Lnderwater visib'ity, so minaral accreticn growth stoud be ‘ess Inhisited by
poar water clarity.

v) Palution Pallutants such as Feavy metals anc hydrocasoons may be
capable of inhibting mingral aceretsn growlh or poisoning organisms growing
on it. Walars a-ourd tha Turks and Calcos Islands kave vary little palluticn
secause they are exposed to clégn goen Western Atlaatic wearers, and hecause
there |5 "tig or nd heevy industry, The malc- ootetia’ sourges of pollution ars
not lard-bassed but ship-basad, from reavy freight and cil tanker traffic through
the Tuks Passzge to the Windwarc Passage. Many ships going to and from the
Panama Canal and Venezusian z~d Mex'can oil fields pess through the
passage, so there is a risk of leaks, acciden's, or groundings, especially in bad
waather. This risk is greatest off Wesiarn Grand Turk, 2nd greatly reduced in
Frovidanciales as it is remote from major shippng lanes.

o) Energy supaly,

Minara! accretion structu-es rec.'re 2 source of diract current, which can
be supplied fram alternatng current wsing rectfiers cr battery chargsrs, from
nateries, from photovehaic panels, or ‘rom windmills. &l systems require an
adocve water powsr source, connecied to the struclure via cables. The power
sources ara genarally on land, but cer be housed in sbove water slructuras
maunted on poles in shallow waler, it thess are strong enouah to waather storm
waves, To date 17e cnly offsho e power source arficial ree® is cne in Jamaica
which s powerad by 2 chetoveltasic pane’s Toured 18 20 foo! Figh pyramis
constructed of bolied stee’ pipes in four feet ¢f water, Such structures are hard
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1o build ard kely 1o be destroyed by hurricanss. Fower 05565 In the cables
generasy 'mil the struciumes to with'= about 100 feet of tha powar sourca,

Exparirtants show that aocut one xilogram o7 minergl accration :s
araduced per kilowatt heur, Thiz snergy costs about USEC.10 in Jameaica, anc
araurg 2 ¢ 3 limes as much In Turks and Caicos when supplied from
conventiona! power plants using imoories ol or ozl Unit cosis of pholovelie'c
and wind power are thought {o be less than USS0.10 par kilowatt hour. These
unit costs for producing the materasl &8 much less than ssawalls construciaed
using conventional reinfaorced concrete, biccks, or pracast tetrahedron
construction technlguses, which genera'ly cost in the rarge of around $8,000 {o
510,020 per linear matre of sho-eling,

Viost ses examined were relatively nez- sources o7 a'ternating cutrent
leeding bulldings elong the coast if these &re usad, all that weud be neaced
would be a small structure to houss the ractifisrs or chargess, and arrangemsnis
would have to be made 1o pay tie s.ectricly bils. It i3 articisaled that this could
oe assimileted oy the Goverrment of the Turks and Caicos [slends 25 gn 'n-kind
contribJlicn 1o the project.

Jsz ¢l renewable enargy sources like photovoltzic cells and windmills is
highly dasirabls because tha sun providas free polluto--frea enargy and there
5 no need for foeign axchange to iTport expensive 1085l fugls which generate
caroen dioxide and other aimospheric pel'vtants. .However initia! capital
gquizment cosls a~s higher. and suitadie spacse is needed for sclar cells and
wirdmills, Both renawable gnergy scurces aoaear 1o ba highly favcurable in the
Turis ard Ceicos. The lower rainfa!l ar~d clesrer s<'es would result in higher
sclar energy Tiuxes than in Jaraca, a~d the low and fzt topography does not
block the frade wirds, as in Jemaica. Higher rain, h'gher ‘and elevation, ang
Tore vegetaticn ere likaly to mase the availablity of beth wind a~d sclar energy
somewna! lower in Providenciales than Grand Turk.

Far ranswable energy sources to ba used it would bhe desirable to heve a
ianced in enclesure on lend just ebove the vegeation line, that is on private or
crown land rathar than cn the public besch area. There is Fttle vertical space
avallable for windTills or horizonta! soace for solar penels at several of the
siies. The area zio~g the sea wall wou'd not be suitzbla for eltser uniess
gufficiently raized aoove tha sun and wind shaoow of acjacent buiidings, away
from waves bresking over the wall. This wou'd provige asstret'c problems, ard
possibly could interfere with Czale and VWireless tower operations. The sites in
frent of hotels are unsuiable for renewanle anergy supolies becausa the ares is
lly cccumied with recreational uses. and line currant ‘s already aveilable at
snore buiidngs and piers.

Windmills come in & variety of sizes, with the zxis mounted on a tower or
poie as mues as 10 metres =igh te get above the low wind surfzce boundary
layer. Photovoliaic panels requive about one fourth as much surface eres as
that of ihe mineral accration structures they powsr. These car be mounted fliat,
or for maximum efficiency. ‘ramed in with twe by fours 12 1t at &1 angile ¢f abou?
21 degrees to the south. Suck an instazion weuld ~ot bz as vsualy Intrusive
&5 a wirdmiil, but weule require a greater 272a o° Jard. A 82 where such land
Tight be avalable 's crown land adjace~t tc Smckey's Beach Restaurant.
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In general suitzble energy scurces are availzble at all sites, with the
choice constrained by aesthslics, area, cost, and in-kind coniributions of
glectricity or land.

3. PROPOSED PILOT ARTIFICIAL REEF PRCJECT

The best sites for a pllot enifical reef would be alorg the north coast of
Provicenciales because these s'ies are the most protectad, and because there
is refativaly I'itle hard bottom to gllow coral growth because of the large ameuns
of sand. As a rasa't there are relative'y few “eefe for snarkaliing near the shore
gast cf Smith Reati, and i:le corsl, see fans, of lish 10 be sean by visitors. An
artifical reel in this arsa would therefore contributa to J2bitet imorovemert, o
ioczlly ingreasing fish stocks. anc for srorkelling sce-lounsm,

1 the three slles exami~ed, anifaal reefs are not neaded off the Heliday
Ir~ si@ beczuse the hard ground citshore supparts a pateh resf suitable for
snarkelling. T-& Ramada |nn site weuld have power avallable from the diving
bcat pier, but t-e offshore area within sultabls disignce is entirely sand or
seagrass withou: hard ground. An anificial reef &t this site would therefore have
12 sit on s3ad, held down Dy its owr weighi, and could move in a hurrcans.
Resuspended sanc frem the bottorr will reduce coral growth rates, The large
amount of recreaticnal activity in the water could pose the nsk of damage to the
resf frem toarisis touching or stancing on 18 a7 frem beat tra™fic, so It should be
surrounded by floats and a fleating line with signs sayirg "Please loox only,
dont touch, ta%e ncthing but photograohs, and lsave nathing but bubbles”.

The sita exzmined In betwsen, In front of Smokey's Beach Rsstaurant, is
the most suitable. because there is low hard ground ofishore to which a
structure could be attached, there are few corals and fish, and thers Is less
patentially disruptive activity or shore and in the waler. One advantage of this
site is that corals could be trangplanted onic the struciure only a ralatively sho+
distancae fram Smits Reef, and their grow:n r21es on the siructure compared with
corals o1 the natural raef from wiich ey we-a darived. The relative proximity to
the patch reef wil allow greater recrutmant of reef fish, which would be much
reduced in front ¢f Ramada due to the ‘ong distance of sand and seagrass
Between it and the nearest reefs, whicn many reaf fish are unlfkely to cross. In
addition crown larg lies adjacent to the Restaurant on both sides, which ceu'd
ba uged 1o house powear sources from line surrert, windm'll, or soler panals.

A pi'ot arificial reef couid be co~structed arcund 50 ‘o 100 feet from
shore, beyond turdidity caused by waves braaking on the shore, In around 5 2
13 TEE]I dept™. The size would dapend on the amount of funding avalable for
maigrig’s, and & suilable desig- a~d budget prepared. Tre final selection of
locaten skeuld be subject ‘e a mare detzilad asssssmert af the entize shore,
which was no! poss'ble given 1 me ‘mitations. Tae structure weuld be desigred
o allow corzls 1o grow on the si-ucture at a range of ~e'ghts up 1o 3 to 4 feat
adove the bottorr, and have a numbsr of cgpenings of varisus sizes to alow fish
2bstar, and ather maring 2nimas te sheitar with ~ 1. Tyaca designs ior sucn 2
gtructures ate shewn in the accompanying diagrams by Wof Hilbert:z
Depanding cn the size cf the arificial reef, and whet~e- it Is neccesary ‘o0
construct a windmill or phatoveiiaic array, It should be possible ta canstruct the
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arificlal reef in several wee'ss to a month, onrce all eguipment and majenals are
zssambled. In sddition a walder would need 1o o8 hirad for 2 few weeks. :
The artticial reel shou'd be perodicany menilored 1o ensure that it is
Working proosr'y {(tnis is easi'y seen from Se bubbles nsing from the struciure),
to maonitor coral grewih rate and fish sopulaiions through photographs or vides
recosdings, irarsplast corals I¥ reeded, check cn wires and powsr sources, and
meke repairs 12 cables and structure if needed afer storms. Additional
marioring wh'en would be useful if possible would Inciude perodic
measLremen: of water temperatute. salirity, and turbicity. Such measurements
codld Be done using portable instrumenis or underwater dala loggers.
Menitering of the struciure ang biclogical community on i could inttially ba done
by the constructior team. and then pacome part of the resporsibiitiss of the
Fiznaries Department. The pilot project should 'ast at least three ysars, and
become parmane~t it suitably succassfal If the rasclis indicate that it is
warthwrla. other arificial reafs could then be bull; aleng ths shome 1o the east at
distances suitahie fo orovice "sepping stones” tor resf fisk recruitment.

4. PROPCSED PILOT SHORE PROTECTION PROJECT

Mine-zl accreticn technciogy is the only arificial zlternative to coral reefs
capable of building & growing and self-repaiing wave-breaking structure, and
is ideally suited {or breakwaters, wave befiles, and for sealing cracks and holes
'n sea walls. All other construciion materials are quickly applied, rapidly reach
maxirum strength and then correds and deteriorate continuausly, while
mineral accretion grows slowly but gats strongser a!l the time, and thers is no
corros on of the unaerying sias! substrate as long as sma!l slectrical curran's
fiow theouch it A small pilot project 1o develop and test theae applications is
prozesed for the area in ‘rent of the erocing sea wall in frant of Government
offices, legal and raal estate offices, 2nd the Cable and Wireless ‘acility,

Several smal sczle pilal applications of minaral accretion could easily
4e tested at the site using iine powsr and battery chargers. If these prove
affective from beih enginesring and economic standpeints compared to
conventional restoration and pretaction methods currently used by the Min‘stry
ct Public Works, they could ther be applied on a zrger scale.

Ir the first application, mineral accret on could be uszec to plug ke cracks
and openings which extend under the sea wall, alowing water to be forced inta
it and eroging the roadbed on the othe- side. Thare are twe msicr sections
which have been usdermnsd Cre of these could be protectad using
conveniora methods such as poured concrete or gablon wire baskets. Tha
Ciner could be flied using the bouldars which are lying arsund the arez in
=bLndance. These colld be wrepased or sandw ched batwesn layers of chicken
wire or steel mesh, which wou'd be charged s9 that minaral accration cements
the bouwders to each other within & "Testone mairix, The process would begin
from the back 1o zliow seawaisr 1o orovide a scurce of dissolved minarals to
crysiallize on tie mesh from the ins'ce oLt As mineral accretion fil's the spacs
addtioral mes" layers wou'd be placed i~ front to seal it ir. Channels car »a
Included to allcw scawatar 16 provice disselved io-s to strengthen the interior,
Trese couls be soeces betwessn Tesh lzyets, o provided by inserting PVC
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sewWer pipe sectons iric the mesh and stene matriz. Once the infilling is
sJificiently dense. these chann=is could alse be {lied in with mineral accrelicn,

If this methed is sucesssiu’. it can be ased o repair and strengthen
submerged poarticrs of ssawalls a~d breakwsaters on a ‘arge scals. Such an
approacn wi'l take lenger than conveniiang! methods because the aggregate
will csntinue {o grow for several years, but it i1s kely t2 pe highly cost effectiva.
Previous experience suggesis that mina-al acgretion maerials, If produced
s owly, have the strength of reinforced concreie, If minsra accretion is produced
very rapic’y by usirg higher currents, *he material is much sofier. Howsver it will
eventualy convert spantanaously 1o ~ard ‘mastone with time. Therafors 1} is
peposed 10 compare the e¥icacy of slow hard accretion growth versus very
ragid growth ang irfiling with softer materia; which will subsequertly kardan in
placa. The |atter would De faster, bul there is more of a riss that the softer
material coud he washed out oy storms belere it harders. This comparison can
be done using two batiery crergers ir order o crarge differsot parts of the
same Crec< rapair at differant g ectrical current flow rates.

Tne second application of mineral accretion could be to strangthan and
build up the submerged beach rock ridges which protect the shore. It is
propesed 10 do 50 on a sma'l pilot scala by usirg expanded steel mesh sheets
{4 fest by 8}, attaching them solidly ‘o the beach rock surface by stesl bolis
embeddac ‘n concrate in hoies driled intc ihe beach rock. Mineral accration will
then fll in the space batween the the sheet and ihe beach rack, and will grow
upwards. In effect arificial beach rock will be genaratsd, and the submerged
beact rock ridges changed frem ereding siructurss inio growing ones
increasingly capable of absorbing mare wave energy. Once again there is 3
trade off belween the time it takes o beceme suiiciently strong and the possible
ntarval befare a major norther ¢- hurdcana, and it may be necossary fo repair
damage and continue the process to achieve the full Denefits. Areas of baach
rock pratected by mineral accretion and acjzcent unprotected sections should
be pargdicaly pnotographed ‘o record changes.

The thirg potential applicaticn is to build wave balfles in those sections
which are iradaguatsly protected because the beash reck ridges are absent in
‘ront of them, lzaving them cpen to waves. Such structu-es would have to stand
up into the waves, and would be subjected o anarmeous forces, causing severs
e-gineenna constraints, Wave balfles could oe in the farm of pyramids about 3
feet higi, znc wou'd be egulvae-t 10 wire naskels whoh are zhle *o cemen:
themsslves and their rocks 1o the subsirate They coud be lecated In watets
ground 5 t2 10 ‘eel ceap seyond the encs of she greins, A few could be
constructed in vanous shages snd fol'owad with time to see if they are effective
' absarbing wave energy ard trazong sediment. 2nd to gain add'ticnal Insight
inio the ercgingering and physical consiraintz on wave absorbers. This
application coula be the mest technically difficuls, but & pilot profect /s of grea:
imporance 10 determine if It is & oract'cal approach to shore protection. A
mantime civi; enginreer should essess the resulls. A fisst rate specialist in this
area from Jarra'ca. David Hers (Ceonstract'on, Management, anc Eng'neering
Services Lid,, £3 U'sa Averue, Hil'lsbora, Merave', Trindzd, tel: 800-522-2687
fax; 809-624-4388! is interastec beirg irvolved in such orojscis.

Al three applications cou'd be tesied on a faidy smal scaie, so *hat the
cost of equioment and materizls would be rmuch less than for the adificial reef
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srojec.. Perrzps g small fraction of the weial project costs, say ana fifth, could be
used for pi'o! seawsil projects, with tne rast geing to the artificial reef project.

it ig ussiul to compeare the relative costs of mineral accrelion versus corgl
reefs and concrete breakwalers for sharg protection. Trerg is no doubt that &
realthy nalu-al reef is t=e best shore protacticn cof all because 1 provides iis
environmental services at eilhar no cost or af the cost of maintaining clean
coastal Zone waler quality through sewage treatment ano other cansarvation
measures. Whera a heeltby ~stural reef axists. inere is no need for an arificlal
resf, a7d ouilding one would -esJit in significant costs for reiatively minor
environmental bene’t. However we propose 12 use mineral gccretion where
shora! nes are inadequate y pratectes bacause reefs are absent, or have bean
damaged by hurricanes or other faciors and hava not recoverad,

In these cases the correct cost-benefit compariscn is batwesan building
an artificial reef and the cost of either building & sea wall 1c protect the shera. or
iasing no action end paying the cost of dest-uction of physical infrastructure
such as roads. Suildings, etc. Building a ses wall provides a cost-benefi
Eovantage over no action because the cost is less than the value of groperty
wharever the shoreling is "developed”. Regardiess of construction matarials ar
metheds of consiruction, sea wells made of pourad reinforced concreta, fiftad
stona blocxs, loose stone blocks, or precast concrete tetrahedra cost in *he
range ¢! around USE8,C00 to 12,000 per meire of shoreline orotactad,

If we assume a standard seawa!l is 5 metres high and 1 metra thick, the
amecunt of corstruction material raquired is 5 cubic metes per metra of
shoreline. Using a density suitabla for limastone or concrete of arcund 2.5
grams per cubic centimatre, th's would weigh around 12,5 Torres per meta. i
the sane amount of matenal we-e produced us'=q mireral accretion, the cost of
the electricity needed to precipitate it wou'd came ‘o US$2,500 per metre.
cased on experimential data showing that one kilegram of mirera’ aceretion is
produced per kliowatt-hour ¢! electricily, and us'ng the Grand Turk resicential
electricity cost of around US30.20 ser wilows:: ~our |7 the cost of tha steel magh

~d the anode costs as much as the e'ectricity (which is an overly generous
estimata} {he tolal energy and matenals costs wou'd »e ground ona ha'f the cost
of Gonventonal construction materals. I cheaper agurces of slectricity are
avallable ‘rom scler carsals or windm s, the cost of the mineral accretion
Siruciure would be correspand ~gly lower,

This analysis actuaiy underesiimzies the ‘ota bansfiis of mineral
accration over corventicna' shore crotection becauss
) 1) conventional construction materia’s becomea eonstantly weaker with
dme as concrateé and steel corredes and rusts, while mineral zccretion
struciures do not rugt, bacome constantly stronger and heavier with time, and
cament themselves ‘o the seaflscr,

2] rneral accreticn struciures are self repairing as lorg as the curent is
mainlared o car be repalred In small seciicns Lsing localy applled currants
if neaded, 50 repair cos's are much less thas conventional materas,

3; mineral ascretion is the only ani®cal "eef and shore pretecion method
thal afiracts natural reef organisms end enhznces their growth, providing
additicnal bensfits in terms of rabiat resteration, fisheries, biadiversity
protection, sand production for heach renguris»Ter*, and acctourism
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We thare'ore conclude that use of mineral 2coretion structures for shore
protection is high'ly fevourable *rom a cest'bensfit standpaint.

5. REEF ENVIRONMENTAL ASSESSMENT: GRAND TURK

Curirg the one week zvalab's it was possibie 1 dive only at a limited
ramber of sites. Ovarall reef conditiors were excellent, and probzbly are
ameong the best in the Cantbbean. Fish populations appearad 1o De pristing, witn
much graater species diversity, biomass, and fish size than sean in Jamaican
reefs for over 35 years This was aspecially noticeable in terms of the
gbundance of adult groupers, trigaerfish, hogfish, snaspers, jack, and
barracuda, which have virtuglly vanisned frem Jamaican waters shorly after
spearguns and diving bacame prevalent in the late 19508, Abundance of olher
reel animals which have become rare where toey are subject to harvesting i1
othar sars cof the Caribbean, such as wrles, lobsters, conch, and black coral,
ware alse excesticnzlly high. Aigae abundance was excepionally low in the
shalf edge reefs, with no sig- of Tne weady algas spsciss that prelilsrate whan
nutnent leve's zre axcessive g-d which are causing coals to be overgrown i1
most Garibbaan reefs. Thera is tnerefors 208 coubt tnat diving here is among
the bes! to be sesn in the entire ragion,

Live coral cover on hardground was high, around 70% In most places.
Aimost all Carbbean coral species wera sean. Corz's largely showed healthy
coiouration, and appeared tc be growing we!l. Unusua! red co'odred varieties cf
fenastres cavernosa, Montastrea annularis, and Mycetophyiiia species were
commen, 3eshaps rellectng a commaon loga! symbiotic a'gas variety. Pari'al
oleaching was seen in Montastrea caverncsa ernd otber species, but was rare,
Only one case of black band cce disease was szeen. Small patches of
gelatincus reddish or greyish ccloured SPue-g-eeen algas (possibly Lyngbya
and Schizethrix sp.) were sesn, but were far 'ess common and gamaging to
corals t*&n in Jamaica. Thers was an aburndance cf clean white limastone
pedrock suitzbla for coral larva' settlemant, nevertheless rates of juvenile coral
recruliment appeared fairly low in comparison with equivalant sites in Jamaica.
Pe-haps this ‘s becauss few cora' |lzrvae are supolisd by Wesiern Atlantic
waters sinca few hea'thy coral reefz lie ug-current of Grand Tusk.

Surprisirgly. there was cleas evidence of recovery from significant coral
mortality events in the past. First thers was 2 surprising emount of dead corzl
surfeces {adouwt 20% of I've coral) which hag rot besn overgrown with fleshy
algaa {excapl coalings of encrusti~g red “rmestone algae). Based on the
aTount of bice'ce'on t&king place on tham by sSponges, worms, and clams that
nave co'enized trem and tne sizas ©f yourg corals of different specias which
nad settled 270 grown Upon dezd corals, this could ~ave hapoened around 5 or
10 yeass previousy. This mora'ty coud have oeen due ta damage from the
1985 hurricane. We ware rot able 10 fing divers wha wers *amilar with the srea
befare the “urricane who could consirm wnether zn rmoonant moertsity event
had taken slace. The exact da'e of the avert could be dstemired by sludying
ine annua’ banding a2%ems in suvivirg corals, i

A seco~d line of eviderce comes from tha abuncance of large round
nead corals {Moniastrea annularis, Monrastrea caverncsa, Siderasirea sidsrea.
Colpophylia natars, Meandrina meandrites. Dipicria strigosa, ard Diploria
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labyrinthiformis) which had ciea-'y died over much cf their suriaces, but which
had praceedead to recolonize the dead skelelcn from surviving sections. The
thickness of new growth of coral overgrowing the dead partiens of the same
colonigs Impliad ance again ket "gh mo~tality had occurred in the past
gecade. It appsarad that significant fractiors of coral tissue nad died at that
tima, perhaps due tp hurficené damags, The dead coral heads, and the
undetlying portions of those which had recovared, gppesared to be highly
rounded ard symetrical, implying tha: such panial mertality events. wh.ch would
have rasulted in corals with mo-e irmegu.ar shzpes, kad been rare in the past. A
furthar interasting fealure was the absence ¢! elknorn coral. and the extrame
scarcity of staghcra corals, whizh might have been expected to be abundant in
this habital,

Lew algae abundance could be due to several facters: low rutrien:
levels, h:gh sea grchin grazing. or hiah fish grazing. Abundances of the black
arazing sea urchin, Diadema aniillarum, whoss degth has been blamed for
a¢ae overgrow.n in ptner Carichean reels, was extremely sca-¢e or complately
absent at 2l sites. Sinee s populsten In Grand Tuk has nat recovered fram
the 1283 epidemic die o, sea urchin grazing cannet be & facior in tha low
algas abundarces. In Jamalca, whera sea urching have fully racovered in many
places, they are now unable t¢ contrel fleshy algas except dirgctly in thelr
nesting burrows, suggesting ihat their algse grazing eiiecis have been
overasiimated or conused with eutropricaticn. Fish grazing is centairly a facter.
The major source of reef limestone sa~c is Jsusly t7e cacarecus grean
Halimeda a zae, & favourie food ¢ peratish. Vidually all Halimeda seen ware
cryplic, hiddsn 'n cracks or ~ested hetween tae branckes of fine branching
corals, with aif oretruding g-owt® bitten off flat. It is theraicre likaly that the gresn
and red brancring calcaraous a'gae are controlled by parrotfish grazing. The
lack of suificient ca'careous algas causeas parrotfish to swilch to 2 lass favoured
food, corgls. Parrot' sh were observed 1o graze on cevain coral heads markad
by many bite marks, which now 2lmost never happens in Jemaica, where
sultable algee are abundant, growing much faster than they can be grazed, and
where large parrotfish arg now “gra

Fringing rasfs at the southwest comner of the islard also showed cles:
signs of past physical dastriction ia the form of igrge plles of oroken siaghorn
and e.shorn cocai debris, cemented together 2y encrusiing calcareous red
algae, Here there was clear evidence of extensive recruftmeant of young corals
on clean dead coral surfaces, eszecial’y stegnorn [Acropora cervicornis),
elkhorn [Acropora palmata), f-ger cora's {Pontes porites, Porites furcsia, and
fMadracis mirabilis), head co-sls (esp. Dipleria strigcsa and Diploria
labyrinthifermis), encrusting corals (especially Porites astrecides, Porites
oranneri, and Digloria clivess), ana platy cerals (Agaricia agaricites and
Agaricia tenuifolia). Reet fish were abundant, and all Haimeda were chawad
down s far &s pessibles Setwsen coral branches and rock crevices. Weedy
slgae species were rare or 2hsen’. Mon-wesdy feshy algas species such as
Dictyola ana Laurencia speces were found o top of the reef platlorm whars
wavas prevest “ish irom grazirg. These resls show excellent recovery and
provide good sno-selling ©ose 1o 5-os.

T-e vz sksence of the wesey hgh nutre~: ~dcating algas species
and the scarcily o algae twrf couid be cue to either hgh fish grazing or low
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ncinerts, Varnous lines of evicence suggest that the leiter may ba the most
critical factor, Nutrienis are very low In tropical open ccsan waters. Faw
measuremants have been made in the area, but ~itrate concentrations in Grand
Turs of arcund G.1 micromels per Lt'e of ntrate in surface water have bean
raported, cre of the lowast vaues measured in coastal coral reef habiat ip,
295 in W. Adey & K. Loveland, 1291, Dynamic Aquaria, Academic Press). On
Grand Turk there is no surfacs or groungdwater drainage of nutrients into the
sea. Weedy Inshore slgee spec as indicative of excessiva nultienis were absent
" th's zone., most nearshore rocs surfaces ware claan and white, but small
densa clumps o non-nuisarce algae species like Cymoplia barbata, Padina
sanctag-crucls, Cystoseira myriza, Ghnoospora minima, end Dasya harveyi are
found on snzllow beach rack in the surf zone wisera 7is™ grazing s minimal.

In contrast to Waeste'n Allantic surfzce waters, these bs'ow the
mermecling have nilrate concentrations z2round 20 migremoles per litre, or 200
limes higher. Recent werk by Brdzn Lapointe and Petar Bsll have shown that the
critical concentrations of nitrate above which weedy algae overgrow resf corals
i3 around 1.0 meromoles pe- itre. If suface coean water nad ~o nitrzte at all, a2
mixture of cnly one part in 20 of deep wae- would put the nivae levels sbove
the critical vz us, so deep water upweling could orovide 7e major natural
spurge of exterral rutrierts to the reef. 1= the cermiral Ca-ibbazn ihere s an
exiremely tmick iayer of warm su~'gse water, seascnally varying from 400 1o &C0
fee. deep, wrich prevenis co'der waer and nutrients f-om rising. Deep
Caribbean waters hzve much lower ruirient levels t-an the Aslznt'c Ocean
bacause deep Atlantic watars a7e urable to penslra’e into the Caribbean past
the shaliow sills. In contras: the warm surizce layer near the Turks and Caleas is
much thinner than the Caribbaan, arg so the coniribution of deep mixing,
upwelling, and internal wave brezking is Ykely to result n much larger nutrient
flows into surace water than in the Carlbpean Basin. Periodic upwelling is
raported alang the Wastern Wa!l of Grand Turk, anc duting the pariod of
E:'_hs_ﬁr"uaﬁ»:ln an upwelling aven: caused a phytoplankisn bloom to genarate
distinctly green water over the shelves for a few days, foliowed by huge
numbers of thimale ellyfish weshed in from aftshore. Upwelling 1axes place on
this shore because the trade wnds push surfsce water ofishore, causing daep
waler ¢ rise to replace it

Evidance for deep nut-ignts upwelling was visible from ecolegical
obsarvation on the vpper part ¢f t-e verica wa'. The verical wall. daspite the
abundence of gorgonians, antipatharians, black coral, sponges. and fsh, had
1@ gppearance of a raef subject to modarate eutropkicatian, i= sharp contras
1o the shallowe* raeis. The weady a'gae Lebophora variegata was absent or
very rarg on t"e shet and shelf eage rea’s, bu: began to appsa- &t about 30 ‘¢
40 feel death on the upoermest sectan of the vesical wzll It increased in
ahL'nqa:".ce vit™ dedth down to 00 fzet and a2s far 2s could 9@ seen below,
coverng asout hall of the wa' surfzce and overg-owiig the basss of ::'alat}'r
cora’'s (Montgstrea annulars and Agaricia lamarcki) en it This was saan af
evary site d'ved on. This glgae, ‘ormerly rare ‘n Jamaica, secare a major cause
o° coral ceath [ vany Carbosar reefs expased to moderately high nutrients
ater the 1383 die-of of Diadema antifarum. However lack of Diagems grazing
$ 141 the cause of its abundance hers, because they are staow bacx raaf
dwellers whicn were cartainly never abundant on the vertical deep fore rgef
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wall. [f they were the causs one would expect o see even larger amounts of
Lobopghora In thg shallow we'-lit reels where Diadema faormarly lived, yet 1his
area is fres of it. The ingrease of Lobophara with depth. daspite declining light
‘evels, suggesis that ils growth (s being driven by nutrisnts balng upwslied from
selow along the wall

Aithough thewe was no opoorundy io give on the nornen and eastern
sga g the Isla~d due to lzcx of time, boat, and sutes'e wesather, .ccal dive
oparators (Dave gnd Mitch) racced the: aipae sbunaances are higher on the
shalcw barier reef and wail o~ that side of the isiand. As the: area is up-curran
of all human inputs. t=e source ¢f ~Lirients for these zlgae is likaly 12 ba tha
grtrairmen; of desp watsr in the fow of walsr gver tha ghelf. uoweling, and
intarnal wave brea<ing. These ectiegica observations suggast that many of tha
deeper and more remoisa reefs groung Grand Turk are undergoing some
dagrae ¢f sutrgphication, in sharp contrast to the shellow shelf reefs, and
therefore that the whole area may be ¢ cse to the sutrophication limits of coral
ree’s cue to ratursl nuttent inputs.

7 REEF ENVIRONMENTAL ASSESSMENT: PROVIDENCIALES

Cue to very limited time, &t was only possible 0 examine three nearshore
sand, soagrass, and patch reel areas between Grace Bay and The Bight, and
there was no chance to examing the barrier reef, fore reef buttress zone, orthe
wall. dowever Ranzata Wailner, wno dived in Prowidenciales and who
accompanied me on all dives in Grand Turk, indicated that the Providanciales
sites appsared lc have lerger reefs and bigger corals than seen at any of the
dive sites in Grand Turk,

.“" snarp cont-ast with Grand Turk. clear eviderce af autrophication was
sean 11 the nearsrore reels of Providenciales. At Smith Ree! every coral bead
270 gorgonian was being cvergrawn from tha basa up by thick masses of the
algas Lobeophora varagala and Microdictyon marinum. These had cvergrown
:he bases of the coral 1'ssle uz fo § o 10 centimetres. The underlying coral
lissJe was still alive whan these wers pulled off, indicating that the overgrowth
by algae was a recant phenomenon which hac not ye: Fad a chance 10 kill the
coral issue. Fish popu ations were normal as =il fishing is banred on the north
coast since 't is a naliong! park, but Diadema was rare. In front of Smokey's
thare was [lile coral, but geac conch shel s and Halimeda in the sea grass beds
ware overgrown with waeoy tu~ algae. This was not seer i Grand Turk, and
InCrCaEles trat (nese sea grass beds are subjected to ghar nutren! levels and
are Ladergoing sa+ly stages of sutresh.cation

_ Smith Raef i s imrediaely in fra<: of 2 very large (200-300 rcom?) hots
wh'ch is under constructicr and 's unoccupied. Therefore *he source of
“utranis must De coming from Jp-current souteas ta the sast. Al sewage cr
ihe island is cischargsed into te groundwa'er, and as Providercizles has e
fresh grourdwater agui‘er, anc s Righer and ra nier than Grand Turk, it is likely
that sewage nutrients ara fowing t“raugh the baach In‘o the nearshore zore.
Large hotels use so much wate: shat *hey are fksly ‘o aclua.ly raise the
grouncwater tab'e bansath them nereasing nutriant dows intc the séa. It is
therefore poss'bie that the scurce of nuttients zre 'and-based, derved from
devaiopment glona the beac=, f1h's is t4e source ¢f nu'rienls, than the e~tire
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nearshare avea may be above or ngs” the eltrocticaton threshiold, and wli
datericrata signifcanmtly, like eiher Cariobean islancs, once tre hotsl is
secuped and other hetels and vi'las ara devsloped. Mutrient levels in the
coasta’ zore of Pravidencia'es may the-efcre already fie near or |25t zoove the
‘cigrange 'imit of i3 inshkore reefs, whose contlinuad survivai may reqguire
reduction of nuirient inpuis though density limita or theough use of Imoravad
sewage freaiment to Iinlercept a~d remave tre rutrienfs. The low curren:
devalocpment denstes in Prov:gencigles indicate just Fow sensitive ree’s are 10
nairnem additcns, &nc the nean for promol further s2eps —0 easure that ine Turks
a~d Caicos do not suffer the =ame reaf detericraton as virfually all ovar-
deve'opad a~d over-populaiea Censbean isands,

7. FROPOSED ALGAE AND NUTRIENT SURVEY

Ecological observations of a'gae anrd corals suggest strongly that while
many Tur<s and Caices ree’s are in prime condition. there ae several sites
where algag avergrowth appsars to be due 1o sither natural or humran-caused
nutrignt irputs, and is urlikely o be caused by inadequate grazing due 1o
gvarfishing 2 sea urchin die of! as has been propoased by somd researchers in
ather pars of tke Caribbean. These circumstances make the Turks and Caloos
an ideal natwral labsratory to determine $7e nutrient limits for hea'thy coral ree’s,
and the rele of neirients versus grazing in contralling algae abundarnce, factors
which are se-ously confugad in many ciher locations.

It is proposed that a detaled survey of disscived nutre-t levels and of
algae gpeces and zbundance should b done in the Turks and Caicos. Such 2
survey would serve critical coasta zone managamer: neads as weil as being of
iundarmentel scienific importarca. By making ‘ransects from t=e shore out to
deep water, ane a ong the shora, the scurces of nutrients can be identilied, and
policy apticns to co=tral them can (=en be reticnal'y devised. The sunvey should
identify ail species of algse, anc measJre cissoved nira‘e, ammonium,
orthopacsphate. organic phosgherss, chiaraphy., temparatura, angd salirty. It
snould also include measuremer:s on groundwaters, and offshore cpen ocean
suriace walers, whie using samoing bottles cn lines 10 anayze the
terperature and nut~enis 'n gz30 water,

115 recommenrded (731 funding be souant for the Figheries Division 1o
¢d~duct a baseling survey throLzaout the Turks and Caicos Islands fallawed by
selicdic mortoning at seected sites. The progosec work would be done by
!l$_hE-r|_E_|_s officers trained 10 saTcoling. sample preservat on, and analysis by
scientic adv'se-s knowladgable it nuttent chamistsy, nutrient dynamics, and
algae laxaromy ard onysiology. The recommendsad scientific advisors for such
a propasal ass Dr. T. Gereau and D~ Briz~ Lapeinte, whe have worksd tor a
decade cn the re aticnship of nutrients fo a.gae specas aburdanca and growth
rates In Jamaica, Dr. Lapointe nas done similar work in Fleriga, the Bakamas.
Bermuda Belze. ard the eazern Carizoean. Dr. Lapaime, who is based in tha
Florida Keys, “as &' nesded sampling and analyiical aguipment sva'iabla in
s iaboratory, Including groundwater sampling cevices. I & boat is aval'atle for
the prajact, toe survey field work cou'd aresany be cammisd out ir & morth.

Such 2 susvey shou'd be -esardes a very criticel priority for sfforis to
dnderstana anc preserve the cora res's, by identifying and forestaling potentia!
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nroblems pafore they cen bu.g up o the disastrous evels they have now
reacted In so many other places. Marine National Pars and Fisheries
Tanagsment in the Turks and Caicos provide ramarkable maodals for the rest of
tte Caribbean, out oreserving ccastlal zene water ouality is critical to thelr long
term success. By identifying the waler gaalty standards nesded o orgtegt tha
reats, Turks and Caicos can aiso take 1re iead in keaping 13 walers the
cleanest ard mest beautiful in the Caribasan regicn.

g SEWAGE. GROUNDWATER. NUTRIENT REMOVAL, AND BICLOGICAL
TERTIARY TREATMENT

i the ~utfent susvey wark idantifas signllicant sewage-derivea nuirlent
inpuls 1o 1he coaslal zone in Providanciales, it wil be neccassary 1o intercepl
and remove these nutrients befare they can enter the coastal zons, The current
practice of allowing raw sewags to contaminais groundwater will no lgrger be
taasibla if the iglard is to have both tour sm and haaiky reefs in the fuiure, The
canventional cplicns, a sewage colecton syslem {eeding a sewage treatment
plant, deep inlection wetl, or desp ocea outfall, may be imsractical because of
the great cost. Anothar expsrsive option would be consiruction o! seslad
sgwage storege 12nks which are pumped out, Sut this would regaite frarsport
far trealmert by a sewage plan: which wou'd naed to be constructed. Tweo far
chazper gotions should be explared to prevent nutneat contamination.

The first rvolves use o dry seaed tollets 16 replace soek away iush
whets and pit iatrings. Tnase sysiems cos! no mere 10 make than ordinary toflet
sysiems, but ere designed so that no weter at all s used This alonsa could
gcause fremendous sconomic Eavings since rainwatar i$ 50 scarce ard since
desa nazaticn walsr s so expensva. The to''sls are veriad and screened so
they are cdourless and free of insecls. Since the holcing tank is completsly
sgaled, the humar wastes can~col cortaminate groundwater and ccastal water
oy leaching nutrients. Dry ioilets are often built with two chambars. Afer ebout 2
year or two of ~ormal operaton the “rst chamber s filed, sealed, and ths teile!
Toved avar the seccrd cramoer After a suitasle inierval, the first chamaoar is
shoveled cut. The mataria’ is a disease-frae comoost, smeliing ‘ike sartn rathar
than sawage, which makes &n excelient faryizer and soil additive. G.ven the
gxiremely poor grganic content of the local soils, use of th's material would
sefve 1o increase soll productiviy by recycling the nutrients into growth of plants
on land, rathar thar merely fcul'ng the waters. Thee 's an active progrem of
constructing such oiets urderway in Jamaice by several of the organizations
with waich | wers gnd plans and tachnical aovice are readiy avaiable. Such
non-polluting 1o'ets could be requirad In all new constracticn, and loer
prograns or gracts of metenals fo those w!'ling to do their cwr corstructo=
according fo spec “ied plans coale be oursuad ‘o alow gradual replacement of
exist'ng res dertai scak away telets and it latrings with dry toi'els.

Jetrofittng exsting levge hote's or vl'as te dry io'lets may not be leasio's
excapt al cors.deratle cosl, 50 other asproacnes may bs nesded to reduce
nutrient eentaminzticn “gm gusting systers which use watar flush ‘oilets
Give~ the dissarsed na’ure of tese siructures, small scele sc'utons will be
mast coet effective. These coud 1ake the form of standard satiling tanks and
sand filters. byt irsiezd of leving the nutrient rich waste water eluanls saak
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down Into the beach they could be used for irrigaticn of intand vegetation. The
gwar’ igresis of the tsland are cleary severiy limitea by lack of walsr, organic
matiar, and nutrients, and shou'd grow prelifically on ciarifiad secondary
saw=ge etfluant Tk is supplsd vie pumps for spray irrigatan or drp Irrigation
nlana. The rutrients would then be trapeed in the land vegetation. which waula
beccma more usr 25 they perform dicloglcal tertiary seweage traatmeant and
prevent reef eutrcohicatiar. If is commended that a pilot project be inftiated to
dezgrmine if th'e 's 2 cost effective coastal zone protectien and land restoration
Teasure wrich shou'd be recuired of all multi-un™ water fluss systems.

A socmewhat different situation exists in Grand Tur< bacause the
grouncwater is b-ackish and very close 1o the surface over most of the island.
There is 'ikely 10 be Iittle or no grounawster flow to sea except h-ougn tical
excharge with t~e sali~as, and as 2 resu’ viruely sl! sewzaga riitier:s mus! be
accamulating in the groundweter. This represents a corsidsrabls ootentis!
resource for those treas with rocts capabie of reaching them and tolerant of sa't
gve.s. Tne fzsisst growing liee ¢n tie island appears tc oe Casuarina
squisetifona, lotaiy <nown s cedar. THis tree is salt folerant, fixes nitrogen
-rom e aimosphe s and adds it o tha soil i organic form Its wood gran is not
siraighl enalg™ for lumber, by t~g woco is 50 dense ana dry 1hat it can ba
burnad gresn, and 3 is regarced as tte world's best charcoa wood
[LCasueriras: Nitragen-fixing trees for adverse sites, 1984, Natlasal Acadery of
Sciercas, Washington DC). The oniy cauticn is that cars must be taken nat to
Import anoi~er species, Casuarina cunningham:, which 1as been introduced
intc Florida whe-a it is genera’y thought to be C. equisetifciia, out which is a
cangeraus weed which can spread cut ¢f contro!, Casuaring could be plensed
a5 & scurce of luslwood 6 repace the charcoal currenty be ng impored o a
large sez e from Haltl. Giver the de‘oresiation s“uator in Haiti 't is shock'™—g
“nat tney are exso-ing charceal, end & wouig e wiss for Tums anc Caicos to
e~d ths unsLstainable trade anc replacs it with local'y genasrated energy, or
better yel. with wi=dmill or phetovaltaic slectricity, wh'ah sFould be cheaper
than tha cur-art fossil fuel elecincry genarzting part's,

In eceition there are a la-ge nurber of cther economcally valuable
p'anls capab'e of growing in brackish end saline watars wrich could ray an
mpartant rale In purifying groundwater and Increasing sustainable bislogica
produciivity. Many of thess are listed In books such as Plants far Arid Lands,
Dryland Manageman!: Econom'e Case Studies, and bocks an new ard zane
Croos such as joicha and guayule, w=ich | wil bring naxt ime io the Turks anc
Ca'cos A furthsr possibility worth exolorins 's the use o7 1re salinas fo grow
saltwaisr grairs. Several racenty “rediscovered” plants tragiticnally grown by
rhﬂE?f'GE“ deset [rgars, inc'uding the grass Distychis, are capable of preducing
Fig= gLality tood zrzins and | ~ave in‘ormat on on =eed scurces and contac's
for researck advies It is recemmended that the Agricu'ture Divisian expore the
a prot oroject 1¢ expa-imantally ‘est the apalicabiity o mzry of these potentizlly
usatul or vaiuabla ard 207 plants in the Tuks ana Ca'cos [slands,

Acknowegdgsmants: | thans Welf dilzerz, Ranata Wa'lner &aa Virgiria Boeger
for selo in =g field, and Tomlinsos Sxipnings. Chris Minnes, Dave and Miteh of
Biue Water Diverz, Brian of *he MNainng! Musequm. anc many tCendly -esdants
cf 12 Ture sno Caices for in‘ormation, aovice, a=d discussion,
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