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SUMMARY OF FINDINGS AND RECOMMENDATIONS 

Fmrimgs 
l1le specIes of ovsters encountered In the estuary of La Barra de Santiago were Ostrea 
ll1descens Saccoffrea palmula and Crasso~trea co/umb,ens,s Of the~e the latter IS mo~t 
~Ultable for culture development because of ItS high tolerance for Lurbldlty lnd :.ahmty 
changes .Jy<;ter culture may be technlcallv rea,)lble In the e')tuary ot La Barra de Santiago 
!Jut ,everal con<;tralnts must be overcome The oy<;ter populatIon In the e<;tuary IS lerv small 
dnd mo'>t larvae produced by It are likely to be flushed out hefore thev reach setting size 
Spatfall IS therefore lIkely to be very lImited requiring the transplant ot ~pat from other ~Ite~ 
TIle Bahia de ]lqUlh~co IS one such site where c;patfall appear'i to ')e adequate Several types 
at cultch have been demonstrated and will reqUIre further testing for effectn eness 

The range of ,ahmtv In the lower reaches of the estuary appears to be favorable for the 
culture of C columb1ens1s Penods of low saltmty WIll hnllt blotouitng TIle most seriOUS 

blOtoullng organism IS likely to be barnacles 

Because of Its "mall '>Ize and surroundtng deme human population the hvmg resources of the 
estuary are heavily explOIted Aquaculture faces heavy competition With other user group~ 
Thett s a debilitating problem There IS almost no area of the estuarY whIch IS not e'<plOlted 
bv fl<;hermen or <;hellfi~h gatherers thus lIttle space IS avallaole for oyster culture 
development Untortunately the numoer of particIpants would be !tmlted as a consequence 

RecommendatIOns 

Spat collectzon 
Cement coated tIle') tire nms and plastIC plates should be tested In La Barra de Santiago 
estuary and compared for etfecttveness from June through September "'hen It IS maxImum 
~ettmg IS anticIpated Cultch should be put out only If ovster larvae :Ire observed 10 the 
plankton samples 

A cooperatIve effort ,>hould be orgamzed WIth CENDEPESCA to carrY out ~pat collectIOn 
tnals at Puerto Bl Trlunto 10 JlqUlhsco Bav concurrently With tnals 10 ,he La Barra eSlUarv 
CJltc, dnd iacks ('3n be constructed oy Green Project staff at the CENDEPESC \ laboratory 
at EI Tnunfo The cultch should be SIted With ease of VigIlance In mind 

Grow out tnals 
If '>utflclent soat are collected a pilot project <;hould be undertaken usmg long hnes <;ufflclent 
,or the production of 5000 marKetable oy'>ter<; The pilot project "hould be located onlv In 

Jfea~ where oyc;terc; are found such as La HOJeada Growth and ~urvlval c;hould be momtored 
durmg the grow out penod by countmg and measunng randomly ~elected samples from each 
of 3 c;lze categone,> < 1 cm 1-2 cm and >2cm 

Vlarket c;lze .,nould be In the range of 7 to 10 cm Bactenologlcal '11omtonng of ovster meats 
,nould be undertaken before harvestmg to Insure product samtatlon 

U<;er conf1lct resoiutron 
The Image of the project among ftsherfolk ,>hould be Improved J1rough an educatlon 
campaign The campaign ')hould clearly explam the obJective., of the pilot uroJect It Will be 
Important to have a genu me dialogue With fisherfolk and reach a consensus as to the sIting of 
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the pilot project elements namely cuitch and growout eqUIpment It will be partIcularly 
Important that community leaders under;tand the ov~ter culture pIlot project and who It<; 
Intended benefiCiaries are 

The growout 'lite ~hould have a lull tIme watchman ~tatlOned on a raft eqUIpped for the 
purpo<;e 

Ovster Culture Feaslblltty Charles L Angell 
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INTRODUCTION 

Charles L Angell 

Oy'>ter culture has '1 long hIstory gOtng back to Roman tIme'> m the West and perhaps longer 
m East ASIa Today oy~ters are a major aquaculture "pecle" LeadIng countnes are Japan 
Korea the Umted States and Vlexlco The most Important oy<;ter producmg countne,> In 
Europe are France and Spam Small ,cale oy"ter culture Indu'>tnes can be found In Thailand, 
the Phlllppmes MalaysIa New Zealand Australta the Umted Kmgdom and even South 
Afnca 

OY'iter<; are bIvalve mollusks found only In manne and brackl~h water envIronments TIley 
are an anCIent group of Invertebrates who<;e fossIl remams go back several hundred million 
vears Oysters were so 'iucce'l<;ful In developmg adaptatIOns to theIr envIronment that they 
have evolved ltttle over the ages 

Cultured oysters are placed In three genera Ostrea Classostrea and Saccostrea The 
IdentIfYIng features of each are presented In Table I All three genera have planktOnIC larvae 
whIch attach to a sub<;trate at the conclUSIOn of the larval phase The newly attached vpat 
undergo metamorpho'ils dUrIng whIch the relatIvely '>Imple mternal <;tructures of the larvae 
change to adult organs Sexual maturatIon may occur at a very young age Adult oyster<; may 
lIve many years - there are records of 70 year old IndIVIduals FecundIty IS directly related to 
sIze A large oyster WIth flesh weIght of 70 g may produce 100 mliiton eggs 

The vast maJonty of productIOn IS based on <;pecles of the genus Craswstrea The 
tremendous geographIc dl'itnbutton of oyster culture atte<;ts to the adaptablltty of the ammal 
to culture 10 a WIde range of water condItIons In North Amenca and Europe the bulk of seed 
stock now ongmates from hatchenes TropIcal specIes of Crassostrea have been reared In 
hatcheries but most tropIcal oyster culture still depends on WIld spat supplies 

WhIle Ostrea Wp are found In the tropIcs commercIal culture IS not wlde'>pread An 
exceptIOn IS Saccostrea (Ostrea) palmula whIch IS cultured In MeXICO (Angell 1986) There 
has been experimental culture of 0 follUm and 0 mdescens (see below, Most <;pecles of 
Ostrea are relatively slow groWtng and prefer stable oceamc condItIons whIch compltcates 
theIr culture 

OY'iter culture can be negatIvely Impacted by human actiVItIes tn the coastal zone Ostrea 
eduils was a common food In coastal European countries before the Indmtnal age but has 
declIned dramatIcally due to mdu'itnal pollutIOn and 'iewage runoff The same can be 'iald of 
Crassostrea vlrgmcza the Amencan oyster of Chesapeake Bay Major problems are bactenal 
contammatton tOXIC "redl! tIdes and dIseases DIseases are usually assOCIated WIth a 
detenorattng envIronment as IS the case In Chesapeake Bay 

Oyster Culture Fea')lblhty 
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~r.abJc 1.,~omparativefeatureS:oft.tree oyste£genera from Glude,(1?,71),.Ahmed (19:75) ,:: 
'dSt, "-1(197fi.",".~"',"":"'i:'''': ~ ::", : <."', .~.:,,'.--' " --:' ':,'>"~,"'" ,.' ':." '"c'-," ao cnze . ,.,~" "-'0' ."..-,. ," "', .".,' ,''''.' " ", ' . ":'.,":"', '", ,,',,". ,',' 
~ " , _. . - . . .' , .' ~ ,~ . '.,. -

CharacterIstIcs Ostrea Crassostrea Saccostrea 

Chomata (denticles) present absent present 
Promyalchamber absent present present 
Umbonal cavIty absent moderate deep 
Se"{ual development protandrous dlOeclOus dioecious 

hermaphrodIte 
Spawnmg mode larviparous OVIparous oVIparous 
TurbIdIty. tolerance low hIgh moderate 
Sallmty preference stenohalme euryhalme stenohalme 
Shape subcIrcular, flat somewhat comucoptate or 

elongated, flat rudIstlforrn 
Shell margms crenu lated m some not crenulated crenulated 

speCIes 
Valves equal upper valve upper valve 

smaller smaller 
SIze small to moderate may be large small to moderate 
Range All tropIcal seas All tropIcal seas Indo-PaCIfic 

except PolyneSIa 
and MelanesIa 

Oyster Culture FeasIbilIty Charle., L Angell 
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OYSTER SPECIES INDIGENOUS TO EL SALVADOR 

Charles L Angell 

Two genera of ov<;ters are reported from the Pacific coast of Central Amenca Ostrea and 
Crassosfrea (Ol'>'>on 1961) We have collected several '>peclmens apparently belonging to a 
third genu,> Sacco~trea, prevIOusly not reported from the PaCific coast We con'>lder the~e 
<;pecmlen<; as belonging to the genus because of dentition extendtng the full circumference of 
the margin the cupped shape of the lower valve and crenelated .,hell margins TIllS oyster 
corresponds to 0 palmula de<;cnbed by Olsson (1961) and Hertlein and Strong (1946) 

The two genera of mterest for culture are Ostrea and Cra~sosf1 ea Three species of Ostrea 
have been encountered 10 Central AmerIcan water'> a mdescells (Fig 1) 0 palmula and 
o megadol1 However the latter IS found only 10 deep water and nothing IS known of Its 
bIOlogy Oysters of the genus Ostrea prefer stable oceamc or near oceamc <;altmty They are 
usually found at lagoon mouths or on rocks along the open ocean coast The only <;pecles 
found m La Barra IS 0 mdescens which we found on rocks Just Inside the mouth of the 
estero Ostrea IS dlstmgUl<;hed from the other genera of oy<;ter by Its flat shape and lack of an 
umbonal cavity Several teeth are also found dorsally, near the hmge The most 
dlstmgUlshmg feature of the genus Ostrea 1<; Its broodIng behaVior Larvae are retained In the 
mantle cavity untIl they reach about 120 microns at which pomt they are releac;ed The 
fecundity of Ostrea c;pecles IS considerably lower than Cwssostrea spp seldom exceedmg 
500 000 larvae 

Crassostrea IS the most WIdely cultured genus of oysters Culture mdustnes stretch from the 
sub arctic to the troptcs The major species are C gigas the PaCific oyster C vlrglnlca the 
AmerIcan oyster and C lredalel the Phlhpplne slIpper oyster Two species are reported from 
Central Amenca C cortez/enSlS and C co/umblensfS Only C columblensls (FIg 1) IS found 
m the lagoon of La Barra de Santiago C columbrensls can be dtstmgUlshed from C 
corteZIenS1S by the chalky white mtenor and purple margm 10 older <;peclmens C 
wrteZlenSIS IS very Similar m appearance but has a purple adductor muscle e;car (Olssen 
1961) 

Oysters of the genus Crassostrea are euryhahne and can tolerate fairly high turbidity Spat 
are readtly transported over long distances adapt readily to new environments and grow 
rapidly AS'iuch they <;hould be the mam focue; of oyster culture development actlvltte<; 

Oyster Culture Feaslblhtv 
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EXPERIENCE WITH OYSTER CULTURE IN EL SALVADOR 

There IS no commercial oyster farmmg m the countrv The market 1<; 'iupplled with oysters 
collected from natunl beds However mterest m oyster culture goes back several decades 

\ o mdescens wa<; the object of research dunng 1975 to 1980 The work Included larval 
'iampllng, 'ipat collectIOn and growout tnale; Larval abundance peaked In June m the 
sampling 'lrea (EI Tamarmdo to Punta La Bolsa) Spat were collected 'lnd transferred to 
pla·;tlc trays sU'lpended from rafte; Spat abundance peaked durmg July to August Oysters 
reached 10-13 cm In one vear (Cheney et al 1988) Such a growth rate IS comparable to that 
obtamed In other tropical areae; 

Pacheco et al tned to collect 'ipat of 0 mdescens 1976 In Tamanndo Bay OY'iter shell and 
cement coated egg cartone; were uc;ed as cultch Few 'ipat were collected and the expoe;ed 
locatIOn led to many problems With the long lme The be'it settmg wae; on cultch placed on 
the 'lea floor 

Becau'le of the lack of aquaculture productIOn eXIsting natural populatIOns are decltnmg In 
La Barra and neighboring EI Zapote there are a few divers collecting O~frea ~pp off shallow 
rocks at the mouth of the lagoon and occasIOnally from a shipwreck on the open coae;t 

The populatIOn of Crassostrea m the lagoon of La Barra 1<; qUIte limIted although we 
observed recently set 'ipat The bulk of the populatIOn 1<; on the east 'ilde of Isla Venado The 
few examples we located were small, mhabltmg mid to lower hIgh water 

Approprl3te oyster culture technology for La Barra 

EnVIronment 
The estero IS small charactenzed by marked seasonal fluctuatIons m sallmty and turbidIty 
Species prefernng c;table <;ahmty are limIted to a very small area at the mouth of the estero 
Even wlthm the estero the dlstnbutlOn of C columblensls IS restricted to areas where low 
saltmty IS less persIstent 

Because of the 'imall volume of the estero It IS ltkely that oyster larvae <;pawned by the 
mdlgenous populatIOn are flushed out to e;ea before they reach 'lettmg 'ilze LikeWIse larvae 
that are carned mto the estero mU'it be of 'iettmg 'ilze or they Will be flushed out before 
attamIng a sIze 'lufficlent for competent 'iettlng As a result, It IS likely that 'ipat WIll have to 
be transplanted from other setting sItes 

Upland runoff can Impact oyster culture WIth heavy 'iedlment loadmg and bacterial 
contaminatIOn Heavy sedimentatIon can Impede settmg and may ~mother 'ipat BacterIal 
contaminatIOn IS a public health concern whIch must be addressed when productIon IS 
'iufficlent for marketmg trials Preltmmary samplmg m the ee;tero has mdlcated that E coli 
counts In the water exceed public health standards at tlme<; Human pathogenIC bacterIa and 
vIruses do not affect oysters whIch are the transmItters 

PestICIde contammatlon IS a thIrd Impact to be conSIdered from the public health pomt of 
VIew, but no measurements of pestIcIde concentratIOns have yet been made m the estero 

llfarket economIcs 
Although no 'ltudles have been done casual observatIOn mdlcates there IS a good market 
Oysters are popular at toumt "pots and are ~old to La Barra dunng fiestas 

Oyster Culture Feastblhty Charles L Angell 



9 GREEN P,90JECT 

TIle market I~ bullt on the harvest of natural ~tock~ of 0 rnde~cells mmtly In the ea~tern part 
of the country MllJor collect 109 areas are Playas Negras Playa., Blanca., EJ Tamarmdo 
PhV1.cltas and 1<;la Pen co There 1re approxlmatelv 46 oyster fi.,hennen 1.mong the<;e <;tte~ 

wIth the maJonty operating out of Playas Negra~ 1nd Playa~ Blancas 

Producer pnees per dozen depend on the size of the oy<;ter as follow,; 5-6 em 6 col S-lO em 
10-12 col and greater than 10 cm 15 col The mIddleman (toponero) seils to restaurants al 30 
col per dz locdlly and 40 to 50 col !dz m El Tamarmdo (pacheco personal communicatIOn) 

RetaIlers 11 La Llbertad obtam 50 to 70 colones per dozen depending on <;Ize and vendor 
The oyster<; are con<;umed raw on the spot A few Crassost1 ea spp are mIxed In with the a 
rnde~cells but there IS no pnce dIfference 

In additIon oy<;ters 1.re WIdely avaIlable a~ cocktaIl'> m seafood restaurant<; In San Salvador 
and other CItIes In the country If culture tnals are successful a fonnal market study would be 
very u'>eful for the development phase 

The major co'>t of oyster culture IS the mltlal mve<;tment In equIpment If thiS can be 
mlmmlzed It IS lIkely that the hIgh cost of oy<;terc; \\ III ~upport a culture Industry However 
detailed fInancial analysIs WIll be reqUIred based on actual costs and earnings 

SOCIO-economlC condItIOns 

Charles L Angell 

The mhabltants of the VIllages of EI Zapote and La Barra de SantIago explOIt the resource~ of 
the e<;tero but there 1re <;Igmficant differences between the two \gnculture I~ part of the 
economy of EI Zapote but plays ltttle role m La Barra where both <;ea and estero fishmg 
predominate Household Income IS probably hIgher m La Barra neverthele<;,> acce<;s to 
capItal IS difficult or non eXI'>tent There are few local busmess and famtltes depend on 
tounsm and extractIOn of manne resources 

Thus competitIon for the Itmlted resource" of the estero can be expected to mcrea~e as the 
local popUlatIOn mcrea<;e<; 'Nl1l1e aquaculture mav offer an alternatIve m the long tenn IhlS 
competItIon WIll create ImmedIate problems, even at the pIlot stage CompetItion for water 
space between fishennen concheras and aquaculture WIll have to be mitIgated through 
careful coordmatlon ana education wIth the local fisherfolk 

Oy'>ter Culture Feastblhty 
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OYSTER CUL TURE TECHNOLOGY. 

There are three method" of oyster culture on-bottom rack and "uspended Variations of 111 of the<;e 
methods can be tound m tropical waters Ov<;ter fanners have been very innovative In their search for 
profitable methods at o<;yter culture The pnmary mgredlent for succe<;stul oy<;ter culture IS a reitable 
':Iource of'ipat 

Spat supply 
The methods used to collect Wild <;pat 1re as vaned as the materials on which larvae Will <;et 
The mO'it tra<1ltlOnai cuItch IS lime coated clay roottng tlle'i OV'iter shell f avaIlable s one 
of the be'lt ~ub<;trates ?Iastlc sheet<; tubes and other 'ihapes have proven u<;eful With the maIO 
advantage that 'ipat are eaSily removed from the cultch A commercially <;ucce'isful system 
was developed In Cuba usmg mangrove branches a<; cultch Often the selection of a 'ipat 
collection method Will be detennmed by the local avallablltty of matenal., 

Gettmg a good set of "pat depends on timing the cultchmg to comclde With the reproductive 
cycle of the oyster Therefore 'iucce<;sful culture depends on a knowleage of the reproductive 
cycle of the local oysters This can be done by exammmg the female gonads for the presence 
of mature eggs 

The presence of advanced oyster larvae In plankton 'iample<; 1<; a more direct mdlcatlOn that 
'iettmg l'i occurring Direct ob<;ervatlOn of newly 'iettled 'ipat IS another good method used to 
time cultchmg However 'loat are very difficult to 'lee on the u'lual cultch materlal'i Gla'is 
slides 'lmpended where oY'iter settmg ha<; been ob<;erved are excellent for thiS purpo'ie since 
evem the <;mallest <;pat can be seen under the 'itereo mlcrscope The disadvantage IS that 
settmg may be very hght With <;0 that few or no 'ipat are seen on the gia'is slides 

Only verY ltmlted studle<; of the reproductive cyle of oy<;ters have been done In EI Salvador 
The<;e 'itudles do not indicate very clearly the major 'ipawnmg peaks although It may be that 
most spawning takes place 'lomettme dUring the ramy 'ieason (Granado<; 1995) 

Spat are ea<;lly transported long distances Spat of I to 3 cm can survive 'leveral days out ot 
water If kent weil 'lhaaed If 'lpat IS not available m the estero It can be transported from 
other slte'i such as the Bahia de JlqUllisco 

On bottom culture 
Cultunng ov'lter dIrectly on the ~ea floor IS usually not fea<;lble m tropical estuane'i due to 
hIgh ,edlment loads occa'lloned by fresh water runoff and orgamc detritus ongmatlng In 

mangroves Such IS the situatIOn to thiS estero However on bottom culture can be done by 
plaCIng rocks on the bottom or msertmg concrete slab<; mto the bmtom Ov<;ters 'let on these 
~ub'ltrate<; and grow to market ~Ize The great dl<;advantage of bottom culture .<; the high 
mortahtv cau<;ed by <;edlment and predators ConsIderable 'ipace IS also reqUIred whIch would 
ral<;e user conflict Issue<; In the Estero 

Rack culture 

ProductiVity IS enourmously enhanced If the oY'5ters can oe cultured off the ea bed 10 ~ome 

way Racks are cheap to construct and slmole to malntam If the rack IS located In ,hallow 
wdter trays Lontammg the oy<;ters rest on hOrizontal bars The I-]elghth of he bars can he 
1dJusted to reduce blofoulmg whtle mamtammg 1n acceptable growth rate In deeoer water 
trays can be suspended from the rack as they would be tram a raft or long Ime 

Oyster Culture Feaslblhty Charles L Angell 
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There are ~everal drawbacks to rack culture Oy~ter'l are "U'lceptlble to 'lome predation from 
snails and crab" although the latter are not sertou" predator,> when the oy'>ters exceed about 
1 C'11 Growth IS 'iomewhat ~lower than IS the case with <;u'lpended culture Rack,> occupv 
space m the lower intertidal zone which may generate conflict'> WIth ca'lt netters lnd 
conchero'l 

Hangmg culture 

Charles L Angell 

Although most oyster <;pecles are mtertldal ammals their growth rate IS greatly lcc!erated If 
the v are lOntmually <;ubmerged Hangmg culture mvolve., the construction of long hnes or 
ratts from which the oysters are su<;pended 10 trays or basket<; Long hne<; are preferable tor 
theIr lower co<;t and ease of constructIon but they are more expemlve than rack<; and reqUIre 
a boat or canoe for maintenance Trays or basket<; are easily <;u<;pended from the long lines 
and growth I~ rapid Disadvantages are ~u<;cept\blllty to blofoullng and user competition 
Blofoullng IS the result of unwanted orgamsms adhering to oyster tray<; and the oysters 
themselves ObservatIon of <;ubmerged mangrove roots indicated that the prinCIpal fouling 
orgamsm 'S hkely to oe barnacles The Wide change., .n <;altnlty wtthm the e<;tero can be 
expected to hmlt blofoultng out culture tnals are reqUired to fully evaluate Its effects U~er 
competItIOn has to be taken mto account as well It 1<; possIble to locate long hnes 10 deep 
channels where less fishIng takes place wlthm the e.,tero 

Oyster Culture Feaslblltty 
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FJELD WORK 

The objectIves of fIeld work were two fold I) a~sess the possibility of oyster culture In the estero of La 
Barra de Santiago and 2) train project staff In ovster culture methodology Comequently the foilowlng 
actlVltle~ were undertaken larval samplmg, spat momtormg, cultch fabncatlon long hne construction and 
rack constructIOn 11le BahIa de Jlqulh~co was also surveyed as a potential ~ource of <;pat 

Larval samphng 
Oy<;ter larvae 'lamphng was undertaken concurrently With <;ampltng for cockle larvae Tn fact 
{he ,arne samples are used for both cockle and oy<;ter iarv1.e counts .<\dvanced larvae of 
Crassostrea were found 1Il samples from La Bocana and at the entrance to El Zapatero canal 
Water qualIty momtonng IS also Identical .<\S 'ltaff had been trained In these sampling 
method~ durmg a ')revIOU'i consultancv no further effort wa,> reqUired as far a~ tralnmg 11le 
long term sampltng program tor cockle larvae Will 11<;0 lIlclude oy<;ter larvae counts as has 
been the practIce 

Spat momtormg 

Spat mOOltors were made of glass slIdes 10 <;hdes 1Il each momtonng umt OY'iter larvae are 
onlv 320 microns when they 'let and are Impos'lible to see on collector matenals such a~ tIles 
and tire nms The glass sltde'l would have been checked fortmghtly by mlcro<;cope and <;pat 
counted a'> numbers per momtorlng umt FIve of these collectors were placed at 'lItes where 
ovster,> were observed on mangrove roots, but ail had disappeared durmg the 2 weeks they 
were put out 

Cultch preparatIon 

Cultch IS ov<;ter farmmg terminology for the <;ub<;trate on whIch larvae attach or ~et After 
settmg, the larvae are reterred to as spat The ongm of thl'> term goes back to colomal day,> 
on the Chesapeake Bay when oystermen beheved the '>mall ovsters were "'ipat" out by theIr 
parents' The variety of materials avaIlable for cultch IS lImIted In El Salvador r have had 
good succe'>s WIth an extruded plastic mesh (Netlon) coated With cement. but unfortunately 
thIS matenal I'> not avaIlable In the country 

Cultch materuzls 
LIme coated roofIng tIle'> are a traditIonal cultch In France and the Bntl'ih I'iles Both u'ied 
and new roofmg tIles are readIly avatlable In La Barra and adjacent communttles The ttles 
were prepMed as ~een m FIg 2 Ovster larvae are negatIvely phototactIc and are attracted to 
areas of low IllummatlOn whIch lS why the ttle<; are ,>tacked on a Simple support of bamboo 
TIles were coated m a mixture of cement !tme and '>and 111 proportIons of about 1 5 lIThe 
mixture was prepared In a large plac;tlc baSIn and the tIles were dIpped In It to proVIde a 
relatIvely thIck coat The coating Will allow "pat to be removed WIth minImal damage to the 
antmals Many of the ttles can be reused 

Larvae WIll set on a vartety of plastICS At the 'luggestlOn of Wlfredo Cana we purcha'ied 
dl<;posable plastic pICniC plates and c;trung them up as cultch 10 plates to a "trmg as III Flg J 
Spat WIll be easy to remove from the fleXible plate'i The plates are posItIOned clo'iely 0 

~ncourage larvae to !let on the underSIde of the mverted plates whlch WIll have less ~edlment 
than the upper SIdes 

Oyster Culture Feaslblltty Charles L Angell 
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TIre'> are wIdely used to the Phllippme'> and MalaY'>la as cultch After a few weeks 19m9 10 

the seawater '>pat .,et readIly on both lOner and outer surfaces The problem wIth whole tIre'> 
I'> overcrowding of <;pat on the Inner surfaces accompanied by !ugh mortality DIscarded 
motor cycle tlree; have proven verv u<;eful as <;pat collector,> a<; they are easily turned mSlde 
out Unfortunatelv, very few are avaIlable We dId find tIre nms are <;old as part of the 
recyclIng of dl')c'lrded tire'> and 3'> <;uch are ea'illy purchased 10 "mall <;hops <;peclahzIng to 

thIS unique recycltng "tndu<;try" (FIg 4) The rims co'>t only 3 colone<; whIch IS qUite cheap 
consldermg that they <;hould last many vear<; 'iubmerged 10 the water of the e'>tero 

Cuitchmg methods 

We planned to put all of the above cultch matenal<; out m the mangrove<; but the theft of the 
<;pat momtors forced us to use racks directly tn front of Amalunga LIme coated tIles and 
plastIC plates are deSIgned to produce Single <;pat whIch can be removed from the cultch and 
cultured In tray" TIre rims on the other hand WIll both collect '>pat and provIde a growout 
surface After accumulatmg adequate .,et they can be transferred to long hnes to accelerate 
growth 

Spat collectwn 

Since very few .,pat were found In La Barra a reconnaissance was made of a portIOn of the 
BahIa de JlqUIl!SCO The CENDEPESCA laboratory at Puerto El TrlUnfo wa') used as a base 
Large quantItIes of spat were found on concrete plltngs of the fishing pIer WIthin half a 
kIlometer of the lab (FIg 5) Sett10g occurs 10 a narrow zone at about mId tIde We were able 
to collect about 1000 spat rangmg In sIze from 5 mm to 3 cm All the oysters found were C 
coiumblensls the same "pectes whIch occurs In La Barra 

A search of the mangrove roots In the area of Isla La Tortuga and Isla Madresal revealed 
ltght settmg Some .,pat were collected from the mangrove roots but con<;lderably more time 
was reqUIred to collect compared to the effort expended on the concrete dock plhngs It 
appear') that the larvae of C columblensls do not have a '>trong affintty for mangrove roots 

In addItIOn to oyster "pat found on the fishing dock rocks In the intertIdal zone had eVIdence 
ot past .,ers although most oye;ters dIed due to exposure or predatIon The pre<;ence of spat 10 

the area around the laboratory at Pueno EI Tnunfo indIcates a good area tor placmg cultch 
Cement coated roofmg tIles placed on racks would probably be the most approprtate method 
for thIS sIte The heIght of the rack could be adjusted to comclde WIth the zone of maximum 
~ettmg 

Spat transport 

Spat were <;eparated as much as pO<;<;lble mto indIvIdual ~pat and segregated mto three maIO 
sIze groups They were neld 10 plastIC basket,> overmght 10 the lab at EI Tnunfo The 
follOWing day the ~pat 'vere transported to La Barra whIch took about 5 hours No .,peclal 
proVIsIons were made other than to tramport m the mommg to reduce exposure to ntgh 
temperature Upon aITIval the basket,> were hung from mangrove roots and branche,> at the 
entrance to Canal EI Zapote (FIg 6) It IS e'>tlmated the oy<;ters were out ot the water about 
34 hours Spat were exammed the follOWing day no notIceable mortahty was observed The 
few dead oysters had had theIr shells damaged dUring collectIOn 

Long lme constructIOn 
'\ sample long lme wa<; constructed uSing '>IX 25 liter pla<;tlc carboy<; tIed to two parallel 3/8" 
hnes The carboys were tied 2 m apart WIthin whIch 2 pla<;tlc oasket can be tied (FIg 7) The 
long Ime was anchored," qhallow water dIrectly In front of \malunga The floats were 
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pamted WIth fluorescent <;pray pamt to Improve vlslblhty and help trace them should they 
become lo<;t (FIg 8) SIX ~pat contammg ba"kets were hung from the long lIne Care was 
taken to Insure that the ba.,ket~ would not touch the bottom at low tIde Unfortunately the 
concrete blocks proved Inadequate to keep the long lme In POSItIon m the '>trong tIdal current 
It became entangled 1S the anchors drug and mo'>t of the oy~ters were lost as a re'mlt of the 
ba<;kets overturnmg (FIg 9) TIle follOWIng day the anchors were replaced With mangrove 
poles dnven Into the bottom One of the floats was subsequently stolen dunng the nJght 

Theft of matenal<; IS a senous constramt In fact "orne flshennen have told the project '>oclal 
worker that they WIll remove anything placed In the estero by the project Although the <;lte 
"elected for the fir"t tnal of the long hne may not be Ideal the chance of theft may be 
,>omewhat reduced Cockle spat colIectors made of plastic brushes have all disappeared from 
locatIons not dIrectly vIsIble from Amalunga If oyster culture 1<; to be <;enously tested m the 
estero "orne "olutlon to thl<; problem must be found We would have hked to place the long 
Ime at La HOJe1da TIle "Ite I" completely obscured from vIew gIVIng rise to Justifiable 
concern that the installatIon would qUIckly dIsappear 

RecommendatIons 
The major technIcal constraint to developing Anadara culture remains the seed supply 
Knowledge of the reproductive cycle as well as <;pat collectIon technology needs to be 
developed 

Spat collectIOn 
Spat collectIOn should be timed WIth the reproductIve <;ea<;on of the cockles Accordmg to 
data collected to date thiS appears to be from about November until "pnl based on gonad 
matunty There IS no need to keep collectors out In the estero outSide of thIS reproductive 
penod 

However many more "pat collectors need to be put out than ha'> been the practIce One 
hundred mescal collectors would be a reasonable target but the more the better The 
collectors should be strung honzontally from mangrove prop roots PlastIC brush collectors 
<;hould also be tested although there IS a good chance they wll1 be ,>tolen 

Length frequency dnfa 
The objective of collectmg length frequency data 'lhould always be kept In mind That IS, to 
con<;truct growth and mortalIty curves from whIch the <;tatus of the population can be 
mferred Monthly samples Will be analyzed by ELEFAN, a computer program deSigned 
<;peclfically for populatIon analYSIS based on length frquency data While data IS collected on 
a regular fortmghtly baSI" only monthly ob<;ervatlons wtll be reqUired for analYSIS After one 
year of data coilectlOn the best 'let can be <;elected for computer analYSIS It has been the 
practIce to collect and record length data from indiVIdual concheras These data should be 
grouped together for analvtlcal purposes 

Gonad maturatwn studIes 

Gonad matunty mdlces as detenmned from SImple <;mears of gonad tIssue have already 
proved useful for defimng the reproductive penod ThIs <;amphng should be contmued The 
data should be entered In a data base for graphIcal analYSIS 

General 

Apparentlv none of the data has been entered In any kmd of data base It ,<; <;trongly 
recommended that thIS be done Any common data base such as Lotu" 123 or \1ICroSOft 
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E"<.cel wIll ~erve the purpose Data can thus be easIly graphed and momtored durmg the 
course of the c;ampltng 

The lack of ~ucce~c; In finding "pat of A.nadara spp .,hould not be dl<;couragtng The effort to 
date has been very !tmlted m both the quantIty of collector~ locatIOns and tIme Cockle "pat 
collectIOn IS a new technology reqUlrtng <;everal year<; to develop Perhaps "pat collectIOn 
actIvItIes could be expanded to JlqUlltSCO Bay concurrently wIth oy<;ter spat collectIOn 

Oyster culture 

The major tc;sues are .,pat collectIon, growout and u<;er contllcts 

Spat coliectlOn La Barra 
Spatfall momtonng with glass c;hdes wIll not be posc;lble becauc;e of theft If advanced oyster 
larvae are present cultch <;hould be put out on racks tn the mtertldal zone In front of 
Amalunga where ~pat have been observed All three cultch malenals tIle., plastIc plates and 
tue nme; can be used on the intertIdal rack at Amalunga The heIght of the rack should be 
adjusted so that the cultch Ie; shghtly above the barnacle zone (FIg 13) It had been planned to 
place some of the collectors In the mangrove root zone where ovstere; have been found 
Unfortunately the dlc;appearance of spat momtors proves thIs 1pproach to be Impoc;slble 

When the c;pat have reached 5 to 2 cm or more and are easllv removed from the tiles and 
plates they .,hould be tran<;ferred to basket<; on the long hnes (<;ee below) To reduce c;hell 
damage the edge of the <;hell .,hould be .,tartlng to raIse off the c;urface of the cultch Spat on 
tIre nms are left to grow to market sIze but the nms can be moved to long !tnes 

Spat collectlOn, HI Tnunfo 

Spatfan IS much more Intense In the BahIa de JUlqU11lsco compared to La Barra The 'luccess 
of oyster culture tnals m La Barra [S hkely to depend on "pat collected In La BahIa de 
JuqUlhsco Therefore spat collection should be orgamzed wIth the collaboration of the staff 
of the CENDEPESCA laboratory at EI Tnunfo A spat collectIOn program at El Tnunfo must 
mcluae larval c;ampltng Samples can be taken at sites as "hown tn FIg 12a and 12b 
Cultchmg can be started when advanced urn bon larvae are pre<;ent 10 the samples 

Cement coated roofmg tIle., would the most approprtate cultch matenal for El Trtunfo The 
tIles c;hould be placed on racks In the mtertldal zone There are suttable 'lItes very clo'le to 
the laboratory where "patfall was ob"erved on rocks (FIgs 13 and 15) The cultch 'lhould be 
prepared tn advance and kept ready In the event that oyster larvae are caught In the plankton 
'lamples 

Lacking any prevIOus expenence It IS difficult to say how much cultch .,hould be put out If 
the productIon target IS 5000 oysters about 6300 'lpat WIll be needed as'lumlng 80% survIve 
For the fir"t year's work 100 cement coated tiles may be suffiCIent at each site (La Barra and 
EI Tnunfo) 

When enough spat have accumulated on the tiles and are 5 to 2 cm they can be removed 
from the cultch and transported to La Barra 

Growout tnals 

Longltnes are recommended for growout In the Estero de La Barra de SantIago WhIle racks 
are cheaper long hnes may generate less user confhct since they do not occupy space In the 
intertIdal zone Furthennore In the area of the estero where oysters are common there IS 

Itttle intertIdal space avatlable 
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PlastIc trays "u<;pended from the long hne at a depth of 1 meter should be used., Care mu<;t 
be taken to anchor the longlme m water of <;uffic[ent depth to prevent the pla<;t[c trays from 
touchmg the bottom at low tide 

If a target productIon of 5000 oy<;ters [s set as<;ummg 50 marketable oy"ter<; per ba"ket then 
100 baskets would be reqUIred Our tnal longlme was "et up to hold 2 baskets between each 
float Each longlme could carry 20 ba'>kets and would requIre 12 floats F[ve hne<; would 
carry enough basket<; to reach the target productIon 

A raft would also be reqUIred to home the watchman and to <;erve as a workmg platfonn 
Two hundred liter plastIC barrels can be u"ed as floats to <;upport a wooden frame mea"urmg 
6 5 by 4 5 m TIle frame ,hould be bolted together and a platform of planks na[led to the 
frame A small shelter cabin and roof over the entIre raft would complete the structure The 
raft should be anchored with heavy concrete blocks or anchors 1nd heavy cham 

Growth and mortalIty .,hould be recorded at monthly mterval<; The mo<;t convement Ind[cator 
of growth [S the measurement taken from the edge of the shell next to the hmge to the 
oppo<;lte <;hell margm (FIg 14) Wh[le often referred to as length It 1<; actually the heIght of 
the shell Only mdvldual oy<;ters should be used for measurement The WIde sIze range of 
w[ld "pat reqUIres they be <;eparated mto sIze group<; say 3 groups startlOg wIth 1 cm or less, 
followed by 1 to 2 cm and greater than 2 cm Spat of each <;Ize group are to be put 10 separate 
labelled baskets set aSIde for growth and mortality sampling Two hundred, 100 and 75 spat 
randomly <;elected from the small medIUm and large group,> should be placed In theIr 
respectlve baskets Initially all of the mdlvlduals In each of the "ample baskets should be 
measured and the ,tandard devlat[on calculated The ,>ample ,[ze to be taken at monthly 
Intervals can then be detennmed as per AppendiX 2 

Communzty mteractrons 

Competition for ,pace wIth other user groups and theft of oy'>ter culture matenals are the 
mo<;t Immediate problems the project WIll face In Its relattonshlp WIth surroundtng 
commumtles 

Competltron 
In the initial stage" of oyster culture tnals very ltttle ,pace [S occupied by the varlOlUs 
collector" and the one long hne However If these Initial tnals vleld po<;ltlve results and 
productIOn IS expanded Oppo'>ltlOn from some local Inhabitants can be expected as well as 
vacation home owners Therefore, even at thts early <;tage It would be wise to carry out an 
Infonnatton and educatIOn campaign to IOform fi.,herfolk what the project IS dOing and why 
JUdglOg from comments made to the project SOCial worker some achvltte'> are VIewed qUIte 
negatively by certam ,ectors of the commumty If more InstallatiOn'> are added much closer 
cooperation With VariOUS users Will be reqUired The ,0ctolOglst on the project has extensIve 
contacts 10 local commumhe<; and can be a central part of the educatIOn effort DISCUSSions 
With commuOity leaders and fisherfolk ,>hould be held to try to develop a consensus as to the 
need for the project and the best site If there IS not broad agreement 10 the commuOity of 
users to go ahead With the pdot project It should be delayed unttl such a consenus can be 
amved at or abandoned 

There are several group,> that could become mvolved In a pilot project The oyster fishermen 
of EI Zapate IS one of the'>e Another IS the' Fnends of Playa Alegre" Perhaps an arrange 
could be made whereby the proceed<; from sales of pdot project production would go to the 
group (but the group should dectde the mechamsm for thIS) 

It might be worthwhile to bnng Tn a LatlO Amencan consultant who has had experience 
developmg fisherfolk management and/or partICipation Tn aquaculture There been some 
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mtere'ltmg work done to ChIle wIth the management of an abolone sub'ltltue called "loco" 
and wIth <;eaweed farmIng and harvestmg Dr Gary NewkIrk of the Dept of BIOlogy at 
Dalhou'lle Umver<;lty has the names and addres'les of some of the socIOioglst'l who have been 
Involved to thIs type of work 

VIgIlance 
TIle estero and It'l waters con<;tltute 1 tYPIcal common property re<;ource As such anything 
placed to the e<;tero other than fIshing gear 1<; fatr game There IS no aquaculture tradItIOn 
whIch recogntzes the property nghts of shellfl<;h farmers The only practIcal way to aVOId 
theft 1<; permanent vlgllence If a sIte for oy<;ter farming acttvltles can be found watchmen 
can be <;tatloned on a small raft eqUIpped WIth a <;helter TIle raft would be anchored 
alongsIde the longllOes 

In the event that <;pat collectIOn actIVItIes are centered m Puerto EI Trtunfo measure<; must be 
taken to aVOId removal of spat collector<; there a<; well Cultch can be located Ju<;t 10 front of 
the fish ponds at the CENDEPESCA laboratory where they can be controlled by the regular 
ntght watchman employed at the lab 

The collaboratIon of the fishermen's cooperatIve can also be <;ought to keep watch on cultch 
placed along <;Ide the causeway leadmg to the fishing pIer located a few hundrred meters 
from the coop 

Suggested work planjor 1996-97 
TIle work plan for oy<;ter culture tnals should emphaSIze <;pat collectIon grow out tnals and 
coordmatIOn with users' groups A proposed time frame for actIVItIes IS shown In AppendIX I 
Spat collectIOn actIvIty IS confmed to the June - September penod because we antICIpate thIS 
WIll be the maIO spawnmg season 

General recommendatIOns 

Bzvalve hatchery 
The major problem we have confronted durmg 2 consultancles has been the unavallablltty of 
cockle and oy<;ter 'ipat GIven the excellent market potentIal tn Central Amenca for these 
shellfic;h a small hatchery would be a good mvestment 

As recommended In my prevIous report It would be qUIte feaSIble to modIfy the eXlstmg 
facllltv at EI Zope for productton of bIvalve larvae m <;uch a way that It would not Interfere 
WIth shnmp PL productIon If <;ufficlent funds were avaIlable a <;peClaltzed hatchery could be 
bUIlt at the same sIte It would be conSIderably <;maller than the present shnmp hatchery 
WIth reltable <;eed productIOn a realtty cockle and oy.,ter culture could be developed III all 
the major esteros of the country 

Bacteno[oglcal momtonng 

Bactenal contammatlOn Ie; a serIOUS threat to bIvalve culture because of the nsk of entenc 
dIseases carned by contammated sheIl fish There IS no tIme senes data base of bactertal 
contammatlOn whIch could be used as a basIS for harvestmg deCISIOns Momtonng 'lhould 
contmue for both water and <;hellfish fle<;h .,0 that a data ba<;e can be constructed InItIally 
'lamples .,hould be taken fortmghtly ThIS IS partIcularly Important dunng the ramy 'leason 
when contammatlOn IS Itkely to be partIcularly hIgh The<;e data should be graphed and 
reported at quarterly mtervals dunng oyster culture pilot tnals so that harvestmg can be ttmed 
WIth safe peflods 
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APPENDICES 

Work plan for 1996-97 
StatistIcal method for calculatmg sample SIze 

Charles L Angell Oyster Culture Feasibility 



If~ 

App:ndix 1 Propo&::d \I.'Ork plein, June 1996 - Mal' 1997 

AclIvItl' 

Commumty eduC<ltlon dud COt."Hdll1aboJ1 

(.an'dl ~m phng 
f.d DdfI"a 

f~1 I nunfo 

CultdJ. prot:paranon 

[.a DdIT'd 

hllnunfo 

Spat ('oll~ctlon 

la HdIT'd 

hi fnunfo 

Con~1ruct 1000ghnc~ 

Trauhfer ~pat from Ell nunfo 

Growout toa~ I.d Barrd 

lillIe Jul)' Aug Sept Oct Noy Ixc Jan Feb ~1d.l· Apr f't..fay 

?t~$ ,~}"1 1"'1 '.{~t -~,;.r ~~ 'ht='1::t ~¥i\(0' ,-·r h ~l<; 1 /[t"""l ,..I' i ~' ~f..-f I -<- -{ • .P ~"-{"/'-""j ~~~~~~J~f;~~¥~~~~M~..a:E'?-W*;t.. x ...;,,/,,"" -'~.g.xu ~ .... ~~)""~?-»~ v:E....,~."$'i.. 

.,.'';:v ~ }~' <,<:f,Hh~~' 1-1." ~~"$"">~J>;r;i«~k",,*'3: XU" ""~~$~~~ 

-I~' !\L ..... ·,.,.r' -, f:.-l.-. .... -k"'-.~ ~~<; ..c ...... ~"l"=«. tit: v l;:.k~';- :!;~ 

doll!..-

~ ........ .::.:..;<t ~ 

f ~ ...... ~~ ~&~~ t 

f. }4}_t.'t"'~'}.t.. '~~'"'~ -11-' ~t. -.lt~},.~N;~~$~&g~h 

r ~ ~k~~'B:!~: i~h~ ~~ "'~ ... '>~ f 4JN""t"~ 

l",h'l'U f~ 1."'<>i-» 

h31-' - ~ 
ft~lItd 

1.r.:-t-"'-'4'?' < 4p" ".;<-';'K~ ~ '-* -1 ""'ci;, d .. p ,~ ,':; ~"" ,.{. ~~l~~~~~'~ ~::::: ..... ~ ............. ~~.f .... -s..:t :l; .... ~,~;t::l'~~-:::t..., "":d 



GREEN PRoJECT 20 

LIst of figures 

Ostrea mdescens, above and Crassostrea co/umblensls, below 

2 Cement coated clay roofing tIles stacked for spat collectIon 

3 DIsposable plastIc plates strung for spat collection 

4 DIscarded tire nms WhICh can be used for both spat collectIOn and growout TIles and 
plastIc plate collectors shown 10 the foreground 

5 Remov1Og spat from the fishmg pier at Puerto EI Tnunfo Note the posItIon of the oysters 
above the zone of heaVIest barnacle sett10g 

6 Plastic baskets contam1Og oyster spat hung from the mangrove roots m the estero of La 
Barra 

7 Floats tIed to parallel 3/8" hnes The assembly IS shown m an mverted POSItIon 

8 Pamt10g long hne floats with flourescent spray pamt 

9 The effects of madequate anchonng r 

10 The long lme held m place by stakes dnven about 1 m mto the bottom 

1 I A potentIal spat collectIOn SIte along Side the approach to the fish10g pIer, El Tnunfo 

12 Larval samplIng SItes, Puerto EI Tnunfo 

13 The relatIve zonatIOn of barnacles and oysters 10 the estero 

14 Shell measurement m relatIon to dorsal, ventral, antenor and posten or pOSItIOns 

15 POSSible spat collection sites at EI Tnunfo 
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Se<t.on 17 6 DesIgn and AnalySIs 01 Sampling 50J 

E"AMPLE 1- S ,- A ... nple random ~pl. of SIZ< 11)0 IS taken In ordor to .. I. 
mate IOm~ proportion {co ~ th~ proporutln of maf""S' "" hm vallC' In the populauon IS 
c1~f" 10 l.i \\ork out thoC' ttandard error or the lamplr proportion fJ w~n the me of 
lhe popula.tlon IS h) 200 (II) SOO (1111 1 ()O\) (1\1 10 (\I. tV) I()!I 000 Note bow bIde 
the" standard error chuge1 (or " greatet" than I f)O(J 

f'XAMPLE 1 5 <I-<;ho":" thaI th< CO<'flic1<nt of 'n.llon of the nmpl< mean .. 
the s.une .u that of tbe Cltlma[t"d populahon total 

E""''I.{PLE 17 5 5-1n Ilmpk Tandom samplon. (nr ,""hu'., .how Ihat th< 
sund.ard ("rror of p for ttl\-~n " and'll! ~r('at~t "" hen p ~ '0(1"" hut thAt the COf!'ffiClcnt 
of anaUon of /' 15 largest" hen lIS verY small 

17 6-Su:e of sample At an earl) stag~ an Ih~ d~<tbn of a sample the 
question Ho" large a sample do I ne~d' mllSt b,. con<td~r~d Although 
a precISe all5"cr rna} not be easy tel find for r~a"'n' that "Ill app"ar 
there IS a rational method of attack on the prol km 

C1earl) "e "ant to aVOid makang the sample so mall that the estl 
m<lt(" IS too lOaccurat~ to be useful Equal" 'l<.e "ant to a\old takmg a 
sampl~ that IS too large In that the ~ttmat~ L< more accurate than v.e 
require C.ons<'<juentlv the first step IS to decIde h"" larl:~ an error we 
c<ln telerate 10 the esttmlte Th,s demands carrful thinking about the 
uSt" to ~ made of the e<tlmate and about the c0lUC<1u"nces of a sIZeable 
error The figure finalh reach<:-d m<lv ~ to som~ ext~nt arnttraT) vet 
aft~r somr thought sampkn ofl~n find thcms,h~< I<'!S heSitant about 
nammg a figure than they expect<:-d to be 

The next st~p IS to expre'5 the allowabl~ error In terms of confidence 
ItmtL< Suppose that L IS the allo\\able ~rror In the sampl~ m~a'l and 
that "e are" llhng to take a Sec chance that the ~rror wul exceed L In 
other "ord< "e "ant to be reasonabl, certam that the error wul not e'l 
ceed L R.mem~nng that the ,)5~ confidenc~ I,m,t< computed from a 
sam[>l~ mean are 

'\ . 
L= 

20 

'\ n 

1111< ~I\e< fur th .. rcqmrrd <1mple Size 

4,,' 
n = 

111 ordcr tn 11 ~ tIm rchllon y,p mu.<t hl' e ~n ~<I11111tr tfthe populatton 
<tandard dn 11 lion " Oft"n a go, d glless ('111 1 r nn,k from thc results 
of prr\ 10U< s~mp111g-< of tIll< popuhtlOn or ,r clIlwr <lrIllhr popuhtlOns 
fur n.lmpk an r~perunrntal <ampl .. "as ta~rn III I"'R to estlmlte the 
\ 1"ld pt'r acre of "hrat tn certam ell tncts (If 'I, rlh thkl)ta (7) for a 
sampk of 222 firld< the \ arl1nce of th .. ) 1<'1 I per aCre from field to 
field "a< s' = <11) 3 (111 hushd<') H'1" n11m Grld< ar~ ",dtcal~d If wr 
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502 StafrslICa( Methods S<!<, on 176 

.... ISh tl) estImate the true mean Hdd wlthm '*' I bushel "lIh a J"";. risk 
that the error will ~xceed t bushd' Then 

4.,.2 4(90 3) 
It = -- = --- = J\J I fidds 

Ll (I) 

If tillS rstlll\atc were bemg us<:d to plan a sample m 'om .. lalcr \('lr It 
,,"ould ~ r~~arded aJ tentauve smcc the ,anance ben'een fidds Ilught 
ch.nl;e f,om Har to year 

In the ahY'nce of data from an earher sample "e can sometllnes 
eshmate " from a knowledge of the range of \ anallon m Ihe popUl.lllOn 
usIng Ihc rdatton between the range and <1 aJ descnbed l!1 '-CI,on :! ~ If 
Ihe ranl!:~ " ,no" n m a populahon of SIze greater than JOt I \\c ma\ lake 
(raOl~e) 6 as a crude estimate of <1 

If the quantity to be estlmat~ III a bmolnlal proportion the allo" ,ule 
errUf L rOf <l~("'o confidence probabLhty IS 

L = 2Je; 
Th .. sample "ze reqUIred to atlam a gIVen IImLt of error L IS therefore 

4/>1 n--
U 

[n thIS formula " q and L may be elCpresscd either aJ proportlOClS or aJ 

percentagM proVIded that they are all expressed m the same umt3 The 
result necl"S."tatl'1 an advance esumate of /I If P IS hkely to he between 
350;. and 65%. the ad.ance estImate can be qUIte rough smce the product 
pq \ ,nM hltle for /lIYlng between these "mlt3 If howe'er p IS near Zt"CO 
or l00"'r 'lccurate determmauon of /I reqUITes a close guess about the 
\alu,. of ~ 

\\ ~ have tgnored the finite population correctIon tn the formulas pre 
'Cnted 10 thlll sectIOn Thill IS satisfactory for the maJort!\ of appiteatlons 
If Ih~ computed ,alue of /I \J found to be more than 11)'0 of the populatIon 
,"ze " a rC\l<ro value n whIch takes proper account of the correction 
11 ohtaln"':! from the relation 

" " =--
1 + </> 

For .. lCampk casual Inspectton of a batch of 480 seedhngll mdlcates that 
about I S«, are dJSeaJed Suppose "e WISh to know the sIZe of sample 
n,.ede<:llo determme p the per cent dIseased to Wlthm ,. Jq, apart from 
a t In Z() chance Tne formula gives 

n= 
4(15)(85) 

(25) 
204 se...:!hngs 

At thIS pomt we mIght deCIde that Lt would be as qUIck to classIfy e~ery 

- . 
, 
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s.ctlon 176 Oeugll olld I.lIoly,/s of Somp/lIIg 

seedhng as to plan a sample that IS a substantial part or the whole batch 
If"e decide on sampling we make a revISed estunate ", as 

II = " 204 
1+.=1+ 204 

480 

= 143 

The formulas pr~nted m thIS ~ctlon are appropnate to simple ran 
clom samphng If some other samphng method IS to be wed, the general 
principles for the determination of" rematn the same, but the formula for 
the confidence lUlU!! and hence the formula connecting L with II will 
change Formulas apphcable to more complex method. of sampltng can 
be obtamed ID boob devoted to the subject, e g (2 4, 1 1) In practice, 
the formulas In thIS secUon are frequently used to proVIde a prehmmary 
notIOn of the ~alue of II even If Simple random sampling IS not Intended 
to be US<:cl The values of" may be revt!ed latC'r If Ihe proposed method 
of samphng IS markedly different ID precISion (rom simple random sam 
piing 

When more than one vanable IS to be studied the value of II IS first 
estimated separately for each of the most Important vanables If these 
\ alues do not dlfTer by much It may be feasible to use the largest of the 
II s If the II , dlfTer greatlr one method IS to we the largest II, but to 
measure certain Items on only a sub-sample of the ongmal sample, e g on 
200 sampltng unats out of I 000 In other sltuallons great dISparity In 

the /I s IS an mdlcallon that the mvestlgatlon must be spin mto two or 
more separate suT\eys 

EXAMPLE J7 6 I-A IImpl. random .ample 0( tmlJO'"l OJ to be taken to eslJmat<: 
til<- p<rcen~ge 0( hOlJla that are unoceu",ed The .. tur"'t~ .. Ms.lTd to be cortTCl 
to 'ftlthm * 10/", Wid, ')5% conrl(:ience Om" advan« e1Umatr IS that t.he pcrcenta.re­
o( llnoccupr<d 00 .......... 11 he about 6% another IS Ihat II ,,,11 he aboul 4% What 
II ... of sampl. are reqUIred on the1e 1_ (orecuts' \'< hal liZ< would you recommend' 

LXA M PLE I ~ 6 2-The lolal number 0( rots ,n th~ r.,.,,!cnllal part 0( • lar~< 
city u to be estJma[~d wuh ~n ~rTor of not ~ than 200/0. .rart from a 1 11'1 20 
chance In a pre\IOUl IUn'('\ the- m'l"an numbe'r of r~U per cuy block wu 9 and ttl(' 
sample standard deviation ~as 19 (lhf. dlJtnbuhon IS C'xtr,..md) Ikew) Show thlll • 
IImpl. random sampl. 0( around 450 blocb .hould .ulliee 

E'AMPLE 176 3-\'<esl (12) quoles the (ollowlng dala (or 556 (ullllln< farnu 
In Sen<ca Counly J\f..w York 

___________ ...:1:;:f<=:a;.:n ____ '[anuard lk\lalcon Per Farm 
Acres In corn 8 8 --- 9" 0 
Acres .n ,mall gram! 42 0 39 5 
Au.,. In ha, 27 9 26 9 

Jr a ("O('ffi It:'nl of 'VariatIOn ( r JP to SC'(. ('an l.H"' tolrrat('d Ihow dl~u a undom tampic­
o! at" It '40 (arnu I'C rf"C'{U(ft'd Cn t"'SlIfnatt" tilt" total aHt"afltf'" f r (":I('h r rop In the 556 farm. 
Yo uh thl!!: drgrrr of rrC'clSlQn H"otf" that th 'mut> pop lidll r ('Of'rt'{"flon must Ix uJeu ) 
1 Jus C'xamplt Illustrates a r('sult that h35 L.-t-n read!!:" f I,,, Sf' "raJ dlfierent mvettJga 
tors ..... tll small farm populatlon.t; such as {"ounU('1: as Ibsl;U ( OIl part of .b~ whole- popu 
fahon must be aamplC'd an order to obtain accunlC "tlmittM 
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