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PRE1 ACE

This investigation was carried out in conjunc ion with a cooperative

investigation of biological, political and socioeconomic aspects of the

Clearwater Arti ficial Reef. The project is headed by F. T. ~1anheim

and H, Mathews and is jointly sponsored by Florida State University

Sy-tc-... S ~ - Grant and Pinella" Coun'.y

The authors wish to thank the participating agencies for a great

deal of time and effort spent in providing data and explaining t'~e mode

of operation relevant for this study, Special '.hanks go to Jim Sninholser,

Direc tor of I'mosquito Control, and Connie hernandez, of the of fice s to f:,

without ~hose heIp this repor' could not have oeen undertaken. David H,

Holihan, Chief of Sanitation DisposaL for t'.-e Ci.ty of St. ?.'ersburg,

! uided t'h e authors through the i.n tricacies oi. oytown operation� . in

general and tire burial in particular. William Burchfield, H roar '.!aster

at the Clearwater .'iarina, was of great help in provid n- ins. gi.ts into

fish" ng operations in the Tampa Bay area . T!se barge c;.pta' n ' nd crew

were consulted numerous times on technicalities of transporting reef

materials, Rhonda Shaf'er produced most or the final Lypescript

Two graduate assistants, Don Schug fiom i~!arine Science, and Clif ford

Nangano from Economics, helped a great deal in data collection and cal-

culations. The var'' ous versions o f the paper ere ab Ly cri t i i~.d b>

F. T. I!anheim, John C. Brig. s and Don Schug. But naturally, th re-

sponsibilit; for any reniaining errors and shor-'co. ings rests wi' h the

authors.



I'INTRODUCTION

fishes and other kinds of marine life. The present study is designed to

assess the benefits and costs assoc'ated with these two ways of converting

old tires into public goods,

In general, a public project is deemed beneficial and worth undertaking if

the present value of its estimated benefits exceed the costs, and the necessary

resources to invest in the proj ect are forthcoming. A choice between several alter-

native projects to be undertaken with limited or fixed resources falls upon the

project whose benefit-cost ratio is the highest.

The traditional way of disposing of tires in 1 ~n,i ills ere ~tes benefits

1'e w,that m~y or may not be deemed sufficient to cover the disposal co. Ls.

Used tires are commonly thought to have few economic uses. In fact,

until recently, most communities merely hauled their tires to the dumps to

be buried along with other garbage and they were thought to represent just another

cost attached to the modern motorized way of life. But old tires do have

alternative uses. Experiments have been carried out in pennsylvania to

separate rubber from the tire base and to recycle the rubber. Old tires are

seen as building blocks in fashionable patio gardens and on children's play-

grounds, Until new air pollution regulations came into ef fect, tires were

also burr ed in orange groves to prevent a freeze. Of particular interest in

this study, tires are now used to build artificial reefs to attract algae,

corals, and sponges along with fish and crustaceans that provide recreational

angling and diving.

A preliminary analysis of tire disposal in the ampa Bay area revealed

that locally there are two principal ways of disposing of tires. Thev are

dumped in public disposal grounds, such as Toytown in St. Petersburg, and

provide filled land for future public parks. Or hey are transported to previous!.y

barren sand bottom locations i ~ che Gulf of iIexico to provide favored habit:.t for



if any, figures have been produced on the benefit-cost ratios oi dumps

caking into account their suitable long-term end uses, such as parks,

For example, it takes an old city resident or an e..pert in the history of

garbage disposal in St. Petersburg to know chat the 41oodlawn Rec.eational

Complex on 16th Street itorth, bounded by 13ch and 17th Avenues, was an old

ci,ty dump. i'Jobody has estimated the ultimate benefits and costs.

The first task, then, is to study the dumps. To chac effecc, a short

term and long term analysis of the, Toytown sanicar, landfill will be under-

taken. In the short run che output of tne landfill is tons of garbage buried,

In the long run, garbage becomes an input into the production of acres of

filled land. Appropriate demand and supply schedules will constitute the

framework in terms or which the actual production, benefit, and cost figures

will be evaluated.

The new way of tire disposal generates ocean bottom cover=d by tires

 also by culvert and concrete rubb].e! and surface areas for marine animals

to feed on and enjoy shelter. The ultimate benefits consist of porsonhours

of fishing and diving generated by the reef. In this study, the benefits and

costs of the Clearwater Reef vill be assessed, since this proj ect has the

best data history. In the short run the output of the reef operations is

tons of cites and culvert dr'opped on che ocean bottom. In the long run, these

serve as inputs into the production of personhours of fishing a"d di. ing.

Again appropr'ate demand and supply schedules vill be developed to provide the

framework for the quantitative assessmcnt of production, be >efics, and costs.

The genera model in whose terms benef'cs and ~.oscs wi11 be assess~i

will be briefly outlined next.

THE .'!ODi.L

A general modal is adopted herc which will al]nw [he est:;.ation of ac'. un'I

and pocential benefits and costs even thous!i t J>e nut JiuJ s nf che «Icernacive
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projects are subject to different pricing policies in the short and long run

and vary by the type of project.

As regards Toytown, in the short run an unlimited volume of disposal

services will be offered to county residents at a ti"ed price calculated

to cover costs. From an analyticaL point of view, rhe mar'et can be charac-

terized by a frequently shifting vertical demand schedul.e for disposal and

by a normally shaped average cost schedule with equilibrium occurrin where

the demand schedule intersects the average cost schedule. This pattern is

illustrated in Figure l.
P

Figure 1

The long term output of fill'-' lane. appears .o sell appre:i�bly ' clow

in Figure 2.

Price
Figure 2

per

ac r.e LATC

Pp

crea of land g»nor;! ted

As regards th» Clearwat»r Artificia 8 ef, the dc i nd for it «s a dispose'

site in tho sho t run is passiv», derived deman!! that does not depend on price,

g ivan 1 limi t»d, «l thoughand the quantity supplied is a function of costs,

not complot»ly fixed budget. Demand schedul e is vortical at the q!!entity

supplied. Price is indeterminare. Se» I iguro 3,

the marginal cost of filling land with garb,-- , as indicated by sales data

on similar filled land adjacent to the dump. This configuration is illustrated



CPrice
Figure 3

per
M2

l
M of ocean bottom generated

The long term output of persnnhouxs of fishing and diving is prov'ded

to a segmented market free of user. charges but subj ct to various trans-

portation and equipment costs to be borne by the beneficiaries. Costs are

determined by the short run costs of dropping the materials plus the Long

run productivity of the reef, Figure 4 illustrates this case.

Price

per
Figure 4

day

DT

'personhours of

Both long run cases represent und rpricing cases. It ha been recently

argued that evaluative criteria that rely on marginal cost pricing in the

case of underpriced public products do not lead to efficient resource

allocation. A consistency between evaluation criteria and pricing criteria

is ~ceded. To this effect a model of efficient resource allocation in the

case of underpriced public products is adopt.d here, It is based on models

~'1 st] nc

1G, E, Mumy and S . H . Hanke "Pub' ic Investment Criteria for t'ndex priced
Public Products", American j" conomic 8 view, Sept. 1975, pp. 712-719.



1developed by .'fumy and Hanke, and elaboxatcd by ~filler. A summary is

presented below.

Price

Figure 5 per
unit

y schedule

of capacity schedule

Pl ingness to pay

quantity demanded at
price P

Pm
P2

9* quantity per year

Since price is not used as an allocator of demand, it is assumed that

each consumption unit has an equal probability of being satisfied, and, thus,

satisfact on probability is not a function of the willingness to pay, by and

larg . In the case of reefs and parks, delivery would presumably be on the

first come, first serve basis. Expected gross benefits are not necessarily

equal to the area under the demand cuxve but the procuct of the avexage demand

price over the quantities from zero to the number of demanded consL.zption

units satisfied and the quantity purchased. Costs are the area under the

marginal cost of capacit> curve up to the quantity provided  and purchased!.

Optimum capacity is reached, when average demand price equals max in«1 cost
2

of capacity.

3Following i~killer's recommendations, judgmental demand curves will be

developed to calcul te the average willingness to pav. The demand curves

are assumed to be linear. Virtually no user dem nd is assumed ti ~ist when

J. R. ~iiller, "On the t'se c f <'nit 0a.: R aloes in the .";vaulati 'n of Site-
Specific, t'ator-Based Recreation Benefits '. 3 paper pres .nted ~t th ~ Southern
Econc mac:lssocxation .lect' ngs in r'<tlanta, Nov, 19' 6. ' 8 pp.

2 ~fumy and l!anke, op. cit., pp. 714-716.
3,'Iillxt, op. cit,> pp. S-9. Operati g costs are «ssu ed to be ze o. Tho;

ls 3 good:.. ' i o'xxmo t ron ln the c uses on «2nd ! sec op. 39.



the price of a service reaches thr range o f a more expensive subs t itute.

Thus, in the case of Sunday anglers, for example, who normally eith»r fish

in their own small boats or utilize party boats, hiring a charter boat is

assumed to represent sucn a hign priced alternative. En the case of Toytown

land, it is adjacent, distinctly superior but stilL non-residential land.

De~and is at its maximum when fishing and diving sites are physically so

crowded every day when weather is good enough that those who come last have

no room either to fish or to dive. For Toytown, a second point on the demand

schedule will be established on the basis of quantiti»s of simil.ar land

currently soli. The marginal cost of capacity is the increase in total costs

due to the expansion of public product capacity by one unit, in the present

2case one acre of land or one 2 of ocean bo tom. These long run margin-1. cost

curves will be developed from budget data and from data on imputed cost compo-

nents secured from oth r sources. Zero operating costs are assumed.

Figure 5 depicts a situation where g+ is the equilibrium quantity of the

product. 6»ne its to consumers equal the area Op !Ag'" and the associated costs

are PZAQ"0. Benefit-cost ratio exceeds one. A greater quantity i- produced

than would be suggested by the  ir.e f ficien t! marginal cos t pricing p. inc ipl».

Less would be produced if the marginal cost of capacity schedule intersected

the average w:llingness to pay line to the lef t of the demand schedule,

even though the benefit-cost ratic would still be above one. I~ 'h» marginal

cost of capacity schedule in its entirety lies above tne average will''n ness

to pay line, costs «ould exceec ben»fits a»d the project would nc t b» under-

taken at all,

The abov» analytic; 1 fram»!.-ork «ill be applied to calculation ot actual

b»nefit-cost. r..tins of. the two «ays of disposin" of sires, landfill «nd

artificial reef. l»cl !ded in .h» costs are t!a» us»;il private cost ci» >i nant s



that. any business firm would incur. 2ut sine;e some of the resources vere

secured at below opportunity cost  either below market prices or free!,

imputation vas util-'zcd to arrive at the full costs. Thc conventional

breakdovn of costs into fixed costs and variabie costs vas utilized.

CONVENT10l:AL OTSPOSAL OF TIRES: The Short Run

The primary disposal site of olc! tires in Pinellas County is chc

Toytovn landfill, although tires are still accepted, albeit reluctant'.y,

also in the County dump, Largo and Clearvate= dumps, Companies tea t dispose

of tires in significant numbers know chat chey should be brought to Toytovn;

they bear the cost of hauling tires to disposal s'ces. The county c!.arges

Iits dump users a flat rate of $4. 00 a con no mat ter what the composi=ion of

the garbage. Since the county can designate the disposal sites, che users

must bear whatever the costs of hauling tire to public c',isposal si ces are,

unless they find priva e uses at lo"er costs.

The present cost of operating the Toytown dump  exclusive of research and de-

2velopment expenditures! is $3.00 a ton  on the average~. Large quantities of tires

brought to the dump during the last two years have been piled up outside and they

await shipment to the Artificial Reef. Orly tires that cannot be readily separatec

from other garbage are still buried. It is estimated that the current stock amounts

to 40,000 tires, whereas the total number transported to the reef from the entire

county since spring 1974 is 122,000. The total accumulation converts to roughly

730 tons a year, which represents only 0.2 percent of the annual 330,000 ton utiliza-

cion of the Toytown dump; which in turn represents 60 percent of the tonnage of all

the county dumps. A more systematic separacion and account'ng for tires shipped to

l
The i~.inimun charg= is $2.00 pe< c nc half. c

2
See Table 2, p.



These fi u"es, together with a d t.;ilcd breakdown of thc vcriou

associated with the Toy"own landfill operation, allow the estimation of the

total and marginal costs of dumping tires in the landfill. Annual data will

be used. To obtain the aggregate costs, annual figures since. 1969/70 !.iscal

year will be analyzed. Phase I of Toytown will end .'!ovemi>er 1977 at;;hicn

This phase consists of 16' acres.time tne conversion to a park will begin.

Phase II � 70 acres � is estimated to end in. December 1981, If resource

recovery, such as extensive use of grinding �.ac»ines, cor..es earlier, th dump

may also close earlier. Here cost ' and benefits up to fiscal year 1980/81

will be considered.

Costs will be anal> zed in three categories: land, ether fixed custs,

and variable costs. The fixed costs of the land fi' 1 co»si t of the imputed

rental value of t'ne '235 acres, in their initial condi; on at the time

Toytown landfill was opened. loyto n opened in 1959, origi",~.lly as = disposal

Et was converted i!!to a ull-scalesite for brush and building materials.

sanitary landfill in 19b9. This study estimates la»d values since 1969.

1
Ta!!Ep

! Q 2.".'.en'

'.te .-'."! c'.' So! iC. ',,!atea ."!ay Regional Plai!ni»" ! oun l, "~!n
:I 16 1 0 olli' ' Ra~col'I'. ~ ' S:LI t'I' � P l;1. 0 ', I .
Pct rsbu! 8, Florida, ' brunry 1976, pp.

T ~'!! n c.: 1 a n d,'-'.:! n ' c::: c n t

6�q 74Re;!ort, St
'!,

Not

C. C. F!uc h

li. S, E»vl

nl 1 t i res end;! p ut the ='u".,:,! . Sn!-..o 10.'; or
a»;!n, and P. 4'. Steinle, Jr., Sera» Tir~ s
1 on' 'e»t a P Lot eccl on Ac<'Llcv !li-I 1'!, 1 !

c roust d. R. F!. Stone!
»s;irtli!cl21 !'iocts,

r! ~ ~

the reefs will probably double this figure. A study by the Tampa Bay Regional Plan-

ning Councill estimated that in 1974, 080,000 passenger car tires were discarded in

Pinellas County. At 18 pounds per tire, and with a 10% allowance for reuse , about

3,800 tons of garbage is generated. If 90 percen.t of these were brought to Toytown,

they would represent 1.1 percent of its annual disposal volume. A conservative

figure of 0.5 percent is used here.



Since Toytown is on county land, the imputed value of land was arrived

at by obtaining the cost of similar, adjacent private 1and. According to

records of real estate sales of similar l,and, kept in the Tax Asse"sor's

Office, the 1969 value was estimat d at $1,6 0 an acre. This land, without

any further improvements, increased at an annual rate of 35 per cent between

1969 and 1974.
1

Thus Lhe initial imputed cost of land in 1369 was $387,750 for 235

acres. If the land had si...ply been held, instead of being converted into a

land fill, and had been sold in 1974, its value would have been $1,738,684.

The value of the land in intervening years was obtained by loglinear inter-

polation, A nine per cent return on land was imputed as the rental cost.

However, additional e.;penditures wo e incurred when the land was "i-...prcvec"

by adding garbag to it. These e.'.penditures were divided i.nto fi ed costs and
2

variable costs. Fi'ed c s ts in  h sort run consist o f the deprec ist ion

of the machinery, contr=ctu.-l ma'nt ~nance costs, insurance costs, a< .�,. nistra-

tive costs, environmental control costs, such as water measuremcnts, overhead

personn"1 costs, i.e., expenditures on equipment and personnel that would be

incurred in a budget year even if there was z drastic de"li; e in the dumping

volume. Variable costs equal total costs minus fixed costs, and consist

mostlv of labor costs and fuel costs, Since the ity had repair contracts

on most of the landfill equipment, variable costs consist 1argely oi labor

1Based on a sale o' a 40 acre piece 200 yards,"rom Toytoww in 1969
The sam piece was resold in 1974.

2,Tho Cit> of St. Petersburg d,~, rociated i t.- "quip:-..cut on a str «i -.t.t
linc and original cost basis except in 1974,'75 an1 1975/76 when est~ muted
curr enc costs were used.
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costs. ~marginal costs represent the cost of disposing each additional ton

of garbage or the change in variable costs per unit of output. Since prac-

tically no overtime labor or part-time employees were used, marginal costs

relevant years.

The costs were projected to 1980/81 on the folloving conser;ati; e

R alue of fixed costs will increase 15 per cent a ; ear,gro4 th assumptxons ~

while the service price index will increase bi 8 per ceo-. Labor costs will

increase by 10 per cent a year, of which 7 pcr cent represents;.~a e increa es

Lan.d prices vill increase only 9 per cent a year hen Phase I clos s at

the end of 1976/77 fiscal year, imputed land rental oes dow~ b,. 70 per cent,

but other costs are not a.fected.

The results of these calculnt 'ons are given in Table 1. Th» per -.on

costs are given in ~ able 2

ton that avera . $2.5i over the lifevleld costs perThese calculations

of the dorp� . The conserve ~tive cost est:ma; us projected for 19 7o/ 77 � 1 980/81

per ton, whereas up to 1975/7G p r ton co. ts inert..sedproduce declining costs

in every year except 1970/71 and 197.»t'73, These costs underestimate the

ulc, ma e costs of gai bage dispose, also, fo> another re»ason. The duo.p requires

are equal to average costs.

The history of the three principal categories of costs for the Toytown

landfill operation was traced and estimates prepared of their 1'I'.ely future

values. Apart from the rental costs of land already discussed, budget figures

were available for all components except that the costs of incinerator

operations excluded in 1969/70 had to be estimated  they were avail. able for

1970/71! . Current costs were con;erted into constant 1974 costs by utilizing

the aggregate price i..dex of service costs and the unit costs of full-tine

labor paid out of the Sanitation Fund oi the City of St. Petersburg in the
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TABI.E 2. TOT;r.L DISPOSAJ. COSTS PER TOiv.
EN 1974 PRICrgS

Estimated Tire

Burial Costs
Costs per

TonTotal Costs Tonnage

$56, 6 l4
1,'88

$10, 111, 154 ',144,856

$10 408 7 2.51 $57,102

continuous maintenance even after it is closed because of odor probl,.s, rodent

problems, methane gas problems and mosquito bree ing probl.ms. The costs of

burying tires are above average for tr"o reasons. t'hen there are h< a.y ra nfalls

that ~ash avay sand, all materials buc especially tires have co be coiered

up a second time. In 1974, these additional costs -.iere estimat d co represent

about 13 per cent of the variable costs. The costs of tire burial are a'so

'higher thar. those o other garbage because tiris d'or'.. ch"ir r;ay up cop

of the fills far easier t han 'ny other components and neer! to be co;ir ed rrrore

than once ev n in toe aLisence of hia»y rainfal Ls. Tires also pro duo. a sporr.'y"

lar>d surface in later years. A 1C per cent ad~'.'st enc ~as rr>'>1Ie to "h' 1rni t

costs on account of th se faccors

1969/70
1970/71
1971/72
1972/73
1973/74
1974/75
1975/76
1976/77

1977/78
1978/ 9
1979/80
1980/'"

"Scrap value" of
land in 1977

Aggregate Costs.

$578, 979
516,798
655,822
682,071
737,521
793,865
970,036

1,012,133
951,175

1,007,355
1,074,860
1 130. 939

15o, 300
250,369

286,040
322,695
314,305
313,486
325,661
360,000
400,000
434,000
471,000
51 l. > 0".",

$3. 70
2.06

2.29

2.11

2.35

2.53

2.98
2.81

2. 38

2.32

2.28

2.21

! 3,184
2,842
3,607
3,750
4,057
4,370

5,335
5,567
5,232
5,541

5,911
6 218
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LO.'iG-RUN BE.'BEFITS A:i'D COSTS OF Tl>".E DISPOSAL Iit TOYTOWV

Tires were assumed to represent 0. 5/ of tire annual ronnage at Toytown.

If tires had continued to be buried there, these costs would thus have

increased from about $2,600 in 196~/70 to $6,"CG in 1980/81 yielding an

aggregate cost figure of $57,102.

1Assuming an interest rate of seven per cont, the 1969/70-72/73 tire

burial expenditures were compounde: ac that annual rite and the 1974/75-CO/81

expenditu:es were discour.ted at the same rate to ar =ive at t?re l974 present

value of all e.;penditures on tires, They came to a totil of $5G, 177. Since

the tire tonnage handled was estimated at 19,8OG, th- s yields a present value

cost of $2.53 per ton on circs. Ar.-sut..'ng tires weigh 18 lbs. caco, t?tis

represents 2.2 mill'on ti es, a cost of two cents pe cire.

Tire volume and weight remain the same for an indefinite time, whet'as

ocher tvpes of refuse would probab! y be reduced by 50/. irt wei-ht and velum,:e

2in 10 years, Therefore, tire voluze at the closin of the "ump vas assu;red

to represent twice as high a percer.ta. e of total volume as at dumping time,

or 1.0 per cent of the total of 235 acres, or 1.70 acres in l976/77 and, ~ 0

acres in 1980/Sl, The alternative cost principle was uc=.li=ed to escimace

the benefits of this land. This kind of fil'ed land nov exists near the land

fill nd currently sells an;" here From SSOO co $150 t anacrc anti has, for; all

r 0intents and purpnses, noc chan ed in v:lue since 195 ..'tost of this filled

vlrich tne county acquit ed tire land in t ix foreclos r: «s

1Tiris rat.. . is apprnxi.'.rate'y vitae ha» rec 'nt1. b:en recn;,".:.crrded Fr r the
evalu;tinn nf, Federal public projects,

2,.Est imates by D.  i. t~!, i?ol i?rat., C!tief of Sn!ti
P e t e r s b u r,.-; .

Di-unseal

r, 8'ri'Ili 1 t e  > Co r'i'Icy ?'n~~a rien .. 1 rl' Ot Lce, est
acres h;r . !>ecrE» 11 i r Fnt $2OG co $-'r�'0 si t.c . 19'

ne! tit ~r. wn ! ' '' c! te closed  iurap,

tlrit ot» o.. � rr>

i tt 'sn ? 0 t s trave It >;!cc "as i

land dat:es bac? tc cho 1;md boorrr n: t'ie 1920s an i t he subset?uenc depression in



on the judgr.".ental demand schedule. The highest price conside:=d acceptable to

the buyers was set equal to $6,000, the price of distinctly superio~ land in

Evergreen Acres that was still not good enough to erect anr type of permanent

structure  none can be erected on tire filled dump land!. 2.4 acres ~ re thus

estimated to confer total benefits of $3,96~..

The benefit-cost ratio is thus $3,954/50,177 or 0.079. Clearly, tires

should not be buried if there are any r,;ore economi -1 methods of disposing of

them.

BL'ELD1XG A'l ARTIFICIAL REEF '4'TTH TIRES AiXD ClrLi'ERT . 'The Sirort Run

Pinellas County ent red a new phase of service activity in .'rarch 1974

it assumed responsibility for reef building ir. the adjacent coastal

waters. The Citv o Clearwater had been engaged in the same activit; nn a

sTiIal er scale for about two years previously. But in Spr ing 1974 a large

barge vas pure?rased jointly by the. county and eight.

of Clearwater had been building the Clearwater Reef

coastal cities. The City

about 3 -.:iles off Clear�

water Beach. This site was the first ta~ get of the ounty proj ect also, but

in subsequent years other sites have heerr de !eloped from Tarpon Springs to

St. Pete Beach and into TarDpa B y. Th se reef si tos are lncat.-d o:'f tire

main r,",unicipalities of Pinellas Count; on sand bot; ~r.:s tl.at wore tormer!y

barren of productive marine life. T!ie enclosed:"..ap sorrows all t..e ac to::1 and

pl a orred loca t ions to cia t e.

Tl>e project v< s assigned to the 'mosquito Control Divisiorr as a s pn at ..

activity, ~1thougrr the funds canre in'"'' 11y,' re::r t'!e Ccrrernl Funii of tho corrnty

Tn subseq<rent year s th» pro r act }res lrnd a brrd,;; ". o ..'.t s own, birr n sirhst .nt n!

All sale of such l=nd in thc.. area for the last three years wexo surveyed

to estimate that 5.5 acres is the quantity demanded annually at the market

price of $1,~00 per acre. This information was ut ilized to establish one point
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amount of resources has been drawn from other county government agencies.

The present study will attempt to analyze all the costs incurred to obtain

costs per square meter of ocean bortom covered.

Volut!e of .'!aterials Ha!!died

'~men the Peef project was initiated by th" City of ClearwaLer, only tires

were used as the building materia,l. At first, individu, I tires werc laid,

but soon a bundle of four tires became he s"ardard unit. ".>ore rec nt' .,

tires have been split and bundled to stac!;s of 30 splir tires in each one of

the two forks of a forklift, and, further, three of these loads tie 1 together

to a 6 ti-es 30 split halves per drop. Concrete culvert "as not dropped !!ntil l973,', '

when the county took over the proje:t. At ! ha' - ir,~ conc! eLe culvert had becor>e

availabi :'rom local construction p:oje=t- . C 'nc ''-.' r'I-"-'"'le ".'.e !Io> tnree sources

old Gardy Bridge, the old Corey Causeway Brid . ~ Co: !! ney Camj>boll

Bridge. The Clearwater Reef was the dest nazi."n o. Cou! t! ' y Ca"..:p�

C use"ay Bridge. In addition�some cons t! uct o;1 c ~!>t c ~ n es,i'' de accus!.0L!al

donations to the county of old pipe and c~lvert for the reef. Such donations

qualify as bcna fide c .aritable contributic ns and are -"-.'. deductible

Overall the following quantities of materials have been hauled !.o the

different reefs.
1

TABLE 3. QU."ENTITIES QF TIRES A'D P:PE 8'!ULED T0 THE REE S

Steel Pipe,
Tons

Concrete Pi."e,
Tons

Fiscal

Year

T1res>
'.iu !ber

1973/7-'>

1970/75
l975/76

30

32

7S

C i' '.! 1 r o ISo L! r c e '.

l
U!!!f' 'L tun" te1 v !!Ie ! u>!bi ~ waa SO W 1 del" . C '.t Lured et Lne Se:! b

b ' of. lit tie v!lue as shel to!. ! or u:juat'c li.'e.

About ~ t ' e!   ej!o' I L clj 4>.'.'  >> t> L.l' >  '92!'.:! ' 1 ! !'~ r !'..'.

5, 798
4'>, 796

74,L73
Budg: c Pr spar,'>Lier.

31

16<5

1,56

Dat!, ~ <!..C;uLLC
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The Physical t acilities and F'quipment

As soon as the decision was made to acquire a barge for transporting tires

and other materials off shore to ! he reef, no more tires «ere burie<t in the

Toytown or other sanitary landfills of the cour.ty. Three areas have been set

aside for accumulating the tires and culvert: an acre site at the entrallce

to Toytown landfill, established .in 3.97 l; a 75' v. 300' sta-ing area in Clearwater

tho Citybehind t'ne Seminole Street boat l�unctt site, originally established bv

of Clearwater in 1972 and leased =o Pinellas cotlnty in 1974; and a 75' .'. 265'

staging area ir. the Southwest corner of the Corey Causeway to 5 t. Petersburg

Beach right behind the St. Petersburg municipal water treatment planL, establish

in Pall 1975.

The two sta" ng si' es receivl- :tirt.!, ctllvert and concreLe rubb e r.ot only

f ro.,l the various du...ps b»t also d i r c t 1y f romi inte =est ed individual =, cv.. panies,

and public agencies. A barge was acquired for transporting the materials.

Initial'y, ma ter ials were loaded onto the barge exclusively f rom the Clearwiater

tOl'L CilpaC 1 ty was burl t ai thesta 'ng area. In Pall 1975, a new dock of 10

St. Pete site and 't no«offers considerably better fac. lit'es. A mojo'

advanta  e is deep enough water so that loadin! does not have to await a ':li h

C' earl.-a tc" .'!arinatide as in Clearwater. The barge is bertIted at =he

1
usually;,:akes one-day trip to the C'eau!at ".. si ce. kR>en taking m-ter' ~ls

making on! "r lp afram the St. Peie site, the barge is berthed at Lhe dock,

It take= lo g " to 1oa' tires at t' he St. Pv.;ite bec ruse ofday.

t.he entire Seawall serveSlit!lit,llianS nf uOCk SpaC; nt the Clear«ster SiL.,

 l 1 !. '' '. :: n i' e o tj lo tdr ttg t >;:>os c r cul" i 'iThere js no ~ p >;ecGs l i c'aolrtg ar ea.

!'»pe~ ideal

i.o 01iar«nt

~ tl l 1ec!.s L;lk

I in ., t 1 .'.i

[oLal co

t ide  i»d
  Xe;it«.! ' e l'

i.'r liei' tn«e

5 !le

u".cl i! ivo

S! S CO 'lli

t L >l'.s,  'n i '' o:io . '. Lp ln 'l 10 llorll. d ly ls
l'li. lru~ L:.'O i, the CI uar« lL 'l !i:el . A l > ».

:-i > > .-�l t;trii:, A l .. o: i r otl:;.,'.,',';
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At each one of these sites, tires are either punched or split, and

bundled ready for lifcin into the barge. Up until Fall l974, punching was

used e.'.elusively. Punching holes in the tires cakes ion er, and the bundles

require ballast; split tires require ..c ballast. Spli ing enables rebore

concise packing of the tires and thus easier transpor tacion. Punching is

no;" used as a back-up s,stem only. The normal rate of splicting is about

500-600 tires per day per machino, although 800 a day could be reach =d with

better utili ation of equipment and more efficient labor.  Zn fact, che

manufacturer claims a capacity of 125 tires per hour.! The punching r" ce is

700 a day.

no service charge per ton.

T;. b-:ge itself is equippe~ . ith t�o 150 h~rsepz�or on-i»es and

comp e" 2 navi- acional equipmenc. ! cs caps  ' t; i.- 63 s iorc cons, n;.t. Aver'!'u

lnnd in seas o E less Lha« four feet is 34-40 cons o: tir"s; culvc con

Some s.". s ' 1 cools and eq~~i~."..c»' a', o a' so i»cl..dud vn'.iabic cu. ts

The cires and culvert are loaded with a large crane aboard the barge from

the two staging sites. Mosquito Control provided the crane in spring 1974 from its

surplus stock. It was fully depreciated and no longer served a useful purpose as a

piece of mobile equipment at Mosquito Control because of the poor condition of ics

undercarriage. But in stationary use on the barge maintenance costs are acceptable.

Other equipment besides tire splitters and a tire punch, includes two fork lif s

for moving the tire bundles in the staging areas, a Lo-Boy heavy duty vehicle for

transporting culvert, one truck for moving the tires from Toytown to the ocher

sites, and one pick-up truck. Most tires are still delivered co Toytown, although1

some dealers and salvage companies are delivering them directly to the staging sices.

They are of f ered an incentive to do this: unlike delivering to Toytown, there is
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carried only i~ seas of less than three feet, In addi t.ion, rhere is a consid-

erable amount of diving equipment aboard for use in delivery, reef sight

surveys and maintenance.

Es imating Fixed Costs

Fixed costs consist of two categories: the wear and tear c f equipment

over time as measured by depreci tion, and other costs not related to the

volume of operations, mainly overhead labor costs, insurance, lane. rental

1and office expenses. In cases where the Artificial Reef Project purchased

equipment, expert estimates of the life of eac'n piece nf equipment were

obtained and depreciation schedule. were established on a strai"ht line and

original cost basis. In the case of rented equ.ipment or equipment carried in other

than the basic budgets, similar information was gathered. If rental charges were

judged no t to reflect the full costs, imputation was resorted to. Purchase

price and life of similar equipment or sites were used to represent tI e

2
opportunity cost concerned. The fol'owing figures were obt-ined.

TABLE 4. FIXZD COSTS OF 4R IT' CI lL .. ". CGNSTHUC IOX

197 3/74 1974/75 1975 j 76

$ 2,143
5 !

460

7,413
20S

138

13,590
7AO

138

,332
9,Bio

11,998
,!.! i!b

in other bu'gets
i:-,'.pu t ed
Artif!Cl;!1 Rect Bud~' 't

1,!' one v! thc equi!;.'.i="! t is on -..»; .! - -.. o!! t ra!. t, !".	 kc Tn, town ~ nein:. nt

2", ann!!!! c'!pi t!! i C.".ne!!dl t u! cs 1 r,!'.:! !.'h «! i t h«s«! ! xc'J c os t !!! i u, l U«,'I t cn

Barge
Locks

Equipment on barge
Sites

Heavv equipment
Tire cutting equipment
Diving equipmcnt
Overhead labor costs

Insurance

Telcpho!!e lixed charge
To t'!1

Of which:

$2,143
1,452

559

7,6'2

743

348

3 S

13,905
! 9QQ

33 l.
'~0 ' 4!L

10,904
1.2,098

6,439

$2,143
2 29Q

599

14,694
3,252

660

393

11, 390
2, 115

66.

11,999
16,-'66

9,733
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It appears that a relatively smaLL portion oi the fixed co�ts oi the

Artificial Reef Project are found 'n the Reef "udLet itself. !!any of the

equipmcnt costs and overhead labor costs are in other budgets, whereas no

rental was paid ror most of the sites and a renta' cost of nine per cent pi

1
the estimated 197~ value of the sites was imputed. Sites, 1 bor, insurance

and Lelephone fixed costs are ca' culated in 197~ prices; capital equiplllent

cost s ate 'nnt sn adjusted b ! t most nf them l!ere ac" u3 ' l y purchasPd

EStirlated Variable COStS

Variable costs consist mainly of equiplllent maintenance and operation, and

labor costs. The major maintenan=e of tile equipment ."as pro~ ideci by the motor

pool and the dry dock at what appear to be close to market prices. They

charged for materials and labor. .'!ileage cil;.rges =n. rented equi,!..ent =e11

considerabLy short of the average runn n� costs per .".li' c by eq i:,l~unt ca'.~:ory

as st'.-..ated by the county. Ther . ore, th latter .:.1P used a. i;,lout c.; luce

D=tailcd pperat:ng costs were ava Lable for al pure'. "'ed eq i; ment; st.'t:, tes

from other buogets ".e1 e obtained for rented eql..ip!..cnt.

Labor costs corer personnel budgeted by a number of different dep-rtments

the Depart"..ent of <.'psquito Control, the Arri icial R.ef Project, and ...e: =ency

the tire trucks s and the dragline for the barge. Since ~all 1975, Emcr 2llcy

the dutyf undid by the - ede al Go "e L n !!eel .JObS pe 1 Sonnel,

torsi ofor preps r1:lg the cur r cnt 1yseven 1stir-s and operating a truc.:-.

b r" c oper:o;employed. Only thC res t o f tile personnel, esp ec

prop»-C1 !..L, althree ciivers are paid out of t!lc bud et O' Lil.

1 Tilis figure could bc i::;lroved by st i:"...--,'.i.l! «p ! c!=! iation o! land since
197<'

Program..'iosquito Control personnel initially c para "e,' the tire cutter at To; town,



TABLE 5. VARIABLE COSTS OF ARTIFICIAL REEF CONSTRUCTION

1975/761974/751973/74

$57, 768
4,086

20,6]5
82,465
33,557Of which. in other budgets

imputed
Artificial Reef Budget

In 1974 prices

48,912
80,690

Costs of Creating a M of Reef Bottom;2

The simplest short run output measure of reef construction is taken to

be M of Reef bottom co;ered by tires, culvert and other reef material. 22

Accordingly, unit cost figures given in Table 6 were obtained.

TABLE 6. AVERAGE AND MARGINAL COSTS OF REEF BOTTOM GENERATION PER M

CLEARWATER REE:, CONSTANT PRICES

M of

Reef Bottom

Generated

Total

Costs

Average Total
Costs per "1

Marginal Cost,s
Per M

1973/74
1974/75
1975/76
1976/77

923 52,678
2,963 106,859
5,928 162,535
7,257 198,319

57.07

36.06

27.42

27.33

26.56

18.78

26.93

If punched tires had been the sole source of reef materials, or if split tires

only had been used, and the costs of dropping each type of treated tire are assumed

identical, then the entire annua1 reef generation would have required. the following

quantities of "raw" tires and would have resulted in unit costs shown in Table 7.

1No adj ustment was made for free telephone calls t.o Tampa.

2"For a fuller discussion, see t.he section on ."ish Habitat Generation, pp. 2.'-'6.

Wages  incl. fringe benefits!, contract
services, commissions and fees

Supplies, small tools and communications
Travel.

Equipment maintenance 4 operation
Total

$13, 359
1, 371
2,997
7,619

25,346
3, 772

21,574
25,346

$107.,884

6, 645
245

26,224
140,992

77,401

63,597
123,569
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TABLE 7 ~ TH' QRETICAL VALUE ADDED PEP TIRE TAi'EA TO REFF

2
M of Rot tom

Generated

Split
l 1r<S

Punched

Tires
1

Costs per
Punched Tire Split TireFiscal Year

2.74

1.73

1.32

8. 70

5.50

4.18

1973!74
1974/75

1975/76

6>052
19,430
38,872

923

2,963
5,928

19, 229
61, 729

123, 500

Proiec"ed Costs of Reef Building

In its initial stages, the Reef Project erjoyed the benefits of sulp us

equipment; transferred from other county uniis, sue'h as the crane and a fort.

lift, and the utiliz tion of other equipment that had already been cepreciated

such as a tluc;. In he projectionsdown to scrap value by other departments,

it was assumed that a full market price of n " .equipment would be paid for

replacements. Two sets o= fi~ed cost projections "ere prepared based

�! sustainin: the present plant and eq ~ipment, �! addin sufficient equip-

ment to enable the most e.-.pensi;e piece of equip-... nt � the b'r-e � to be

,ccolding to the first ill te mat I ve, oquI o ale st 8 epl ac I n�ef f 1."lentlv u'til' 7 ed.

p: lees > sho'l d bction and ov l head 11bor costs nf S>40. 756 in 1974

fora 1' t ts x>Ould l aiio Lhe tora~e;-pect "' unt'' ' 198 '! 83, i''.>en r '.pine

to >~4 > 817

. 1525 .'1 pc r punched tire.

7 0 Q 8 ~' ',>oI <Pi' t Liri'

3

The alternative cost of the disposal--burying tires in the Toytown dump--is

about two cents per ti.re. It is thus obvious that whether punched or split tires are

used, tire "burial" in the artificial reef brings costs of an. entirely different

order of ma nitude. If reefs are to be preferred, they vill have Lo demonstr Ite

benefits as fishing and diving sites rather than as alternatives to duttps.

LONG RWi' COSTS AiXD PRODUCTIVITY OF TF>E CLEAR'4'AT:.R ARTIFICIAL REEF
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But ic should be noted that at present the different "planes" ot the

Project do not operate at full capacity. The barge captain estimates that with

proper dock facilities the barge should be abLe to make three trips per week to

the reefs. Allowing fo 10 weeks cf repairs and bad :~ea"her, this would scill

result in '26 trips a year in lieu of the currenc total of 70, or an i»crease

o f SOi,'.

The biggest bottleneck, ho~ever, lies in the tire splitting operations.

This s mainly a production problem, not an equipment problem or plant problt. m.

If the two tire splitters were operated eight hours a day at the rate of 100

tires per hour  80K of che capacitv estimated by the manufacturer! 48 .-eeks a

year  and the tire punch would not be used at all!, a total output o. 3S4,000

tires would . esult, instead of che current output of 74,000. Since the ba. c

can carry~ an average load of 35 to 40 tons, zt 18 lb. per tire,. a 1 � .ad !ep! ese»cs

about 4,000 c''res. The pocencinl annual o;!tpu of 38-'!,UGO ti es .; ~u'd hus

require bout 96 trips to the reefs. On two thirds of the total tr'ps in ] 9 ' f, 5,

the bar e load consis ed exclusively of culvert, possum'ng th..t the ~,olume of

culvert oper rions remains unchanged, the barge cou'd -ct!!ally c"'. e 7" trios wi ch

tires. Thus 8 f of the potential output of 384,000 tires could be h;:»died.

Thus full utilization of the present barge c.,pa«i't., would require both n new

deck and t'. e utili "ation of more efficient labor in chc ti.e spli' tin= operations

In. the aL c ..!.,! tiveor an i~crease in the number of tire splice'n .-.!u«hi»es.

calculations a new dock in the Clearwater site and one new tire cutter were

assumed. The new dock in Clearwater that would be ~ceded is estimated to re-

quire capital expenditures of $66,660  $50,000 in 1974 pr'ces!. The tire cutter

would cost $4,000.

The composition and ' ife or the new dock setup was assumed to be the same as

that of the old, including imputations, the rived costs ~ould rise to $43,890 in

1976/77, continue at that level for f'; e years and rise to $43,550 in 1982/83.



-24-

In all these calculations it. should be noted that. doubling of the present

tire splitt'ng capacity and efficient ut.ilization of this capacity -ould be
required to ef fectively dispose of all tires generated in the county. Thus
the supply of tires is unlikely to become an effective constra nt to the

operations.

Ir,.plied in the above ti"o sets of fi cod cost estimates are anniial capital
e::pend- tore given in Table 8. Because of t!ie on lives of the ~tru
benefit- fro... the investments i"ill be derived o.er man; years to cove.

TABLE 8. HISTOP,ICAL AND P.,OBJECTED CA,PITAL F.'OPEN'DI URBS
Ib>' 197' PP,IC" S

Current evel oC
Ope" tions ',-.'aint 'ned

Expanded
Operations

Estimates of future variable costs are prepared on t!ie basis of he s cond,
fiied cost «1 "rnacive. 'i'ith tihe efficiency of tl e::c, o: ern-.in".:he

!i ' gh el >

a~out a 0 pc r cunt incr.aso inequipment assumed to rem" in unc!ian- ed,
to c'pet ate t!ie ne!' t ii ' cut ter i; I' !l its t tc n-reqiiir edboobs pc'=sonnel icould be

t i r s. El ec' rii,' ty, paso f ne «nd oi 1dont c!iorc c f transporting additional

nilu 'iitl 1.. ii'; w' > > !>i J c''..-' >On tais o is~30 per cont.costs .«ould also rise bv

,.>.!i>v'6 . i>>«s pro>Je< t >'u i or a»'> >8-> ' /;.3' gute of;92n ani,'iLi 'i c vii rlnb Z O C 0 s t

1973/74
1974/75
1975/76
1976/77
'977/78

1978/79

1979/80
1980/81
1981/82
1982/83

149,662
12,306

121,011
3,S24
2,n69

90

1,633
3,795

543

3>4 2

60,979
2,669

90

l,663
3> 795

543

3,422
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To obtain the present value of all these costs up to 1980/81 in 1974,
seven percent interest rate was used. The costs of the county project came to
$1,007,682. To this figure were added the estimated cost ot $40,000 incurred by
the City of Clearwater in dropping 72,000 tires in 1972-74, and $49, 00 grant
from the State of Florida Division cf Recreation to yield a total present, value
of $1,096,882.

Productivity of the Reef

To establish the supply oi fish availab'e for recreational activity,

several technological relationship; were studied. First, estimate were
prepared on the amount of fish habitat area generated by ree' consLruction.
Subsequently, the value of this habitat to fishes was established by fish counts.
Xi'o literature on productivity of s milar reefs was available to determine inter-

mediate and sustained yields from the habitat. questionnaires and int ri''ews

wi h anglers on the site and charter and party boat capt"ins and diving clubs
were utilized to determine how many anglers and divors of diffe ent ' .pcs the

estimated yield can theoretically support.



Fish !!abi tat Generation

area generated by cul»ert and tires is th most relevant. input vari ab~ e in the p.o-

1
duction. func ion for fish, because it determines the allount of food for fish, and

the available shelter'. Thus two dif ferent sets of habitat calculations would be

required.

The amount of ocean bottom covered was r lativeJy ea-" to est;, 'is I. : c

ens'ons of the culver't dropped 'ere accurately recordeo The aro..

's':I=;.'. -s the ength times the diameter of the culvert, on tne "s.u:,;

cu';.ert .lit on -.s side partially covered on both sides I:ith

Qne half of a bar�: load is carefully»laced in a; 11the dia;..e ter o f t he pipe,

some 6 to 10 feet high and approximately '0 feet in diameter. Then I he remail in=

gil. ing 30 to ~0 f eet ot sep-culvert is placed off the opposite s de of the barge,

separat i on '." III,"in�aration between cluclps. On subsequent trips, this 30 to '0 feet

tained. This co~tin~ation more closely initates a natural r ef All u'ached ' ice

30" din.:e ter of ecol!le tne wid tel .Ildt!le t 1 res bunits werc dropped to lie !Iori" ontal;

the S" thickness of each of the four tires the len t'n of t'le unit. Thus it was

7
1 Ill . A splitestimated that a unit of four punched tires coi ared an aI-:n of . 6

t!II .i . 5 2ol ~S,tire bundle u-ually consisted o. 30 tires pacL- d on = forklift wi

/ 2coveril.' a total 'rea of 1,45 m

JohlI G. Carl rsl", J, charles !!. Turn'.r,lnd .'. ! l L. Lbert, ".'i'.l.l 'i el.;1
!!'lb.'t-= in I. e . a> 1'IIQ .",;:vtI'on! lent,   a1I col llI;I ./eo:I .t'.,cnt o,';. 'h «nd
;. Lsn Dulletl.ll 1 ~, p. 3b.

Two alternative 'hypotheses regarding the contribution of tires and cu' vert to

habitat formation were considered. First, how many fish are attracted to the area

and find feeding material depends on how large an area of t.he sea bottom is covered.

The coverage by tires is about two feet high and that 'oy culvert six to eight feet,

but according to this hypothesis, the difference 'n t!le height ..nd tne nature of t!Ie

coverage is inconsequential. ihe second hypothesis maintains that the new surface
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The amount of surface area generated was more compl.icated to cscimace.

Culverts vere created as ylindors with inner and outer surfaces. The inner and

outer diameters of the culvert cylinders and che length of the pipes were measured

and the surfaces calculated accordingly. Tests were run on how deeply che culvert

sank into the gulf bottom, and ad ustments were made to the submerged surface

area availablc to the fishes.

Tir< surfaces were ca.lculaced separa  ely for che punched circa and the spli 

tires. For punched tires the surface could be calculated essent'a'ly the same

way as for culvert, since both the inner and outer surfaces were avail ble for

fish habitation. The split tires, however, were bunched so tightly outer surfac

upon inner surface that ve estimated that only the outcr surface "nd -'OZ of the

inner surfaces of the entire stack of tires remained availabi e. Therefore,

measurements were m-de of the inner and outer diameters, a.d the number, nd width

of tires in the stack. and the adjusted surf-ce» v" re c lculaced. Bec se o

a total lack of comparable fish ccuncs, development of th's hypot.'. esi . had to

1
be postponed.

Overall, it was estimated that the following amount c f ocean bottom has been

built into a reef each year.

TABLE 9, S QUARE ~ZTERS QF REEF UOTTO'I GENER.ETE0

Split
Tire Uni ts

Punched

Tire t'nitsFiscal

Year

Culvert Total

 ;li a rw,-i t ~.rr All C'  !n rwa r ate Y

11, 848

221

396

1' 9 > 1   90.'>1973/74
1974/75

1975�6

55

1,221
51

55

1,652

2,082

', ~A9

2 !Q

].,5 '''

. !v!J

2,7n.

549

-! ~63
5 cj>w3 v

l
The cnl culati !ns «1> undy ncr'.or a'c= '.'.ll i>o l>! ~.:onlod:n the .'i n.; l rcp !   

 !c p Schn'

2 inclL .~o!s an cat'-,! ! ted -8-' ~ bu!> l ' i.',   i;. !s, i   '.,!"  hc. C' ty o' C l  i:>.r.;.;1 K '>�' !

p! o fr  m,>e t o rc .~ 'nc 1 i, 1 9 74.



Fish Counts

transect cour.ts, and poison sample cou~ts. l'umbers only were obtained from tho

first two censuses; weight and length m asur rrent were collected from he poiso.

1samples. In transect counts one civer counted all fishes observed within an

approximate one meter wide band while a second diver followed behind holding a

currex.t r."eter mounted on a board. The number of current meter r:olutior;s was

recorded for each transect s.;-am and later converted to distance travel!ed based

Visual estimates were also pre�upon calibrated runs alon." a 22 meter transect,

pared about the percentage of bottom covered by art' ficial reef materia!s in the

transect. The t ransect fish. counts given be'cw refer to densities per -.:eter of

covered area  center holes of ti e . are assumed to be covered are- s!, i.e., ' f a

17 r;".eter transect is 75; covered, t. is eouivalent to 13 rcters of 10~: cove�. Ed

ishtransect. The behavioral assumption underl "ing this conve:sion is that

population is generated ard maint- 'r.ed entirely by the. ccvered substrate rather

than by tne adjacent natural habitat,

Taking tope her the n bitat patch, transect and poison counts, ! iolded th"

followin" a~era- e nurbers of species and tl!e numhex of individual fisho=- per

square meter of 100; covered bottom area in;he three typ s of «rtixit

environments

l~ u repo 1 y
xico Reeis

Smith, "Co;::parative f ficaci o' Arri '-ial and ".at ral Cu' x oi
I'isn Attr:accents! Lnpubli"ncc pape', ~t. FciersDurg, I'1., 13/0

At one station hot'.! «Dicot pat cn count ani: a poison count was conduct<'ci
f tnt Qr'Ilier, a r atua'I sat-'si Jc nry occur rcy,Ic'pl.cs nteg b-i, oThc latter

Fish counts have been taken at the artificial reef locations on several

occasions between Fall 1975 and Fall 1976, although not yet in sufficient

numbers to allow adjustment for seasonal fluctuations. Separate coverages are

available for split tire bundles, punched tire units, and culvert. 'I'hxee types

of censuses were conducted. total counts of fishes on isolated habitat "patches,"



TABLE 10. RESIDENT FISH COUNTS/m
2

Number of Species Number of Individuals

Because of the ti.",ited nuriber of tue f':sh counts, on! y resident fish po;: ! ~ tio; s ha

been estimated. Estimates of migranr. fish-Span sh i:.ackerel, kin" fisii, and snook-

could not be obtained.

The above productivity f'igures per unit were used to calculate the entire

resident fish population on the Clearwater reef. The results are given in

Table 11. After the first year, the age of the ree is of little consequeice in

these calculations, because it was found that it ta'es oniv about a iear, depend'n-

on the season, for the gare fish population oi ar i= ci 1 reef to r acii its c'i;:a::

popu ation without migrztioi from adjacent reef areas. Subsec;uent vari=tions

occur in response to normal seasonal and weather patterns.

A knowledge of fish cou.its ta'en from time to time without knowl d-e of

either the rate-, at which fish population ~nder s' ':ilar circu"..istances ni!im illy

grows or about 'ish catches over a period oi ti...u fro:.. a known population, docs

not enable determination o f the remox als tha t .oui.i still permit,".iaii ..um

sustained yield. The one pertinent spe!-ies on i..hich,-: gr~»'th sto~!, has;cen

carried out is the red grouper2, but this species does not spend i s entire

iifc cycle at such reefs. Ti,is no sustained yi: LJ: i.,;:r=s ccii 'i!c pre.-.:.t~''..

1 Hevward or Vui!llclv F.,'nuc ' . i' lilcl;iJ. ",-'i'i s ri5 '. i:.e 'thews, His' L!r!

6.Cnun t v ..'[anuses ip t,

2 "n i t i. n A .'! o ~!,
Iio Los ter,.  hali

,I, !'!c' I i, r!unt,,' ! j' g n !I',''~ �,1' 'ii  i i i i!He! 0!!!>ii,, 'I
1vari. ic:1 I ~ <'.I'n1 i.::;E'n  ol .",ilt'nr,'3l ', 'si'nice'5, i i ',i! v",''ili'

A  St Qf i '[~J L,,!,i<> ~ g fi1 1" ~j ! ' j i ii' 1'i J

Jr,, Bjo]cii,v

0 J .~! u !; 1 i o >

.' 0, Doc�. 1 !iig,

Punched Tire Units

Split Tire Bundles
Culvert

Combinations

.42

2 57

3.00

l.. 38

2.63

18.71

9.00

7.38
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Projections of resident fish population were made on the basis of t'h e new

reef bottom generated with the projected expenditures. Since the only new

equipment introduced was a tire splitter, it was assumed thot the output of split

tires increases accordingly, i,e,, by about 50 per cent. It was assumed further,

for purposes of simplification, that all new materials will be deposited on the

Clearwater Reef. Thus all benefits of the program can be evaluated in terms of

that reef alone. The following f ' ures were obtained.

TABLE 12. PROJECTED PRODUCTIVITY OF CLLAR':ATER REEF

2
H of Artificial

Peef Bo t tom

In Place

Total

Fi h

20,810
26,175
31,5'0

36�905
42�270

1976/77

19/7/78
1978/79
1979/80
1980/81

176,306
276,685

377,064
~7/,443
577,822

POTE'.,'TIAL BE4"c.FITS TO ".BUGLERS AXD DI"ERS

Sund"y Anglers

Su~day anglers are usually retirccs or families fishin" on weeI.en Is. A

relotively large number  if i/omen and child. n is .'n;el' ed. S.iall h.iota i  16

to 18 feet or half-dav party boats nre most coo,.::;oui v,ised b chi~ ';r !!p.

Sunday nnglers con»idcr a day wel' spent;it sea eve.i i ~ catch s;i«e r�,!'.i,

IL was also reve i i 0 that the chart ur boats . I...o»t invariab< v I!.!;,;i 1:,i:

n;:iount of f is:i Lii" co»timers arc allowed to t.iI«hn;:ic. il!c ics[ j s»ol;.

i.ash,iat i ct» The bie!it f Its of ~hose sales are cx!' -'' e I ' rom Cur bun ! f 1! ca-  :!! '

And so are al.l secondary benefits, such as increased:ourist trade.

There is no unique relationship between the produ-tivity of a r=ef and the

benefits derived from fishing or diving on a reef, because different people derive

different satisfaction from the same activity. Surveys of anglers' attitudes tow rd

the benefits of the reefs led us to form four categories of beneficiaries: �!

"Sunday" anglers, �! sports anglers, �! divers, and �! shark anglers.l



modest, Questionnaires a LminxsI.irked to anglers in stiall priva e boats nt t!1e

reef site and interviews with captains of h Lf-day party boat. indicated that

half a dozen fish per person per trip made the anglcLS so satisfied that tliey

said they would come back later. According to rhe charter boat captains,

considerable variation existed between local custoIIIors and ou -of-county customers,

on one hand, and men vs. women and childr n, on the other. Out-of-county

customers were satisfied with relatively fewer fish, wliereas local anglers I;ho

were famiLiar with typical catches in the area were more demanding. tIoIIIcn and

children were generally satisfied with smialler cat.-!ies than men. The si e of the

fish did not seem ro make much difference in this group. It was assumed that

boat rate per person of $40, since charter boats are c'early a more expensi.e

substitute and are norrally not used for bottom ishin: at the r  .;s. Since no

current data were available on the costs oi angl ers; oing out .11 r'.-.i. '34ic bi sos

the market price paid per person in hal.-day party boars:.us ' ".';..: .1.-: ..'I ' "I iI ".'Ln 'I

benefit of these trips, Inquiries at several operaror' es:.b!'.' �. '. I.'..e pi ~". �,il-

ing half-day rate at $8.00 per person, including bait and tac',.1 . "."iie

rate is $l5.00.

f nil-d I v

The maximum number of user days demanded at zero cost was determined by the

minimal satisfaction derived from going out. eo the reef. This 1''mit is reached

when weather is acceptable,  80 pier cent of the time on the average2!, but the site

is so crowded that there is no room for boats to maneuver  about 80 boats>!. Wi h

four persons per boat, these assumptions yield a total annuaL demand of 92,160 user

days. On these assumptions, the following demand schedule was obtained.

l
I.o col residents 'I

at t!1e Clearwater Reef,
Su.,II".,eL- � I 111, L976.

SG p r cnL iaaf =. 1 L's
Id!!,.te� bv ocr gi'ilup ijl

CSti'.'.In".eu to

accorJi;1; to e

nl>»uC o I'I s; i. t I' L o
P iI Q ui-v Bit

2
EX'>err eh t LI!l'I -O 1

hn1 f tIIo ~ ]!".c! wIIe I'  n;.

.:» I cII ',. c.'. t '.i I I s:,o~  : »I' L','

S ' '!'L
»1 ui. I ' un .

t ls ILTo:. I;

11 C I',b ' I

in !",.id-s I.",I~Ier 11',  1 ".

3 The b LI 0 v S i I I d i C n t ' "'uii.'1 '1'I'. o f t 19e t!IO "I:IXiri I,".I LI

tiiu lqoL < ~ i. Li  IJ1 I ~

L .. ~ i1u,>',".

the maximum rate Sunday anglers were willing to pay is equal to the averag  charter



Figurc 6, Potenti al Reef
Fj shin'. Demand by $40
Sunday Anglers

e willingness to pay

$20

0 92,l.60 user days

The area under the demand curve QAB equals $1,843,200. These would be the

annual benefits if there were enough fish to satisfy all Sunday anglers that the

site can accommodate at the rate of about six fish per person and no transporta-

tion and equipment costs. The annual benefits per year started much lower in

1973/74 when the numbers of resident fish were small but increased as construction

progressed. Assuming that it takes one year for the reef to internally produce

fish of catchable size and further assuming that any fish caught is equally satis-

fac.tory � an extremely optimistic assumption � , we obtained the following annual

figures on the maximum number of user days and benefits in the Sunday angler

category supported b r the Clearwater Reef, through its expected construction

period.l
TABL" 13. .'L<ZI'l!:M AV'A1LABLc US!�R DA>'S ~yD BP BEFITS

FOR SUNDAY r'DGLEHS, CONST~i P iIC

Undisi ounted

Benefits

Disco un ted

Benefit.sUser Days

5,0<!0,$03
Total

Costs for inc ividua' years as well os for the eni' rc assumed co!1 t uction

pt iod w "c ca cu1 .ted i t '! pa is! riif con. tnt!etio!' cos'ts ond bo L ! cnL.!I

and eq!ipment costs to the !n. lers..hese iiguri.;,!s well as LI!e resL	 tant

be:.chiL cost ratius are g vcn in '..-.bio

1Yo allowance is made for substitution between fishing/diving at the artificial ree:
and similar activ'ties elsewhere, because even the largest total represents onl:

1973/74
1974/75

1975/76
19 6/77
1977/7S
197S/79
1979/$0

19$0/81

',150
5,775

11,662
l',655

29,384
46,114
62,$44
79,573

162
20 I

43o

4! 1

988

1,3$2

J., 656
1,809

,265
,960

975
467

,037
, 959
,$$"

,09

167

191

381

3$4

753

986

1,104
l,j76

,265
, 55'.

Q7!
$ I !,

/6o

,032
,05'
,i!! 3
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TABLE 14.BK.6FF TS AtlD COSTS GF C' EAR','*TE3. HE F TG SUNDAY ANCLERS

AT FULL UTIL EZ8'4TZON OF AvniL4l3L-' FTS.l

Discounted Total
Discoun cd
Costs

8la re 8 w

3cneEit-
'Rat' o

Discounted
Sencfits Soa t Rental end

Kou eIcnt Cos ts
Cons true 't ion

Costs
User Days

4,459,1533,696,725762,4284,929,337

! excludes aboI.t 8140,CGC depreciated value of the plan  at the end of the const uction pe" iod fo-
of 'ihich 1 a~tive uses can be found..

Even during the construction period a favorable benefit-cost ratio results.

When construction ceases in 1981, the benefits remain but only the user costs of

boat and equipment rental are incurred and the marginal, discounted benefit cost

ratio rises to 1.33. Given the extremely long life of the reef, the average of

the marginal ratios will asymptotically approac,h the same value.

Sports An~Iers

Sports anglers either go out in their own bigger boats  '71-25 feet! or

charter a boat hat accoInmodates up to six an>lers. spot ts anglcrs «sIIa I ly

tim th i trips wi h r'p rted 0ocI! s asons, suc'I as he Spnish -,.acl' rol a !0,

runs. Charter boats ta e an lets I o the reef= I~I>Iy d.:r::I trolI iI«s ..!sons,

o: bottn-.. fishing, 6h=. s,.tis action o, a spo: t . i"-I.iI;; no 1-I-x dIo,ie0I;I -, n

kind 4and 5 17e o f f lsI1 ~ l yI 1 ca ' 1 j '0--'0 '>pa.I lsII '".ac.ic I ' p''.L c,'I '"tcL o< It 1'.:','-'tcs

3i7«'~/I VI
,i'75I !V/7> j
54'76�c j

i5/ 77Ija4/77!
7 7.-': 78  a ! g 7 g !

~ 9,'80�%/gc~
;-0 81  ~ 4 / g I ~
:- 1 i82 S >/ VZ!

:al for
rect ion

-'od

4,150
5, 275

11, 536
12,528
31,785
51,052
70,312
89,572
92,160

83,000
98,o00

201,680
204,540
485,670
729,314
937,493

1,116,150
071 880

52,578
90,880
13,158

161,890
151,383
141,656
132,213

18,570

62,250
73,949

151,260
153,400
363,950

46 986
703,120
837,150
804 660

!.14,923
'54,829
154,41$
315,290
515,333
688,642
835,333
855,720
80' 660

O. 72
0,6C
1. 3
0 65
0,9'
1.06

I"
'8 �4 ~

1.33



even to the mazked reef area, as a rule, the chartez' boat c "ptnins show n pre-

[n p rin-ference for the general reef area rather than ordinary sand bottom.

ciple, migratory pelagic fish like kingfish and Spanish mackerel can be found

anywhere there are menhaden, sard-'nes, and other similar forage fish. Even

though che large pelagic fish are not primarily dependent upon r -fs, cho juv-

eniles do consistently congregate over reef area ' r,.tiier than ov: r sand bottoms.

Tnus at tnis stage, it was simply assumed' cnat during che tro11ing se so ~s

the demand by sports anglers saturates the reef area at the market prie.e of

chartering a boat with fishing gear.

Some 25 charcer boats operace from the Clearwater Mi rina and another dozen

or so from ocher marinas within easy reach of the reefs already established. Qur

survey of a sample of captains at the Clearwater Marina on a cold and windy

<november morning when small cratt warnings deterred activity ac sea revealed that

che average daily charter race is',jl75 including bait and tackle, and the average

load is 4.5 persons. Thus tl..e market price was set at $39 per person. Since

for all intents and purposes there are no superior alternatives co a fully equipped

chartez. boat, the maximum race that would drive use to zero was established as

the highc. t charter boat rate, estimated at $220 a day or S49 per person. On the

assumption. that a 21 focc boat is used for 'G days of sports fishing a year  no

other use!with standard trolling equipnenc and 4 ' z persons aboard, -'n al ernat.iv'

prices, was obtained.cost figure of S37.'4 per person p . trip, in 13i

Our divers hare zepeatedly ob.' erved this phenomenon within a few days af ter
reef material has been deposited.

return trips, whereas only 15-20 kingfish are rezI ized for the same result.

100-200 lbs. of grouper also makes a good fishing day. But one of the captains

stated that variability of satisfaction is great: a true sports fisherman is

happy even if he doesn't catch any; after all, the fish don't bite all the time.

There may be so many forage fish ar. che artificial reef that the fish

just don' t care for your bait.  Our divers have confirmed this on several occasions. j

Even though trolling boats do noc limit them c'..ves to the cov red a~ ea or
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l
The, trolling season usually lasts about 2'; weeks in spring and in foal

Another two weeks was included in su,",.mer for snook fishing. tlith an ad~ustment

for good weather. 80/ of the time in spring and fall, 100'i of the time in summer,

a total of 42 user days per boat was obtained. The reef becomes crowded with

only 20 larger moving boats on it, >11th 4.5 persons per boat, a total number
of user days generated at $39 per day comes to 3,780. The potential market demand

is described in Figure 7.

$49

l igure 7. Potential Reef
Tro11'ng Derand by Sports
Anglers

age willingness to pay$24.50

3 780 user d s

The area under the demand curve equals $900,375.

Spar"s Divers

T'nere are a ~umber of diving clubs and cI:arter beats in the are whi-h

f rom these clubsInf ore!;;t ion g - ti~ercdtake group= oE divers out in t' he Gulf.

and from individual operators indicated that $" 9 pcr per. on was usLlcl y c.! r

for a full-day excursion, includino scuba rear, This f' >urn thus repro= nts the

1 But in;,.1-1 1976, for ex":mpie, tnerc wr! e nO,;-'!' ',EisI! TL!!'ls c'n
pw L'hn's baca usi o I t1!c'. s uI Jp n ense t of co J '.'c < hi,' t." ". t coo.I e 0 t ~ ie

Ir.".pidly ano mail the kin~.s r.:i'natu so«".h

LIC 1L« S

travel costs  marginal user costs!. The most expensive guide charged $40. A good

diving day does not have to result in any fish catch ac all. This is especially true

of beginner divers who represent the typical diver group at the reef. Not all these

divers carry spear guns with them and even those who do are often satisfied with

watching the fish rather than catching them.
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Figure S. Potential Diving $40
Demand

gness to pay

$20

user days

Since Evatching marine life rather than catching fish represents divi-..�ben..�

fits, the supply of diving recrea ion is related dlrectl ~ to:E~ -;-. ount of reef

2bottom covered. The intended size of the reef is 63,GOO -,: . Cl s" rs of

material are placed on it,  Jith open spaces in betE'een. For si-.; 1''c" t; 's

sake it is assumed that the intended open space equals intended ca;crag . On

Lhat basis, the reef vould yield tIEe potential annual d'ver benefits sho:nt in

Table 15.

ivers, irrespectivethe reef EJas used to its ma: imum exclusive'E

1 benefit cosL roti*athe annual:naof avera-e boat and equ'pment char es,

L IEe mn ~ lnai Y«tt loo f t Ee order of 0 37:Jould result. lait!1 7, 560 use1

roc 1. ical lyto 0. 7 a year after const; aetio;t ceas s. �'i.h the Jould cltenge

I?ent.-'fits ol jst t b'.' o  it t nn E coul Iit'e!1 tindes t-.uc tib le net u1 e o ' the

ine PIE Ll c bc Ec1' ' 'rental Lrould co«ti:Eue to accrue un cc s.

;maEl bene;itsasy;;;, tc ically ap1:o ' ! C. u9. C'earl, u 1;:1L '=f.1-to

LO dive. S'tn' ree r 'J.:s d ','0 ted i~.'..C LuS l '.'e L'.'«ec'ul t

Only about six diving boats can be accommodated on the reef at any one rime,

because of the requirement that all boats Stay at a safe disrance from underEJater

divers. kith six persons per boat in good EJeather and acceptable temperatures

�5K diving in four ~inter months, SO/ diving in fall and spring and 90/' of

the remaining time!, a total of 7,560 user days is generated by capacity use. Thus

the area under the demand curve comes to $302,~00. Figure 8 depicts rhe potential

market demand and marginal user costs.
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Shark Anglers

The fourth group of beneficiaries, the shark anglers, does not compete at

all with the other groups, be ause they go out at night. Their demand schedule

has a maximum willingness to pay point at $49, the same as .he sports anglers.

The market price, however, is only $25 per person.  Aopaxently, the charter

boats' practice resembles marginal cost pricing!. If they go out as often as

weather permits in charter boats, theix demand is otherwise similax to that of

sports anglex's except that the boat density at night should be assumed lowex,

10 at a maximum, for safety reasons. The potential market demand and usex'

costs axe depicted in Figure 5.

Calculation of benefit cost ratios faces the same obstacles as in the

case of sports anglexs. Sharks are not resident reef animals, and the extent

to which they are attracted. to the reef by fora e fish is difficult to asceta-'n.

Therefore, only the user days demanded at average demand price and at marginal

cost price were calculated.  See Table 16 below!.

~Otimum Reef Size

Our model led us to conclude that optimum capacity is reached when average

demand price equals marginal cost af capacity and operations. For Sunday anglex's

the entire reef should be built. Zf other users had to bear all the costs of

reef construction, the benefits der'ved would not justify these costs.

A surgery of the benefits yielded annually to the two princip-1 users is

presented in Figure 9. The best use of the reefs is for bottom fishing by

Sunday anglers. This use yX lds a poe, ntial, marginal benefit cost ratio of

about l.33 at optimum reef size. Potential bene'its to divers carry'erge toward

0.69 marginal ratio. The reef is ..1ready too large for e: elusive use by divers

and shark anglers.
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If marginal cost pricing were assumed, demand would have become satisfied

at the level of 57,603 user days for Sunday anglers by 1979/80 and before 1974

for all other users. Thus construct ion o the Clearwater Artificial Reef

beyond its assumed size in 1975/76 would be justified only if Sunday anglers

were its only daytime users; additional benefits from night-time use would

accrue to shark anglers.

COHCLUSIOliS AK! RECOUNT'V!ATIONS FOR Ft'FTHZ.i STUDY

The present report has assessed the costs and potential benefits oi

artificial reefs and compared those with other modes of disposing of the pri-

mary raw materia1., tires. Although tires ca.. be buried quite cheaply in land-

fills, in the long run they can be more beneficially used in reef construction

that yields recreational benefits for centuries to come. It is e:;pected that

the reef population wil' reach its sustained 1 vel in about two yenrs but will
1

endure an estimated 1,000 years if the reef is build with tires "nd practic.lly

forever if built with culvert, provided ba" argue.1 maintenance cf ": = buoys

of the order of $500 is undertaken.

An interdisciplinary study like this one which has to rely he-vily on

rsture's biological technologies in the conv r"ion of tires to ca chable fish

There are very few marine bacteria capable of decomposing synthetic rubber.
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suffers from the uneven state of art between thc disciplines of economics and

biology. Even though an economist docs not have the cxpertisc to f ill many

of 't lc gaps in the bio logi cal know.l.edge, the bene f it cost f rame.!!ork develop>ed

above enables the indication of areas '.here data are lacking or deficiencies

exist and thus further research is called for.

As has been poir.ted out repeatedly, all thc benefits assessed hav. been

potential, i.e., realiz-ble bene.' 'ts rather than act:ual berefi s. The first

order of business is to study the actual benefits today and to project benc-

fits into the future. Substantial work on inter-!iews of anglers, charter boat

captains, diving clubs and boat owners in general is under way cu rentl i and

1
more is needed in the next fe~! years to chart the i ser pat te.:i. Recor!~cnda-

tions as to how the potential bene:its can be re-1'zed should thun be poss

A nu. ber o technological trans formations Gf tires to fish rest on «!.

ceedingly narrow data ~ase, A >st matic stud, o. t!e layouts of;arious

i!ouldmaterials, the bottom are= cov red and the reef sur=ace area �-c.,erat

be un"ertaken. Fish counts, especia' 'y poison c=unts, need to bc multiplied

2
has been su. ~ est d thaL the hei ht of the reef is verv i >par ant ! n det er�

test th "t hypothesis, but sucl; data s 'lould be col lee ted, Thedata available to

more =eneral hypo thesis that it is .!;e a",ount of s rface a: 'a ratiier ti!an the

co!!lu not bc tested citi!crreef bo tom area that dote .. !.nes reef product!.v11'!'

su h diff ru ti tion iniew fish councs were not conducted w'it	because the

Don Schllg, !!i '!i.nate Ass ' ' tan':

in i.'i! c final r po rt .

w'1] 1 I' ll e."!'n t h l s f 3 Bu '!!'.ln . ~ 'r!.nc Sole!!ec !
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vining t ie size of the fish t..at inhabit it. The present st dy ii;-d no suita >le



mind. A study of the algae on the reefs and their relationship to productivity

of catchable fish would greatly enhance our understanding of why productivities

of different kinds of reefs differ,

burying tires in landf ills. Reef cons::".;; t ion ":; 'eni.i tutee are volun ary and

postponable. Their merits si!ould .e =!: r . ' co:. n;.rison with t le merits of

other discretionarv private and 1oc- 1 ov= t::cc::iu!cs bcrole cccis=ons

are made. Cost ef..ec ive techniqu== oi «e c. ~,.i ection ;!re not well kno!.~ by

suppo rt ree f const 1!! c ion . Athe many volunteer groups that. now advocate and

by n group oseries of conferences in tne various counties shou'd he offered

experts to interested local off' cials and private . roups n order to reduce the

chance of costly mistakes and to speed up the construction of othe! potentially

of pool'c fundsequally beneficial artificial ree" s, Since substantial amounts

also suppor' reef construction, the public h. s a imilnr rigi t to 4nuw

should be kept informed of the opportunities available to th~m as wel! as of

the associated costs.

bio life cycle studies have been conducted on any of the fish ti!at typically

inhabit the reefs. Such a study of the wh' te grunt, the most cordon species

of sports fish on the reefs, would be most valu ble. Even more dern-nding would

be studies of the role of the reef in the life cycles of. the migratory fish lik

kin.gfish and Spanish mackerel.

Reef building activity is going on all along the Suncoast. Yhe costs of

reef building are of an entirely different order o. magnitude tl!an tine costs of
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