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Genetic and ,rh¢i1otypic ra~,eters of Reproduction and La~tion 
TraitS of Friesian X,Boran .Crossbred Cattle in Kagera Region,.:: 
Tanzania. 
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This study Will donetdestimat~ genetic and phenotypiC parameters for Friesian x Boran crossbred 
dairy cattle of Kagera region. Parameters estimated were heritability, repeatability and phenotypic 
correlations of various la~tc:ition and reproductive traits. Tflriance Component (yARCOMP) Procedure. 
and General, f.,ii1eW Models (GIM) F:rocedure o/SAS were employed in dqta analyses. Heritability 
estimates/or jprJ~jniYk Yield, 305-day miik Yield. lactation ~ilk yield (lMY). lactation length (U). 
dry period (DP),clgfaijiY"st ~alving and caiving interval (CI), were 0.27, 0.40. 0.40. 0.00. 0.04. 0. 05 and 
0.06, re..spe,ctively.'He.riiabilitie:~fo~.first, second and third CJ were 0.02: 0.06 and 0.11. re.spectiwily 

! ... ~ _'. . •• .L I ,'. T ~ • • " 

Coeffici?ntso!l?peataoilityfor: 10o-day. 305-day. LMY, LL,DP andC1were 0.34,0.40,0.38, 0. 15, O. 12 and 0. 16, 
~.. . If.' ~.J r .... (. y.. .. " 

respe,ctive(v. Correlation coejjicients between mean dai(v milk yield (DMY) in a month With 100-day and 305-day 
milk~~leld qd lJvn~ rangeci from o.lito 0.90, .0.35 to 0. 78 and 0.42 to 0. 63, respective(v.' Comd'ation coejjicieiu 
betw~~n -'l.Oiidpy miik yield and 305-day milk yield (rc=0.87) was' higher.than cmrelation<coejjicient between, 

!.1 . ~. .) ~" ..... 

1 OO-df!Y.apq!ott;lllqc~ation yield (rr:~9, 70). The comdation coejjicienrbetween 305-day milk yield and Lt1Y was' 
0.85. AI( c.orrelati(!11S l!'~ higfJly.significant(P < 0.001). Heritabilityestimate.s: were moderate Jor milkyietdS and' 
10wfor.g,DP, AFC, andC! Selection Jor genetic improvemerit in niilkyield ispos5ible while loW eJ}ti,~te,s'for LL, • 
DP, C1 andAFC ,suggest that environment plays' a major role in afficting these'trails';- ;-,., : " ,w,,' 

" ~. ~. 

Key.words: ~eritability, repea~~~HitY" phenotypic correlation, lactation traits, repro­
':',' . : au~tive·t\niits,:~dalrY.cattie; Tanzania. 

.... .' . 
·.:l~~.~: ~,' '.: ,~' -~'., 

Introduction I,~i" .:i " . r, 

. ~ 'r:' . 5(·'. ':, .', ~ 'f.: _ ,,' ~.' 1, ~..' 

Th~fonc,ePt of he!jtability (h2) is 9fcentral im-
. po,f1~nc:e t~ Ip.?de~ .. ~~imal br7~ding t~~ory 

(Puchner, 1983): FIrSt, It IS Of·collSidemble·mter­
est to ~no.w the-extent'to.which traits are influ-I - .,. " .' .-
enced !>y'thegenotype. Second, and possibly even 
mor~:i~p.o~ant to breeders, 1}2,provide.s; tis the 
term implies, an.estimate of the degree to which . _I .• .' ~ ,. .') ...' - ... ' 

differences between animals are repeated in their 
prog~n~., Rt:!p~atability',is .i.mpotW-pUor est~mation 
of bree~~ng. :yall!es}r<?I]w~rf9!ll,lal1ce av~~~ges. J,t 
is directly: appl,ied/~hen'~he perfonnanc~ potential 
or rea~pro~uc~Il:g~abi~ity of,animlll,~.is.t~ .b~, ~gi~ 

'Corresponding author 

. .. . ... 
,~. ~ • J' , 

mated. Increased repeatability indicates the per-. 
fonnance potential with highe~ accuracY:: '.-~ . : 

. IThe main reason for the relativ'elflow repro-
. ductive efficiency of cattle in the tropics is rec­
.ognized to be environmental. However; the liin­
ited evidence available' from' tropical regions 
,sugge'sts that there is also substantial genetic 
variation (Seebeck, 1973: Mackinnon-e't ar: 
1990): Majority of paststlidies"on' reproductive 
performance from' tropicar- are'as have been' 
largely limited to'the assessment of effects of> 
·no'n.,genetk factors and breed difference's : 
'(Galiila. and Arthur, 1989), Genetic parameter es-, 
timates and infonnation. on the'extent of within' 
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66 H.W.Mwatawala et aL 
I 

breed variation differ between breeds and loca- According to 1998/99 surveys, the livestock 
tions. The additive genetic variance among repro- population of Kagera region consisted of 
ductive traits is often low due to natural selection. 667,745 head of cattle, ou~ of which around 
Thus,reported heritabilitiesf9r me<asures of repro- ,15,900 were :improved dairy cattle (MAFS, 
duction a;egenerilIly also low. As'a result' o(t~s,' '~.200 1): Like inth~rest of TanZania~ smallholder 
selection of repJacement heifers for early,preg~ .'farinerskeep the majority of dairy cattle.",~-, 
nancy may be useless i'n the light of the low 
heritabilities for reproductive traits. This is con- Source of data and data collectiori' 
trary to productive traits i.e. lactation and growth ,pata used, in this study, were e~ra~ted, from 
performance traits which usually have KALiDEP monitoring unit and at'KHBU in 
heritabilities ranging from medium to high. Kagera region covyringth~,p~tio<;i b~tween 19.79 

In 1982. a small-scale dairy development pro- and 1996. The improved dairy cattle dealt with 
ject was started in Kagera region under Kager~ ': in this study were crosses of Friesian x,.soriin 
Small Holder Dairy Extension Project (KSHDEP), 'only. The data collection process involved four 
which later merged' with three' other projects, levds namely; farmer, viliage/ward;exte~sion 

, , > ~::. • 

namely; Kagera Indigenous Livestock Project worker, district extension office and regional 
(KILIP), Kikulula Heifer Breeding'Unit (KHBU) level (Project headquarters). , 
and KikUlula Fariners 'ExtCits'ion cenieri;'(KFEc-r ,., ,,' " 
to fomiKagera Li~estockDeve'lbpment P~oje~i-~:'nata dassi,fic'ation , '~\~ ~ 
(K~IDEPj.' The projectwas initiated in order to:, . ,,", .' Seasons' of oiTth all«(~alving~ere Classifi~d 
improve small-scale dairy"prodl:lctio!! throughpro-' . into 'fo~i' ashdvy W'e! '~eas'on(March-May), 
vision ofF, 'crossbred heifers (Friesian x Boran) to' light wet season (Sept~mber-DeceQl.be;), earlY' 
interested and willing farmers: TheFi heifers were' dry' season (Janrtary-February) and late dry ~~a-;\ 
being supplied by Kikulula Heifer Breeding Unit'" sonYJune-Augtlst): Genotypes of cows that~ei:e 
(KHBU), which was established in 1976, ',' '. ,: '; used' ih th'~\:'\ 'anary s~s of' we re' "F, 
. The proper use of:crossbred cattle for'both; :, (Y2Ffiesian'hBo"ran), F2 (F, x F;j, 5/8Fnesl~n" 

productiop. and breeding requires imderstanding of ',' crosses lalld > 'sis Friesian 'crosses, Six dist'ri~ts' 
genetic paraIJ1eters expressed under the local envi~' were irivolv'ed i~e: Bukoba rural, 'Bukoba iirbalL 
ronmental conditions, This study thereforepres~,:, 'Muleba, Karagwe, Biharamulo ~nd Ngara:"Piir~ 
ents the results of the genetic and p1,leno,typic pa,\ , 'turition numbers' bile .to five were coded I to 5 
rameterestimates for various lactation and repro" and code 6 included'6th and above parturitiotls::1" 
ductive traits among crossbred dairy cattle'in ~\ \ : '\,', 
Kagera region. Data analyses , 

, ,. 

Materials and methods 
" ' 

Descriptiori of th'e study area 

,Kagera region is located in the extreme north­
western corner of Tanzania. It lies just below the 
,eq~to.r between latitudes 1° 00' and 2° 45' so~th. 
The altitude varies between 1128,andJ64.6,I'n 
above sea level; Mean temperature is clos~,to 
20~C throughout the ,year, Annual rainfalLv.aries 
between8Q.o and ,2000mm, The teg~on experi­
ences cOQtinuous high rainfall from October.to 
May, Months oJ January and February are ~lightly 
dri~r,than theotl1er remaining months, June to Au­
gust is moderately dry, but· can occasionally have a 
total:rainfallof aPortt 200mm, ,: 

·fh • :' /' 

He'ritabilities were estimated for age at' first 
calving (AFC), calVing interval (CI), 100-day' 
milk yield, 305-day milk yield and lactation milk 
yield (LMY), dry period (DP) and lactation 
length (LL), VARCOMP procedure of S~S 
(2000) waS used to obtai"ilestimates of sire vari~ 
ante com'poneilts. Models I and If described-be­
low wereusecFand induded the' sire facto{' as' a 
random em:!ct.: Th~number of'Fri~sian sires In 

'the data sets \vere 1132,92, 107, 104; 144,'1-44 
/; , , ,," 

and 105 for AFCJ CI. 100-dav milk yield. 
305.;day milk yield( LMY, ~L a~d DP, r~~p~~- ' 
tivel{ :/"~., \ ','." " ~ 
!. ·:'Estimates of r~peatabiiity Jor i'Qb-da'y> 
}05-dai and totallactation!llilk yield, LL. I?P 
and CI were computed for cows with multiple' 
records as intra-Class 'cbrrehltioii.~ re, The coeftl· 
:ient k. between cow and within cow variance 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



components' wer~:" ob'tain~d by 'using' the 
I . . - ti' (. ' , 

VARCOMP procedure'ofSAS'(2000).,Model II , 
was used and included 'cow factor' <is 'a random ;: 
effect. 

Multivariate Analysis of Variance (MANOVA) 
option ofGLM,Procedure of SAS (2000) was em­
ployed in the an3.Iysisofphenotypic correlations 
among different rllilkyi~lds studied. 

Model I: 

Yijklmn = . t!:-:I:'ai +.8J',+yk +:;0 q..~ + e,ijklml!' T, 

Where; '.;" 

Yijklmn = Age at first calving;~ = Overall mean;ai = 
Effect of ge~eti~ ~roup (.l,~i? 4 )', ", _ \, '. 
8j = Effect of dish.:ict (1 ... 6)J k = Effec:t of year of 
birth (1979: .. 1996) 

I) = Effe~t of.se~so_nQfbirtli (1,4,3,4); Sm = Effect 
of sire: eijklmn = Random residual effect N(0,Ge2

). 

All factors. except effect of sire were considered 
fixed effects. 
Model II: 
Yijklmno = ~ +a i +pj +8k+xl +y m +Sn + (a8 )ik + eijklmno 

, .. 
Genetic and phenotypic parameters 67 

Results 
J',. .-' -'. 

Heritability 'e'stim ~tes 
, Results from''llOa1vsi'so{ variance and 

h~ritability' estimates 'a~~(their'standard ~rrors 
for lactation and reproductive tniits based on"sire 
variance componeDts are summarized'Totable 1. 
Additive genetic variances for AFC, CI, LL and 
DP were low. Heritability estimates for 100-day, 
305-day and total lactation milk yield; lactation 
length, dry period, age at first calving and calv­
ing interval were 0.27. 0.40, 0.40. 0.00, 0.04, 
0.05 and 0.06, respectively. Heritability esti­
mates for first three calving intervals are shown 
in Table 2. 

Repeatability 
Repeatability estimates and their standard er­

rors for calving intervaL 100-day milk yield, 
305-day milk yield. total lactation milk yield, 
lactatiQn length and dry period are presented in 
Table 3. Repeatability estimates for 100-days. 
305-days and total lactation xp.ilk yields were 
0.34,0 . .40 and·0.38, respectively. The estimate,s 

~ ",. ~ ~ ~. . . ., 

Tablet: Gimeti~ (02a), phenotypic (02,) and 
traits 

error (02e) VariancIOs and herita~iIIty e.stim!ltes for :variou~ 

. - ... ~ .. ',",,' t . , 
Trait , ....... ' .' (02a) 

. :AEC 3.92 
CI 568.4 
100-day milk yield 21944.4 
30'5:d~~' mille yeild 199349.3 
Lactation milk yield 252878.4 
Lactation length I) 

Dry period 197.6 

..... • .•• - r_ 

,: . 

72.5 68.6 
9889,5 9321.1 
80151:4- 58207.0 
498373.3 299024,0 

.. 638323.3 385444.9 
5637,2 _ , ,:. . 5637.2 
4636.8":.~· - 4439.2 

r" ~ , 
( . 

,1 { r: I;~, \;' t' , , 

: ... " 

h' 
.(i " 

0.05 ± 0.04 
OJ)6 ~ 0.03 
0.27 ! 0.07 
0.40 I 0.10 

0.40 = 0.08 
0.00 
OJ)4 r OJ)) " : 

Whe"e'., ('.;,!'~.':I("l ,',', \.,.t,' .... ,:'.,L:\:~' 
.l' ·(\~~.~ .. ;c:f·~1 ' .. Table 2: Estimates ofh2 for the first three calving, 

Yljklmnt = An obsefVati()n on trait (100-day,~ilk 
yield, 305'-day milk y~eld, LMY, LL, DP, CI) '" 

I. \ ,;" ,. .. . ' 
~ = O~erall me~n,i =:; Effect of genetIc .. group 

intervals 

First CI (1,2,3,f);Pj = EffeGtof.parity (1. .. 6); >' ',' I~ 
15k T Effect of'disifici (1 ... 6) 1 = Effect"of sea- Second CI 

, -'. 

Heritability estimate, 
f 1! -, ... ~ " • 

0,02 = 0,04 

0.06 = 0.07 . 
'. ! 

.,1", 
i , ,,', ., : Third CI 0, II " (W9 

son,oflcalvj..ng (1;2,3,4 );Ym = Effect of year of calV""- ---------1-______ _ 

ing (1983,. .1999); Sn = Effect of sire or dam; ~ I'· tat" '1 :"gt'h d'''' . d' d al' '. 'te , . . .. lor ac Ion en , ry peno an c v10g 10 r-
(a8)ik = InteractIon of genetIc group and dlstnct; val were 0.15, 0.12 arid 0.16. respectively. 'I 

eijklmno = Random residual effect N(0,Ge2). The re- . . . ,-', " , 
sidual effect was used as the within cow variance 
component in computing repeatability. 
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68 H.W.MwatawaIa et oJ 

Phenotypic correlations yields were decreasing with advancement of lac-
Partial correlation coefficients (r'c) bet'iveen '; 1ftli~n. All ~QrrelaiioQS ~ere hlghly ~jg~c<;lQi,. 

mean daily milk yield (D.M.X> in, ~,.~onth w.ith ,.'.0/ <O.qq}): ' ' 
lOO-day ~nd3Q5-Oay milk yield and LMY.ranged 

;.. r· -. . . *", - . '" , , ~. ~ < , 

~~o~, 2.1l. ioO.?O; Q:,35 t<? 0.78 ~hd 0.~2 to,9,63, " ",'.', 
respectively (s.ee Table 4), Correlation coefficient , . ". ) 1 ,:. 

• ;.~ .. ~ ~"~:' ·'I .... r"'; I • • . .. , .' __ • ~ .. " .. ,. , 

\ Table 3: ·Estimates of repeatability (re) and their Standard "errors (se) of lOO:day MY, 305 Cia} 'MY', ! .i~ 
., "',\ LMY,LL,DPandCI ' . _ . '" ,;;::' ,. /"'-' - . ,:,'1,: ,w.)'·" ',; )', 

, ~ 

s.e(r,) 

K' 
. " ',' .... , 

average nwnber of record~ per cow 

rc = repeatability estimate 

s.e (re) = standard error of repeatability estimate. 

l' ' 

Discussion .'. 

'6388 
2587 .... ! 

2.5 
·,O:i6. ..~ Ii.'! '. 

':(, 1.:.Q,OI : ':r-. 

between 100-day milk yield and 305-day milk 
yield (rc==0.87) was higher than correlation coeffi­
cient between lOO-day and total lactation yield 
(re==0.70). Correlation coefficients between mean 
daily milk yields in a month and 100-day milk 

Due to the·fact·that h2 ofAFC and-CI 'ob­
served in th~ presertfstudy are close to 'zero, and 
that the h2 of different calving i.ntervals varied 

.r ... ; ·'01 

, ..... ' .. j.... '\" ", 
Table 4: Correlation coefficients between mean daily milk yield in a month and lOO-dl,lY, 305 day and lactation milk 

yields 'I. ! I" '-'.'~!. 7 ~"·~·~'·:"~~l ':.:.".'~;;"~.': .. 
',\,'/' \':\.3 

,." ~ 

Correlation coefficient~ 

Milk yields 

Month 1 
Month 2 
Month 3 
Month 4 
Month 5 
Month 6 

, Month 7 

Month 8 
Month 9 
Month 10 
100-day 
305 - day 

0.75 (2967) 
0.90 (2967) 

'0.84(2843 ) 
0.70(2690) 

-;." '0.56(2573) 

0.50(2442) 

0.3~(2310) 

- 0,30(2204)' 
_ 0.24(2052) . 

0.11(1833) .j, 

NB: Allcorrelation~ where higl1ly ~ignifican!(!)<O;OOI) 

In parentheses are t~e. n~be~ of ~bservations 

100-day MY=IOO-day milk yield 

305-day MY=305 -day milk yield 

305- day MY· --, ~ LMY. - .. -

0.61 (2276) 0.48(2281) 
0.78 (2276)0.63(2281) 
0,76 (2276) 0.61(2281) 
0.71 (2276) .. 0,58(2281) 

0.68 (2276) 'l' 0.55(2281) 
.. / 
'y . 

. ,,{,.'1. 0.67 (2276) \,,' . ii, .. '~ 0.56(2281)' 
0.57(2276) ; { I 0;50(2281) , • __ • 

~:~~i~~~~;· ": -:! .. ,'" J ,d:~~i~~~~~ '.", ,.'" '~~ 
0.35(833) .;;.. ' t'OA2(1833)h" " 
0.8~(227~). ,~-., ; .. ,! ; 0.70(2281). ,,-': :.' 
" ' 7, . J\ (i85(2276), - • 
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· '.' ': . ,'1... ~ . j\' : I.. ,:.'; 
considera~lr, ~~ Im"r~rement of t~e~, traits by 
selectio~~p4l~tp.~ ~~~PfmcI11t, SfQ;~:t,h.e varia­
tion in AFC could a!t~e_from;9,if!~.rences in 
growth rate" ~ge at, the 9ns~tofpub~rtY::md how 
soon I).eifep,i ~on~,<;.iy<; fr9m.n~J:mating (Galina 
and Arthur;,\1989); ,the,h2 estim,!ltes observed here 
reflect vari?tions in a number of iriterrelated traits, 
Further,' and !more ,importaIit, ,reproductive traits 
are largely'iiilluenced by"i'andomenvironmental 
factors (Menis'sier and ,Frisch; 1992), It-was also 
observed ii{the' prese'nrsitidy~ihafthe h2 estimates 
of first and'secoild' Ci~ei'e'lower than the third, 
which suggb.itedthats~1~2hrig cows'at younger 

ag~ fo~:9w9.uld,be,f.u~erl! " ':, " 
, Jhe .h2 value of.LMY and 305-day mIlk Yield 

ofO:4~}(~:this s~u,~fis,highef compare~ with 0.08 
and 0.32 reported by Haile-Mariam (1994) for 

I. ~~ ,. \ -;. , .'. ~!. ~ I .' • 

Friesians and their crosses in Ethiopia and Rege 
(1991) for FriesiancattleAn Kenya, resPectively. 
Relative,IY )llg,her b2 ~s!im-~'te-~ for LMY and 
305-day milk yield in the·current study might be 
attributed 19 decrease in error variance without 
marked effect on the additive genetic variance as­
sumed,to arise during data editing by omitting 
some records :in, both 'extremes after conducting 
preliminary analyses. The low genetic parameter 
estimates for LL, DP, AFC and CI might be attrib­
utable to the'variable and stressful nature of the 
environment whereby individual animals re­
sponded differently to environmental fluctuations 
including nerd differences. 

Repeatability estimate for milk yield was 
higher than that reported by Haile-Mariam (1994). ' 
However Msuya (2002) working with the same 
herds as the current study reported similar 
repeatabilities for LMY and LL. In the present 
study repeatability estimates for CI, LL and DP 
were Idw. Balikowa (1997) working with Bas 
taurus ~nd their crosses with Bas indicus dairy 
cattle ih the southern highlands of Tanzania re-

I , 

ported fair:ly high repeatabilities for LL (0.27), DP 
(0.16)land CI (0.27). Also Ageeb and Hiller 
(1991) reported a fairly high coefficient of repeat­
ability of 0.44 for calving interval. However, esti­
mates for CI and DP in this study are higher than 
estimates by Haile-Mariam (1994) and Msuya 
(2002). Low estimates of repeatability for traits 
such as CI, LL and DP revealed the presence of 
large temporary environInental effects such as cli­
mate, management decisions, feeding ,and breed­
ing/mating inefficiency contribute more to the 

variation in these traits thang~'netic and pe~~ 
, nen!. non~genetiC differences~betweeii animals. 
-.This suggests thatproblems of longO, short'LL, 
,and'long·DP·cotild be more alleviated th[ough:. 

improvement'in management than mahipulation 
ofgeneiic,constitutionoftheanimaIs. '.- '.' -/.' 

It has been observed in this study that corre­
lation coefficients of mean DMY with 100-day 
and 305-day milk yields are higher in the ,early' 
months of lactation than in last months. This is 
in agreement with report by Baiikowa' ( 1991) > 
High phenotypic correlations for various milk 
yields estimated in the present study suggests 
that it is possible to predict 100-day, 305-day, 

'. milk yield and total lactation milk yield from 
mean DMY in early months of lactation accu­
rately. Also 100-day milk yield can. be used reli­
ably to predict 305- day milk yield and LMY due 
high correlation coefficjents between t)l.ese traits.' 
This is of gre!!t importance when selecting ani­
mals for improvement in breeding programs. It 
'permits early selection of better producing cows 
rather than waiting for 305-day. yields or total 
lactation yields. The 'decrease ·in'assoCiations be­
tween mean DMY and 100-day milk yield was 
expected. It is apparent that meanjDMY in early 
lactation would have higher 'correlation with 
100-day milk yield because of the part -to-whole 

, relationship between them. 

Conclusions 
Estimates of heritability in the current study 

are moderate for LMY, 100-day milk yield and 
305-day milk yield. This implies that genetic im­
provement for these traits is possible through se­
lection. Low estimates for LL, DP, CI and AFC 
suggest that environment plays a bigger role than 
genetic make up of animal in affecting these 
traits. Improvement of environment through 
better decision making, feeding and disease con­
trol is important in order to have long LL, short 
DP, short CI and low AFC. Phenotypic correla­
'tions among different milk yields suggests that 
it is possible to use early lactation records to pre­
dict full lactation perfomlance and select cows in 
early lactation for improvement of dairy perfor­
mance in crossbred cattle, 
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70 H.W.Mwatawala et al 
":f .... -I.!J. ... ..:':.j ... "-~ .. " '~" : 

,1.fThe'·financhll-supportfrom, SUA--MU 
ENREOA 'project 'is' highly' acknowledged for. en­
abli~g'ihb,authois~to conduct:this'stiidY~',:Also.the 
cO:<iperation and suppolJ from K<ALIDEP and 
KHBU staff,during.data)collection .is:highly, 'ac­
knowledged by~ the'authors, ~:;;IJv ~' .• c ... ,.' 

... !~:..~ ~. ',.: Z,' ·'1.~/lJ :~~'.~: .. ~~:j 2ti;::~:f::.;r-, ,-:-.:: ." ( 

R' efiere' nc' es ,;:'. I' •• ,',r'11 ,~~:" ' .. < -, .' '"., • .,,1. f. ~~ ... -'t..4~>l~. _' . • 1. _ .• 

, .. ~ ." 'b.~ ._."~!t ~~ ' ... ' - . ~'i ~,j .. v ""1 .1:,.11,' 

J\ge~b;~; q,,"~~d .tlill.e,rs, J~ K~ .(1;9?1)}:.ifect O[CfC!S,S-
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