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lock 'h• t.aple fl:Nl.J' wblle '' b belnt Oll' ._,. froa Oil tlda ..a 
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~tu,,. ea4 aoouno7. Sh.Satace '~Ml• flslac aad wlltl• .u..- tlll alon­

._. vft14. M • la~ca eoapoaeat of \he nperteatal el'ror. 

lahft. (1,-1 ) , aal lara, ad Volt {19la6) baft pu'ltab•4 t hdl•• 

e ..... tac \lw Wll"a tne eallper ~ th Hard¥" • e1.o\l'lo cllppttt •'ho4. 

..a... .-.... ---·= 



,., Vln .. ,., •• aor• ••-'•'•' whea ... , •• 
4J.tterdt •••• of tlt.l ... ,, u4 ntttlte l!f tw 
ott.-n•,• .,..., aore olo•17 , ... .Ua \lte el .... 
\Pte allp,-1' ....... •• ue4. A1H WJ'taldlq ef 
,._ *l• ..... d 1•••llal7 '' Uator' aa\laataa 
til •••ltr ltttalae4 '1 \be Vtra •tlle4. 

I 

AUaaUac ta thla •••l••lea, ~ aa4 Welt tkte that , .. e1tpper 

worb tbn• U•• •• tae\, •• n,st.ne hiM •• 8QF laiiJl•• for \lUI 

._, UCUI'UJ'. tMll' eettutl• t.- the ee?Nlatila o .. ft1olAt ..._ 

..... , ... ,.,. _,, ........ o • .,.. 

•ft!!!!l ••tt•••• •• ••re R!l'm ..a. rert~: ... , ..... 
Clal'leka ... (19'10). &a Ill• \Mala "aluUac * Vln Caltpw, 

aaUawa l\ to u .. ...,.,, wttllla ••~• ~ fl-.•• per....,.. caatl• 

• ••l• (19"()), ta hla tbe•L• •• 4MIUJ" utanwuoa, ,.., .. , ' ' 

tblt .,.., Ollpper Mtul. •• ut '-lac a\1• te ManN 4tfterqoea at 

1••• , .... '·"' , •••• pV ~ ....... , ....... ,. 

!t'h!A• of !!!•l'l !!!lz!!• 
2 ... ,, ... , ,.,.,. !!Uad. 

.... , ...... are ..... MJ•r ••tiiHe ., u\dalal .. a. •• u,. tn. , ...... 

ple etttalae4 fi'OII \M the•»· !u •••• 41net le till •••U ... Vltclda,. 

aetW. A pN-4ll, ... tae4 -"'" el tlltera, .-.117 • ...._, 100, l• eoutel, 

·u-a wtpe4. fbi t1tal ...,1• lt aleo wlP.I. II \Jle atapl• pro}lOJ'­

u .. ~•100::•:100, wMre n • \-'a1 • ..,1• wlpt, wlOO = wtpt ot 

the 100 fl'-r•. I • ••'Mr .t ft'hra la tb \oW e..,le. 

fbi• la pnk'lF Ute aeat .. nnte •t,!lo4 uet M4ar. I\ .__. .... 

, .. apert ... tal ef'ftr )T ..... ta eatt•U• et 41_.,,,. aa4 le.,.ll 

...... .._ •• r. u 4Ha .._,, •• \e41tnit taa of oeatliiC ta.. ttwe. 



•wlpt, .,.1_. ••tho&,• •• ._,.,.. ~ kla ,. b.l eoqttq wat&hlas 

.. ,,_,. aa4. olat•4 to -. fattH uct alaoal •• .. n!'ato. ftt t~ 

cn•tt7, A * ..... fl'llel' t~ekMat, aaA L • lhe .... atl'alpt 1....._ 

fbto aotlwkt baa ta. ...... .._. ot r•"lac tJMt ta41ftt ooattq II tlllert. 

""' aa oner la ••UaaUq tM .... •~uaooa ... lUC\ll, .-ali cnatt, 

ooafn.a4 the renlta. 

4ateRhaUia fn. \b •IIJtl• I a tba .......... o\1 hal·~ aothect. U\4W 

••lloou.ae •• .. plo, eal-.J.aU• tllle ...,lei ....... euvlac M4 .-au­

Uoalac, ,._ .-plo le pl ... & la a ••••k uu• ••h«b prooa.,. to ..... 

...,._., paeklac of ,._ fllt•,.•· tu •• ..-pto4 ttr •• oroo .. MoUoa 

au., ,. tt•r• la t!lea ea101llah4. bftt .. \u .... .,...., ... et 

tb.e flMJ'I " ..... 1aaU• oa a ... plo, tlla -)U ot fl'HI'a OM 'k 

fhSt ao\laod .teo ...-. •• tu la'-•leu eoettac. ....... t~ 

.-nr t.a onl .. \t .. tlll .... a .. ar lt tUll \Mh. Al .. , tJw •1Up­

tloal ._,. fll tbe fll••• t-..ol••• vn.l4 la4lea'• ,._, perfect MJa­

•••' P*Saa w\114 llle .a.et leii4tlline aa4 \t.nto .. • ltlae tu ••tt•••· 
Met*!!• et o~•!!•l!l .. 1~'•!!•'•'1•• S.'-!!!plf•· 

Aennte aethMa of oMatalq a ,..,,. .... ,.u •• porttoa at tu 
uaplt tpoa wJd.ota to'*" ''- oalo..t.tloaa ue h4l7 ao.a&. Jaoo& 

1lpH tJae OXJII'l .. at 'r Ivai (l''S~), tho O.,.IUO ~llllC t .. btqua 

ll pnba'l7 tha •••••• \1 .......... , ... •••ct. l\ .... ,,,. et .,.,..,. 

U•lllaa •• ...,1• tate ..a, lUll teen f1l tu •• et... ~~ ••loe\­

lac a elloat ot tll»or• fl'ft ... ll teo•, a • .., •• , ta • ..,1 • ..,. 'be obtataa4. 



ftte -.olate(Ue , .. cm.ua cr•t• .. maifOI'IIUF lA the .. pl• aa4 •4J•••• 
for th• PW ... •U"latlllla of f1'-!' fbeH•I Ill ~ttes-a UUI. 
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4tt•r '-'enlalac .S.aaltF, U ta laJKWtaat '' tr:aw ''' Nlattea­

thlp to otMr faetore wtllclt. latluaa• wol prehotlu, ••»~ •• leacth 

et t\aple, 4Joae\tl' of flllei' au turfaot ...... lf uatUF ... \t la-

CJ' ..... 4 Mlr at tu uorttl" ot ••• er ..... et •• ••••r taotu1, t' 

lt _,,_., to •C~~~JU• tutr l'tlaU•• eoeaoalo laportaaoe. 

'' l• c ... n117 tb.OUih' '""' •• U.ttt7 lao ........ l•acth a.ore••••· 
••••• "W"'' ot U.ep, ttal.e "latloa-'lp lt otwt .. t . CetftT (19P9) 

..Ut t1ae -~-.lltlM eta ... a\ tlaat •autau Aea.t'J' tu4t \t M .... , .. 

1ah4 vl\h tllll'hr •'-Pl• aa4 ftaor ttt.er. • Dtt»l'• t.lllt 'ben~Pt, laow­

•••r, vh'k •1 hll, .,. • .,. , aa4 •rtF (19)6) •• .bert ... u4 !'auaalat. 

.. rtaot llat ... ._ tbt d.eJltUJ .. , len~ If tt&tl• an .. flal ••17 aet 

laoe.p.Ublt At o• utll lt •"•lae4 ''a hlp a.,.... • tile._. IJIIItlp. 

ftla , ... eaperlau.t t.btwecl ua. 4eaMr fl.-..4 .-., te \e ..... '""' 

of tirt la tl.- ••1 alN ll1ld1 lttt en••· ~-7 •• t» a\Uiuat '!a&' 
appaNa\lr U.., &• .. , prect•• aa alNUaa• ot WH1 oll ad. altt 

.,.. ..... , tltttr • 

. werar 4oM..., ca.nu (19)7) .,. .. ,,..,.._ ,.,., wttlah a '"•'• Hl•· 

u .. eaa 1••4 \1 "'Ia 1••• t\aple ltlletll at 'lllp .... tt,-. 

B•.a•• CM•'• 61a•ttF •• \e aUatae4 aloac vlth iiiiH'f•••• la 

\Ill,, .... taot.or•., pr.neu ... u •••• tapenat tnt t.aeUy 1tt 

ct••• a taponaa• plaM •• a orUu1a la AltoUaa for Ius-•••' prod:ae­

tlea. 

I 

l" 



u 

anoD at nooau• 

Aal•l• .,.., 

ftla maa, laft1'fe4 flthea a.., fNa .._ tl.U ._., 'r U. 

ftd Ita'• qrlftltval 0.11 .... flft ..-,Ina ... kef-.. W.a4e • 

O•l•llta, IIMipNUe, a& IUllftlUet • wr• Ml .. te4 at l'aaMa. All \M 

••• ... , .,.. bp\ la '"- ._ flea at all ,._.. • ...... t1w _.,,. .. 

... , •• \u ... tor all ''"' lanl.,.&, ... t ..... a\ oftl& ••• lie ...,.. 

ep .. el'ele fer .., • ...,..\1.• &lit••••••· a.., •n •'"' 5 ... u. ol&\ 

" , ,....._, u4 otM• 4l•tenlae were aot pM•at. hnlter •tca4lea • 

,._ ..... au.p a\ 6lffereat .... will 'M eeftelaW wttll tM ,..._, 

•••• 
Jalf!l!!' fer h!llly 

, .. follewl., t•l• aa4 M\e1'lale •~'• ... , clvlac ...,"-

1. ltatltac ....... 

I. u,Mlate17 uatlea ul "-k tt.J'MA. 

'· c ................. 1 ... - ' l ...... 

-· Wln CaUper wl\Jl l ,_..,.. •••J.ae••• u4-. "wuo ••••-••••• .. , .... -.. 
,. Sal••••· 
6. !aftlap.a .. •latal• -..pl• •• t4ea•uy. 

•tH!f a( !!!911!1 

oa u..,, wol cnwtll t ellen a cn41••• fna f~toa\ •• nu aa4 

tr• top &o "''• la .... u,, leac\k, U4 ft .... aa, ..._ .. '" ata. 

•• tala u.a oa-.1" et batik .t •••• pa4lqu, '' 11 aa.-.4 .._, 



,,,.. .. lut .... late ... 6 la ..,.laC. 1. -~Mn. I. Wlh .1 .... 
Call..... ). ......1111 ,. ...... ,.. ,.ld .. It ............. _ ..... ..-.l••· ll. la•••t.aa ,.., ... , tn tdbc 1 ..-." 
.... ~u .. ~ ...,1... ,. "'"" , • ., .. lhMtlal ...... 6. v,.. .. 1., ••41•• .... , .. 4r&1rhc ...... "" .... '' .. "· 



uae.UF -.1•• tr• tile at4•• WR14 fall Hre o1•••11' to tlae r•l aoaa 

, .... ••lu• lrta M7 o•blr ...... 
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81Mtep wn all •ove4 la a •tuAiaa poal •loa la a ~peolal eaapu . ., 

orate. ftll ... ,.,. ef \J» eld.e aHa •• lMatet tr ftD4l .. a polA' ~1ll-

41etaat , .... ,._ ,..,...., potat of the M&pua ..a tbe lalp loM. !M 

lowr etu et \Jie eaapl ... U'U. •• oa a llhlc!a' llM laau trea \be 

polat ot \lilt Unla.l'. 

tM ... pleA uwa •• ~pr.-.laat•17 • "' 5 taciMta. ft. aHa •• •• -.. 

61Y14e4 late ' •fl'l*l put• "' ta._uaa 11fllold•l7 •••• ta ,,.. :..,..1 ••..• . . . ... .. 
ut vatflac 14aa tbr4ta4 thre._ tbll wool t.a • ••ntcht 11M. ...-·Itt · . . .. .· .. 
tu '•all ..... •• •••t.-4 a l•tw wt'h 4, 1, aa4 o oa ttp ;~, ;:/;i. .. . :. . . . ... 
tr .. t '• rear, ucl U, I , &ad r oa \be \o\ha row. Bl \bel' a 1 ~·.., o .. \t-. .. . 
••* aaple •• a" ~q-.e •••"·••'-" ••pa •• taua t.- ... !l.~( ··: 
...... lbttbn' a .. 11 tuple Ot' a lU'p eaple •• taaa vu ctu to 

ouae. al .... 

II"' ~ J'lpt aa4 lett 114ae et eaota .U., ,.,. auplocl. ftl'ee 

...,1•• of oaell 1l11 '"" taaa t~• ... , ol4e. laa olleep •• .. pleA 

a -.w ot 12 •su•. fbi eta tba' •• eaapl•l tf.lett ut \!Ia on.J" ta 

wlll•Ja. tu ..u .,.. •• •n eapled wu oo.,l•te17 ....U.lse4. 

All tM»l•• were \akea w1'll \M Vlft ll•eo• OaUpa.. fill• taotn­

... , le •• ... tt&llJ • .,.,_ .. •1• .. • Callper~ l&ot~~~ftf', lt Jaaa ~••-,.a 

Jau41ee , •• ,, ,. , ..... u .. 'b• lad .... , ,.,. , ... n ..... aa4 u •• 

a avlo4 .. ,.,, wblolt 1lel4a •• vtttll .. ,,t.q .... .._, avtac the ,..,_ 

llac epera•t••· 

Att•r uteralatac whloh ,, .. w1ll4 tte ••ple& tlrn aa4 tbe orlal' 

1a wblab tlMa ., .. , w'al4 'M ... P1•4, \M tl••• •• ,..,.,,, .-_.uoal)¥ 

la ,._ flrtt ana toM ...,le4. the Wlra C..Uper •• ''-• ••' to , ... 





-'J.Out to ,,._ *la at a l'lpt Ucle to tllle pert. • t t}Mr tbe - llqUU'O 

<I·Oatlaetor pott or lM 1 ICUft lftUMbl" poe' W.l \-11 iaiii"Hd tUOq:k 

the J•• ef tbe -.ltpeJ". N• 4ol1a•M4 tu Mttre4 .,... tbt call~r 

vaa ,._. nl'ke4 •• tr• 'he beq a'bnt oa ... halt tuh. olqpd """' oa 

the oao1oa.t flll'n. aa4 \Ill 'WOOl •• 111•4 off clo• u U. •Ida. 'l'M 

.all per -. thea naoftA h-• •• noeoo aa4 all ft )ere that ••• ••• ••­

ol.o•4 ta ,._ ...,.llac .,.. wn etrlPJ*l ,._,. 1ea-rlac oat,. ,,_ .. , flllera 

whtch "" Wlt.b.l:a '" eaep1o6 uea. boll aaa;pl• wu U•t wlth Uack tbrla4 

•• tanr• teal••• ln• et tlwa. fbi Mllples •r• tha »lac14 la u ... 

••1• whloll no la'Ml"- aecoi'Uq to tb1 .._., u4 1ooatt 01l troa vhtch 

,.. ...,1. .... ..-. •. 

.. evlac ..... uaa ftlRro. ooaitU•taa, rooluaatac, ua wtahlaa: 

1. La'toJ'ator7 wel .. ..nq O(fllJUat. 

2 •••• 16 ................. . 

}. 11.-t aw.toh lw Jaol4tac ftbora. 

~. k'borato17 eoa4l Uoalac ofta. 

5. Oooeh t,pe c~l-.loe vlt!l tlttaf. •latortt4 4110. 

6. suu• tlaa. 

1. O.aloa\el'. 

•• llatl wl&)alaa ··•n··· 
'· OWaoaaUo ltala•••· 

O ... ntal h 'laoa. fbi folloldr&& Ol"PJ' of Ye.'l -· ... 4: 

' •' 1. 1/1 ouoo of tuttlo soAa ( M41• HI'Maata) to otpt ....... ,, 

ot •tfl', t•p•R•'tln 120"1. 
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, ...... '· .... rial .... la la .... -.,. ...:ll'et•., Uall'J' ...,1 ... 
1. O..la .. r fer ula-.lalq ••••taat -.l&t ty, 1. tMft 
.,. .... u•l• wttll ,,,,.., •ta•....a. a .. tw ,..._. •• , .. vttll 
.. ;. ... , .,,.,. ........... ). cn.u .... _. ... ,,lt ..... o ... 
U,t. .. l•l ..,... 5.. 11Mk .... \0 tn U14lac tt-..n. 6. ..~ 
16 .ala '-"" .. ,... fer .._141-s ft-.•• tvla1 .. ..,... ... 



Yat 1. 1/1 .,... • .t '-'ll• •k aa4 tow naaea et an•ra1 ... , 

te olah' ••"• •'••, '-peranN 1~. 
,., ,. .. , ... .., •• •alT. ,..,. •• , .... 11007. 

11 

laap1•• wre o)talut, tileD '"""'' lato tbe 1a.lNW&ter, for a.atl\1 

~11. IIIOh MIIPl• •• reao .. a t ... u• eaYe1op. aacl tta. latenaUoa 

• \Jae ••••lope •• taaelei'Ht to a aaa.et 4e•l&Mt tv 4eael ' ' wol"lr. 

fte t»Kl •• o1at ·~ tr• tu .. pl•• aa4 ta. euple we epr .. 4 oat oa 

tuVl.a& eoneu. 1M ac••••• .ere te14e4 aacl HCVe& wUh allpt wblcll la­

fti'M .,_. .. , 1••• of ft-.•• 4vtaa tt. eoovlaa prec•••· Saaplea wn 

ptt \bPevc)l , .. MOuriiiC .. ,. la \M 01' .. 1' 1·~ ,..... fbt pvpo .. Of Ya tl 

) aa4 It •• ta Ptue the ... , tha,.....,., t•• tbt M~~plee ot wol • 

.ltwr 'M emelea Movt ...... -. uapla waa ,_,., la oarboa tev.­

alllorta '' ..- ..,., .., .O.rlaa ••1 fat waa r-....4. SUplee .,. .. 

plaoel la a o.o.Ja ,,. enol~• vU~ a fUte4 altt\en4 4.110 ud attu a 

,_,...,.. •eb181 Ylth earHa tetr&Oialut•, ta. .. l•U•a waa tll ''"' ott 

~ ..... u .. n.... ,... • ..,1•• ..... , .... ,,.., of ...... ~. •total " 

, ... tac t» tt •r• .,.,., v1 ,. ,._ ,,..,.,.,. 

Pf!!UM. Ia ••t•.r to o\t•l• a npn.aeataU•• ~·U•a et ,.. tuple 

"P• nteh •• •• \1111 4ftatv ealnlaUeaa, ...,1•• wre nb&lYla.& tate 

16 ,_,. la ............ wl\ll .._,, he'-141• (19)!). A vllf .t fl'-r• we 

t.na fl'oa ... ll fll till 16 4l91aloae. ad ••MM4 tate OM • ..,.,uo ....,1 • • 

lr' uatfenU;r \l'lal. na • tlae •na\lq tMlaal••· tt •• fo1111! ,._, 

oa~'leaa -. .. , ea 500 flMI'I wan •lpitleutl7 •on ucv.te tba 

~h ...... ~'* eit ei\!MI' 200 •r 300 flMr•. 

fl•• •m4 flMra wn eou\•4 nt ot eaeh eoapoatu aaaple aa4 

"' aetAe •• awu eeadl Uoatac. file 500 tlw• aa4 'h• "'" et •• euple 

••• tap\ Hpar-au, •• tutr luau'' •• retal•t ., au uaes. 



Cta4ltle!J:9 u4 hleh!ac. A ulfonl '' trial •• na oa VNl to 

eatlllaM the •al• ot •oa41Uoatq. W..l 11 a 'h1'7 ~CHIIHJlO Mterlal, 

aa4 taall nutuatloa• la the tllaUYI bul41tl' of Ule a\IIOIJblll'l wlll 

••• ohupa la tu wlcllt of a ct•ea •na' If wool. 

Dltt.,.eot '-luo.•• u.4. 41fterat wlpua anal"'''''' to 4e· 

t.enalM the •••• aoo'IU'au ••tta.4 et arl'l•ua at ••l•h' ttcv••· 
Welpte •• ond1tteael wel "" atpttto.aaU-7 • .,., Nllalale ,.._ 

thoM ea aooadl UHt4 wel. ftll ••• •eva•• '-l.aace qt tl» ... , .._. 

lla)le wlpno 414 all the Wllptac. 

All votl -.. Olll4l\lo•4 la •aU C).aaa wtchla& bOUltl. ~ U, 

wlch' ot "- welctala, 'bettlea •• 4etea1ae4 'b7 plaotac the apt;r 

liOtU•• la ,_. ooa4lU•tac ..,. •• aacl leaYtac \ha '""'fer uu .. • boua 

at a. tea~ra.ftn .t ttlaof. fu lNitU•• wr• tua p1aoe4 la a uatoator 

\1 0101 90 alauttl. Jellewtq tu OH11at, tM WlP'I of tlMt •ptJ' 

lHttUee ,.._ 4eten1•4 oa tu oblkla•aUo '-luoe. 

fba flYI )lutn4 fl,ll'l aa4 tlae I'll\ If tbe -ple weM M»aJ'&te4 

lt7 a IDll pleoe of tta toll au. plaoe4 la "'' wtcblq llttlea. Uhl' 

ooa4Ulelllq la \bit •- ...... •• t!Mt e~~pt,- 'MtUee, the Hleht of the 

flft a.a4n4. flkr• aa4 tba.t of the r••• ot 0. auple _. obtalu4 1JT 

4etentatac 'h• \otal vete)n, l't•ovtac the fi•• lma&nt tlbera aa4 wlc._. 

tac apta, , .... r•nla• ,. Hit ot \M IMPle dt\ wltklac tbe Mp\;r 

\oe"l• aa4 u. \ta tttl. 17 .. , .. aual n.'tnett•, •• vetalk•• t4 t'be 

two fS 1111' ••up• .. ,.. o\tatae4 wt •••• np.elq tM weel '' the at•o.-pllln. 

•'-"• the -•r ot flltiJ'a ta , .. u.ple •• blem,•t lt;r ta.. pont..: 

fta '11500 • •: 500 

la wklp VT • \otal wlpt ef tuple plat \M 500 fl'MI"t\ 1f500 :: wlpt 



•I 500 flMPI, aa4 I : \M --· of flWI'I la U. •aUn aapl•. 

17 •l'Wlac Ute aW.. et_MUoa '•• I , •• re-.u lt: 

fJw Nnl\ cl••• 1¥ au\lu ol flkr• la •• AI'• eupl•4. fe 

oOIIpal'e t!w fev ~" ce-.\ltb:tu tuple• wUh the au •q11an enU• 

•'- -..plea, tbe ttCU" &J'l'l'NA a\ tor the tra:r •quan oatt .. tel' ...,.. 

pl• •• 41•14e4 -.,. -'· 'fM• ll~" were \hen nlt1pU•4 'bf 6.'-4'• \o 

co•••• \be o•M• to fl'ber• p41J' ~quare laah.- .... nre ....a-4 ott 

,.,. 4Hl•l places alld •xpHe"4. to \he llM'I'tl' 100 tlbere. 
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DSUL!S .liD DISOUSIIOI' 

All 4a'- la thl• etU., ha•• Man ttatltUoally analree4 ta aooo!'• 

4aace wl\h S&ledecor (19~). 

fo!' coanaluc• la aul781• eel t abW.ar pre .. ataUoa. all clean'' 

•e.luet are ct••n 1A h111l4l'edt of ft bere. 

able la 4en•l'7 flcure•. 'h•7 are aaalts•4 tepara\el7 troa \~ other 

tvo breele. 'ra'bl•• 10. 11 ad 12 (lD \be appellclls) ch• 'br .. t anrece• 

\ha' lllue\ra h lhe tu.perlor 4enal 'J of the B.u'boulllth. 

falale 1. Coap&J"laoa of aeu tqv.aree obtalat4 vben takl 4 aqv.ar• 
oeaUae\er or 1 t qaM cea\1•\er ... pl•• troa Celuabta 
aad Buplhire \ne4a. 

sovoe .t d..t. _ll ti. ea. 1 aft _ea 
Var1aUoa -~-·-- . $ct • . WJ'" Mtu Itt .. "I'" 

•• ,.... w .. ,. l 166, o.~ 5J51 3. 52 

Be\wea •••P 
~,. ~. vlthla meb • 177le. 1521 6.01• 111 

Bt\wetn eldtl 
vUhla tbeep 10 41 o.66 25) 1. }9 

Be\wttD aupltl 
4o 62 wt.thla tldet 11~ 

(8upl1D« b'!'or) 

t otal 59 



!able 2. Ooapartaea ot •n eqv.HI ob\alaed vbtD takla8" tqare oau­
••••• or 1 ••~•• eea'l8o'•r eeapl•• fro• tbe Baabou111ot b?Oe4. 

Sovn of d.t. ........... 1 IQ. 
·~ Yart.•ttoa ••• lie. ~I'.· ....... _~ "'" 

Jetwea eheop 
.t t!lla breo4 - 5 9~70 9. 70- 9427 ?. 0~ 

Be'nea et4e• 
wt\hla euep ' 976 1. 77 ~692 ' · 97• 

De\WeD IUplel 
wUhla et del 20 550 1579 

(Sup11DC 'error) 

total 29 

• Slplt tout. p <. o. 05 

By oo r1&4 •aa lfl'li&Pel be\weea e.-plot •Ubla el4et, tu ... pllac 

error• of tbe 4 aquaro aad 1 tquare oeatlaeter aaap1et are tllu•\rate4. 

fhle ooapaFlHD 1• the mala obJecU•e of tbe e%perl .. at. ta both \allee 

l and 2, the error et the 1 equare oeatlaeter a.-ple wae appro•laate17 l 

Uaee p .. ter \baa that of tht larpr tuple. Oa tbl 'baalt of thte latena­

\toa, 1\ wou14 tate 3 tlaee aa aaar 1 aquare oentlaeter eaaplea to 4uplt­

cate U» nlla'blllt7 of the l.Upr a .. ple. Becauo the Vlra Caliper le 

•caulppel v t\h lDMrUac poet• of e!t"hr 11 ... \he larce Qllple 11 Jut ae 

tatllt olt\alDtd aDA pl"OCOIA4 al \M uallll' oae. 

Onl7 the 1 tquare centtae\er ... plee oa the Baaboutllet tbov aD7 

et~attlcut difference betweea rlch\ aad lett eldee. !hte 4lftoreD81 le 

pro'-\11 da to cJtwaoo lMioauH other aeaftl'ee of dlfter••c• Mtwea tlclel 

414 ao\ e't'ea approach the elpttieaat l .. el. Becan•• ao dlffereaee wa• 

a.teote4 betwen etu•. lt h tl/ito •• ae.-e tba' ftlae baMCl oa ... pl•• 

froa oae eta ar• •• r.Uabl• at vhu beth tU.ee are •••••ct. 



'-'1•• 1 aa4 2 abow \!sat • P'••' leal of •arlaUoll fA ~adtt exlt\t 

•o~ ah•ep ot tt. tat \S'ftL fariatin '-'""" tbop of \he ta~~• \net 

ta el\~r 1\aUtU.Oe.u., •lpitlcu\ OJ' lll&bll' eSgotfloaa\ h ') out of the 

ll Mtia -..tJac bo\ll 1 .ad ll ., .. ,. ceau .. lar ... pl••· flw 1 ~,...... ctatl­

••••• -..ple AD•• aot .. a .... • tlll!flcaDt 4ttfetaaee ta tht tbee; ef ''­

ballou111Att bt••4. lhl• tao• ta eaM4 b7 tu lal'pr .. apllDc ano:r of 

\1» 1 ~..,.. o•U••t•r -pl• tddch llabt \bat ..-pt. 1••• ..-u ... lt1•. and 

..,. &lao la4l~•'• P*•t•r ut.forai tr of deJa at,,. la tht -ltcnaUtet brMA. 

ta'bl• 1 ~bon,,., .. ,. ••t• ot •• • ._., eaapln. ••" t• .,..,.., 

ll\tl• 4lff.reaca \etw-~ \be '-n•ttlet of tha &a.pehlr• Aa4 Col-.bla 

!lfnt •t elu of eaRl• ea !f!!!!!l ,01, ••ttp.,... faW.•• J. a., 5. ad 

b •u• bow \ba coattdaac• lat..-nal• (•' • 95 Pl"obe:t.tlt ,,., t• .tt.ot•4 " 

ulac II 14._• oea\la•\er or 1 ., ..... oeaU••*•• euplee. fMH t.\let 

al• etaov \lie .,,.., d 4Uf•rnt -'kn of •liMp a.. 4ltfernt aldee &, 

u4 Utfeftat -kl"t et .-pl•• !,!. . .. \bl ao.tta.oe lA,.,-.1 fer 

...., ...... c.,. ltult of w ... tlea ta , .... a'l••· '" .... 
oo-atlaue lA\enal ..a k -..& • f..,.r -hull•*• u4 ea •il17 WI 

•• _., a..paJalna a.d O.S.•'lu ..._ ••l., US. larpr ~Mple. 'rll•• 
tat.l•• al .. thov -.,, la ••UaalS.., \ne& ...... nUa1tt11'' l• lMnue4 

.- ••• Ntlt17 'b7 ... pllac a44lilow .u.., uu u 1• '' lut .. •" 

a.apl•• ,.1' tlleep. Af._• 11 ao aelt4 '' -ple -.,,, •lbt el ,.._ abeep 

••-- _...,......,. te •• SaowaM4 eOI"I"tlpfNI4lq '' \he •••" of la\or ......... 
• ,.. •• .,, ..... l&tln.l ., o., , .... ~ltll' ,. , .. vl4th ot , ....... 

...... .., '' •'"'' \~lac la '"''" • .,.. thaa oaoe la ,,..,r tt•••· 



?) 

fa'blts 1, ll• 5. aa4 6 weh e'bhlee4 lT apptrta1 \he t•llewla« tQt~Uea: 

t 0 1 rAM: Cc!••i ~ cr ~ath,a +-:.!_) 
• • • • ll: ldt' 

la\le ). Itt••• et .utter••• at\'llt4• o1 ••pltac t• .... u7 •• .... 
halt •- oeatlu ... t.a'•nal (I • 0.95) •• \eeUac Oel-

h . ii 
~¥•! !!' !!!11~"' B!!! !'- a. UP'! .,.,,..,._ ._11•• 

it. ., ••· •t ... -.1•• pu eta. .. ., ., •. I:: ::: :: 'i k' 
I -· :: ! ! :: :: ~ 

1 1). 2 1!. 6 u., 12. ) 12. ri 
I 

2 12. 6 12. } 1,. 2 ~~~~l 11. 1 

1 '·' .. , ... 1. 7 1.7 

I .. , 1.7 '·' '·' .. , 
1 

' 
7.6 7. ) 7.1 1.1 7. 1 

2 7.) J.l r.o 7.0 '·' 1 6. 6 '-' 6..1 6. 2 '·1 I 
t "' 6.~ 6.1 6.1 6.1 

tf••• lt. ltfte' et UfftNJat •thole ., . .-..pllq to• ..... ., oa .... 
MU \he ontu.e... la\enal (f • o. 95) •• '''"., Ce1-
Mllaa aaA, 2!~"' wl\ll ~- 1 m oeail!!le1' !!!Pl•1 

le. if ... et • il ..._ •• ,_r elie 
•*• etuo ! : . . k' - Ia t 

1 !: l ij r 
2 1 16.~ 1~ •• 1~. ~ 1). 1 1). 6 

I 1'-.5 13. 6 13. 2 1,. 1 1).0 

1 11. 2 11. 0 10. 6 lO. lt 10. 1 

t 10. 9 10. 2 T.t 9.9 9. 7 

1 10. ) '·' 9.0 .. , 1.7 

' '·' 1.7 •. , .... 1. } 

1 '·' ••• 1. 1 7. 9 7. 1 

' I 1. 2 '·' '·' 7.6 1.5 

"'-, 

\ 
\ 



" 
!a\11 '· *'"' fll tU.tt• .. , ••'•-'• et tDp1lac fn 4eadt7 oa .... 

,..,., '" •••tta .... ut•..,.l <• • o.t5> •• •••''- .... 
'-~11••• wlt~ \ha ~ ....,_ eeatt .. t•• ...,"· 

r;.a •.. ., 10. a -.1•• .... , • . ., u4•• 
:1 I' -· • at J ! : : ~ 

1 ]t.- ,0.) "·' 29.1 !8.9 
I 

t 19.7 21.7 21.1 17.9 ll.J 

1 1).0 t-1.~ 20.9 20., 20.-
I n.o 10.1 19.9 19.7 19., 

l 11.7 17., lJ.O 16.1 16.7 

' 2 17.1 16.5 16.~ lft.l 16.0 

1 1'-' 15.1 lll.l 1 ... , 1~., • 2 1~ • • 1-.! 1a..o 13.9 l}.t 

laMe&. ., .. , ef Uffenat .. ...._ ef .. ,,~ f1r .t.a•ltr' oa ...-
.. lt 'lie oeafldol ... la\el'ftl (I a 0.95 wJIIIta tentaa ..._ 
lledll•t• wl ,_ , .. 1 ., ...... u ...... ...,1 •• 

II. If R.B s. if • ..,t •• ;a ., .. 
••• 1l4el 

I: ;· • k :r ! ! ::2 
1 60.6 ~., 56.1 "·' 55.1 

I 
2 55.0 53.1 ''·' ,1.1 51.9 

1 lt2.9 ~.5 )9.7 ''·' ., .. , 
I ,. .. ''·' JT.l ''-' 36.7 

1 )5.0 )).1 ,2.~ ,,.1 )1.1 

' 2 11.7 }0.6 }0.1 ]0.1 ,o.o 

1 )0.} "·' 11.1 17.1 ''·' • p 11.5 26.E» 26. J lbe1 16.0 



It !1 ~~ Ut!e ''- •• ... , r•t.Sn& to ,..,.._ a ~tel' .... 

pU ... , .... !! .,-.la Use ti.M OJi .... , ........ , to nalUM a llacJ.O IUplO, 

tMa J. \lilt to'al \1 ... II' .... , lpea' la OM,pllq, ... M PpHO .. & llr tM 

tollntac •t•Uea: 

, •• (tl + k'•t) 

ta wlaloll .a • )O, .U :: 1. fMH ftl.•• .,. •• , .. , .. , 'J •••~~~&•t .. tlll 
nlatlft U• .,.., la tlala .. ,.J'lMat far ta. Uft•••• ,._ .. , ef tllll 

.... u .. };l'teetue. 

flaea, llalU.!. ... ,, .. ,, lt 11 .-••l)la to ,.., tu .tflot.o..., et 

ftl'lou ...,u .. pr ... &v•• ••• u ta._lo, ), ' • 5, u4 6 • 

....... tlw ~ ~..,. .. altaeter auple aa ) UMe ••• MllaWlo 

,-. tile 1 .....-• ... u•••• ._,to, tM ••llor a..,le l• ut enal .. M4 

la , ..... ,,,_ ... 

1M eptla• ~- f4 ~ to W.,.a4oat .t ''- total tt. apeat la 

uapltac, u4 •• cna•••t elfteloaq le oMalM& vMa ea11 .. eta. le 

-Jle&, vMa •al7].,. a. --.1•• aft taaa ,.. at.eep, a4 all aMlUeaal 

U• or •IMJ' to ••• la ~Mpltac aMlt1oul elaeep. 

ftl epts.n. -.1u ., • • la tt•• -,. , ... tellovba •••U•a: 

J&' ·J :•i ;-; 1 

lt6' .... 

fte t•nnala, wllft applla& •• .,...,.~ • ftl'Ua, •.-...ta tMt la tbla 

••wAr 3 or - .... 1•• .,. •• ... , etflat .. ,~ ..a ..._, --.. •••t.attac • 

....., .... , .., aUt.UaMl ....,. w.l& l~~n• ........... , •••• lf .,.., oa 

o\'-lalat aon Ulap tllaa If epa\ •• o~lq .... anploa ,. ..... ,. 

•f filter fi'OII IMat u nu _, tna top to \otU. .we• ,,. ahMp•e -.q 

•• a *-1• ••-.. ,., .. well lt\aliUIM&. b ••• lf thla CftAlut onll. 



2' 
.. lt.atltlel. • •• -11 .... euple&. enlaMI fr• ua. ,.,. fteat-aet\ 

... pl•• aM ,.,...-, tta•• fr• •M ''" •t.W.e .,...., •• )Jalte4, •4 UloM 

tro. ~ , .. ,...., area• ue :palN&. ttba troa• ana 11 Mlle4 ltoatioa 1~ 

'he • IW• aNa 11 loeaU• a; .a6 ••• 1'81' ana 11 l ... tln ). 

ta•l• 1 latu•• •• mu• •Mw~ac laoa\loa ,,,,...,,,.for MOll 
,,. .... 

hlle I 11 .. aaalreta of_,., .... wvt.aa \be looatloa d'flo' oa 

•h• tolu,ta• ut luplht.r••· 

falll 9 t• aa aaalpte ef ftt'laaoe thmq •Jwt loca\l• .,, .. , oa 

Bu\oulln•. 

ta•l• T • ..._ •••t.aa••• t• tlae ,.,_ lMaUeae U11Jl•4 •• C•l•._tu, 
a.pOlHe, u4 -••111•••· 

1)7 

111 

13J 

Ul 

lJl 

11? 

197 

'-'le I allow • elplfleaa\ 41ft• ... • la leoatteu la llaapll., 

lH.U 1 ..a f. htl• 7 1Mwtt ,..,, tu fr••• r..s• t• \M .. ,, u ... 
•• ..a *' •• area• •• ,,...,..,,,.,.11' 1••• uaH .. uapltaa ap­

proaohl• '"' ......... 

'*'1• ' ·~ \ba\ .., 1 ... ,, ••• ,, .. , ..... ~11••• ..... , 
... ._.., _,. \bl '"llal,u. 1M •...a, •• •• la h\le 7. ..hall7 ,_. 

tppo•n• •• •• ,,._. tl!lltwa t.a \hi •••• , .... o.e. ftd• tna4 vaa ••• 

tll*lfteaa\ aat aq aot 'M a Hal eff110' ""' 4u \o .-... a1 .... 



tal»l• 1. I.Dl,-.te of Tarluoe 1hewi loeatlo. etf.o\ la -..pU Ool• 

•Maa u4. ~~··· 

J.MaUoa .... ,,. 
X 

114•• 

I ilcalliaa•. t <O. o, 
•• 11Pl7 llpttt•eat • P<O. 01 

d. f. 

1 

• 
10 

I 

...... ,.,. ~· 

""' 2. t7 

2151 16. ,.. 

169 0.11 

1,_ O. t) 

Ill 5.01• 

b'l• 9. Aaall'l• .t fti'S.,..• lll..S... 1HaUta effeo\ ta ... pll .. ha­

lHNlU•••· a;;;., 
ltrlt\lf! 

..... 14\llh ... , 
8lda• wtW• 

••• 
*•"•• wttbla ., ... 

t.oe•U•a 

t.Ma\1ta 
I 

114•• 

' 
20 

· !9 

.,. 

17.89' ,.,. 
) .191 2.)5 

1,)6) ·55 

I 

11 

27 



thta Woraauo• c:aU14 tu4l<:at• ~·•ut uatfol'eU7 ot u~a•lt1 OD 

'be a.~odllat. lt eaa \a a\a .. d \bat tts. •'"~'.,._ t~r• la ._,U 7 

la tu 'bta\ eett.ut• et \h• trM • .._. 41Ul\7 af \ht Waedt. 

U le .-.lMa\ ''-' • cn~tea\ 4ote esltt\ ad ,., .Ua .... U.ac 

Cel•lta• aa4. llaapthlne, ,,. &1'•41••• lt .. .-.t • .._to ..... u. 

effeot h4t te lo.a\lta. ft.,.,_..,.._, of lhle eftMt ..-.14 4tpa4. "'P .. 

\he .,. ., the U'U tapl.-4. 

A~eallr' Rallltt'dll•t• &e aot tb•w tlal• pa4leat te tM ape• 

\ut t t wnld san..- t!lil tteul'' ••lll•• am•ed .,oa "t aqpl tac. 

uab'tta oa •b••• , ... ulaala ~\ ~nalu,ll7 ••• ,. • ., .t ..,.. Oalpla 

( 1,-7) el•t•• , .. , fthr tell tel• --~ t.MreaMe •Ul •*' 7 .. _. ... 

et ace aad \hal late .. uael\r .. ,. .... • ''-._...,fit folltolo• at 7 

aoas\1&1 pl•• the lkia ·~•t• rauo alter tJa.t tl•. O..al\1 will " 

oornla, .. w1 ,. n .... .-.tp\ aa4 ..... .,.,., ,. ••talJll•ll u ...... 1. 

taportaaoe. 



stMtt.Ult AJ'D COBCLUSlOIS 

Aa &DalJ•l• ot Tarlance t\G4J ot 180 eaaplea taken fro• lS tvet 

wa• -.Ae \o \eet the et,nlfloaact ot Tarla\1oe betwe•n 4 ttuare oea,l­

qter •ad 1 ~tqu.aJ"t ceaUMt•r aupl••• between ddee oa \be a e 

eheep, betweea t he aheep of each ot ' breed• • &D4 between the breed•. 

fhe Haa ~\llet bree4 _.er&ced •~eh hi«her in 4enatt,r than the 

Coluabiaa or H .. Qthtret. fhe Coluablaa Aft4 ~ahirtt 4ld not differ 

«"~au,, 

ghtep of the •~•• bre~d differed 1rea\l7 and la \ht n&.pehlrtt 

and r.ol~bt&a. th• abetp of the aamt bre~d differed •~r• t han th8 

aTe~~· ot the brte4~ tb~••l•••· 

lo 4tttereace w~• dthc\ed lletweea ddea on. t )l• •aa~ tbeep, fb1e 

11 further eTtdence tor the thtoTJ of bl~la\ePal 4•••1• en\ and re.o••• 

the neeeat1t7 ol •~line bo'h tl4ee ot a sheep tn t••tiaa tor m•DA 

dtftll t)' , 

Mean dtnaUy eatttlftht b,.ae4 oa t~&lll:)lea t akn b7 \be 1.: •qu• re 

etAtl•tttr pott Yert ' ti•~• aore reliable th n tho•• \ ak.n v\th tbe 

1 •t~~re cantl••'~r ro•t• fft other v~rde , if the 1 enuare caattm~t•r 

s&a?le 1• t a n, 1\ will \&ke J t1aea ae m.., ample• to a~e •• 

rel iable en e•ttmatt ae when u•1D£ tbe larger aample~ four ·~uare 

eentta•t~r teaple• are Ju•' •• ••-.r to lake nd enalJee ; therefore . 

'ht~ ahoald be reeo~en4e~ la prefere~ce to tb& •~•l,er ea.plee tor 

d~oettr anu17•1•. 

Thta etua, 1nd1cat~e that when •••~ling 1~ an •tfort to establteh 

• crou~ •~~a 4•n•tt.Y. the crea\ett efflclencJ 11 obtained when onlJ 

one e14t le , .. Plt4 , when 0&17 J or b ... ~1•• Are t~ea per eheep, 



aD4 all a4dltloDal ttae or .oae7 1e epent ta aaaplln« a4ditto l ebeep. 

!he Col .. bia aad Raa91~1re sheep ehoved a 4eftntte 4ea•1'7 MPa4• 

lent. 7be forward location ~· eoat denee . the •lddle location w e 

next, an4 \he rear loeattoD •·• lPaat den•~~ ' bt a gradient w • fatrlf 

well defined ln t he tc~ll area ·--~led and •o it .us\ be couoidered 

when •••ol l thee~ br .. d• for deneltJ, fblt ~ad1en\ • e not detec­

ted lD \h~ !a•Oo~11 le\ breed e vhleb 1D~lcatet th~ ' t he Ra--O~illei 

.. , ~ •ore ualfor tn denet\7 o•~r \ he nt1~ boa,. 
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