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ABSTRACT 

The obj e c tive of the study was to examine the repro duc tive 

p erformance o f  dairy cattle in Town Mi lk Dai ry Herds in New Zeal and .  

Breeding and production data  for  parous animals were collected from 

th e records of twenty herds which ranged in s i ze from 75 to 300 cows . 

Herd owne rs were members o f  the Wel lington Hawke ' s  B ay Lives to ck 

Improvemen t Associat ion which pro vided herd testing and artificial 

breeding s e rvices . There were 12 , 056 c alvings recorded involving 

4 , 050 cows. Of these 9 , 898 were for Friesian , 672 Jersey , l , Oii 6 

Friesian Jersey cro s s  cows and the remaining 420 o ther breeds and 

crosses . 

The p arame ters measured were calving interval , calving to firs t 

service interva l , firs t s e rvice to concep tion interval , days open , 

inter-service interval , c alving rate to firs t service  and s ervi ces 

per cow c al ving and were 383 . 7, 84. 8 ,  1 1. 3 , 106 . 9 ,  4 3 . 7 day s , 49. 3% 

and l. 7 respe c t ively for the pooled population .  Data for calving 

interval and f irst service to conception interval were t rans formed 

for al l analyti cal procedures - the unadj us ted values for these 

parame ters were 388 . 7 and 19. 3 days respec tively . The mean milk 

yield was 3 , 7 30 l i t res and th e wean lactation l ength 29 1 days . 

Age , herd , season and year had highly significant effects  on 

b oth productive and reproductive performance al though the amount o f  

variat ion that could b e  explained by these variab les was small as 

far as reproduc tion was conce<rned .  Any b reed dif ferences which may 

have b een present were confounded  wi th herd effects  and no s ignif­

icant relationship was found b e tween herd size and repro ductiw:� 

efficiency . This may have been due to an inadequate number o f  

s,maller herds i.n the sa,mple . 

S i gnificant nega,tiye correl ations were found b e tween average 

daily milk yield and calving , c&lving to firs t s ervi ce and first  

service to conception intervals . The ir values w·ere so low as to be 

of little  consequence . 
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Reproduct ive e f ficiency increased up to the age of four y ears and 

then gradually decl ined whereas milk p roduc tion increased up to the 

a ge of eightye ars b efo re it dec lined . The youngest cows , particularly 

two y ear olds, whi ch .  comprise a high p ropor t ion of the herd , perfo rmed 

poorly in nearly all reproductive parame ters studied. 

The correlation between calving to first service and fir s t  service 

to conception intervals was -0 . 09 and the standard par tial regress ion 

coefficients  CS value s) for c alving to f ir s t  servi ce and fir s t  service 

to c oncep tion inte rval s on c alving interval were 0.63 and 0.73 
respe c t ively . Thirty nine percen t  o f  the variation in calving interval 

was explained by d ays from calving to first  service and 45% by days 

from firs t s ervi ce to concep t ion . 

A high inc idence o f  sho r t  ( 1 1 . 6%) and long (49. 5%) re turns, 

toge ther with an average inter-service interval of 44  days , indicated 

that de tec t ion errors and heat detec t ion efficien cy were imp or tant 

problems contributing  to delays in breeding and increased numb ers  o f  

s ervices per cow calving . Cons cious management decisions to with-hold 

cows from breeding to mee t  specific seasonal needs may h ave compounded 

thi s  prob lem. 

Si gnificant  seasonal effects were obs erved with s uperior res ul t s  

during the spring i rrespec t ive of whe ther cows calved or were bein g 

bred at tha t  t ime .  Year dif ferences in both produ c t ive and reproduc t­

ive performance were also noted with b es t  r esul t s  o ccurring during 

y ears which recorded c l imat ic condi tions as being  mos t  suitab l e  for 

pas ture grow th .  

The numb er o f  abortions recorded during the course o f  the 

inves ti ga t ion were few .  Where aborting cows were retained theic 

b reeding performance  during the year following abor tion was poor but  

this  effect  did no t appear to  carry-over to their performance in 

s ub sequent y ears . 
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INTRODUCTION 

Unt il the artificial induction o f  lactation can b e  carried out 

success fully and economically in dairy cattle ,  milk production will 

depend for its initiat ion on the estab lishment of pregnancy and the 

accomplishment of normal parturi tion .  Reproduc tive efficiency thus 

p lays a s ignificant role in determining how ab ly , and economically ,  

the herd i s  capable o f  produc ing milk , and New Zealand , wi th its all 

grass sys tem o f  cat tle husbandry , provides no excep tion to this . 

Losses due to inefficient reproduction are reflected by : 

Lower annual milk produc tion 

Lower annual calf crops 

Reduced selec tion pressure and slower genetic gains 

Increased culling rates and breeding cos ts 

Increased feed cos ts per uni t  of milk produced 

Increas ed animal health expendi ture . 

The magni tude o f  s uch los ses have b een sugges ted as approxima tely 660 

mil lion dollars in the Un ited S tates of America ( Peliss ier , 197 6 )  and 

while no authori tative es timate has been attemp ted in New Zealand , 

there can be li ttle doub t  that inefficient reproduc tive performance 

produces cos ts which are sub stantial and which canno t be ignored in 

a competi tive milk produc tion enterprise .  

Extens ive inve s tigat ion s have been made into reproductive 

p erformance in dairying in New Zeal and , particularly seasonal fac tory 

s upply dairyin g ,  by workers asso ciated wi th the New Zealand Da iry 

Board . Much o f  this has b een summari sed in their annual Farm 

Production Reports , or in recent years , in scientific papers lis ted 

in these reports . Very l it tle informat ion , however , has been 

forthcoming concerning the performance of Town Supply Dairy Farmers 

and although their relative cont ribution to total dairy production in 

this country . is smal l ,  i t  is nevertheless s igni ficant . Moreover it  

is a high c os t ,  specialised secto r  o f  the farming indus t ry deserving 

the attention o f  researchers as to methods which could lead to 

improvement s  in its  efficiency. 
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I t  was with th es e  points in mind that this pi lot s tudy con ce rned 

wi th reproductive effi ci ency in Town Supply Dairy Herds was under taken, 

and i t  is th e s ubs tance of this s tudy that is reported in this thesis . 
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LITERATURE REVIEW 

Although there are various methods that can b e  use d  to describ e 

reproductive e f ficiency ,  calving interval is the mos t  impo rtant and 

i s  th e parameter influenced by all  the other measures . 

CALVING INTERVAL 

Calving interval is defined as the period between two 

conse cut ive calvings for any one animal .  There is now substan t ial 

evidence demonst rat ing that a calving interval of 365 days is ideal 

for yielding maximum pro fit from the dairy herd. The effect  is on 

b o th milk and calf produc tion as illus trated in Tab le I below : 

TABLE I :  EC ONOMIC EFF ECT OF CALVING INTERVAL IN A 40 COW HERD 
(Zemjanis et al . ,  1969) 

Average calving interval in months 
12 13  14 15 

Pounds of milk/cow/y ear 12 , 800 12 ,670 1 1' 560 10 ,992 

Profit 

Labour income/year $ 7 , 49 7  $7 , 300 $6 , 0 1 8  $5 , 395 

Hourly wage 2 . 52 2.49 2 . 10 1 .  89 

Number o f  calves born/year 40 37 34 32 

Similar f indings have been reported by many other authors 

(Sanders , 192 7 ;  M i lk Marke tin g Board (l-IMB), 1965 , 1969a ,  1969b , 

19 75 ; Speicher and Meadow s ,  196 7; Louca and Legates , 1967 , 

1968 ; B laxter ,  19 71 ; Pelissier , 19 72 , 19 76 ; 

Esslemont , 19 74b ; Lauderdale , 19 74 ; Bri tt , 1975) . I t  is 

possib le that even greater pro fi t would be obtaine d  with calving 

intervals sho rter than one yea r ;  the Milk Marke ting Board ( 1969b) for 

e xample reported a peak annual milk production with a calving int erval 

of about 350 days and Esslemont ( 19 74b) and Esslemont and Eddy ( 19 76) 

des cribed calving intervals o f  355-365 days as giving the highes t  

milk yields . In both reports however , calving intervals less than 

those mentioned above led to a dep ress ion in milk p roduction . More 
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recently the Mi lk Marketing Board (1975 ) has reported that maximum 

305 day milk yields were obtain ed where the c alvin g in terval was 

365 days - wi th shorter calving in tervals yield was depressed . 

Calving in tervals lon ger than 365 day s  di d n ot result in increased 

milk yields . 

Several reports indicate that there is  a wide range in calvin g 

intervals between di fferent groups o f  animals surveyed (see Table 

II )  and while  a calvin g interval of 365 days (or slightly less) may 

b e  op timal , mos t  s tudies in dicate that the average level o f  

p erforman ce bein g achieved is nearer to 395 days (Tab le II ) . 

Season al Supp ly Dairy Herds in bo th New Zealand and Ireland 

are an exception sin ce calving intervals o f  364 and 363  day s  

respectively have been reported (Macmi llan and Moller , 19 75 , 19 7 7; 

Cunnin gham e t  al . , 19 76 ) .  

Day s Open (Calving to Conception in terval ) 

Thi s i s  the period between par turi tion an d when the cow 

conceives . It is highly correlated wi th the calving in terval 

(Everett e t  al . ,  1966; Olds and Cooper , 1970a; Slama et  al . ,  197 6 )  

as the average ges tati on length of 2 81 . 9  days has a s t andard 

deviation o f  only± 4 . 5 days (Macmi llan an d Curnow , 19 76a) . Since 

th e calving interval is equal to the s ummation o f  days  open an d 

gest ation length (Everett et  al . , 1966; Lin eweaver and Spessard , 

19 75 ) i t  follows that the average c ow should become pregnant on 

approximat ely the 8 3rd day after calving if a 365 day calving 

interval i s  to be main tained.  Many reports however indicate that 

th e numb er of days open is in excess  o f  this (Evere tt e t  al . , 

1966- 10 7 days; Morrow e t  al . ,  1969a - 109 days; Velas co , 197 1 

cited by Vaccaro , 19 73- 10 7 to 1 20 day s; Spalding et  al . , 19 75 -

1 16 day s) . 

Days open is  equal to th e sum o f  the calving to firs t s ervice 

in terval and the interval from fi rst service to conception . To 

estimate the date of concep tion ei ther an accurate pregnan cy test  

mus t be  made o r  calving information ob tained af ter the dat e ( s )  o f  
' 

servi ce .  Non return rate information could b e  used but has the 



TABLE I I: CALVING INTERVAL REPORTED BY NUMEROUS RES EARCHERS 

Reference 

Bozworth et a l . , 19 72 

Carley , 19 72 cited by Spa lding et a� . ,  19 75 

Cunningham e t  a l . , 19 76  

Ess l emont , 19 74a 

Eve re t t  et al . ,  1 9 6 6  

Gaines and Palfr ey, 1 9  3 1  

Hers chler e t  a l . ,  1964  

Legates , 1 954 

Lewis  and Horwood ,  1 950a 

Louca and Lega t es , 1 968  

Macmi l l an and Moller , 1 9 75 

Matsoukas and Fairchild , 19 75 

Mil k  Market ing B oard ,  1 9 76 

Milk Market ing Board, 1 9 7 1  and 19 75 

Mil ler cited by  Morrow et al. , 1969 a 

Morrison and Erb , 1 95 7  

Morrow , 1 9 7 0  

Olds and Cooper , 1 9 70a 

Peliss ier , 19 72  and 19 76 

Rennie , 1956  

S l ama e t  a l . , 1 9 7 6  

Spalding e t  al . , 1 9 7 5  

Spike , 1 9 7 3  

Spike and Meadows , 19 7 3  

Webb e t  a l . , 1 9 7 4  

Whi tmore e t  al . ,  19 74 

Calving Interval 
(days ) 

395 

395  

36 3 

395 

387 

395 

395 

406 

40 1 

39 5 

364 

40 1 

395 

388 

382 

4 1 3 

395 

382 

395 

4 1 3 

396 

396 

395 

395 

39 5 

39 5 

5 .  



ser ious d is advantage o f  introducing more errors ( see l a te r  under 

s e c t ion concerned w i th concep tion rate, p age 1 8) .  Days open 

p rovides a rela t ively accurate measurement o f  reproduc tive 

p erformance b efore an animal calves b u t  has the disadvan tage 

of no t taking account of losses whi ch may o ccur during a pregnancy 

a f ter the es t imate is actually made . Calving interval however 

takes accoun t  of a l l  such fac tors. 

Calving to Firs t S ervi ce Interval 

This is  the interval from when an animal  calves unt il she i s  

next b red . Whi l e  basically this  depends o n  the resump t ion o f  

cyclical activity a f ter parturi tion ( see  la ter - page 1� 

management decisions as to when f irs t b reeding should take p lace 

and the efficiency o f  o es trous detec t ion can have a marked influence . 

In the pas t  a number of workers advanced the view that b reed ing 

prob l ems resulted from ma ting early in  the postp artum period 

(Hofs tad, 1 9 4 1 ;  Van Demark and Sali sb ury, 1950 ; Morrison and Erb, 

1 9 5 7 )  and a common recommendat ion was no t to breed un t il the 

s ixtie th pos t  partum day (Van Demark and Salisbury, 1950 ; Shannon 

e t  al . ,  195 2 ;  Trimberger, 1 9 54;  MMB , 1 9 6 9b ;  Boyd, 1 9 70 ; Morrow, 1 9 70 ;  

Esslemont, 1 9 74a, 19 74b) . Recent evidence however demons trates no 

i l l  effects  from early pos t  par tum b reeding (Trimb erger, 1 9 5 4 ; Olds 

and Cooper, 1 9 70b ; Whitmo re e t  al . ,  1 9 7 4 )  and a number of researchers 

advocate breeding earlier than 60 days pos t partum in order to try 

and achieve a 365 day calving interval for the herd  ( Touchb erry 

e t  al . ,  1 9 5 9 ; }�B, 1 9 69b ; Olds and Cooper, 19 70b ; B o zwor th et al . ,  

1 9 7 2 ; Lauderdale, 1 9 74 ;  Harrison e t  a l . ,  1 9 74 ,  1 9 7 5 ; Bri tt,  1 9 75 ;  

Matsoukas and Fairchild, 1 9 75 ; Slama e t  al . ,  1 9 76 ; Peli s s i er, 1 9 7 6 ) . 

Macmil lan ( 1 9 72a)  in New Zealand, b e cause of the c urrent emphas is on 

concen tr a t ing calving under seasonal dairying condi tions, has 

sugges ted tha t  cows b e  b red,  irrespec t ive of the pos t  par tum per iod 

tha t  has elapsed,  i f  the ma ting season has commenced . Al though it is 

wel l  es tab l ished that a l ower conception rate wil l be ob ta ined 

with cows b red during this  early p o s t  partum period (Hofs tad,  1 9 4 1 ;  

Van Demark and Salisbury, 1950 ; Shannon e t  al . ,  1 9 5 2 ; Trimberger, 

1 9 54 ; New Zealand Dairy Board (NZDB ) ,  196 1 ;  Britt,  1 9 7 5 )  individual 

animals  in the herd wil l have more opportunities to b ecome pregnant 

than i f  b reeding i s  delayed . 

6 .  



A wide variat io n  in  calving to f ir s t  service interval has been 

repor ted in the l iterature ( see Tab le XIX ,  page 65 ) .  I t  i s  vir tua l ly 

imposs ib l e  to achieve 365 day calving interval s  \vhen the ini tial  

breeding is  as d elayed as is shown in  tha t tab le .  

Firs t Service to Conception Interval 

This is the period from when a cow is  f i rs t  bred un til  she 

conceives . Many cows conceive to the ini t i a l  breeding l eading to a 

f irs t s ervice to concep t ion interval o f  zero ; the average for the 

h e r d ,  however ,  is inevi t ab ly longer than thi s . The f irs t s ervi c e  to 

conception in terval reported by a numb er of researchers is shown in  

Tabl e  Ill .  

TABLE Ill: FIRST SERVICE TO CONCEPTION INTERVAL REPORTED BY 
VARIOUS RESEARCHERS 

Reference 

Carman , 1 9 5 5  

Chapman and Casida , 1 9 35 

Esslemont and Eddy , 1 9 7 6  

Evere t t  e t  al . , 1 966  

Ma tsoukas and Fa irchild ,  1 9 75 

Olds and Cooper , 19 70a 

Pou et al . ,  19 5 3  

S lama e t  a l . , 1 9 7 6  

Sonderegger and S church , 19 7 7  

Touchberry e t  al . ,  1 959  

1 s t  s ervice  to  
conception ( days ) 

2 8 . 0  

30 . 0  

2 4 . 4  

29 . 0  

33 . 6  

1 9 . 8  

5 2 . 0  

3 3 . 0  

30 . 0  

36 . 1  

7 .  

There are problems in measurin g  th e date o f  concept ion a c cura tely 

when a cow conceives1as ind icated ear lier . Although this parameter 

reflects  only one o f  the two componen t s  o f  days open , it is an 

impo rtant measure of fertili ty once b reeding af ter partur i t ion has 

b egun . There is an inverse rel a tions h ip b etween calving to f irs t 

service and fir s t  s e rvice to conception intervals ; thus Touchberry 

e t  a l .  ( 19 5 9 )  and the Milk Marke ting Board ( 19 6 7 a )  recorded that as 



the calving to f i r s t  service  �nterval increased up to 1 2 7  and 1 2 5  

days respec ti vely , the firs t service to conception in terva l  

decreased t o  a min imum with l i t tl e  change thereaf ter . 

Fac tors Affecting  Days Open 

a .  Heat De tec tion 

Many workers a gree tha t accurate heat detec tion is of maj or  

impor tance for efficien t  reproduc tion ( Chapman and Cas ida , 19 34 ; 

Zemj anis e t  al . ,  1969 ; Boyd , 1 9 70 ;  David e t  al . , 19 7 1 ;  Bozwor th 

e t  al.,  1 9 7 2 ; Esslemont, 19 74a , 19 74b , 1 9 74 c ;  Foote , 19 75 ;  
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Barr , 19 75; King e t  al . , 1 9 76 ; Hacmillan , 19 76a ; Pelis s i er , 1976 ; 

Wood ,  1 9 76a) . Poor hea t de te c tion may result from wrong identific­

a t ion of  animals  and errors in diagnos is so tha t heat is e i ther 

missed or incorrec t ly thought to be presen t (Macmil lan , 1 9 76b ) .  

Recogni tion of  s tage of  oes trus is also  impor tant i f  pre s en ta tion 

for b reeding is to take place a t  the mos t  effective time . Wi th the 

excep tion of animals  which are incorrectly  submit ted for the ir f i r s t  

breeding when no t i n  hea t , and a r e  then s ubmit ted when they a r e  in 

hea t ,  where no detrimental effect  on fertility occurs according to 

Macmil lan e t  a l . , ( 19 7 7a ) , poor heat detection prolongs the days 

open and l engthens the in ter-s ervice interval . Effic i ent  hea t 

de tec t ion is associa ted with: 

i .  Int en s i ty o f  heat - cows showing marked b ehavioural changes 

during o es trus and s tanding readily for o ther cows to mount 

them are more eas ily recognised  than thos e  which show weak 

b ehavioural s igns ( Lee , 1 9 5 3 ;  Rollinson ,  1 9 6 3  c i ted by 

Ess lemont and Bryan t ,  1 9 74 ) . 

There are many referenc es in the l itera ture referring  to 

the relatively high inc idence o f  ' silen t  hea t '  in h igh 

produci ng cows (Murray , 1 9 4 3 ;  Meek , 1 9 6 1 c i ted by Morrow, 

1 96 9 a ,  1969b ) , nursed c ows (Wil tbank and Cook,  1 9 5 8 ; 

Saiduddin e t  al . , 1 9 6 7 a ,  1 9 6 7b ; Moller , 1 9 70b ) and in cows 

early in the pos t  partum per iod ( Casida and Wisnicky , 1 9 50 ; 

Kidder e t  al . , 1 9 5 2 ; Zemj anis , 196 1 ;  Labhs e twar e t  a l . , 

1 9 6 3; Marion e t  a l . ,  1968 ; Morrow e t  al . , 1 9 6 9 a ;  Morrow , 

19 69 ; Moller , 1 9 7 0b ) . Wha t  i s  meant by ' si lent h ea t '  



however is  not c learly de .f:i.ned and it  seems p robab l e  that 

' weak heat ' and ' silent hea t '  are o ften being used in the 

same cont ex t .  I f  this  is the case difficu l t i es in 

recognition o f  h eat are l ikely  to b e  cons iderab l e  in cows 

under condi tions ment ioned above . 

9 .  

ii. Dura t ion of h ea t  - this has b een repor ted as b e ing related  

to  age,  b reed, level of feeding,  presence o f  the b uLL and 

general s tate of heal th (Wishar t, 1 9 7 2 ) . Clearly there is 

a grea ter chance of detecting oes trus where cows show 

s i gns of h ea t  for a longer period (Macmil lan and Wa t 1wn, 

19 75b ) . 

iii . Method o f  detec t ion - higher de tec t ion rates  have b een 

ob served wh ere marker bul ls ( Donaldson, 19 6 8 ;  Macmil lan, 

1 9 7 2  b, 1 9 7 6b )  or heat moun t detecto rs (Baker, 196 5 ; Boyd 

and Higne t t, 1 9 6 8 ;  E lving, 1 9 69 ;Thatcher e t  al . ,  19 7 1  and 

Wel ls and Adams, 19 72 c i ted by Esslemont  1 9 7 4 c ;  Foo te, 

1 9 75 )  are used rather than depending on visua l  ob serva t ion 

unless  the l a t ter can b e  carr i ed out continuously 

(Wi l liamson et a l . , 19 72a) . Tes tos terone treated c ows 

(Kiser e t  a l . , 1 9 7 7 )  and tail pain ting (Macmillan and 

Curnow, 19 7 7b )  have both b een des cribed  as b eing as 

e f f i c ient as marker bul ls fo r detecting cows in heat; the 

lat ter is  a particularly convenien t  and low cost  technique . 

Various workers have cautioned tha t  where devices to aid  

hea t  de tec t ion are used they must  b e  used correctly 

(Ma cmil lan, 19 72b, 19 7 6b ; Wil liamson e t  al . ,  1 9 7 2 a ; Foo te, 

1 9 75 ) ; cont inuous observation by  farm workers on the o ther 

hand has serious practical l imitations . 

iv. Frequency, length and t ime of observat ion - more c ows can 

b e  detec ted by  increasing the frequency a t  whi ch 

ob serva t ions are made (Hall e t  a l . ,  1 959 ; Dona l dson, 1 9 6 8 ;  

Ess l emont, 1 9 7 4 c; Fiel den e t  a l . ,  19 7 6 )  and by increas ing 

the time spen t  at  each obse rva t ion period (Wi l liamson et aL, 

1 9 7 2 a ;  Essl emont, 1 9 74c;  Fielden et al . ,  1 9 76 ) . The t ime 
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during the day when obs erva tions are carri ed out is  a ls o  

important ; Donal dson ( 1 968) , Lauderdale ( 19 74 ) ,  Ess lemon t  

( 19 74c )  and Esslemont  and Bryant ( 19 76) for example  found 

tha t early morning and late evening resulted in a higher  

level o f  de tec tion than when obs erva tions were made at 

o ther times . Ess lemon t ( 19 74a)  s tress ed the impor tance of 

no t only the selection o f  the correct t ime and duration but  

also the spread o f  obs ervation periods if  shor t heats wer e  

no t to b e  missed .  The intens ive feeding period whi ch 

fo llows milking, particularly under pas ture grazing 

conditions, is not a satis fac tory t ime for obs erva t ions to 

be made, and inspections are b e tter carried out at  t imes 

that follow periods of int ensive grazing activi ty 

(Wi l l iamson et  a l . ,  1 9 72b ;  Foote,  1975 ; Esslemont and 

B ry ant , 19 7 6) . 

Many o f  the points outlined in ( iii)  and ( iv) are shown in 

Tab l e  IV. 

v .  Abi l ity and intere s t  of obs e rver - the obs erver mus t  

b e  both skil led and cons cientious in recognis ing the signs  

o f  heat  in anima ls under his  care, and i t  has b een SJgg­

es ted tha t some form o f  incent ive for the observer 

increases th e interes t and the e ffic iency o f  detec tj_on 

( Es s l emont,  1 9 74 c ;  Fielden e t  al . ,  1 9 7 6 ) . 

vi . Shed and yard design - this should b e  arrange d  in s uch a 

way that the obs erver ( s )  can readily identify animals in 

hea t ( Edgson, 1 9 70 ;  Ess lemont,  1 9 74 c ; Fielden e t  a l . , 1 9 76 ) . 

Even under pas ture grazing condi tions as in New Zealand , 

where c ows spend  only rel a t ively shor t periods in the 

milking uni t, cer tain milking shed des igns , part i cularly 

where a pit is  invo lved and l ab our is working at a lower 

level than the animals,  l ead to difficul ties in recogn i s ing  

c ows  which have b een marked by a b ul l  as b e ing in  hea t 

( Fi el den, E . D. - pe rsonal communica t ion) . 



TABLE IV: EFFICIENCY OF VARIOUS METHODS OF OESTROUS DETECTION 

OBSERVED BY DIFFERENT RESEARCHERS 

Method o f  de tec t ion 

Cont inuous 24 hour obs ervation 

Obs erved thrice daily 

Obs e rved twi ce daily 

Marker bulls 

Cont inuous 2 4  hour obs ervat ion 

Heat mount de tector 

Ob served during daily rou t ine 
activ it ies 

Observed four times daily for 
� hour 

Obs erved three times dai ly for 
� hour 

Obs erved three t imes daily for 
� hour 

Marker bull s (con tinuo us 
exposure to cows on pas ture) 

Marker bulls ( 2 )  exposed to 
cows yarded for one hour a t  
0600 and 1 800 hours d aily 

Obs e rved by h erdsman for � hour 
a t  0800 and 1 700 hours daily 

Percentage 
correc t ly 
iden t ified 
in oes trus 

98- 100 

8 1-9 1 

8 1-90 

98- 100 

98- 100 

90 

56  

8 4  

8 1  

69 

80 

8 7  

72  

) 
) 
) 
) 
) 
) 

) 
) 
) 
) 
) 

) 
) 

Reference 

Donaldson ,  1 968 

Hilliamson e t  a l . , 
1 9 7 2 a  

) Ess lernont , 1 9 74 c  
) 
) 
) 
) 

) 
) 
) Foot e ,  19 7 5  
) 
) 
) 
) 
) 
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vii .  Herd size &nd numb er of cows per l abour uni t  - with 

increasing herd size h eat det e ction errors become mor e  

p revalent ( Hewet t , 19 6 8 ; Macmill an and Watson , 19 7 1 ;  

Lauderdale , 19 7 4 ; Essl emont , 1 9 7 4 c ;  Macmillan ,  1 9 75b ) . 

This is probab ly asso cia ted with the increase in cows per  

labour uni t  that tends to occur in larger herds ( Smith , 

1 96 9 ;  Bevan , 1 9 70 ci t ed by Esslemont , 19 7 4 c ;  Kin g ,  197 2 ; 

Hodgson , 19 7 3  cited b y  Lauderdale , 1 9 74 )  and to some 

degree to the qua lity of the hired help necessary in s uch 

large herds . 

1 2 .  

vii i .  Ac curacy o f  re cords and use o f  rectal palpation as a means 

of predic t ing heat - careful recording o f  pre-mat ing heats 

( Zemj anis , 196 1 ;  Zemj anis et  a l . , 1969 ; Morrow , 1969 ; 

Lineweave r  and Spessard , 1 9 75 )  and prediction o f  heat b y  

rectal palpat i on of the ovar ies and genital t r a c t  during 

rout ine examinat ions (Morrow , 1 9 6 9 ; Zemj anis  et a l . , 1 9 6 9 )  

both act as a guide to the farmer for more careful 

observation o f  animals fo r heat over specified periods o f  

t ime . 

ix .  Synchronisat ion p ro cedures - enuc leation o f  the corpus 

l uteum was former ly used as an aid  to both induction and 

detection o f  heat in cows when such a s t ru cture was present  

( Zemj anis  e t  a l . , 1 969 ; Vandep lass che , 19 76 ) . Because of  

prob lems asso ciated with haemorrhage and  adhes ions this 

p ro cedu re has now gone out of  favour ( Vandeplass che , 1 9 76 ) . 

Of recent years luteoly t i c  s ub s t ances such as th e 

p rostaglandins or their analogues have b een used to 

synchronise oes trus in cy c ling cows ( Rowso n  et al . ,  1 9 7 2 ; 

Lauderdal e , 1 9 74;  Macmi l l an ,  19 76b ; Macmillan and Curnow , 

19 76b ; Day , 1 9 76 ; Ro che , 1 9 76 ) . Pro ges t a gens have been 

used for  a s imila r purpose ( Z imbleman et al . , 19 70)  but 

generally with less  success . Although there is a cost  

associated w i th these procedures there may b e  husbandry 

s it ua tions under whi ch their us e as an aid  to heat  detect­

ion could b e  j us t i f ie d  (Macmillan ,  1 9 7 6b ; Ess l emon t  e t  a l . , 

1 9 7 7) . In certa in circums t ances syncHronis a tion p ro cedure s  



such as these , followed by fixed t ime inseminat ions , h ave 

been s ugges ted as a means o f  overcoming heat de tec t ion 

probl ems entirely ( Es s l emont e t  a l . , 1 9 7 7 ;  Wishar t �al . , 

19 7 7 ) . 

While  many non visual me thods for de tec ting heat in cows 

have been described e . g . fern leaf patterns in vaginal and 

cervic al mucus (Lamond and Shanahan , 1 969; Linford , 

19 74 ci ted by Foote , 1 9 75 � vaginal cytology (Hanse l , 1 959  

cited by Foo te , 1 9 75 ) , ho rmonal c hanges in  b lood and milk 

(Hanse l  and Ech ternkamp , 1 9 72 ; Hea p et  al . , 19 73 ;  Laming 

1 3 .  

and Bulman , 1 9 76 ;  Bulman , 1 9 76 ) , and endos copy (Wishar t ,  

19 7 2 ;  Esslemont and Bryant , 1 9 74 ) , these have general ly b een 

conf ined to research inve s t i ga t ions and have to dat e  not  

b ecome availab l e  for  practical f ield use .  

b .  Interval to the Fir s t  Pos t Par tum Oes trus 

Although factors which affect  pub e r ty have an important influenc e  

a s  t o  when an animal can b e  f irs t b red , the l i terature i n  respec t  to 

p uberty has not  b een surveyed s ince the inves tigat ion whi ch wa::; 

under taken and repor ted in this thes i s  was conf ined to cattle  1.vhich 

were all parous and had entered the mi lking herd . The period 

b etween calving and the first post partum o es trus ( re turn to hea t)  

h ow ever is  o f  the utmost  importanc e b ecause of its  �fee t  on days 

open (Bo zwor th e t  al . , 19 72 ; Laude rdal e ,  19 74 ; Pelissier , 1 9 7 6 ;  

Woo d ,  1 9 7 6b) . A wide variation i n  th e p erio d before cows re turn to 

h eat after calving has b een des crib ed ( Tab le V) . 

Useful reviews which cons ider uterine involution and pos t par tum 

ovarian a c t ivi ty in cat t l e  have b een contributed by Morrow e t  a l . , 

( 1969b )  and Mol ler ( 1 9 70a) . Re turn to hea t  is influenced by: 

i .  Age - a lthough some authors have repor ted no s igni f i cant 

effect o f  age on re turn to post partum oes trus ( Cl app , 1 9 3 7 ;  

Butch e t  al . ,  1 9 5 5 ; Warnick,  1 9 5 5 ; Morrow e t  al . , 1 9 6 6 , 19 69a; 

Morrow , 1969 ) , many authors indicate that the pos t par tum 

oes trous interval is compara t ively l onger in younger 

growing animals  than in their  o lder herd mates ( Cas ida and 



TABLE V :  CALVING TO FIRST POST PARTUM OES TR OUS INTERVAL IN 
DAIRY CATTLE REPORTED BY VARI OUS RESEARCHERS 

Reference 

Butch e t  a l . , 1955  

Carman , 1 9 5 5  

Cas ida and Venzke , 1 9 36 

Cas ida and Wisnicky , 1 9 5 0  

Chapman and Casida , 1 9 35 

Clapp , 1 9 37 

Foote and Pe tersen , 1 968  

Graves et  al . ,  1 968  

Hall  e t  al . , 1 959 

Herman and Edmundson , 1 950  

Post  partum oestrcus 
int erval ( days ) 

3 3 . 0 

5 5 . 4  

4 0 . 7 

60 . 4  

59 . 0  

4 6 . 4  

2 8 . 0  

5 4 . 0  

38 . 4  

5 7 . 0  

Higaki e t  al . , 1959 cited by Morrow e t  al . , 1 969b 76 . 3  

Hurs t , 1 959 

Labhs e twar et a l . , 1 9 6 3  

Menge e t  a l . , 1962  

Ho ller , 1 9 70 b 

Morrow , 1969 

Olds and Seath ,  1 9 5 3  

Olds e t  al . , 1949 

Trimberge r ,  1956 

Whi tmore e t  al . , 1 9 74 

Wiltbank and Cook ,  1 9 5 8  

Wickersham and S chul t z ,  1 963  

Vel as co , 19 7 1  cited  by  Vaccaro , 1 9 7 3  

2 1 . 0 

2 1 . 0  

32 . 4  

36 . 0-52 . 0 * 

15 . 0  

32 . 1 

30 . 0  

50 . 2  

39 . 0  

54 . 0  

4 3 . 3 

4 3 . 0-69 . 0  
( range) 

*Refers to first post  partum ovulat ion ( no t  necessarily accompanied  

by overt hea t ) ; the longer interval refers to two year and three 

year old  cows , the s horter to adul t  cows . 

14 . 
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Wisnicky, 1 950 ; Herma,n and Edmundson, 1 950; W;Utbank and 

Cook, 1958 ; Menge e t  al., 1 96 2 ; Young, 1 965 ; Tennan t et al . ,  

1 9 6 7 ) . Under New Zealand condi t ions Moller ( 19 70b ) 

repor ted tha t  the f irst pos t  par tum ovulat ion occurred in 

four year and o lder milking cows at around 36 days pos t 

partum and in two and three y ear o ld cows a t  around 5 2  days 

post partum. I t  is l ikely tha t  the interval to the fir s t  

pos t  par tum oes trus also shows a s imilar variation b etween 

these age group s . 

i i .  Suckling and frequen cy o f  milking - suckling tends to 

leng then th e interval to firs t oes trus c ompared 

with cows mi lked t:\.;rice daily ( Cl a pp, 19 3 7 ;  Wilt  b ank and 

Cook, 1 9 5 8 ;  Lyn et al . ,  1966 ; Saiduddin et al . ,  1 9 6 7a, 196 7b ; 

Graves e t  al . ,  1 968 ; Moller, 19 70b ; Morrow e t  al . ,  1969a ; 

Oxenreider and Wagner, 1 9 7 1 ;  Randel e t  a l . , 1976 ) ; mult iple 

suckling ( i . e .  more than one cal f suckled per cow) and 

increas ing the frequency o f  milking del ays the re turn to 

heat even further (Moller, 19 70b ; Bellows e t  a l . , 19 74 ;  

Kaiser, 1 9 76 ; We ttemann et  al . ,  19 76 ) . 

i i i .  S eason - while  Herman and Edmundson ( 1950 ) ,  Warnick ( 1955 ) ,  

Wil tb ank and Cook ( 19 5 8) and Morrow ( 19 69 ) found no s i gn i f­

icant influence of season on re turn to heat, o ther au thors 

reported delays in re turn to h eat,  bo th where ho t humid 

( Carman, 1 9 5 5 ; Branton e t  al . ,  196 1 ;  S to t t  and Will iams ,  

1962 ; Hafe z, 1965 ; Gangwar e t  al . ,  1 9 6 5 ; Vaccaro, 1 9 7 3 ;  

That cher, 1 9 7 4 )  and co ld winter ( Joubart,  1 9 54b ; But ch e t  al . ,  

1 9 55 ; B ranton e t  al . ,  1 9 7 4 )  condi tions prevailed. Al though 

in some ins tances this s easonal effect  could be related to 

s carci ty of feed (Joub ar t,  1954a)  or lowered food consump t ion 

( Kelly and Hurs t, 1 9 6 3 ;  Van Heerden , 196 3 ;  Gangwar �t al . ,  

19 6.5) the mechanism by whi ch s eason influences reproduc t ive 

ac t ivi ty in this way in cattle is  no t clear. 

iv . Level o f  produc tion - many workers have recorded that h i gh 

producing c ows take longer to re turn to heat fo llow ing calving 

than do lower producing animals ( Lewis and Horwood, 1 9 5 0 a ;  
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Olds and S eath , 1954 ; Marion and Gier1 1968 ; Morrow , 1 9 69; 

Oxenreider and Wagner, 19 7 1 ;  Whitmore et al . , 1 9 74) .  Gaines 

( 19 2 7 ) , Eckles ( 1929 ) , Clapp ( 19 3 7) , Herman and Edmundeon 

( 1950 ) and Carman ( 19 5 5 )  however found no s i gnifican t  

correlat ion b e tween the interval from calving t o  f irs t heat 

and mi lk production . More e quivo cal is the rel ati onship 

b e tween production and fer t i l i ty whi ch is dealt with later 

in this l i tera ture review . 

v .  Inb reeding - several autho rs have des cribed the depress ing 

effect  o f  inb reeding on reprodu c tive performance ,  including 

a leng thening of the interval f rom parturi tion to the f irs t 

post partum heat (Hawk e t  al . ,  1 955 ; Mares e t  al. ,  1 9 6 1 ;  

Gaines e t  al . ,  1 9 66 ) . Outbreeding  can b e  used to overcome 

such problems (Rob er tson , 1949 ; Rol linson , 195 5 ; Bonadonna 

et al . ,  1 9 66 ; Pearson and McDowell ,  1968) . 

vi. Nutrit ion - there are a large number of reports indicating 

tha t  low levels of nutrit ion (Joubar t ,  1 9 5 4b ; McTaggar t ,  

196 1 ;  McClure , 1 9 6 1 ,  1 965 , 1 968 ; Saiduddin e t  a l . , 1968 ; 

McDonald , 1969 ; Rakha and I gb oeli, 19 7 1 ;  Davey , 19 76 ; Halford , 

1 9 76) 1 especially during the p eriparturient p eriod, delay 

the t ime to the first post partum oes trus ( Turman et a�. , 

1 9 64 ; McClure , 1 9 70 ;  Falk e t  al . ,  1 9 75 ) . Under New Zealand 

condi tions a clear as sociation has b een estab l ished b e tween 

l iveweight j us t  b efore calving (or  jus t  b efore b reeding in 

the case of maiden heifers ) and s ubmis s ion rate ( s ubmiss ion 

rate is generally defined as the percentage of cows mated 

within the firs t 28 days of the b reeding season ) ; thus 

animals of low b ody \ITei gh t s  have poorer s ubmiss ion rates 

largely as a resul t of their s l ow return to heat af ter 

calving ( Fielden et a l . , 1 9 76 ;  Moller , 1 9 78 ) . 

Bo th pre and pos t partum l evel s  o f  nutrition s eem to b e  

impor tant in causing s uch del ays  in r e turn t o  h ea t  

(Whi tman , 19 7 7 )  al though there i s  some evidence t o  suggest 

that pre partum nut r i tion and condit ion o f  the animal have a 

dominant effect  on the post  partum interval whereas early 
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post pa .r tum levels  o f  nutrit ion, while ;i.nfluencing this  

interval , have a more s igni ficant  e ffec t on  concep t ion rat e  

(Wil tbank e t  a l . ,  1 96 2 ,  1964 ; Dunn e t  al . ,  1 969 ; Gra inger , 

1 9  78) . 

While quan t i tative and qua l i ta t ive nutri tional levels  clearly 

appear to influence re turn to h eat af ter calving ( Re id, 1949 ; 

Morrow, 19 76 ;  Kaiser , 1 9 76 ; Whi tman , 1 9 7 7 )  as well as other 

aspec ts of reproduc tive performance ,  the exac t rela t ionship 

between these level s and l iveweight , livewei ght change,, 

blood glucose l evel s ,  body condit ion and reproduc t ion are as y e t  

poorly defined i n  cattle  ( Bros ter , 1 9 7 3 ;  Downie and Gelman , 1 9 76 ). 

vi i .  Abnormali ties a t  parturit ion - many workers have des crib ed 

an in crease  in the int erval b e tween calving and re turn to 

hea t  when cattle  have experienced difficul t ies such as 

dys tocia , re tained foe tal membranes and o ther peri parturi en t  

diseases (Butch e t  al . ,  1 9 55 ; Morrow e t  a l . , 1 9 66 , 1 96 9 a ; 

Morrow , 1 9 69 ; Pel issier,  19 76 ) . 

vii i .  Pos t  parturient disease condi tions - infec tious condit ions 

of the tub ula r geni tal trac t ,  ovarian tumours and cys t i c  

ovarian disease may a l l  prolong the period before an animal 

re turns to normal cyclical ac tivi ty after calving (Hancock , 

1 94 8 ;  Morrow , 196 9 ; Rob erts , 1971) . 

Live Cal f  Ra te 

Under New Zealand dairy husb andry condi t ions it is usual to l eave 

th e calf w i th the mo ther un t il the second day . While i t  i s  poss ib l e  

f or calves t o  die 4 8  hours o r  more af ter b irth as a result o f  problems 

tha t  have occurred b e fore or a t  the t ime o f  par turi tion , the maj o r i ty 

o f  losses a f te r  48  hours appear to b e  due to environme ntal factors 

unassociated w i th the mother ( Fielden , E . D. - personal communi c a ti on) . 

Under dairying conditions in this count ry therefore , the propor t ion  

of  calves alive at  4 8  hours p er 100 cows mated , is  a r easonab le 

measure of reproductive efficiency . Def ined in this way the l ive 

calf rate is  equal to the concept ion ra t e  less  losses during ges tation , 

parturition and the first  48  hours pos t par tum. 



'Conception Rat e ' 

Non re turn ra tes (NRR) are frequent ly used as a measure o f  

' concept ion rat e '  o n  the bas is that animal s  which have b een s e rved 

and do no t return for a fur ther servic� wi thin a spec i f ied period 
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o f  time are assumed to b e  pregnan t .  The specified p eriod o f  t ime 

varies from country to country e . g . in  New Zeal and a 49  day non 

re turn period is used (NZDB , 1 96 1 ,  1 9 6 3 ;  Macmi l l an and Watson , 1 9 7 3 ,  

1 9 75 c ;  Macmi l lan , 1 9 7 5b ,  1 9 76a) while  in the U . S . A .  and Great  

Britain the  period is 60-90 days ( S l ama et  al . , 1 9 76 ; Pelissier, 

1 9 76 ) . Al though NRR are highly corre la ted wi th ' conception rates ' 

NRR are alway shigher ( Spalding e t  al . , 1 9 75 ;  Peliss ier , 1 9 76 )  

because o f  s uch prob lems as post  s ervi ce anoes trus in the ab senc.e o f  

a concep tus o r  incomplete  records o f  re turn to service (Macmill�n 

e t  al . ,  1 9 7 7b) . 

Pregnan cy examinat ions a t  an appropria te period af ter serv ice 

( o f ten 6- 1 2  weeks ) have b een used as ano ther me thod of de termining 

whether ' conception ' has oc curred . While pregnancy tes ts  in skilled 

hands are l ikely t o  give a more acc urate prediction of cows that will 

actua l ly calve than a NRR, they canno t take account of emb ryonic  

losses  that o ccur between the  t ime o f  fertilisation and the  t ime when 

the pregnancy examinat ion is ac tua lly made. I f  ' conc ep tion rat e '  is  

used  in  the  sense that it  really means fertilisa tion has t aken p lace , 

pregnancy rates  underes t ima te 'conception rates ' . Because the rate o f  

embryoni c  loss  differs a t  the dif ferent s tages o f  ges tat ion , b eing 

much greater during the f irs t 34 days (Hawk et al . , 1 95 5 ;  Hanly , 1 9 6 1 ;  

Olds , 1 9 69 ) , the degree of underest ima t e  o f  ' concept ion rates ' as 

j udged by pregnan cy tests  will  depend on the time at wh i ch the 

pregnancy examina tion is made . 

' Concept ion :rate'  th erefore , al though widely used in the l:Ltera t­

ure , is a poorly de f ined term and would be better  replaced by terms 

wh�ch des cribe the technique ac tual ly b eing used in making the 

e s t imat e  e . g . NRR, pregnancy rate ,  calving rate , e t c .  A c l e ar 

i l lu s tration o f  this  oc curs in Table  VI. 

a .  First service 'Conc eption rate ' 

The percentage o f  animal s  ' conceiving ' to first  s ervi c e  for dairy 



TABLE VI: FIRST SERVICE 'CONCEPTION RATE ' REPORTED BY VARIOUS 
RESEARCHERS 

Reference Conc eption rate Me thod used 

Barre t et al . , 1 948  

Bozwo r th e t  a l . , 1 9 7 2 

Bri t t  e t  al . , 19 7 2  

Crowley e t  al . , 1 96  7 

Dale  and Smith , 1 9 68 

Donald and Russel , 1 9 6 8  

Eckles , 19  2 9  

Esslemont and Eddy , 1 9 7 6  

Ess l emont e t  al . , 1 9 7 7  

Foo t e , 1 952  cited  b y  Spalding e t  al . , 
19  75 

Gwa zdauskas et a l . , 1 9 75 

Macmillan e t  al . ,  1 9 7 7a 

Milk Marke ting Board 

Milk Marke ting Board 

Milk Marke ting Board 

Morrow et a l . , 1 966  

NZDB , 1 9 6 1  

Olds , 1 969 

(Ml-1B) ' 
( MMB) '  

(:t-1MB ) ' 

Pel issier , 1 9 72 , 1 9 76 

S palding e t  a l . , 1 9 75 ) 
) 

196  7 

1 9 6 9a 

19 7 6  

Sonderegger and S church , 1 9 7 7  

S tewar t ,  19 7 3  cited by Ess l emon t ,  
1 9 74b 

Tanabe and Salisbury ,  1 9 4 6  

Touchberry e t  al . ,  1959  

Trimb erge r ,  1954 

Van Dernark and S alisb ury , 1 9 50 

Ward , 1940  

Whi tmore et  al . ,  19 74 

5 8 . 9%  60-90  day NRR 

56 . 0% Not  reported 

5 5 . 9% Pregnancy rate 

60 . 0% Calving rate 

6 1 . 6% No t repor ted 

54 . 5% Calving rate 

42 . 7% Pregnancy rate 

52 . 5 % Pregnancy rate 

54 . 9% Pregnancy :rat e  

7 2 . 3% 

3 7 . 9 % 

62 . 0% 

62 . 4% 

6 3 . 5% 

6 8 . 3% 

5 8 . 5% 

58 . 3% 

65 . 0% 

44 . 2 % 

50 . 0% 
5 8 . 0% 

6 2 . 0% 

50-55 . 0% 

48 . 2% 

4 2 . 5% 

4 8 .  7% 

50 . 8% 

6 3 . 7% 

5 2 . 0% 

60-90 day NRR 

Pregnancy rat e 

4 9  day NRR 

NRR 

NRR 

NRR 

Pregnancy rate 

49  day NRR 

Fer t i l isation 
rate 

Calving rate 

Calving rate 
60-90 day NRR 

Not reported 

Pregnancy rate 

5 mon ths NRR 

Calving rate 

Calving rate 

Calving rate 

Not reported 

Pregnancy rate 
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cat t l e , using various methods o f  est imat ing 'conc eption� are 

s ummarise d  in Tab le VI . This  is  a very common parame ter used for 

measuring reproduct ive e f f i ci ency . A serious disadvant age is that 

it g ives no further informat i on about the p erformanc e of those 

animals  which do not conc e ive at  the ini tial service . 

b .  Numb er o f  services per ' Conception ' 

Formerly this was cons idered as an excel lent measure o f  

reproduc tive efficiency ( Carman , 1 955;  Johansson , 1 96 1 ;  Evere t t  

20 . 

et a l. ,  1 9 6 6 ) . S ince the numb er o f  services per ' conc ep t ion ' is 

inversely rel ated to the pos t par tum interval before breeding 

commences ( Trimb erge r ,  1 95 4 ; Touchberry et al . ,  1 9 5 9 ; Perkin and 

Kidde r , 1 9 6 3 ;  Olds and Cooper , 19 70b ; Bri t t , 19 75 )  i t  is poss ib l e  for 

a herd wi th a low servi ces per ' concept ion ' index to have a longer 

intercalving interval than one wi th a higher s ervices per ' conc eption ' 

index . Thus calving in terval would seem to b e  the more appropriate 

measure . The number of  services per 'conception ' recorded in the 

l i terature is  summarised in Tab le  VII .  

c .  Re turn to s ervice interval 

In mos t  ins tanc es it i s  the re turn interval to the firs t s ervi c e  

of the b reeding period that i s  ana lysed , usually f o r  the purposes o f  

diagnos ing a fer t i l i ty prob l em ,  al though an analysis  can b e  made o f  

al l inters ervice interval s wi thin a b reeding period i f  required. 

Re turn to service informat ion is o f  mos t  val ue a s  an aid to 

i denti fying the source o f  a problem e . g .  a high incidence o f  sho r t  

return intervals ( 1- 1 7  days)  s ugges t s  heat detec tion errors , a high 

percentage o f  long re turn intervals ( 2 5  days or more ) e i ther heat 

detec tion errors o r  embryonic  death , and a high percentage o f  normal 

return intervals ( 1 8-24 day s )  failure o f  ferti lisat i on assoc iated 

w ith s emen qual i ty ,  technician incompe tence or incorre c t  t ime of 

breedin g  (Macmillan , 19 70 ,  1 9 75a , 1 9 75b ; Moller , 19 76) . 

�oncep tion ' rate is inf luenced by many factors : 

i. Pos t  partum interval - it is  now universal ly accep ted tha t  

the abi l i ty o f  a cow to conceive inc reases as the pos t part um 

period b efore service lengthens . The rate o f  increase is 
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TABLE VII : SERVI CES PER CONCEPTION REPORTED BY VARIOUS RESEARCHERS 

Reference 

Boyd et al . , 1954  

Bozwo rth et  al . ,  19 72 

Carman , 1 9 5 5  

Es slemon t  and Eddy , 1 9 76 

Everett e t  al . ,  1966 

Hollon e t  a l . , 1 9 6 7  cited by  Bozworth et  al . ,  19 72 

Legates , 1954  

Matsoukas and Fairchild , 1 9 75 

Milk Marke ting Board (MMB) , 1969b 

Mi lk Mark eting Board (MMB) , 196 7 

Morrison and Erb , 19 5 7  

Morrow e t  a l . , 1969a 

Norwoo d ,  1 9 6 3  

Olds and Coope r ,  1 9 70b 

Olds et a l . , 1949  

Peli s s i e r ,  1 9 72 ,  1 9 76 

Slama e t  a l . , 19 76  

Tanabe and Salisbury ,  1946  

Touchb erry et  a l . , 1 959  

Trimb erge r ,  1954  

Van Demark and Salisb ury , 1950  

Services / concep tion 

1 . 68 

1 . 6 8 

1 .  80 

1 .  70  

1 .  84  

1 .  7 3  

1 .  80 

2 .  1 2  

1 .  5 9  

1 .  64 

2 . 0 1  

1 .  84 

2 .  1 1  

1 .  6 8  

2 . 26 (cows ) 
2 . 5 7 (he i fers)  

2 . 44 

1 .  95  

2 . 0 7  

2 . 2 8 

1 .  69 

1 .  9 7  
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greatest up to the 60th pos t  partum day and only small 

improvements are general ly noted af ter that point e . g .  c ows 

inseminated at less than 30 days had a first s ervice NRR 

of 3 1 . 3% in creasing to 62 . 0% when ins eminated a t  60-90 days 

post  partum and to 6 2 . 9% ab ove 1 20 days post partum (NZDB ,  

1 9 6 1 ) . Many o th er authors describe s imilar types o f  results 

( Van Demark and S al isbury , 1950 ; Touchberry e t  al . , 1 959 ; 

Graves et al . ,  19 6 8 ;  MMB , 19 69b ; Brit t ,  19 75 ) . 

There appears to b e  an important relationship b e tween 

' concep tion ' rate and the number of open heats a cow has had 

befo re she is  b re d  (Wh itmore et  al . , 1 9 74 ) . Animals  whi ch 

had only one heat and then were bred af ter 74 days post  

partum had  a pregnancy rate  of 35 . 3% ,  thos e  with two open 

heats 50% and thos e  wi th three open heats 7 3 . 1 % .  Trimb e rger 

( 1954)  reported that for anima ls b red within 60 days pos t 

partum ,  there was a dis t inc t fertility advantage i f  they had 

an open heat b efore servic e ;  for animals b red af ter 60 days 

pos t partum an open heat appeared to have l i t t le e ffe c t. 

The number of an imals  on whi ch the conclus i ons we re b ased 

however ,  was sma l l .  While the NZDB ( 19 6 3 )  has s t a ted that 

l ength o f  time s ince calving rather than th e n umb er of pre­

mating heats is more impor tant in ob taining h igh non return 

rates , the definitive exp eriment to de termine which has the 

most  effect , pos t partum interval before breeding or open 

heats before breedin g ,  does not yet appear to have b een done . 

There also appears to b e  an age effect in respect  to the 

relat ionship b e tween pos t par tum inte rval and fert i l ity s ince 

two year old  c at tle  had be tter non re t urn rates when mated 

within a rela t ively short  period after calving than did the 

o lder cows  (NZDB , 19 6 3) . 

i i .  S emen qual i ty and insemina to r skil l  - c learly the quali ty o f  

the semen inseminated ,  e i th er by th e b ul l  o r  b y  an ins emin­

ating techni cian , will affect ' concep tion rate ' . While  many 

f actors such as the health o f  the s ire and me thods used in 

coll ec t ing ,  process ing and s torage o f  semen all  affec t i t s  

quali ty ( Salisbury and Van Demark , 196 1 ) , the maj o r  differ­

enc es b e tween s ires in ' conception rate ' , at least under 
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cond i tions where diseas e  cont ro l i s  a t  a high l evel a s  in 

an Arti ficial Breeding Cent re , appear to be associated with 

sperm survival and fert ilisat ion rat e  (Macmil l an and Watson , 

1 9 7 5c ;  Macmillan and Curnow , 1 9 7 7a) . 

Al though the incidence of techni can incompet ence in New 

Zealand app ears to be low , ins tances do occur where very 

poo r ' concep t ion rates ' are attributab le to the insemina ting 

technician .  Generally  however the differences in ' conception 

rates ' obs erved between insemina tors are asso ciated with 

facto rs beyond the i r  cont rol  (Macmillan , 1 9 7 5a) . 

i i i . Correct time to breed - s evera l s tudies have indicated tha t  

highes t  ' conc ept ion rates ' are ob tained when cows are bred 

in standing h eat (Hahn , 1 959 ; Whitmore et al . ;  19 74 ,  M.acmi llan 

and Watson , 1 9 76) .  Macmil lan ( 19 76b ) found tha t the quali ty o f  

semen being  used was also impor tant ; with high qual ity s emen 

best  results  were ob tained when breeding took pla ce during 

mid and late  oes trus (s till  s tanding heat )  whereas with low 

qual i ty s emen b e s t  results were ob tained with breedings 

during the late and pos t  oestrous periods . Thus efficient 

heat de tec tion and recogni t ion of the s t age of oest rus 

are necessary to present the animal for breeding a t  the 

correc t  t ime if high ' conception rate s ' are to be achieve d .  

iv. Cow age - al though S l arna et al . ( 1 9 76 )  reported no e f f e c t  of 

age on ferti l i ty as determined by  intercalving interval , 

other authors reported lowes t ' concept ion rates ' in younger 

cows ( two and th ree years o f  age) , and highest  concept i on 

rates have b een recorded in cows four to s even years o f  age 

( Jones et al . , 1 94 1 ;  Lasl ey and Bogar t ,  1 94 3 ;  Trimb erger 

and Davis , 194 5 ;  Tanabe and Sal isbury , 1 9 46 ; Olds e t  a l . , 

1 94 9 , 195 2 ; Herman , 1 9 5 6 ; Morrison and Erb , 1 9 5 7 ;  

Boyd and Ree d ,  1 96 1 ;  NZDB , 1 96 1 ;  Sal isbury and Van Demark , 

1 96 1 ;  Evere tt  e t  al . , 1966 ; MMB , 1 9 7 0 ,  1 9 7 1 ;  S p ike and 

Meadows , 1 9 7 3 ;  Spalding e t  al . ,  1 9 75 ;  McDowell  e t  a l . , 1 9 7 6). 

After the age of seven y ears ' conception rates ' show a 

t endency to decl ine . Koger e t  a l . ( 196 2 )  and Young ( 19 6 5 )  

wo rking w i th b e e f  ca ttle , s uggested that the poor fertility 



observed wi th young animals was associated with inadequate 

feeding and poor body condi tion brought about by their 

cont inued requirements for growth as well as the demands 

for lactation . 

24 . 

v .  Season - many workers repor t an e ffect o f  seas on on  

' conception rate ' . Poor ' conception rates ' have been 

associated with hot humid conditions ( Seath and Stap le s , 

194 1 ;  Branton et  al . ,  1955 , 1956 , 19 74 ; Fryer et a l . , l9 5 8 ;  

Hillen and Rupel , 1960 ; Stott , 1 9 6 1 ;  S tott and Wil liams , 

1 9 6 2 ;  Pos ton et al . ,  1962 ; Labhsetwar et al . , 196 3 ;  Gangwar 

e t  al . ,  1965 ; Hafe z ,  1965 ; Ulb erg and Burfening , 196 7 ;  

B ritt  and Ulberg , 19 70 ; Stott  e t  al . ,  19 72 ; Gwazdauskas 

e t  al . , 1 9 7 3 ,  1975 ; Ingraham et al . ,  1974 ; Thatcher , 1 9 74 ; 

Thatcher e t  al . ,  19 74)  while thermal stress has b een 

reported to delay puberty , cause anoestrum and depress the 

length , durat ion and intensity o f  oestrus ( Bran ton et  al . ,  

196 1 ;  Van Heerdin , 196 3 ;  Hafez , 1965 ; Dunlap and Vinc ent ,  

19 7 1 ; Vac caro , 1 9 73 ; Thatcher , 19 74 ; Gwazdauskas e t  al . , 

1975) . Salisbury and Van Demark ( 19 6 1 )  reported that 

temperature and humidity were particularly deleterious in 

tropical areas whereas increasing daylight  l en gth , according 

to Mercier and Salisbury ( 19 4 7a and 194 7b ) , b ecame more 

important as a s t imulus to fertility in cooler regions: . 

Morrison and Erb ( 19 5 7) and Kelly and Hurst ( 19 6 3 )  have 

s ugges ted a s imilar re lationship . 

Not all authors have reported signifi cant effects on 

fertility that could b e  associated with season (Wil tbank and 

Cook , 1958 ; Armst rong , 19 64 cited by Evere tt e t  al . ,  1966 ; 

Slama et  al. , 1 9 76 ) . In the case of the repor t  by Slama 

e t  al . ( 19 7 6 )  the herd was managed to calve b e tween the 

months o f  July and January thus limit ing the opportunity for 

recogni tion o f  any s e as onal effect . 

vi . Nutrit ion - while overfeeding assoc iated with obes i ty has 

been reported to increase b reeding difficu lties ( Reid , 195 9 ;  

Hansen and Steensberg,  1950 cited b y  Olds , 195 3) there i s  a 
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more s ub st antial  body o f  evidenc e demons t rating tha t  low 

l evels o f  nutrit io n  preceding and during the breeding p eriod 

depress ' concept ion rate ' (Mc Clure , 1 9 6 1 ,  1964 , 19 6 8 ,  19 70 ; 

Wiltbank e t  al . ,  1 962 , 1964 ; Warni ck e t  al . ,  1967 ; Kin g ,  19 6 8 ;  

Ward,  1968 ; S ch i l l ing and England , 1 9 6 8 ;  Dunn e t  a l . , 1969 ; 

Lamond ,  19 70 ;  Mol ler and Shannon , 19 72 ; Axelsen and Mo rely , 

19 76 ; Rowlands e t  al . , 19 7 7 ;  Youdan and King , 19 7 7 ;  

Grainge r ,  19 78 ) . 

Cons iderab l e  inte rest  has b een shown in  many countries in 

dietary supp lementat ion to enhanc e  ferti lity (Mc Cl ure , 1 9 6 8  

in Aus tral i a ;  P ayne e t  al . ,  1 9 70 i n  Great Brit ain ; Oxenreider 

and Wagner , 19 7 1  in the USA ; S cales , 1 9 74 in New Zealand ; 

Garden and Mac Dona ld , 19 75 in S co t land ) . Never- the- les s , 

provided the normal demands for growth and production are 

being me t ,  there is l i t t l e  evidence t o  sugges t  tha t  dietary 

supp lements over and ab ove those  needed to mee t  these demands  

increas e fert ility in  any way ( Reid , 1949 ; Boyd , 1 9 70) . 

Level o f  nut rition is c learly related to l ivewe i gh t ,  

livewe ight change , blood glucos e levels and body condi t ion 

and whil e  many attempt s  have been made to relate these 

factors to fertility ( Speth e t  a l . ,  1962 ; King , 1 96 8 ;  

McClure , 1 9 6 8 ;  Lamond , 19 70 ;  Payne e t  a l . , 19 70 ; Oxenreider 

and Wagn er ,  19 7 1 ;  Downie and Gelman , 19 76 ; Rowlands et � · ,  

1 9 7 7 ;  Youd an and King , 19 7 7 ;  Grainger , 1 978 ) the inter� 

relat ionsh ips are comp lex and as yet poor ly de f ined in 

catt l e  (Boy d ,  1 9 72 ;  Bros ter , 1 9 7 3 ;  Downie and Ge lman , 1 9 7 6 ;  

Whi tman , 1 9 7 7) . 

vii . Level o f  milk production - there is marked disagreemen t  

b etween authors concerning the relationship b e tween production 

and ' concept ion rate ' .  A number  of workers have reported  an 

inverse re la t ionship between level o f  produc tion and 

fertil i ty (Lewis  and Horwoo d ,  1950a ; Rennie , 1 9 5 6 ; Mil le r  

e t  a l . , 1 96 7 ;  S teele e t  al . , 1 9 6 7 ;  Hewet t ,  1 9 6 8 ; Morrow , 1969 ; 

Dawson , 19 72 ; Spike and Meadows , 19 7 3 ;  Wagner ,  19 74 ; S palding 

et al . ,  19 75 ) . Many of these  repor ts however have b e en 

concerned wi th total 
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milk production rather than with the level of produ c tion 

prior to and during the ac tual breeding p eriod . Tot a l  

produc tion could be  s igni f i cant l y  inf luenced b y  lactation 

length and by the p resence or otherwise o f  a conceptus 

( S anders,  1 9 2 7 ;  Touchberry e t  a l . ,  1 9 5 9 ; Lee e t  a l . ,  1 9 6 1 ;  

Smi th and Legates, 196 2 ) . I f  this is  so, it  is conce ivable  

tha t  h i gh product ion recorded in  cows whi ch have poor  

' conception rates ' is the  resul t rather than the  cause of  

such b reeding difficulties . A number o f  other reports,  

where ' concep tion rate ' has  been related to level o f  

produc tion prior to and during the breeding p eriod, h ave 

indi cated that any re lat ionship th at exis ts is very small  

an d of  l i t t l e  cons equence ( Ga ines, 1 92 7 ; NZDB, 

19 61 ; Boyd et al . ,  1 9 54 ; Touchberry et al . ,  1 9 59 ; Smi th and 

Lega tes, 1962 ; Evere t t  e t  al . ,  1966 ) .  

vii i .  Other individual cow fac tors - apart from thos e  influences 

tha t have already been reviewed, development a l  abnorma l i ties 

( some segmental  aplas ias ) ,  func tional disorders ( delayed 

ovulation, anovulat ion and cys t i c  ovarian dis ease )  and 

infectious diseases o f  the ovaries and tubula r  genital  t ract  

will  all  depress  ' concep t ion rate ' .  The incidence o f  such 

conditions in New Zeal and Dairy Herds, however ,  has b e en 

reported to b e  low ( Fiel den e t  al . ,  1 9 7 3 ) . 

Los s es During Pregnancy 

Prenatal losses can have a ma rked influence on the l ive calf  rate . 

Very early l osses  (up to abo u t  16  days af ter servi c e )  have l i ttle  

inf luenc e  on the  interoes trous interval whereas losses  af ter th is t ime 

result in a p ro longation o f  th is  interval ( Roberts,  19 7 1 ) . The 

maj ority o f  losses occur during the first 34 days af ter ' concept ion ' 

(Hawk e t  a l . , 1 9 5 5 ; Tan abe and Casida, 1 949 ; Cas ida, 1 9 5 3  c i ted by 

Hanly, 196 1 ;  Olds, 19 6 9 )  and as ges t at ion proceeds the  rate of loss  

decreases markedly . Thus l o s s es b e tween 34-50 days and par turi tion 

have been e s t imated by Cas ida et al . ,  ( 1946)  cited  by Erb and 

Flerchinger ( 19 5 4 ) ; Fosgat e  and Smi th ( 19 5 4 )  c ited  by Hanly 

( 19 6 1 )  and Rob erts ( 19 7 1 )  to be of the order o f  6 %  
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whereas total l os s ,  mos t  o f  whi ch has o ccurred b y  the 34 th day o f  

gestation , has b een reported as b e ing  20- 60% (Hawk e t  al . , 1 9 5 5 ; 

Hanly , 19 6 1 ;  B ishop , 1964 ; Ayalon e t  al . , 1 96  7 ;  David e t  a l . , 1 9  7 1 ) . 

Reviews o f  prena tal loss in farm animals  have b een 

cont ribut ed by Hanly ( 1 9 6 1 ) ; Bishop ( 1 964) ; Boyd ( 19 6 5 )  and David  

e t  al .  ( 1 9 7 1 ) . 

Prenatal loss may b e  b rought about by either genet i c  or 

envi ronmen tal facto rs (Boyd , 1 9 6 5 ) . Genetic  factors include 

chromosomal abno rmalities ( Johansson , 19 6 1 ;  Pakes and Griesme r , 19 6 5 ; 

Gus t avsson , 1 969 ) , incomp a t ab i lity of zygotes  as well  as l e thal and 

s ub-lethal ef fects brought  about  by muta tion (Johansson , 1 9 6 1 ;  Bishop , 

1 964 ; Gus tavsson , 1 9 69 ; David e t  al . ,  19 7 1 ) and th e resul t s  o f  

inbreeding (Hawk e t  al . ,  1 955 ; Mares e t  a l . , 196 1 ;  Conneally e t  a l . , 

196 3 ;  Ga ines et  a l . , 1 9 6 6 ) . The techno logy of re co gn is ing genet i c  

ab errations i s  s t i ll i n  it s infancy , particularly i n  t h e  larger 

anima ls where material for s t udy is d ifficult to ob tain , and the 

extent to  wh ich gene tic  aberrat ions con tribute to low fertility has 

yet to b e  defined (Brue re , A . N .  - p ersonal commun ication) . Much o f  

the prenatal l o s s  f o r  which n o  cause can b e  as crib ed h a s  b een 

suggested by Bishop ( 1 964 ) as being na ture ' s  way o f  dispo s in g  o f  

gene tic  mat erial wh i ch was poorly fi tted for survival . 

Environmental factors  whi ch have been a t t ributed to caus ing an 

inc rease in prenatal loss inc lude : 

a .  Tempera ture - various s t udies (Hil len and Rupe l ,  1 960 ; S to t t  and 

Wil l iams , 1 962 , see p age 2� indicate that ' conc ep tion rates ' are lowe r 

under ho t humid condi tions al though i t  is no t c lear whe ther th e 

e ffect  is due to fai lure o f  ferti l is a t ion or emb ryonic los s . Van 

Heerden ( 1 963 )  and Ulberg and Burfening ( 1 9 6 7 )  reported that 

s perma tozoa subj ec ted to h i gh t emperatures before fer til isa tion 

resulted in non viab le emb ryo s  after ferti lisa tion had taken place . 

b .  Ageing of th e game te - wh ile ageing o f  s perm in the female 

reproduc tive tra c t  leads to fai lure of fe rtilis a t ion ( Lanman , 1 9 6 8 )  

the use o f  aged sp erm f o r  insemina t ion has b een reported to increas e 

the  leve l o f  embryon ic death ( B isho p , 1964 ; Lanman , 19 6 8 ) . S al isbury 



( 19 6 7 )  claimed that sperm whi ch were stored for artificial ins errtin­
o 

a tion purposes for five day s  at 5 C not only los t the ir fertilis ing 

capacity but  also increased the inc idence o f  emb ryonic death . 
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c .  Nutrit ion - while  s ome specific die tary deficiencies have been 

repor ted to b e  associated with prenatal losses ( s elenium - Mace e t  al , 

1963 ; vitamin A - Thomas , 1 9 6 8 ;  iodine - Allcro ft  et  a l . ,  1954 ; and 

copper - Munro , 1957) , and inge s tion of specific toxic 

materials in feed s uch as ' oest ro genic compounds ' ( Thain , 196 7 ;  

Dawson , 1970 ) , ergot ( Rob erts , 19 7 1) and other plant toxins has l ed 

to abortion , the effect  of  plane of  nutrition on p renatal loss in 

cattle remains unclear . Res t ric ted nutrition may inf luence calf 

viab i l i ty at the time of  b i r th (Hight , 1968)  as can very high levels 

of nutriti on ; in the l a t t er case the prob lem is generally one of 

dystocia ( Reid et al . , 1964 ; Las ter e t  a l . , 19 7 3) .  Edey ( 19 76 )  

reported an increased l evel o f  prenatal loss i n  ewes fo llowing b o th 

s evere under-nutrit ion and also af ter very high l evel feeding .  

d .  Endocrine dis turbance - proge s terone deficien cy has been suggested  

as a cause of  prena tal los s (Wiltbank e t  al . , 1956 ; Johns ton � al . , 

19 58 ci t ed by Rob erts , 19 7 1 ;  Morrow , 1968)  and o f  recent years , the 

exogenous administ ration o f  glucocorticoids for o ther purposes has 

inadve rtantly le d to abort ion (Wel ch et  al . ,  1 9 73) . 

e .  Dis ease - bacterial d iseases such as vibriosis , trichomonias is , 

b rucellos is and lep tospirosis , some of  the mycoses and a numb er o f  

viruses (Afshar,  1965 ; Rob erts , 19 7 1) can a l l  interfere with the 

viab il ity of a developing conceptus . While s till  p resen t  in New 

Zealand their to tal cont ribu tion to fertility p roblems in the national 

dairy herd app ears to b e  small ( Fielden , E . D .  - personal communication ) . 

Losses  During Parturit ion 

Dyst ocia can b e  an impor tant  cause o f  calf  los s  during 

parturi tion and in the  immediate post partum period . However , s ince 

calving difficul ties per s e  were not a part o f  the inves tigation 

reported in this  the s is , the l iterature relevant to dystocia in 

cat tle  has not b een reviewed .  



Peri part urient disease,  so commonly associated with difficult  

partur i t ion, not  only results  in losses during the peri  parturient 

period (Roy, 1 9 7 3 ;  S loss, 1 9 74 ; Young and B lair, 19 74 ; App leman and 

Owen, 1 9 75 ), b u t  also can have s er ious imp licat ions on s ub s equent 

rep roduc tive p erformance (Morrow e t  al . , 1969 a ;  Kel ly and Holman, 

1 9 75 ; Peliss ier, 1 9 7 6 ) . Cows expe rien cing such prob lems usually t ake 

longer to return to their first  pos t partum oestrus,  have a slower 

rate o f  uterine invo lution, require more services per conception and 

end up with longer calving interval s than herd mat es whi ch have no t 

experien ced such difficult i es (Bu tch e t  al . ,  1 95 5 ; Morrison and E:rb, 

1 9 5 7 ;  Mo l l er et  a l . , 19 6 7 ;  Morrow, 1 969 ; Morrow e t  a l . ,  1969 a ;  

Peliss ier, 1 9 72,  19 7 6 ;  Ke lly and Ho lman, 1 9 75 ; Galton e t  al . ,  19 7 7a, 

1 9 7 7b ) . 

2 9 . 
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MATERIALS AND METHODS 

A s ample o f  twenty Town S upply Dairy herds was s elec ted for  the 

s tudy . . . 
Herd owners were memb ers of the Wel l 1n g to n  Hawkes Bay Live-

s tock I mprovemen t Associat ion which provided herd  tes t ing and 

artificial b reeding servi ces . The owners o f  these  herds had 

indica ted their interes t and willingnes s  to co-operat e  in an 

inves t igat ion o f  repro duc tive efficiency . Herd size ranged from 75  

to  300 cows . 

Data were col lec ted f rom th e b reeding and production records o f  

these herds held  in the Livestock Improvement Association Office 

spanning a period from 1 January 19 72  to  31  Oc tob er 19 76 . All 

information collec ted was from parous animals . There were 1 2 , 056 

calvings recorded involving 4050 cows . Of these 9 89 8  were for 

Friesian, 672 Jersey,  106 6  Friesian x Jersey cross  cows and the 

remaining 420 o ther b reeds and crosses . 

Copies o f  the forms on to whi ch the data  were extrac ted appear in 

Appendix 1 .  Data we re then punched on to c ards wi th one card fo r each 

c ow .  

Abnormal calvings such as abor ti ons were based on the j ud gement 

o f  and record kep t  by the farmer .  The date  o f  ' concep tion ' was 

e s t imated by sub t rac ting 282 days f rom the calving da t e  i f  s ervi c e  

records were n o t  available . In the cas e  o f  a s ingle service fol lowed 

by a c alving , the service date was acc epted as the date o f  ' concep t­

ion ' provided ges tat ion leng th fell  within the range o f  2 70 - 2 9 0  day s .  

Where more than one service had b een given, the service to wh i ch the 

animal ' conceived ' was taken as tha t  date which fi t ted clo s e s t  to a 

2 82 day ges t at ion length . In the case o f  success ive s ervices  less 

than 10  days apart  no s a tis factory decision could b e  made and an 

en try for s ervice to which ' conc eived ' was no t made . Tha t  a cow had 

' conceive d '  in th is s tudy depended on her calving (wh e ther the cal f  

was live ,  dead o r  premature was imma terial ) . The parameter used was 

called calving rat e , 

Apa r t  from the above est imates,  where data were miss ing for the 



calculation o f  a par ticular parame ter the case record was excluded 

from the analys is , Mi lk yields where the lac tat ion length was le::; s 

than 200 days were also exc luded , Average daily milk yield was 

calcula ted from the total milk yield divided by lactation length . 

Age was recorded as a t  the time o f  calving ; each year was 

cons idered as a c a�ndar year except  for 1 9 7 6  when records were only 

availab l e  up to 3 1  Oc tob er . Years were divided into four s easons as 

fol lows : 

Autumn 

Winter 

S pring 

S unnner 

- 1 March to 31  May 

- 1 June to 3 1  August 

- 1 Sep temb er to 30 November 

1 Decemb er to 28 Feb ruary 

Me tho d  o f  analys is 

Data collected were placed on individual punch cards ( one per 

cow) . A Burroughs B6 700 computer was used to categoris e  and analyse 

the informat ion . Al l analyses were carried out  us ing a s tandard 

computer programme as des crib ed by Nie et al . , ( 19 75 ) . 

Prior to statis tical  analysis frequency dis tributions us ing raw 

and trans formed data ( lo g  and do uble  log trans forma tions)  were 

examined for the following parame ters - calving interval , calving to 

firs t  s ervice ,  firs t s ervice to conception and calving to conception 

intervals . 

The me thod selec ted for handling the data during analytical 

procedures was that which gave the dis tribution whi ch was closes t to 

no rmal ; thus doub le  l og transformat ion was used for calving int e rval 

da t a ,  and log transformat ion for first se rvice t o  conception da ta .  

Al l o ther analyses were carried out us ing unadj us ted  data . 

3 1 .  

The effec t o f  h erd , age , season,  year , an abor t ion and b reed on 

the different b reeding parame ters , and the e ffect  of herd and age on 

the lactation yield and l ength ,  were inves t iga ted by one way analyses 

o f  varianc e .  
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S ince no pro gramme was availab le which would analyse all  

variab l es at  the one time ( the degree s  of  freedom varied widely 

d epending on the parame ter me asured) a series o f  two way analyses 

o f  variance were carri ed out to  de termine the p ercentage of  

variation contributed by the individual variab les ( to see the main 

effecLS and int eraction of the two variab les  on the dif ferent 

breeding parame ters ) in that analysis . 

The intercalving in terval ( I CI )  is a summation o f  days f rom 

calving to firs t service ( I CSMI )1 plus days from firs t service to 

c oncep tion ( S CON) , plus ges ta tion length . Variation in ges t ation 

l ength was not measured in this s tudy . 

An as sumpt ion was made tha t ges tat ion leng th was unl ikely to b e  

as variab le a parame ter as the o ther two componen ts . Macmi llan and 

Curnow ( 19 76a)  found th at the normal ges tation leng th in c ows in 

New Zealand h erds mated to Jersey , Fries ian and Angus s ires averaged 

2 8 1 . 9  days wi th a range o f  2 7 2  - 29 3 days . I t  was there fore treated 

as a cons t an t  ( 2 82 days )  when an es timate of the re lative impor tance 

of I CSMI and S CON was mad e .  A path analysis was carried out on these 

parame ters to de termine th eir relat ionship to each other . The model 

can b e  il lus trated as follows : 

I CSMI ---------------7' S CON -------------- l � ...._ -

----------

. 

_; ICI 

GESTATION 

Simi larly , the relat ionsh ip b e tween average daily mi lk yield , 

total mi lk yie l d  and h erd s i ze wer e  e s t imat ed on d ay s  f rom calving t o  

f i rs t  servi c e ,  on firs t servi ce t o  concept ion and on calving 

interva l s . 

Chi-square tes ts  as des crib e d  by Snedecor ( 19 6 2 )  were us ed fo r 

the analyses of re turn intervals ,  calving rates and submis sion rates 

at various post par tum in terva ls ( see Tab les IX, XI and Figures 4 ,  5 ,  

7 a ,  7b and 8 ) . S ervices per c ow cal ving were calculat ed from the 

above concep tion rate analysis . 



3 3 .  

RESULTS 

The initia l  sec t ion of the resul t s  outl ines the performanc e o f  

a l l  twenty herd s examined throughout the course o f  the inves t igation . 

Effec ts  o f  age,  year , season , br eed and abnorma l events  in ges ta t1on 

such as abo r t ion ar e nex t cons id ered ind ividual ly . Thi s  i s  followed 

by an analysis o f  the rela t ionship and in terac t ion between pa ir s o f  

the above var iabl es wher e cons id er ed appropr iat e  and f inally the 

inter-rela tionships between the more impo r tant breed ing parameter s 

are  d escribed . 

PERFORMANCE FOR ALL HERDS 

The reproductive per f ormance for the sample  of  twenty Town 

Supply Da iry Herds together w i t h  their average milk y ield and 

lactation is shown in Tabl e  VI I I . A s impl if ied form o f  analysis o f  

returns t o  f irst  service i s  inc lud ed in this tabl e .  Three o f  the 

mor e  important measures of reproduc tive performanc e ( interval between 

calving s ,  in terval  from calv ing to first  service and number of services 

p er cow calvin� have b een ex tracted from Tabl e VIII and shown in the 

form of a mod ified his togram in Fig . 1 .  There were marked 

d ifferenc es between herd s in all  parameters s tud ied ( p  <0 . 00 1 ) . 

The d is tr ibu t ion of ca lving interval s  from the poo l ed popu l a t ion 

o f  all cows s tud ied is shown in Figs . 2 and 3 .  Approxima tely 60% o f  

cows had in ter-calving in terval s l ess  than 390 days ( the mean in ter­

calving interval for all  cows wa s 383 . 7 - see Tabl e  V I I I )  with 1 0% 

being l es s  than 330 days and 10%  more than 460 days . 

The ra t e  a t  which the c ows were ma ted ac cord ing to the per iod 

which had elaps ed from ca lving , together with the f ir s t  service 

calving rate  obtained a t  that par ticular post par tum p er iod , i s  

illu s tra t ed i n  Fig . 4 .  Al though the mean interval between calving 

and f i r s t  service was 8 5  days ( Tab l e  V I I I )  for a l l  animal s  in this 

s tudy , 2 5 . 3% of cows had their f irst  breed ing by the s ixtieth day 

po st  par tum and 4 0 . 3% of them calve d  to t h i s  ma t ing ( see Fig . 3 ) . 

A d e ta iled ana lysis o f  r e turn interva ls to first  s ervic e for all  

cows recorded and for ind iv idual herd s is  shown in Tabl e  IX . Whil e  



TABLE VI I I :  REPRODUCTIVE PERFORMANCE OF TWENTY TOWN SUPPLY DAIRY HERDS I N  THE WELLINGTON HAWKE ' S  BAY LIVES TOCK IMP ROVEMENT ASSOCIATION ( 1 9 7 2 - 7 6 )  

Breeding parameter Total Total S . D .  

count mean 2 3 4 5 6 7 
Individual herd means 

8 9 10 1 1  12 1 3  14 15 1 6  1 7  1 8  
S igni-

1� 20 f icance 

Calving int erval 
(days ) ** 

4 53 7  3 8 3 . 7 335 to 3 7 1 388 383 3 7 8  380 3 8 1  3 7 7  394 384 389 3 9 2  3 7 5  398 395 3 7 4  366 378 388 366 3 9 1  P < 0 . 00 1  
44 1 ** 

Calving to 1 s t  36 1 3  84 . 78 4 0 . 56 76 93 86 8 7  8 1  89 78 80 85 1 0 5  89 80 85 98 76 7 2  83 103 78 84 P < 0 . 00 1  
·service interval 
(days) 

Inter service 2039 4 3 . 68 4 6 . 7 4  2 6 3 9  44 3 6  33 38 44 4 4  3 9  3 7  38 65 60 41 4 6  48 6 2  SO 2 7  36 p < 0 . 00 1  
interval (days ) 

Days open (days ) 4 5 0 1  1 06 . 9  58 . 57 9 1  1 1 2 106 1 0 0  1 02 1 0 3  98 1 2 1  1 0 7  1 1 0 1 1 3 1 0 1  1 2 5  1 2 1  99 89 lOO 1 1 0 8 7  1 1 5 p < 0 . 00 1  

First service to 
conception 3005 1 1 . 34 -2 to 
int erval (day s ) *  +4 7 *  

Calving rate 
( 1 s t  service) 

Servic es per 
cow calving 

1 783 4 9 . 34 

3 7 00 l .  7 1  

9 1 1  9 7 7 9 1 0  1 8  9 1 1  1 4  1 6  2 2  1 0  1 3  8 7 1 1  1 5  25 P < O . OO l  

s o  s 3  5 6  s s  s s  · s 2 4 5  4 3  s s  6 6  4 9  3 8  3 4  5 4  4 4  6 1  s 6  4 8  3 5  2 9  p < o . oo l  

1 . 4  1 . 7  1 . 6  1 . 4  1 . 2  1 . 6  1 . 5  2 . 4  1 . 6  1 . 4  1 . 8  1 . 7  2 . 2  1 . 5  1 . 8  1 . 4  1 . 5  l . t. 1 . 6  2 . 1  P < 0 . 0 0 1  

Milk yield 
( l i tr es ) +  

5 960 3 7 3  1 2 1  3 1 1 358 3 8 6  2 9 1  3 8 6  4 9 9  349 4 3 8  3 7 9  4 0 7  4 2 7  4 3 1  3 6 1  3 6 5  386 388 3 4 5  3 7 2  290 3 5 5  p < 0 . 00 1  

Lactation 
l ength (days ) 

5 9 60 2 9 1  69 2 9 6  2 9 0  288 2 9 7  2 7 4  3 0 7  2 9 2  3 1 5  2 7 3  2 8 0  2 9 1  2 9 1  2 9 7  2 9 6  2 8 4  2 8 9  2 5 5  2 9 0  2 7 7  304 p < 0 . 00 1  

Percentage o f  r e turns t o  f irst service 

9 7 0 6 ) 1 - 1 7  days 

18 - 2 4  days 

25 - 49 days 

More than 
49 days 

2 3 6  

794 

488 

5 2 1  

1 1 . 6  

38 . 9  

2 3 . 9  

2 5 . 6 

1 8  1 8  

5 5  3 5  

19 2 5  

8 2 2  

3 6  4 5  

2 9  3 1  

26 1 7  

4 8  4 9  

3 9  • 2 3  

1 3  2 2  

1 1  

39 

2 4  

2 6  

1 6  

40 

2 0  

2 3  

9 

3 9  

2 6  

2 6  

1 6  

3 7  

2 2  

2 5  

5 

4 9  

2 7  

2 0  

4 

3 7  

2 5  

3 4  

1 5  

1 9  

2 2  

4 4  

8 

4 7  

2 2  

2 3  

1 4  

3 1  

2 3  

3 1  

2 

44 

24 

30 

6 

38 

23 

3 3  

1 0  

3 7  

1 9  

3 3  

1 2  

S I  
30 

6 

24 

37 

2 1  

1 8  

P < o. 00 I �  
) 
) 
) 

+ 
** 
* 

To obtain milk yiel d ,  figures in Table should be multiplied by 1 0  
Double log transformation used ( S . D .  - one s tandard deviat ion on each side of the mean represents a range from 3 3 5  to 4 4 1  day s )  
Log trans formation used (S . D .  - one s tandard deviation o n  each side o f  the mean represents a range f rom - 2  to +4 7 days ) 

Herd sizes:  7 5- 1 0 0  cows - Herds 5 ,  16,  19,  20.  
1 0 1-200 cows - Herds 4,  6,  7,  8,  9,  10,  1 1 ,  1 2 ,  14,  15,  1 7 ,  1 8 .  
2 0 1 - 300 COWS - Herds 1 ,  2 ,  3 ,  1 3 .  

LU 
� 



TABLE IX: 

Return 
interval 
( in days)  

1 - 7 

8 - 1 0  

1 1  - 1 3  

14  - 1 7  

1 - 1 7  

1 8  - 1 9  

2 0  - 2 1  

2 2  - 24 

1 8  - 24 

2 5  - 33  

34  - 4 9  

2 5  - 4 9  

> 4 9  

RETURN INTERVALS A S  A PERCENTAGE OF ALL FIRST SERVICE RETURNS FOR TWENTY TOWN SUPPLY DAIRY HERDS 

To tal To tal Herd id entif ica t ion Signi-
count mean 1 2 3 4 5 6 7 8 9 10 1 1  1 2  1 3  14 1 5  16 1 7  1 8  19 20 f icance 

6 7  

7 5  

3 3  

6 1  

3 . 3  

3 .  7 

1 . 6  

3 . 0  

5 1 0  2 2 0 0 2 5 3 0 2 0 2 2 3 0 0 2 9 5 

6 3 4 2 0 4 5 4 2 9 3 0 3 3 8 2 2 4 0 8 

1 1 1 0 0 0 2 3 1 6 0 2 4 1 1 0 2 0 3 3 

5 3 2 3 0 3 2 4 3 0 0 1 6 1 2 0 2 4 0 8 

2 3 6  1 1 . 6  18  1 8  9 7 0 6 1 1  1 6  9 1 6  5 4 1 5  8 1 4  2 6 10  1 2  24 

1 9 1 9 . 4  1 2  7 8 1 5  9 1 3  8 10  1 1  9 6 9 7 1 3  8 6 1 1  8 1 2  1 3  

) 

) 
) 

) 

) 

) 

34 1 1 6 . 7  28  1 7  1 5  2 1  26  2 3  2 1  1 7  1 6  22  20 1 4  6 1 3  1 4  26 8 1 5  28 1 6  P< 0 . 00 1 )  

2 6 2  1 2 . 8  1 4  1 2  1 2  9 1 3  1 3  1 0  1 4  1 3  6 2 2  1 5  7 2 2  1 0  1 2  1 9  1 5  1 2  8 

794  38 . 9  5 5  3 5  36 4 5  4 8  49  39 40 39 37  4 9  3 7  1 9  4 7  3 1  44  38 37  5 1  3 7  

1 4 5  7 . 1  8 7 5 7 26  1 1 1  8 1 1  9 9 0 7 5 8 8 4 4 6 5 

34 3 1 6 . 8 1 1  1 8  24 24  1 3  22  1 2  1 2  1 4  1 2  1 7  2 5  1 5  1 7  1 6  1 6  19  1 5  24 1 6  

4 8 8  2 3 . 9 1 9  25  29  3 1  39 2 3  24  20 2 6  2 2  2 7  2 5  2 2  2 2  2 3  2 4  2 3  1 9  3 0  2 1  

5 2 1  2 5 . 6 8 2 2  26  1 7  1 3  2 2  26  2 3  26 2 5  20 34  44  2 3  3 1  30  33  3 3  6 1 8  

) 

) 

) 

) 

) 

) 

w 
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4 1 .  

the per c entage of  sho r t  ( 1 - 1 7 ) , normal ( 18- 2 4 )  and long r et urns  ( 2 5 

days or more)  for the popula tion wa s 1 1 . 6 , 38 . 9  and 49 . 5  r e spec t ively, 

the mos t  str iking f ea tures are the very large between herd d iffer enc es 

obs erved in return interva l  pa tterns ( Table IX and Fig . 5 ) . 

PERFORMANCE OF THE DIFFERENT AGE GROUPS OF CATTLE 

The r eproduc tive  performanc e for the d iffer ent age groups of 

cattle  toge ther with their average milk yield and lac tation l ength is 

shown in Tabl e X . A s impl if ied form of  analysis o f  r e turns to f ir s t  

servic e  is  includ ed i n  the table  and three o f  the mor e  impor tant 

mea sures  of  r eprodu c t ive ef f iciency,  as in the pr evious s ec t ion of 

r esul t s ,  have been ex trac ted and illu s tra t ed in Fig .  6 . Al though 

milk yield wa s highest  in the older age groups ( s ix years  and older)  

the mos t  efficient r eproduc tive performanc e occurred with the four 

year old cows , as determined by the breeding parame ters measured , and 

t h e least · e fficient were the two year old  cows . There was a tendency 

for  rep roductive performance to decl ine w i th increasing age after  five 

y e a rs o f  age . S ignif icant differenc es occurr ed between ag es with 

all  parameters eva lua ted excep t  for the inter servic e interval (for  

l evel s of signi f icanc e see Tab l e  X ) . 

When the ra t e  a t  whic h the d iffer ent age groups of  c ows were 

submit t ed to f ir s t  service  du r ing the post par tum per iod wa s analysed 

signi f ican t between age d i fferenc es were found (p < 0 . 00 1 ) . This  rate  

of submission is illus tra ted in  Fig . 7a  in  which all  cows four years  

of age and older have been combined into one group (ma tur e c ows) . 

Al though the pa t tern of submission for two year old , three  year old and 

ma ture cows was s imilar ( Fig . 7a) it is no ticeab le that 7 8 . 6 %  o f  cows in 

the mat ure group had been b red by 1 00 days pos t par tum compared with 

7 1 . 8% and 65 . 8% for the three year and two year old cows respe c t ively . 

First  serv ice ca lving ra tes  a t  d iff erent pos t  par tum per iod s were 

signif icantly d ifferent for the var ious age groups o f  c a t tl e  examined 

(p < 0 .  0 1 ) . The calving rate  inc r eased as the pos t  par tum interva l 

before breed ing became longer ( Fi g . 7b ) . Eighty percent o f  matur e cows , 

submi tted for b reeding by the hundredth pos t  partum d ay ,  were p regnant 



TABLE X :  REPRODUCTIVE PERFORMANCE O F  THE DIFFERENT AGE GROUPS I N  TWEN1Y TOWN SUPPLY DAIRY HERDS I N  THE WELLINGTON HAWKE ' S  BAY LIVESTOCK 
IMPROVEMENT AS SOCIATION ( 1 9 7 2- 7 6 )  

Breed ing parameter 

Calving interval (days ) ** 

Calving to f irst servic e int erval (days) 

Interservice interval (days) 

Days open (days) 

First servic e to concep t ion interval 
(days ) * 

Calving rate ( f ir s t  service) 

Services p er cow calving 

Milk yield ( l i tres)+ 

Lac ta t ion length (days ) 

Total 
count 

4 4 7 7  

3 4 7 9  

1 9 7 2  

4 4 4 2  

2 9 7 9  

1 7 6 5  

3665 

5 7 8 6  

5 7 8 6  

Total 
mean 

38 3 . 7  

84 . 8 8 

4 3 . 49 

1 06 . 80 

1 1 . 36 

50 . 7 0 

l .  7 1  

3 7 3  

2 9 1  

S . D .  

3 3 5  to 
4 4 1 ** 

4 0 . 5 5 

4 6 .  14 

58 . 5 7 

- 2 to 
+4 7 *  

1 2 1  

69 

2 

394 

95 

4 1  

1 1 7  

1 3  

4 9  

1 . 8 

3 2 3  

2 9 3  

3 

3 8 5  

8 8  

4 6  

109 

1 2  

50 

1 . 8  

348 

2 9 1  

4 

3 7 6  

8 3  

4 1  

98 

9 

56 

1 . 6  

3 6 7  

2 8 8  

Percentage of returns t o  f irst service 

1 - 1 7  days 

18 - 24 days 

25 - 49 days 

More than 49 days 

2 2 6  

7 7 4  

4 7 2 

500 

1 1 . 50 

3 9 . 20 

2 3 . 90 

2 5 . 4 0 

+ To ob tain milk yield , f igures in Tabl e  should be mul t ip l ied by 10 . 

1 6  

35 

2 5  

2 4  

1 3  

39 

2 2  

2 6  

1 2  

39 

2 4  

24 

Age in years 
5 6 

3 7 8  

8 2  

4 2  

1 0 2  

1 0  

5 5  

1 . 6 

3 7 9  

2 8 5  

1 6  

3 9  

1 9  

2 6  

38 1 

8 1  

4 9  

1 0 5  

1 2  

5 1  

1 . 7  

3 9 6  

288 

9 

32 

29 

29 

7 

380 

8 1  

4 6  

1 0 3  

1 0  

5 2  

1 . 7  

406 

290 

1 3  

36 

2 1  

2 9  

8 

386 

84 

4 3  

1 1 0 

1 2  

s o  
! . 8  

4 1 6  

2 9 5  

6 

4 7  

2 1  

2 6  

** Doube log transformation used ( S . D .  - one s tandard d evia tion on each s id e  of the mean represents a range from 335 to 4 4 1  days) 
* Log transforma tion used ( S . D .  - one s tandard deviation on each side of the mean represents a range from -2 to +47 day s) . 

>;. 9 

386 

82 

42 

1 08 

14 

4 5  

1 . 8 

3 9 2  

298 

8 

44 

26 

2 2  

S igni­
f icanc e 

p < 0 .  0 0 1  

p < 0 .  00 1 

P < N . S .  

p < 0 .  0 0 1  

p < 0 . 005 

p < 0 . 0 1  

p < 0 . 0 1  

p < 0 .  00 1 

p < 0 . 005 

) 
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p < 0 .0 1 � 
) 
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compared with 7 3% and 6 5 %  for thr ee year old and two year old c ows 

r espec t ively . 

4 5 .  

A d e ta iled analys i s  o f  return int erva l s to f ir s t  servic e for  the 

dif feren t  ages o f  c a t tl e in the study is  shown in Tab l e  XI  and 

F i g . 8 .  Al though the young er age groups had a tendency to have a 

higher p erc entage o f  shor t  re turns ( 1- 1 7 days )  than the older cat t l e ,  

while  the rever se wa s the c a s e  for norma l r e turns ( 1 8- 24 days ) , t he 

mo s t  in terest ing fea tur e was t ha t  49 . 3% o f  all  r e turns were greater 

than 2 5  days irrespec tive of age . 

The frequ ency d i s tr ibu t ion f or r eturn interva l s  to  f ir s t  s ervic e 

for two year o ld  c ows i s  shown in Fig . 9 and for older cows in Fig . 1 0 . 

The maj ority o f  r e turns occurred in the 18-24  day per iod with a second 

and mor e  spread peak a t  abou t 3 7- 4 5  days af ter the init ial ma t ing . 

S econdary peaks o c curr ed on days eight and nine and aga in 2 0- 2 2  days 

la ter . There wa s l i t t l e  d if ferenc e be tween the two age groups in the 

pat tern of returns observed . Fig . 1 1  shows re turn interval s  for all  cows . 

AS SOC IATION BETWEEN SEASON AND REPRODUCTIVE PERFORMANCE 

The r elationship between the four sea sons o f  the year and 

r eproduc tive per f ormance  is shown in Tabl e  XII  and Fig . 1 2 .  

Irrespec t ive o f  whe ther the animal s  calved or were b eing bred , 

performance during the spr ing months ( Septemb er-November inc lusive)  was 

bet t er than dur ing any other sea so n .  Poorest  performanc e was ob :3erved 

dur ing the summer for most  parameters in mo s t  years al though the:r e wa s 

var ia tion between summer , au tumn and win ter in calving ra tes to :f ir s t  

s ervice ,  servic e s  per c ow ca lving and the days elaps ing be tween f ir s t  

serv ice and concep tion . S ea son differ enc es were signif icant exc ep t 

for  inter service  interva l ( Tabl e X I I ) . 

ASSOCIATION B ETWEEN Y EAR AND REPRODUCTIVE PERFORMANCE 

S ignif icant d i f f erenc es were obs erved between years  in mos t  

paramet er s  measur ed ( Tab l e  XIII and Fig . 1 3 )  with 1 9 7 4  be ing 

par t icularly poor in respec t to reproduc t ive  performanc e .  



TABLE X I : 

Return interval s 
( in days ) 

1 - 7 

8 - 1 0  

1 1  - 1 3  

14  - 1 7  

1 - 1 7  

1 8  - 1 9  

2 0  - 2 1  

2 2  - 24 

18 - 24 

25  - 33  

34  - 4 9  

25  - 4 9  

> 4 9  

RETURN INTERVALS AS A PERCENTAGE O F  ALL FIRST  SERVI CE RETURNS FOR THE DIFFERENT AGE GROUPS IN 
TWENTY TOWN S UPPLY DAIRY HERDS 

To tal To tal Age in years S igni-
count mean 2 3 4 5 6 7 8 � 9 f icance 

65 3 . 3  4 3 3 6 1 5 3 2 ) 

7 4  3 . 8  4 6 3 5 3 4 1 4 ) 

28  1 . 4  2 1 1 2 2 1 1 1 ) 

59 3 . 0  6 2 6 2 3 3 1 1 ) 

2 2 6  1 1 . 5  1 6  1 3  1 2  1 6  9 1 3  6 8 ) 

1 8 7  9 . 5  1 1  1 2  8 8 7 9 1 4  7 ) 

3 3 1  1 6 . 8  1 5  1 4  1 8  1 6  1 6  1 2  19  2 1  P < O . OO S )  

2 5 6  1 3 . 0  9 1 3  1 2  1 5  8 1 4  1 5  1 6  ) 

7 74 39 . 2  35  39 39 39  32  36  4 7  4 4  ) 

1 39 7 . 0  7 6 1 0  5 6 8 4 8 ) 

333  1 6 . 9  1 8  1 6  14  15  23  13  1 7  1 8  ) 

4 7 2  2 3 . 9  25  2 2  24 1 9  2 9  2 1  2 1  2 6  ) 

500 25 . 4  24 2 6  2 4  2 6  2 9  29 26 22 ) 

.p.. 
0\ 



TABLE X I I :  ASSOCIAT ION B ETWEEN S EASON AND REPRODUCTIVE P ERFORMANCE I N  1�ENTY TOWN SUPPLY DAIRY HERDS 

Breed ing parameter To tal To tal S . D .  1 9 7 2  1 9 7 2 / 7 3  1 9 7 3 / 7 4  
count mean S+ A \./ Sp s A w S p  s A w Sp s 

Calv ing int erval 4 5 3 7  38 3 . 7 3 3 5  to 3 9 1  380 380 372 387 386 387 370 394 386 393 389 387 
(day s ) ** 44 1** 

Calving to 1 s t  36 1 3  84 . 78 4 0 . 5 6  1 2 4 8 1  8 1  7 2  8 3  8 2  8 7  7 3  9 3  8 9  8 9  84 -

service interval 
( days ) 

Inter serv ic e  1 4 8 0  4 0 . 2 1  38 . 7 5 3 5  4 5  34 48 47 3 9  37 34 42 45 3 9  3 6  -

interval ( days) 

Days open (days ) 4 50 1  1 06 . 88 58 . 5 7 1 2 0  1 0 2  1 0 2  9 6  1 1 4 1 1 2 1 1 0 9 3  1 1 8 1 09 1 1 6 1 1 3 1 1 0  

First service to 3005 1 1 . 34 - 2 to 1 5  9 8 1 1  1 2  1 6  1 1  8 1 1  1 2  1 3  1 2  -

c o ncep tion +4 7 *  
interval (days ) * 

Calving rat e*** 1 7 1 1  6 3 .  1 0  - 5 2  6 7  7 0  63 6 3  54 6 1  7 6  6 1  59 59 6 7  
( 1 s t  servic e )  

Serv i c e s  per 2 7 1 2  1 .  7 3  - 2 . 2  1 . 6  1 . 5  1 . 6  1 . 8 1 . 9  1 . 6 l . 5  1 . 8 2 . 1  1 . 7  1 . 5  -

cow calving 

S+ Summer i . e .  Dec ember-February inc l u sive exc e p t  1 9 7 2  ( January and February onl y )  
A Autumn i . e . March-May inc lus ive 
w Winter i . e .  June-Augu s t  inc lu s ive 
Sp Spring i . e .  September-November inc lus ive 
** Doub l e  l o g  transf orma t ion u s ed ( S . D .  - o ne S . D .  on ea c h  side o f  the mean repr e sents a range f r om 3 3 5  to 4 4 1  days ) . 

* Log transf orma t io n  used ( S . D .  - one S . D . on ea c h  s i d e  of the mean represents a range f rom -2 to +4 7 days ) . 
*** Calving ra t e  to f irst servic e whic h in this ana l y s i s  ha s exc lud ed a l l  c ows w i t h  ca l v ing int erva l s  grea ter than 500 day s ,  

cows whi c h  were no t bred within 200 days o f  their l a s t  calv i ng and cows wh ich d id n o t  conc e ive a t  a l l . 

1 9 7 4 / 7 5  
A w 

38 1 366 

- -

- -

1 0 2 8 7  

- -

- -

- -

Sp 

3 3 5  

-

-

56 

-

-

-

S ignJ -

f icance 

p < 0 .  0 0 1  

p < 0 . 00 1  

p < N . S .  

p < 0 . 00 1  

p < 0 . 0 1 

p < 0 .  0 1  

p < 0 . 00 1  

� 
� 



TABLE X I I I :  ASSOCIAT ION BETWEEN YEAR AND REPRODUCTIVE PERFORMANCE I N  TWENTY TOWN SUPPLY DAIRY HERDS 

Breed ing paramet er 

Calving interval (day s ) ** 

Calving to 1 s t  s ervice interval 
( days ) 

Inter s ervice int erval (days)  

Days open (days ) 

1 s t  s ervic e to conc ept ion interval 
(days ) * 

Calving rat e  ( 1 s t  service ) *** 

Services p er cow calving 

Milk yield ( l i tres )+ 

Lac tation l ength (days ) 

To tal 
count  

4537  

36 13  

1480  

4 50 1  

3005 

1 7 1 1  

2 7 1 2  

5958  

5956  

Total 
mean 

383 . 7 0 

84 . 78 

4 0 . 2 1 

106 . 88 

1 1 . 34 

63 . 1 0 

1 .  68 

3 7 3  

2 9 1  

S . D .  

3 3 5  to 
4 4 1 ** 

40 . 56  

38 . 7 7 

58 . 5 7 

- 2  to 
+4 7 * 

1 2 1  

69 

Different year means 
1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  

3 7 9  

8 2  

4 1  

1 0 2  

10  

66  

1 . 60 

390  

294  

382  

8 2  

3 9  

1 0 7  

1 1  

63  

1 .  70  

367  

288 

3 9 1  

88 

4 1  

1 14 

1 2  

6 1  

1 .  74  

3 69 

295  

3 7 5  

64 

9 7  

3 7 1  

288 

+ To obtain milk yiel d ,  f igures in table should be mul t iplied by 1 0 .  

Signi­
f icance 

p < 0 . 0 0 1  

p < 0 .  0 0 1  

P < N . S . 

p < 0 .  00 1 

p < 0 . 0 1  

P < N . S .  

P < N . S . 

p < 0 . 00 1  

p < 0 .  00 1 

** Doubl e  log transforma t ion used ( S . D .  - one S . D .  on each s ide o f  mean repres ents a range from 3 3 5  to 44 1 days ) . 
* Log transforma t ion us ed ( S . D . - one S . D .  on each s ide o f  mean represents  a range from -2 to +4 7 days ) . 

*** Calving rate to f irs t servic e which in this analysis has excluded all cows with calving intervals greater 
than 500 days , cows which were no t bred within 200 days of their last  calving and cows which d id not 
conce ive at all .  

� 
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ASSOCIATION B ETWEEN BREED AND REPRODUCTIVE PERFORMANCE 

S ignif icant differences wer e found for some of the parameters of 

br eed ing p erformanc e between the d if f erent breeds when a one way 

analysis was carried ou t ( Tabl e XIV) ; this appar ent difference ,  

howev er , was due t o  herd eff ec ts ( see  Tables XVII and XVII�  ppS9-60) . 

ASSOCIATION B ETWEEN ABORTION AND REPRODUCTIVE PERFORMANCE 

Fif ty two cases of abor tion were recorded during the course of 

this investigation and of these 3S were reco rded as having had a sub­

s equent pregnancy .  The performanc e o f  aborting animals dur ing the 

gestat ion b efore abortion and during the two breeding p er iods following 

the abor t ion has been compared with the breeding parameters for all 

normal ges tations in Table XV . Following abor tion the intercalving 

interval for the 3S cows averaged 4 37 days compared with 384 days for 

cows und ergoing a normal ges ta tion . Sixteen cows had breed ing record s 

associated with a second pregnancy following abor t ion - fer tility 

appear ed to be little  diff erent from the normal ind icating that there 

was unl ikely to be  any carryover effect in these cows . 

THE RELATIVE IMPORTANCE OF DAYS FROM CALVING TO FIRST SERVICE AND 

FIRST SERVICE TO CONCEPTION ON CALVING INTERVAL . 

When the effect of days from calving to first service and of  

days from f irst service to  c onc ep tion on intercalving interval were 

consid ered in a mul tiple regress ion analysis the s tandard partial 

regression coefficients were 0 . 63 1  and 0 . 732  respec t ively (p < 0 . 001) . 

Thirty nine percent of var iation in calving interval wa s explained by 

days from calving to f irst s ervice and 4S%  by days from first service 

to conception . 

THE RELATIONSHIP BETWEEN CALVING TO FIRST SERVICE AND FIRST SERVICE 

TO CONCEPTION INTERVALS 

The s tandard partial r egression coeffic ient obtained , when the 

days from f irst service to c onc eption were regr essed on the days from 

calving to f irst  service ,  was -D . 099 (p <0 . 001) : less  than 1 %  of 

the variation in days from f ir s t  service to conc ept ion was explained 

by the calving to f irst  s ervice interval .  



TABLE XIV ; ASSOCIATION BETWEEN BREED AND REPRODUCTIVE PERFORMANCE IN TWENTY TOWN SUPPLY DAIRY HERDS 

Breeding paramet er To tal Total S . D .  Breed s Signi-
count mean Fries ian Fries ian Jersey f icance 

x Jersey 

Calving int erva l (days ) ** 4497  383 . 70 3 3 5  to 385  378 37 1 p < 0 . 00 1  
44 1 ** 

Calving to 1 s t  s ervice interval 3588 84 . 8 1 4 0 . 60 86 8 1  7 6  P < N . S . 
(days ) 

Inter service interval ( days )  2027  4 3 . 46 4 5 . 8 1 44  39 32  p < 0 . 0 1 

Days open (days ) 4 4 9 7  106 . 86 5 8 . 58 1 08 99  9 1  p < 0 . 00 1  

1 s t  service to concept ion 3002 1 1 . 34 -2  to 1 1  9 1 4  P < N . S . 
interval ( days ) *  +4 7 *  

** Double  l o g  transfo rmat ion us ed ( S . D .  - one S . D .  on each s id e  of  the mean r epresents a range of  335  to 44 1 days ) . 
* Log transformat ion u s ed ( S . D .  - one S . D .  on each s ide o f  the mean r epres ents a range o f  -2  to +4 7 days ) . 

\J1 
0\ 



TABLE XV :  ASSOCIATION BETWEEN ABORTION AND REPRODUCTIVE PERFORMANCE I N  TWENTY TOWN SUPPLY DAIRY HERDS 

Breeding parameter 

Calving interval (days ) ** 

Calving to 1 s t  service 
interval (days ) 

Days open (days ) 

To tal 
count 

4 5 1 9  

3596  

4483  

Total 
mean 

38 3 . 7 0 

84 . 8 2 

106 . 92 

S . D .  

**  
335-44 1 

40 . 58 

58 . 59 

A 

Class of  cow 

B C 

344 ( 52 ) +  437 ( 35) 388 ( 1 6 )  

9 1 ( 3 5 )  1 1 0 ( 34 )  

93 ( 1 4 )  1 6 5 ( 3 5 )  

1 0 5 ( 9 )  

1 08 ( 1 6 )  

A = breed ing parameter a ssoc ia ted with the gesta t ion bef or e  abor tion took place 

B = br eed ing parameter assoc iated with gest ation immed iately af ter abor tion took pla ce 

C = breed ing parameter asso c iated with the second gestation af ter abor t ion took place 

D = breed ing parameter f or all norma l gesta t ions 

+ no . of ob servat ions mad e 

D 

384 (44 1 6 ) 

84 ( 35 1 8 )  

1 0 5 ( 4 4 1 8 )  

* *  doubl e log transforma t ion used ( S . D .  - one S . D .  o n  each s id e  of th e mean represents a range of 
335 t� 44 1 days)  

S igni­
f icanc e 

p < 0 . 00 1  

P < N . S .  

p < 0 .  00 1 

Vl 
-.....1 



THE EFFECT OF HERD S I ZE ON INTERCALVING INTERVAL , CALVING TO F IRST 

SERVICE AND FIRST SERVI CE TO CONCEPTION INTERVALS 

Al though there wa s a tend enc y f or reproduc t ive performanc e to 

dec l ine with incr eas ing herd size  ( Tab l e  VIII)  the s tandard par t ia l  

regr es s ion coeff ic ient s f o r  in tercalving int erval , calv ing to f ir s t  

service and f ir s t  serv ic e  to conc ep t ion intervals  o n  herd siz e , were 

0 . 2 2 0 ,  - 0 . 046 and 0 . 092  respec t ively - these values wer e no t 

statistically s ignif icant . 

THE EFFECT OF MILK PRODUCTION ON INTERCALVING INTERVAL , CALVING TO 

F IRST SERVICE AND SERVICE TO CONCEPTION INTERVALS 

When the int ercalving interval ,  calving to f ir s t  service and 

f ir s t  service to c oncept ion int erva l s  were r egressed on the average 

da ily yield , the s tandard par tial regr ess ion coeff ic ient s  were 

- 0 . 093 ,  -0 . 007 and - 0 . 067  respec tively (p < 0 . 00 1 )  wherea s when to tal  

yield wa s cons idered in the  same way the  values wer e 0 . 3 2 6 , 0 . 1 7 2  

and 0 . 2 1 1 ( p < 0 . 00 1 ) . 

5 8 .  

THE IMPORTANCE OF HERD ,  AGE ,  S EASON , Y EAR AND BREED ON TBREE PARAMETERS 

OF REPRODUCTIVE PERFORMANCE AND ON MILK PRODUCTION 

The rela t ive importance o f  herd , age , sea son , year and br eed on 

calving int erva l ,  calving to first  servic e ,  f irst  service to 

c oncep tion , lac tat ion l ength and milk y ield , toge ther wi th some of  

their interac t ions is  shown in Tabl es XVII  and XVIII . 

While there were signi f ic ant int erac t ions between herd and a g e ,  

herd and season, and season and age on some o f  the breed ing parameters 

the inf luenc e o f  t he int erac t ion was small  c ompared with the influenc e 

o f  herd , season and age on a l l  breed ing parameters ( see F valuen and 

tests  o f  s i gnif ic anc e in Table XVI I ) .  Year al so had a s ignif icant 

inf luenc e on br eed ing performanc e ( Tabl e XVII ) . 

Breed app eared to have a highly s ignif i cant infl uence on 

calving interval , but  when examined in a two way analysis  wi th herd , 

the effec t was shown to be due to the influenc e o f  the l a t ter 

( Tables XVI I  and XVI I I ) . 



TABLE XVI I : F VALUES AND TESTS OF SIGNIFICANCE FOR VARIOUS MEASURES OF REPRODUCTIVE PERFORMANCE AND THE EFFECTS 
OF HERD ,  YEAR, SEASON , AGE , BREED AND THEIR INTERACTIONS IN TWENTY TOWN SUPPLY DAIRY H ERDS 

Source 

Herd 
Age 
Age 
S eason (within 

year) 
Breed 
Year 

Herd 
Age 
Herd x Age 

Herd 
Breed 
Herd x Breed 

Herd 
Season 
Herd x Season 
( Age Cov . ) 

Age 
S eason (poo led) 
Age x Season 
(Herd Cov . ) 

Herd 
Year 
Herd x Year 

Type of  analys is 

One way analys is 
One way analys is 
One way analysis (Herd & Season Cov . ) 
One way analys is 

One way analys is 
One way analys is 

Two way analysis with Age 
Two way analysis with Herd 
Interac tion 

Two way analysis with Breed 
Two way analys is w i th Herd 
Interac t ion 

Two way analysis w i th Season (Age Cov . ) 
Two way analys is with Herd ( Age Cov . ) 
Interaction 

Two way analysis wi th Season (Herd Cov . ) 
Two way analysis wi th Age ( Her d Cov . ) 
Interaction 

Two way analysis with Year 
Two way ana lys is with Herd 
Interaction 

d . f .  I CI ** 

19 
7 
7 

1 2  

2 
3 

19 
7 

1 25 

19  
2 

1 8  

1 9  
1 2  

1 33 

7 
3 

2 1  

1 9  
4 

6 . 79a  
6 . 59 a  
6 . 48a 
7 . 9 7a 

10 . 86a 
1 9 . 26a 

7 . 82a 
9 . 66a  
1 . 26d 

5 . 38a 
1 .  33NS 
0 . 76NS 

5 . 55 a  
9 . 1 6 a  
1 .  79a 

6 . 5 7a 
1 0 . 58a 

1 . 80c 

I CSMI 

6 . 34a 
6 . 8 la 
6 . 94a  

1 1 .  55a  

1 .  69NS 
9 . 19a  

6 . 24a  
8 . 09a 
1 .  2 7d 

5 . 87 a  
1 .  1 7NS 
1 .  2 3NS 

6 . 42a  
1 3 . 9 8a 

2 . 65 a  

6 . 32a 
1 4 . 23a  

1 .  76c 

S CON* 

5 . 09 a  
3 .  0 7b 
3 . 4 9 a  
0 .  7 7NS 

1 . 25NS 
4 . 04 c  

8 . 46a 
4 . 49 a  
1 . 06NS 

8 . 0 3a 
2 .  79d  
1 . 35NS 

4 .  84a 
2 . 66b 
1 .  29 c 

3 . 49a  
0 . 67NS 
0 . 79NS 

Lac tation Lac ta t ion 
Lengt11_ Length 

10 . 24a 
3 . 29b 

9 . 98a 
3 . 6 la 
1 .  3 8b 

9 . 76a  
4 . 02b 
4 . 49 a  

6 1 . 7 7 a  
5 2 . 40a 

60 . 99a 
4 7 . 22a  

1 .  83a  

6 3 . 94a 
7 .  24a 
6 . 66a 

a = P < O . OO l ,  b = P < O. OOS , c = P < O . O l ,  d = P < O . OS ,  NS = Not Significan t , ** Doub le log transformation , 
* S ingle log trans formation , I CI = Intercalving interval , I CSMI = Calving to 1st  servi ce interval , 
S CON = First service to concep tion interval . 

\.J1 
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TABLE XV I I I :  ASSOC IATION O F  HERD , AG E ,  SEASON AND Y EAR W I TH MEASURES OF REPRODUCTIVE AND PRODUCT IVE PER FORMANC E  

I nd ep end e n t  var iabl es 

Herd and 
Age 

Herd and 
Breed 

Herd and 
Sea son 

( Ag e  cova r i a t e )  

Season poo l ed and 
Age 

( Herd cova r i a t e )  

Herd and 
Year 

Age 
(Herd and S ea so n  

covar ia t e s )  

Season 

Year 

Ag e 

- - - -- - - ------ - ·  - -

Ca lv i ng i n t erva l ** 

R 8 R 2 

C8 l v ing to l s t  service 
i n t erval 

R i3 R2 R 

l s t  service to 
conc e p t ion interva l *  

i3 R2 

M i l k  y i e ld 

R 8 
-------- ··--------

. 20a 

. 1 6a 

. 24a 

. 1 3a 

. l l a 

. l 7 a  

. ! l a 

. 1 8a 

. 1 2a 

. 1 6a 

. 03NS 

. l Sa 

. l 7 a 

. 08 a  

. l Oa 

. l Oa 

. l 7 a 

. l l a 

4 . 2a 

2 .  7 a  

5 . 7 a 

l . Ba 

I . l a  

3 . 0a 

I .  3a 

. 2 l a  

. 1 8 a  

. 2 8 a  

. 1 6a 

. 1 2a 

. 2 l a 

. 09a 

. l 8 a  

. l 3 a  

. l 8a 

. 0 3NS 

. l 8 a  

. 2 l a  

. l l a 

. l l a 

. 1 2a 

. 2 1  a 

. 0 9a 

4 . 6a 

3 . 4 a 

8 . 0a 

2 . 6a 

I .  Sa 

4 . 3  

O . Ba 

. 2 3a 

. 2 0a 

. 2 l a  

. l l  b 

. l l a 

. 08NS 

. 6c 

. 2 l a 

. 09a 

. 2 0a 

. O SNS 

. l 8a 

. l Ob 

. 0 3NS 

. 0 9a 

. 0 9a 

. 08a 

. 6c 

a = P < 0 . 00 1  
b 
c 
R 
8 = 
R2= 

NS 
* *  

* 

p < 0 . 00 5  
p < 0 .  0 1  
Mu l t i p l e  c o r r e l a t ion c o e f f i c i e n t  
S tandard pa r t ia l 1 r eg r e s s ion c o e f f i c i ent 
% o f  va r ia t io n  exp lained by independent 
N o t  s ig n i f ica n t  
Dou b l e  l o g  t r a n s forma t ion u s ed 
Log tran s f orma t ion u sed 

5 . 2a . 4 6a 

4 . 4 a  

4 .  3 a  

I .  3 b  

. 4 l a 

I .  3 a  

. 0 7 a  

. 4 c 

. 2 4 a  

variables 

. 4 0a 

. 2 2a 

. 4 l a 

. 07 a  

. 24a 

R 2 

2 1 . 5a 

1 6 . 9a 

6 . 0a 

0\ 
0 



Herd x age and herd x year interac t ions were significant in 

r espec t to bo th l ac ta tion l eng th and milk yield but thes e int erac tion s  

were small  compar ed with the inf lu enc e of  herd and age o n  these 

produc t ion parameters ( Tabl e XVI I ) . 

The amount o f  var ia t ion in the thr ee measures of r eproduc t ive 

performanc e examined tha t could be asc r ibed to the eff ec t s  of herd , 

ag e and season was sma l l  ( Tab l e  XVI I I ) . Herd and age , herd and year , 

and age expla ined 2 1 . 5 , 1 6 . 9  and 6 . 0% r e spec t ively of the var ia t ion 

ob served in milk yield . 

6 1 .  
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DISCUSS ION 

High p roduc t ion and eff ic ient reprodu c t ion are very necessary for 

a cow to ma inta in a long economical ly produc tive life and the 

importanc e  of a 365 day calv ing int erval , in this contex t ,  has a lready 

been d iscus sed ( see page 3 Liter a ture Rev iew) . 

Dairying und er Town Supply cond i t ions in New Zealand r equir es a 

ra ther d if f erent management approach to da irying for Seasona l  Factory 

Supply .  For example the Town Milk Produc er operates on a ' quota ' 

system wher eby he must  produce  a nomina t ed vo lume of milk each day for 

whole  milk consumption and is paid at a higher ra t e  f or this rel a t ive 

to the ra te r ec e ived by the S ea sonal Producer . Surplus produc t ion 

over and above the quo ta is normal ly so ld to a Dairy Company for 

processing to a variety o f  milk produc ts  at  normal non subsid ised 

rates . Cos t s  f or whole milk produc t ion dur ing the winter p er iod , 

when na tural pa sture growth is low, are highes t  and it i s  par t icularly 

impor tant tha t the most effic ient u s e  is  made of a l l  r esourc es 

( pa r t ic ularly food resourc es )  dur ing this per iod . Calving managemen t ,  

used in its  wid es t sense , i s  par ticularly impor tant t o  the Town Supply 

Produc er at this time of year wherea s the t ime and r a t e  at wh ich cows 

calve  during per iod s of high na tural pas ture growth is much less 

c r i t ical  from a f inanc ia l point o f  view .  The S ea sonal Suppl ier on the 

o ther hand , who is end eavouring to f i t the demands  of the herd c lo s ely 

to the period of greatest  na tural pas ture growth , is more concerned 

wi th a conc entrated la te winter / early spring calving , then drying 

o f f  at a fixed time in the autumn with no milking t aking p lace 

durin g  the w inter period . 

THE INTERCALVING INTERVAL 

From the survey o f  twenty Town Supply Herds  in the Wel ling ton 

Hawke ' s Bay area ,  the mea n calv ing int erva l wa s found to b e  383 . .  7 days . 

This mean has b een calculated from transformed da ta ( see s ec t ion on 

Ma teria l s  and Method s )  and one s tandard d eviat ion on  each sid e  of  this 

mean repre s ents a range from 3 3 5  to 44 1 days . The ari thmetic mean 

and standard deviation, wh ich has been the method of repor ting 

r esul t s  u s ed by o t her autho r s ,  was 388 . 7  +59 days . 
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Either method g ives values which are in relatively c l o s e  agree­

ment with the f ind ings of Ever ett  e t  a l . ( 1 9 6 6 ) , Mil l er ,  c it ed by 

Morrow e t  al . ( 19 69a) and Olds and Cooper ( 1 9 7 0a and 1 9 7 0b )  who 

reported calv ing intervals  o f  387  ±59 . 7 , 38 1 . 5  and 38 2 . 2  ±54 days 

r espectively f or Amer ican da iry herd s .  The Milk Market ing Board (MMB 

1 9 70, 1 9 7 1 and 1 9 7 5 ) repor ted s imilar calving interval s  for  Br i t ish 

da iry herd s .  The maj ority o f  r epo r t s  concerning dairy herd s  in the 

United Kingdom and Uni ted S tates of Amer ica however ind ic a t e  tha t 

calving interval s are usua lly of the ord er of 39 5 days ( Louca and 

Lega tes , 1 9 68 ;  Morrow, 1 9 7 0 ;  Bo zwo r th e t  a l . ,  1 9 7 2 ;  Pel i s s i er , 1 9 7 2 ;  

Sp ike , 1 9 7 3 ;  Sp ike and Meadows , 1 97 3 ; Esslemont , 1 9 7 4a ;  Webb e t  al . ,  

1 9 7 4 ; Ma tsoukas and Fairchild , 1 9 7 5 ;  Spalding et  al , 1 9 7 5 ;  MMB ,  

1 9 7 6 ;  Sl ama e t  al . ,  1 9 7 6 ;  Esslemont e t  al . ,  1 9 77 ) , while  Macmillan 

and Mol l er ( 1 9 7 5  and 1 9 7 7 )  and Cunningham et a l .  ( 19 7 6 ) , working with 

S easonal  Supply Herd s ,  no te tha t  the intercalving interval s wer e 364  

and 363  days for  New Zealand and Ireland r espec t ively .  

I t  i s  int erest ing t o  no te in Fig . 2 tha t 10% o f  calving intervals  

in the  herd s  sampl ed wer e longer than 460 days in  dura t io n .  Th is is 

of ten a ssocia t ed with failure to cul l animals in the herd which have 

diff icul t ies in getting pregnant for a number of r easons ; suc h c ows 

can cont inue to be milked read ily in the Town Supply Herd whereas they 

would fr equently be e l imina ted from a herd under S easona l  Da iry 

cond i tions wher e 85% of cows calve in s ix weeks of the calving per iod 

(New Zealand Da iry Board , 1 9 5 1 )  and 95% within twelve weeks (Mol ler , 

1 9 7 6 ) . In addit ion, b ecause Town Supply Farmers t end to have set 

breed ing per iod s a t  l ea s t  twic e  per year , they some t imes ho ld anima ls 

o ve r  f rom one breeding period to the next , thus pro longing the 

in ter calving interval . 

A l imited number o f  abor t ions ( l ess  than 1 %  o f  al l calving s )  

ac count f o r  the very shor t interca lving interval s  r ec orded e . g .  2 2 1-

300 days . 

When age d i ffer enc es in r eprodu c t ive performanc e were consid ered 

i t  was cl ear ly establ ished tha t the f our year o ld animal s ,  i . e .  

anima l s  t ha t  have completed three  calving s ,  had the shor t e s t  inter­

calving interva l s  and superior r eproduc tive performance in mos t  o f  

t h e  parameters measured ( see Tabl e  X and Fig . 6 ) . Leas t  eff ic ient 
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were the two year o ld ca t t l e  f o l lowed by three year olds ; there was 

then l i t tl e  c hang e  unti l  cows had r eached the age of e ight year s . 

S im il ar findings have been r epor t ed by almo st  a l l  o ther groups o f  

workers  in t h e  Unit ed S t a t e s  o f  America ( Tr imb erger and Davis , 1 94 5 ;  

Tanabe and S a lisbury, 1 9 4 6 ;  Olds e t  al . ,  1 9 4 9 ,  1952 ; Herman , 

1 9 5 6 ;  Morrison and Erb , 1 9 5 7 ; Sal isbury and Van Demark,  1 9 6 1 ;  

Evere t t  e t  al . ,  1 9 6 6 ;  Sp ike and Meadows,  1 9 7 3 ;  Spald ing e t  a l . ,  1 9 7 5 ;  

McDowell e t  al , 1 9 7 6 ) ,  Grea t Brita in (Boyd and Re ed ,  1 96 1 ;  MMB ,  1 9 7 0 ;  

MMB ,  1 9 7 1 )  a nd New Zealand (NZDB , 19 6 1 ) . Matsoukas and 

Fairchild ( 1 9 75 )  and Lewis and Horwood ( 1 9 50b) found no cons istent age 

effec t until  the f if th and ninth pregnancy respec t ively.  In th•= 

former case,  however , r esul t s  for the f ir s t  f ive pr egnanc ies we:c e 

pool ed and o nly rela tively sma l l  numbers o f  records were includ ed for 

o lder age g r oups while in the s econd r epo r t  the c alving interval 

between first and second calvings was in fac t longer than for between 

a ny s ubs equent calving unt il nine calvings had been recorded . 

Al though no t sta t is t ically  s ignif ican t ,  this s t i l l  r epresented a 

d iffer ence o f  a t  least 0 . 2  months ( i . e .  approxima tely s ix days)  when 

the s e  animal s  were compared with the next poorest performing age group . 

I t  doe s  no t seem unr easonabl e  that there should be a deter iorat-

ion in r eproduc t ive ef f i c i ency in o ld er c a t tl e  assoc ia t ed with the 

a geng proc ess and the hazards  which occur with r epeat ed pregnancies . 

O ther explana tions , however , mus t  be found for the rel a t ively poor 

per formanc e of the young er ' group , par t icularly t ho s e  undergo ing their 

first  lac tation.  These  are considered during succeed ing part s  of the 

d iscussion ( see Calving to f irst  service int erval b elow) . 

The intercalving int erval provided a key mea sure o f  perfo1�anc e 

in the invest igation r epor t ed her e .  A number of the o ther parameter s  

of breed ing eff ic iency which were r ec orded a l so have a d irec t assoc­

ia t ion with this int erval - these  are considered in the fol lowing 

s ec t ions . 

CALVING TO FIRST SERVICE INTERVAL 

The mean calving to f ir s t  s ervic e  interva l  was 8 4 . 8  ± 4 0 . 6  days 

(see  Table VIII ) which is comparab l e  to interva l s  recorded by o ther 

wo rkers ( see Tabl e  XIX ) .  This is  longer than the calving to first  
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service interva l s  in S ea sonal Supply Herds r epor ted by Macmillan and 

Mol l er ( 1 9 7 7 )  which wa s es t imat ed to be 7 6  day s .  

TABLE XIX CALVING TO FIRST SERVICE INTERVAL REPORTED BY 
VARIOUS RESEARCHERS 

Ref erenc e 

Bo zworth et a l . ( 1 9 7 2 )  

Essl emont et  al . ( 1 9 7 7 )  

Ever ett  e t  al . ( 1 9 66 )  

Macmillan and Mo ll er ( 1 9 7 7 )  

Old s and Cooper ( 1 9 7 0a ,  1 9 70b)  

Oxender and Mel l enburger 
( c ited by Br i t t ,  1 9 7 5 )  

S lama e t  al . ( 1 9 7 6 )  

Sondor egger and Schurch ( 1 9 7 7 )  

Spald ing e t  a l . ( 19 7 5 )  

Van Demark and Sal isbury ( 1 950)  

Calving to  l s t  serv ic e  
int erval (days ) 

79- 1 0 7  

8 7 . 8  

78 . 0  

7 6 . 0  

8 2 . 2  

8 5 . 0  

84 . 8  

8 0 . 0  

8 7 . 0  

1 1 7 . 0  

Examina tion of Fig . 3 shows tha t 26%  of cows in the Town 

Supply Herd s had been bred by 60 days , 6 9 %  by 90 days and 8 8 %  by 1 20 

days post par tum,  an obs erva tion wh ich is  in c lose  agreement with the 

f ind ings of o ther au thors ( see Tabl e  XX) . 

TABLE XX : THE RATE OF MATING RECORDED BY DIFFERENT RES EARCHERS 
AT VARIOUS POST PARTUM INTERVALS 

Ref erenc e 

Bo zworth et  al . ( 19 7 2 )  

Olds  and Cooper ( 1 9 70b)  

NZDB Survey ( 19 6 1) 

Pel iss ier ( 1 9 7 6 )  

Pos t  
60 day 

2 4 %  

2 3 . 5 % 

2 7 . 2 %  

1 6 . 2% 

*99 days pos t  par tum 

Ear tum int erva l s  
90  day 1 20 day 

50- 7 3 %  7 4-92 %  

69 . 5% 89 . 9% 

6 5 . 3%* 

67 . 2% 9 1 . 6% 

There wer e ,  however ,  no t iceab l e  d if f erenc es be tween the 

d ifferent age groups ( Table  X and Figs . 6 & 7f1 ) -a sma l l er proport ion 

of younger c ows were presented for breed ing in the ear l ier po s t  partum 



66 . 

per io d s  compared with the ma tur e  anima l s  in the herd e . g . by 60 days 

post partum, 26%  of matur e cows had b een bred compared with 25%  and 

2 1 % for t hree year old  and two year old  cows respec t ively . Comparabl e  

f igures for breedings by 1 0 0  days post par tum wer e 7 9 % ,  7 2% and 6 6 %  

for these same three age groups ( Fig . 7 a ) . 

Such age d ifferenc es can be accounted for by the fac t tha t  the 

two year old animals  in par t icular r equire a longer interval between 

calv ing and their first  post par tum ovula t ion and/or o e s trus than 

o l d er herd ma t es as shown by Herman and Edmund son ( 1 9 50 ) , Wil tbank and 

Cook ( 1 9 58 ) ,  Riesen ( 19 6 8 ) , Hammond and Sanders ( 19 2 3) cited by Morrow 
( 19 6 9 )  and Hol ler ( 19 70b ) . Furthermore , a much higher incidence o f  pre­
service anoestrus has b een repor ted in younger age groups by Fielden 

e t  a l .  ( 19 7 6 )  and Boyd ( 19 7 7 ) . I t  has been sugges ted  by Fielden 

et a l .  ( 19 76 )  that this age e f fect  can b e  att ributed t o  s uch facto rs 

as the cont inuing demands fo r growth as wel l  as  la ctation 

to gether wi th the  disadvant ages th e younger animal has  when 

compet ing fo r available  foo d  under a competitive pasture graz ing 

s i tuation . 

The net resul t of  this d elay before breeding is tha t the younger 

animal s have fewer open hea ts thus  d epr essing fer t i l i ty ( see la ter 

sec t ion  on S ervices per c ow calving p 7 7 ) . 

Direc t compar ison o f  these resul t s  for calving to f irst  s ervic e 

in Town Supply Herd s canno t b e  mad e with S easona l  Supply Herds since 

submission rate ( SR) is a mor e  useful and fr equently quo ted 

s ta t is t ic in the la tter group ( SR is generally defined as  the percent­

age o f  cows mated within the fir s t  28  days o f  the br eed ing season) . 

I t  has been reported tha t 8 8 %  o f  cows in New Zealand Sea sonal Supply 

Herd s are ma ted within the f irst  28 days of the breeding period 

(Macmillan e t  a l . , 1 9 7 5 ) . If the breeding season for these herd s 

commenc es approximat ely 60 days a f ter the med ian calving dat e  for the 

h erd this suggests  tha t 88% of these cows have had their f ir s t  

s ervic e b y  8 8  days po s t  par tum i . e .  a much higher propor t ion of c ows 

in S easona l Supply Herd s have been bred by 90 days post  par tum than 

the 69%  r ecorded in the Town Supply Herd s . 
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Delays in br eed ing in Town Supply Herds will  c l early b e  a 

c ontr ibu ting fac tor ,  whatever their cau s e, to the prolong ed inter­

c a lv ing int erval seen in these herd s .  While the reasons for this 

delay between calving and f irs t s ervic e in Town Suppl y  Herd s could no t 

be determined f rom the informa t ion obta ined in this inves t iga t ion,  

two of  the most  l ikely po s s ib ilit i es would b e  an  inc r eased length o f  

post  parturn a noes trus in Town Supply Herds assoc iat ed f o r  example with 

s easonal fac tors ( seasonal d iffer enc es wer e obs erved - see Table X I I ), 

a nd/or  del ib era te management  d ec is io ns rela ted to wh en animals would 

best  be ma t ed to f it in with the d emands of the quo ta milk supply 

sys t em .  

Hea t d e tec tion error s and / o r  missed hea t s  cou ld al so be 

implicated as an impo r tant cont r ibu t i ng factor to pro longed calving 

to f irs t s ervic e in terva l s .  Dif f erences in short  r e turns (usually 

associa t ed with hea t detec t ion errors)  between the Town Supply Fa rms 

examined in this study and S easonal Supply Farms in New Zealand 

appeared to be approx ima t ely the same al though the pattern o f  long 

re turns (which can also be associa ted wi th heat d e tec tion problems)  

d id vary between thes e two farming sys t ems . ( This is to be discus sed 

la t er - s ee pag e 7 2 ) . 

Apa r t  from the pr epond eranc e of Friesian  c a t t l e  in Town Supp ly 

Herds it seems unl ikely tha t there are any maj or genetic d i f ferences 

be tween cattle  running wi thin th e Town Supply and Seasonal Da irying 

sys tems tha t would l ead to maj or fer t i l i ty dif f er ences . There is 

for example,  a relatively free int erchange of c ows between Town 

Supply and S easonal Supply Herd s ,  and mor e  impor tant ly ,  a s imila r 

s emen s ervice (normally bul ls  s tand ing a t  the NZDB Artifi cial Breeding 

Centr e s )  i s drawn from during the breeding per iod s .  This sugge�: ts 

that management and o ther env iornmental fac to r s  are largely r espon­

s ible for  any dif f er enc e s  tha t  are seen . 

CALVING TO CONCEPTION INTERVAL (DAYS OPEN) 

The calving to conc ept ion interval consis t s  of two components : 

a .  The calving t o  first  s ervi ce int e rval a s  dis cussed i n  the 

previous section . 
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b .  The in-calf rat e  achieved when breed ing takes p lace .  Where 

animals do no t conce iv e  to the initial breeding for whatever reason, 

the calv ing to conc eption interval will b e  pro longed . The rate a t  

which these animals  b ec ome pregnant to s ub sequent services , and the 

inter service intervals , will also have a considerable  inf luence on 

this parameter .  

Assuming tha t ges tation l eng th for Friesian cattle  is relatively 

cons tant at  282  days , animals mus t  con ceive by the 83rd day pos t  

partum if a 365 day intercalving interval is  to  be ma intained . S inc e 

the c onception rate a t  any one o estrous cycle is  no t 1 00% , breed ing 

mus t  commence befor e 8 3  days pos t  par tum to achieve this obj ec t ive . 

S ix ty percent o f  the animal s  in this s tudy wer e in fact bred by 

the 8 3rd day pos t  par tum but only 4 5 % of them c alved following breed­

ing within this period ( see  Fig . 3 ) .  The mean calving to conc ep t ion 

interval however was 107 days ( Table VIII) resul t ing in a prolong­

a t ion of the int ercalving interval ; this 107  day calving to 

concep tion interval is  comparable to the 1 0 7 ,  109 , 1 1 6 and 109 days 

rep�r t ed by Ever e t t  et al . ( 19 6 6 ) , Morrow et a l . ( 19 69a) ,  Spalding 

et al ., ( 19 7 5 )  and Sonderegger and S church e t  al ., ( 19 7 7 )  respec t ively . 

S i gnificant age difference s  in the number o f  days open were obse1ved 

( Tabl e  X ) largely , b u t  not ent irely , due to dif ferences in the in terval 

from calving to firs t s ervice ( pp 6 5 , 66 ) . 

THE INTER-SERVICE INTERVAL 

The maj ority o f  ret urns to firs t serv ic e  occurred
_ 

18-24 days 

af ter the f irst breeding (Fig . 1 1  ) wi th a peak at day 2 0 .  This 

corresponds with the g enerally accep ted int erval for normal inter­

s ervice periods and is comparable to 20 days repor ted by NZDB ( 1 9 63 ) , 

2 1  days repor ted by  MDell er and Van Demark ( 19 5 1 ) , Berchinger and Erb 

( 19 54 ) , Pel is s ier ( 19 7 2 ,  1 9 7 6 )  and Wood ( 1 9 7 6a) and 22  days 

r eport ed by Old s and S ea th ( 19 54 ) . Examina t ion of Fig . 9 for the 

two y ear old cattle ,  however , shows a sl ight var ia t ion from that o f  

the o ther age groups ( F igs . 1 0  and 1 1  ) i n  that the majo r it y  o f  

r e turns occurred 1 7- 2 3  days la ter, a f inding which supports  the 

s l ightly shorter return interval descr ibed in younger anima l s  

(Hammond, 1 9 2 7 ; Chapman and Cas ida , 1 93 7 ;  Asdel l , 1 9 4 6  cited by  

Salisbury and Van Demark , 1 9 6 1 ) . 
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Using the fr equency d istribut ion for service interva l informa t ion 

shown in Figs . 9, 10 and 1 1  it  is pos s ible  to make an estima t e  of heat  

detec t ion eff ic iency dur ing the f ir s t  4 5  days af ter first  serv ic e . 

During the 45  day per iod 1 4 7 6  c ows returned to servic e and were ma t ed 

aga in with the maj o r i ty of  second ma t ings occurr ing dur ing the 1 8- 2 4  

day ( 7 94 cows ) and 3 7 -4 5 day  ( 2 7 1 cows) periods . I t  is  r easonabl e t o  

a s sume tha t  the former group repr esents animals  which were correc t l y  

d e tec ted a nd ma ted when in oes t r u s  a t  their init ia l  ma ting bu t f a il ed 

to conc eive ei ther bec a u se of lack of f er t i l isa tion or s ome o ther 

problem - they have then u nd ergone a norma l in ter-oes tral interva l .  

The latter group of 2 7 1 c ows a re l ikely to b e  anima ls tha t  have had 

two oest rous cy c les the first  of which wa s missed at 1 8-24 days 

af ter breed ing . I t  is po ssib l e  tha t suc h  c yc l es went unobserved 

b ecause of l a ck of s igns of oes tru s  ( so called ' silent hea t ' ) ;  a more 

l ikely exp lana tion howev er is fa ilure to obs erve heat b y  the 

f armer s ince the inc id enc e o f  ' s ilent hea t ' is low in the la te p o s t  

partum per iod ( Kidder  e�� . ,  1 9 5 2 ;  Labhsetwar et al . ,  1 9 63 ; Morrow 

e t  al . ,  1 969 a) . 

One est ima te of d e tec t ion ef f ic i ency c ould be calcula ted a s  

fol lows : 

Cows correc t l y  de tec ted at 1 8- 2 4  days after fir s t  breed ing x l OO 
*Cows cyc l ing a t  18-24  days af ter f ir s t  breeding 

7 94 X 1 00 
7 94 + 2 7 1 

= 7 4 . 6% 

Error s inher ent in such an e s t ima te and unaccount ed for are those 

assoc iated wi th embryonic loss and o ther causes of aberrant o e s trous 

cycl es at present not unders tood . These are  more l ikely to be 

a s soc iated w i th the 37-45 day per io d  ra ther than with the 18-24 day 

p er iod ; if these fac tors could be taken into account they wou ld 

improve the est imate of de tec t ion ef f ic iency . There wa s l i t tl e  

d iffer enc e in h ea t  d etec tion eff i c iency between t h e  two year o l d  

( 7 1 . 4 % )  a nd older ca t t l e  ( 7 5 . 4 %) when est ima ted in the same way 

(Figs . 9 and 1 0 ) . 

*This is e s t ima t ed from the c ows corr ec t l y  detected a t  1 8- 24 days 

af ter first  breed ing p l u s  cows d etec ted at 37-45  days af t er f ir st 

breed ing and assumed to have been missed at the 1 8- 2 4  day per iod . 
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The mean interval elaps ing b etween f ir s t  and second services was 

4 3 . 7 days which is  s imilar to the 4 1  day int erval reported by Spald ing 

et al . ( 1 97 5 )  bu t considerab l y  l onger than the 3 2 . 4  and 3 5  day 

int erval s  reported by Olds and Sea th  ( 1 9 54 )  and Fl erch inger and Erb 

( 1 9 5 4 )  respec tivel y . 

Olds  and Cooper ( 1 9 7 0b ) no t ed t hat the mean numb er o f  days 

between first  and second service  var ied accord ing to the post  par tum 

interva l when the f i r s t  servic e took plac e :  thu s  for cows bred less  

than 36 days post  par tum the  interservice int erval wa s 3 8 . 6  days 

while  cows bred after 35 days post  par tum had an in ter s ervice 

int erval o f  45 . 7  days . The d if f er ence was apparently due to the high 

number o f  short re turns ( 1- 1 7  day s)  in the former group . While this 

inter ac t ion was no t looked for in the present s tudy , i t  is  no t e­

wor t hy tha t  only 5% o f  animal s  wer e bred up to and inc lud ing the 36th 

pos t partwn day . 

The p ercentage o f  long r e turn in terval s  (mor e than 2 5  days ) in 

this invest iga t ion wa s 4 9 . 5% out o f  a l l  returns between the f ir s t  and 

s econd s ervices (Tab le VI I I ) .  While the overall inc idence of long 

returns to f ir s t  servic e  is thu s  c omparab le to informa t ion pub lished 

in Nor th Amer ica , it  is very d if ferent from that r epor t ed for New 

Zea land Seasona l Supply  Da iry Herds in respect to r e turns longer than 

49 days ( see Tab le XX I ) . 

A high incidence of long returns will  clearly l engthen the 

int er-calving in terva l . Though it is  no t possible  from the inform­

a t ion ava ilabl e to determine the exact  cause for this high inc idenc e 

o f  l ong returns it  is  mos t  l ikely to be associated w i th poor hea t  

d etec t ion ( Erb and Flerching e r .  1 9 54 ;  Peliss ier, 1 9 7 2 ,  1 97 6 ) . O ther 

pos s ib il i ties inc lud e consc ious management deci sions to with-ho ld 

animal s from breed ing after the f irst s ervice , and embryon i c  death 

o r  o ther genit al diseas es . Erb and Flerchinger ( 19 5 4 )  have 

p revious ly s uggested  that long  returns to s ervi c e  are an important 

s ource of loss to dairymen for s imilar reasons . 
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TABLE XX I : PERCENTAGE OF LONG RETURN J:NTERVALS REPORTED BY VARIOUS 

RESEARCHERS 

Refer ence 

N . Z .  S easonal Her d s  

Ca s t l e  ( 1 9  6 3 )  

NZDB Survey ( 1 9 6 3 )  

Macmillan ( 1 9 7 0 )  

Macmillan ( 1 9 7 0 )  

Macmillan et  al . ( 1 9 7 7 b ) 

Amer ican Herds 

Old s  & Cooper ( 1 9 7 0b )  

Olds  & Cooper ( 1 9 7 0b)  

Study r eported in 
this thesis 

Percentage o f  Long Returns 
( 2 5- 49 days) ( � 49 days ) 

24 , 7  

2 3 . 6  

22 . 7  

20 . 4  

34 . 8* 

3 2 . 3** 

2 3 . 9  

2 . 7 

1 6 . 9 *
(a )  

28 . 1 * *
(b)  

2 5 . 6  

* Calving to f irst  service interval less  than 36 

** Calving t o  first  service int erval more than 3 5  

( a )  Percentage o f  long returns 2 5- 4 7  days only 

(b ) Percentage of long re turns mor e  than 4 7  days 

in Auckland HIA 

in Taranaki HIA 

days 

days 

I f ,  as Salisbury and Van Demark ( 1 9 6 1 ) and Macmil l an and Watson 

( 19 75a)  sugge s t , 25- 33  day re turns are the most  appropriate indirect 

measure of early embryonic dea th in catt l e , then this would not appear 

t o  be o f  great significance as a cau s e  o f  long returns in the animals 

invest igated in these herds s ince only 7 . 1%  of  all returns t o  firs t 

servi ce fell into the 2 5 - 3 3  day category ( see Table I X) . Approx­

imately 1 7 %  o f  re turns however were in the 3 4-49 day p eriod whi ch is 

more l ikely to b e  explained by missed  heats . 

In add i t ion to the maj or peak of r e turns a t  1 7- 2 3  and 1 8- 2 4  days 

for two year old and o ther age groups respec t ivel y ,  an impor tant 

s econdary p eak o f  returns occurs 8- 1 0  days af ter firs t · breed ing ; this 

t ends to show some irregularity for the two year old c a t t l e  probably 
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becau s e  of the l imi t ed number of animal s  in the sample ( F ig . 9 ) . This 

secondary peak occur s a ga in 1 8 - 2 1  days la t er with some s l ight var iat io n  

accord ing t o  the ag e o f  ca t t l e  conc erned e . g . 28- 29 days a f t er f ir s t  

br eed ing for two year o ld cows and 3 1  days l a t er for the three year 

o ld and o ld er cows . I t  is probabl e  tha t  this short  inter-s erv ic e  

interval after the ini tial breed ing r epresents an ac tual o es trous 

c yc l e  of short dura t ion ;  it  is a phenomenon tha t was f ir s t  no t ed in 

the 1 9 59 and 1 9 6 1  f er t il ity surveys carried out by the NZDB ( 19 6 3 )  

and which was d escr ib ed b y  Macmil lan and Wa tson ( 19 7 1 )  i n  cat t l e  in 

New Zealand . Accord ing to this report  the phenomenon was asso c ia ted 

par t icularly with three year o ld cows in large herds .  The inc idenc e 

o f  8- 1 0  day returns was highest  among three  year old cows in the 

present study ( Tab l e  X I ) . 

It  is general ly cons idered that a high inc id enc e o f  shor t return 

int erval s  ( 1 - 1 7  day s )  is ind ica t ive o f  a hea t d etec t ion probl em 

a l though fer t ile  short  cyc les of 8- 1 0  days have been r epor t ed a s  

m ent ioned above . If this is the case, the inc id enc e o f  shor t r e turns 

in the Town Supply  Herd s inves t igated ( 1 1 . 6% )  was no worse  than 

r epor ts for S ea sonal Supply Herds in this country ( see NZDB Survey , 

1 9 63 - 1 1 . 7 % ;  Ca s t l e ,  1 9 6 3 - 1 0 . 5% ; Macmi llan ,  1 9 7 0 - 1 8% in the 

Auc kland Herd Improvemen t Association and 1 6 . 3% in the Taranaki Herd 

Improvement Asso c ia t ion) . They do , however ,  compare unfavourabl y  with 

r epo rts for Amer ican and Brit ish dairy herds  where the inc id enc e o f  

shor t returns ha s b een recorded as 3 . 5% in American herd s ( Fl erchinger 

and Erb ,  1 9 54 ; Moe l l er and Van Dema rk, 1 9 51 )  and 5% in Brit ish herds  

( c ited by  Macmil lan 1 9 7 6b ) . The ma j or reason for the between 

country differenc es seems to be a s soc ia ted with a pol icy of l ib era l 

h ea t  de tec t ion in New Zealand da iry her d s  brought about  by the s trong 

empha sis being p lac ed on conc en tra ted calving in these herds (Macmil l an, 

1 9 7 6 a) .  Town Suppl y  Farmer s  opera ting in the same environment ar e 

probably influenced to some ex tent by these po licies . Fur thermor e ,  

until r ec en t ly there appears to have been a s trong empha s i s  i n  the 

U . S . A.  and U . K .  on no t breed ing an animal until 60 days po s t  par tum,  

thus l eading to a redu c t ion o f  sho r t  re turns (particularly  o f  8- 1 0  

days ) which are generally seen in the  earl ier post par tum per iod 

(Olds et al . .  1 94 9 ;  Mo rrow , 1 9 69 ; Macmil lan ,  K. L . , 1 9 7 8 -

personal c ommunic a t ion) . 



Although Macmillan and Watson ( 19 7 1 ,  1 9 75b)  des cribed a 

higher incidence o f  1 - 1 7  day returns in younger cows , older age 

group s (5 and 7 year olds - Tab le X) , as well as the younger age 

groups , showed a high inc idence  of shor t returns in this s tudy . 

One would expect  a higher inc iden ce of shor t  returns associated 
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with detection errors in younger cows due t o  the high l evel o f  

anoes trum s een with these ages ( Fielden e t  a l . ,  19 76 ) , the ir 

t endency to have a shorter duration o f  o e s t ru s  (Hammond , 1 9 2 7 ; 

Trimberger ,  1 9 4 8 ) , and the phenomenon o f  a high incidence o f  genuine 

8- 10 day returns as des cribed above . Why s ome of the older co�s had 

a h i gh in cidence of short  re turns in the current inves t i gation 

( Tab le X) remains unknown . 

In view o f  the h i gh inc idence o f  long r eturns in the Town S up p ly 

s tu dy (49 . 5 %) i t  i s  clear that the incidence o f  norma l  returns ( 1 8-

24  days)  will b e  low compared to that observed by Cas t le ( 19 6 3) , NZDB 

( 19 6 3) and Macmil lan ( 19 70 ,  19 75b ) . The ratio b etween the 1 8- 19 ,  

2 0- 2 1 and 2 2-24 day returns for the two farming sys tems is however 

approximately the s ame as shown below : 

Town Supply Seasonal S up p ly 
Herds Herd s *  

1 8- 19 day returns to 1 s t  service 24%  2 2% 

20-2 1 day returns to 1 s t  service 4 3% 44%  

22-24 day re turns to 1 s t  s ervice 33% 3 3% 

* Data from Macmi1 l an ( 19 75b) . 

I t  thus s eems reasonabl e  to conclude that , in addi tion to the 

delays from calving to first servi ce des c ribed in this thesi s , a high 

i ncidence o f  long re turn interval s was also  an importan t  compo �ent 

affe�ting  the intercalving inte rval in Town Supply Herds . 

CALVING RATE 

In this parti cular investigat ion the relevant parame ters  

s tudied were calving rat e to firs t servi ce , s ervi ces per cow c a lving 

and the interval from firs t breeding to a conception res u l t in g  in 

calvin g .  
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Calv ing Ra t e  to Fir s t  Servic e 

The mos t  appropr iat e  measur e o f  the calving rate  to f ir s t  

service  i n  this study wa s der ived from a cross  tabulation programme 

where every cow tha t was bred wa s examined in r ela t ion to the p er iod 

tha t  had elapsed af ter a prev ious c alving and before this first  

b reed ing took place . A mean f irst  service calving r a t e  o f  4 9 . 3 % wa s 

ob tained . This compares wi th calving rates  of  50 . 8% ,  48 . 7 % ,  42 . 5 % , 44 . 2 % 

and 5 0 %  recorded by Van Demark and S al isbury ( 1950 ) , Trimb erger ( 19 54 ) , 

Touchbe rry e t  al . ( 19 5 9 ) , P e l iss ier ( 19 72 )  and Spalding e t  al . ( 19 75 )  

respec t ively but i s  lower than the pregnan cy rates o f  5 8 . 5 % ,  55 . 9% , 

5 2 . 0% ,  5 8% and 6 1 . 8% recorded by Morrow e t  a l .  ( 19 66 ) , Bri t t  et  a l .  

( 19 72 ) , Whitmore e t  a l .  ( 1 9 74 ) , Macmillan ( 19 74 )  and Macmil lan e t  a l .  

( 19 7 7b ) . In- calf o r  pregnancy rates however are 

generally based on pr egnancy diagno s i s  examinations at differ ent 

s tages o f  gestat ion - ac tua l calv ing rates  are l ike ly to be less than 

the pregnancy rates becaus e of l o s ses b etween the t ime of examina t ion 

and the da t e  of calving . e . g .  The average d iff erenc e b e tween 

p regnancy examina tions a t  60-90 days po st  service and ac tual calving 

rates  wa s abou t 6% for Amer ican cattle  ( see Literature Review p 2 6 )  

for  fur ther de ta ils ) . I f  this is  taken into cons id era t ion the 4 9 . 3% 

calving rate  ob ta ined for the Town Supply Herds in this s tudy is  only 

marg ina l ly l ower than the pregnancy ra tes  of  58% and 6 1 . 8% recorded  by 

Macm illan ( 1 9 7 4 )  and Macmil lan et  a l .  ( 1 9 7 7b) respe c t ively in Sea sonal  

Supply Herd s in  New Zea land . 

A maj or factor inf luenc ing calving rate to f ir s t  service wa s the 

numb er of post par tum days that had elapsed before f ir s t  breed ing toOk 

place .  This effect  is  c l ea rly seen in Figs . 3 ,  4 and 7b . There wa s 

an incr ea se in calving r a t e  to f irst  service du ring the ear l y  post  

partum per iod , r eaching a l evel o f  5 2 . 2% at  6 1 - 80 days ( Fig . 4 ) . From 

this point only l ittl e  c�nge oc curred exc ept at  1 6 1- 1 8 0  days po s t  

par tum. Sinc e only 3 1  cow s  were r epresented in the 1 6 1 - 1 80 day 

sample however , it  is unl ikely that the depr ess ion seen a t  that t ime 

r epresented a true mea sure of performanc e .  Table XXI I  shows the 

r esul t s  r eported by o ther worker s for comparison . 

When the per formanc e of the va r iou s age group s wa s examined 

d iff er ences wer e appar ent in the calving rate to f ir s t  service with 
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TABLE XXI I :  IN-CALF, CALVING AND NON RETURN RATES ( NR R )  AT VARIOUS POST PARTUM INTERVALS RECORDED BY OTHER AUTHORS (Figures exp r essed a s  percen tag e s )  

Reference 
0 1 0  2 0  3 0  4 0  

P o s t  pa r tum int erva l s  i n  days 
50 60 70 80 9 0  1 0 0  1 1 0  1 20 

---.----------.---------,----------r -------,----------r---------.---------, ---------------.- -----------"1 

NZDB Survey 
( 1 9 6 1 )  

MMB ( 1 9 6 6- 6 7 )  

Shannon e t  a l .  
( 1 9 5 2 ) --

Van Demark & 
S a l i sbury 
( 1 9 50 )  

Ods & Coo per 
( 1 9 7 0b )  

Touchberry 
e t  a l . ( 1 9 5 9 )  

B r i t t  ( 1 9 7 5 )  

Graves e t  a l .  
( 1 9 68) 

Whitmore 

�---- 3 1 . 3  � 3 .  7-->+--50 . 4��5 5 . 6  2 6 2 . 9 ---

�-- 4 0  5 5  6 2  6 5  68 ----� 

-----2 0 . 8--< 3 7 .  7� 5 1  5 l . 2  <--- 5 1 . 5 54 . 6  ---� 

t------- 3 5  4 1  4 4  5 0 . 8  5 3 . 2  5 7 . 8 ----, 

----------2 6 . 8  5 1 -------------

H 7 .  2___,�3 4 . 1---H--3 7 . 5 � 7 . 6 ____,'-4 3 . 6 -----)� 4 3 . 5 --i* 4 6  . 1 ----*38 . 3 �  

�------ 2 5  4 0  4 9  5 8  6 0  6 1 -----4 

------3 9 . 3  5 3 . 2  > <  6 1 . 6  6 2 . 2 ----------; 

et a l . ( 1 9 7 4 )  +--O -----H----- 6 ----H-2 8 --4�4 3 --)t---- 5 0 --H-- 4 6 ------) 

S tudy repo r t ed 
in this the s i s  +-----2 3 . 5 � 3 2 . 5  4 3 . 9  s 2 . 2  s o  � s o . 8 ----------'l 

Rema r ks 

4 9  days NRR 

4 mon t h  NRR 

5 mon t h  NRR 

Calv ing r a t e  

Calv ing r a t e  

Calv ing r a t e  

In c a l f  r a t e  

In c a l f  rate 

In calf rate 

Calving r a t e  

--...J 
Vl 
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best  per formances genera lly be ing achieved by the ma ture cows ( Table 

X ) .  There also  appeared to  be  an intera c t �on b e tween the 

part icular age group conc erned and the po st  par tum period at which  

c ows in  tha t age group were f irst  bred ( F ig , 7 b ) . In the early p o s t  

par tum per iod (up t o  6 0  days)  mo re thr ee year o l d  cows became pregnant 

than in the other age groups bu t after 60 days post par tum the ma ture 

group performed at the highest  leve l .  ( The marked fluctuat ions 

observed in Fig . 7b  after 100  days pos t par tum probably r e f l ec ts the 

r ela tively sma l l  numb e r s  b r ed at this time ) . Repor ts  that young c ows 

conce ive more read ily than ma ture cows in the  early po s t  par tum 

period have also b een pub l i shed by the NZDB ( 1 9 6 1 , 1 9 6 3 )  from s tud ies  

carried out  in  Seasonal Supply Herds . Why such int erac t ions ex ist  is  

no t a t  all  c l ear ; one exp lanat ion is sugg e s t ed by the f ind ings of  

Rasbech ( 195 0) , Butch e t  al . ( 1 9 5 5 )  and Morrow ( 19 69 )  who indic ated 

that more rapid invo lut ion o f  the u terus in younger cows l ed to 

imp roved fer t il ity . 

In spite  of the fac t tha t yo unger cows bred in the ear ly po st  

partum per iod app eared to have bet ter f er t i l i ty,  their overal l  calving 

ra t e  performanc e wa s g enerally l ess  than tha t of their older herd 

mates (Table X ) . This  apparent anoma ly  could be account ed for  by 

the fac t that f ewer young cows were subm i t ted for br eed ing in the 

ear ly po st par tum per iod as d iscussed earl ier (p 65 ) and the maj or i ty 

o f  them, because o f  their delay in re turning to hea t after calving , 

had f ewer open hea ts  with a r esul ting d epress ion in fer til i ty . Thi s  

p o int is further elabora ted under services per cow calving ( nex t 

s ec t ion ) . 

When cows reach the age of nine y ea rs o r  more they are more 

difficult to get in c al f  - in this particular study for exampl e  

the calving rate t o  firs t service f o r  cows nine years o f  a g e  o r  more 

was 45% ( Tab l e  X) which was lower than that for any o ther age 

group . To have remained in the herd as long as this usually means 

t hat these cows are highly selec ted milk producers and ferti l it y  

considerat ions , whi l e  important , are g eneral ly secondary p rovided 

s ome replacement calves can be bred f rom them. Low c al ving r a t es to 

f irs t s ervice  in old cows have b een reported by many authors ( see  



L i t era, tu r e  Rev i ew page 2 3  ) ; increased embryonic death rates  in 

older cows may provide an explana t ion for this (Bal l ,  19 7 6 ) . 

S ervices per Cow Calving 

7 7 .  

The mean number of ser·vic es p er cow calving of 1 .  7 1  mea sured 

during this study compares favourably wi th f igures publ ished by mo s t  

o ther worker s ( see Tab le  V I I  ) . However . cows wh ich d id not conce ive ,  

irrespec tive o f  how ma ny t imes they were bred , were exclud ed from 

this  part icular ana lys is and hence more services than the 1 . 7 1  r ecord­

ed wer e actually required for each calving ob tained . 

As with the o ther breed ing parameters age differ ences occurred 

w i th respec t to the number of servic es r equired per cow calving . The 

two y ear and three year old ca ttle  and animal s . eight year s of a g e  and 

over r equired mor e  servic es than the o ther age groups in the her d s  

surveyed . Lowered fer t il ity in older animals  i s  no t unexpec t ed ( see 

ear l ier d iscussion on page 6� - poor performance in the younger 

anima l s  however deserves further comment .  That more services per 

c oncep tion are required by cows which have had only one lacta t ion,  

c ompar ed w i th ma ture ca t tl e  which have had three to f ive lac ta t ions , 

has been r eported before by a number of o ther worker s ( Jones e t  al . ,  

1 94 1 ;  Old s e t  al . , 1 94 9 : Ehl ers �t al . ,  1 9 5 4 ;  Morr ison and Erb , 1 9 5 7 ; 

Evere t t  e t  al . ,  1 9 6 6 ;  Hewe t t , 1 9 68 ;  Sp ike and Meadows , 1 9 7 3 ;  

Boyd , 19 7 7 ) . The import ant  question i s  why ? One likely exp l anation 

is that younger animals have fewer open heats before b reeding than 

their older cont emporaries b ecause o f  the relative l y  long period 

b efore they return to heat fol lowing calving - thus more servi ces 

p er cow calving are required .  Trimb erger ( 19 5 4 ) and Whitmore 

et a l .  ( 19 74 )  have both described the advantages o f  one o r  

more open h eats on sub sequent  fer t il ity . Heat de tec tion errors ,, 

whi ch are more likely in the younger age groups ( Macmil lan and 

Watson , 1 9 7 1 ,  19 75b)  further compound th e probl em . 

First S ervic e to Conc ept ion Interva l ( The Conc ept ion Resul ting in a 

Calv;ing ) .  

The mean first service to conc ep t ion interval of 1 1 . 3  days is 

considerably shor t er than the same paramet er r epor t ed by o ther worker s 
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( see Tab l e  III) . 

I t  should be noted , however , that the data for f ir s t  service to 

concep tion was s ubj ected to a logari thmic transformation to improve 

the normali ty o f  the dis t ribution . The detransformed informat ion thus 

c anno t  b e  direc tly compared with the results  from o th er workers �rho 

us ed ari thmetic data . The unadj us ted mean for the f irst service to 

conception interval was 1 9 . 3  days . 

S inc e the f ir s t  service to conc ep t ion interval is  c lo sely 

rela ted to the number of  servic es per cow calving , s imilar differ­

enc es were observed between the d ifferent age groups as were seen 

with the former mea surement (Table X ) .  Reasons for these 

d ifferences have already been discussed ( see pages 64 , 66 , 7 7 ) . 

HERD DIFFERENCES 

While there are many factors which could contribut e  to the 

var ia t ion in performanc e noted be tween the twenty Town Supply Herds ,  

e . g .  geographical loca t ion,  herd size ,  genetic qual ity o f  s tock and 

l evel of management ,  a d eta iled analysis  of these differ ences was 

no t planned as  par t o f  this par ticular inves t iga t ion . However , i t  

is  wor th not ing tha t some o f  the analyses could g ive a lead as  to 

where par t icular problems were occurr ing . For example the high 

percen tage of  short  returns in herds 1 , 2 , 8 , 10 and 20 ( s ee Tabl e  I X) 

suggest  a problem of  hea t detec t ion (Macm illan, 1 9 7 0 ;  Macmillan and 

Wa t son,  1 9 75a) whil e in Herd 5 ,  with 26% o f  2 5-3 3 day returns, a 

pa t t ern o f  early embryonic loss may b e  indicated ( Sal isbury and Van 

Demark , 196 1 ) . In this second case the fac t tha t  

no sho r t  returns a t  a l l  were record ed , however . br ings the overall 

r ecord ing sys t em in use in tha t herd under susp icion and c l early 

further investigation would be warranted . I t  is  po s s ible tha t  the 

owner of Herd 5 ignores all returns from 0- 1 0  days and consequently 

records  a fal sely high l evel o f  2 5- 3 3  day interservice periods .  

Marked d if f er ences wer e found b e tween herds in milk yield and 

lac tat ion length - while the reasons for this were beyond the scope 

of  this s tudy ,  similar factors to those  indicat ed above are  l ikely to 

explain the d ifferences observed . 



ASSOCIATION BETWEEN S EASON AND REPRODUCTIVE PERFORMANCE 

It  has been general ly established tha t  high temp era ture and 

humid ity have a d e tr imental  eff ec t on f er ti l i ty ( see Liter a tur e 

Rev i ew) . Within some tempera te and colder c l ima tes however , wher e 

high temperatures are not prevalent , increas ing dayl ight 

hours  ra ther than tempera tur e has the gr ea ter ef fec t  on f er til ity 

with improved r eprodu c t ive performanc e occurr ing dur ing the summer 

and fall (Merc ier and Sa l isbury,  l 94 7a and 1 9 4 7b ) . 

In the present  inves t iga tion wh en ca lving interval , calving to 

f ir s t  servic e and f irst  serv ic e to conc ep tion interva l s  in days 

wer e correc ted for age and herd ef fec t s  the best reproduc t ive 

p erf ormance occurr ed dur ing the spr ing per iod (Fig . 1 2 ) . The 
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mo s t  ef fec t ive mea suremen t for d etermining whether any sea sonal 

ef f ec t ex isted however wa s the calv ing interval becau se  the o ther two 

parameters  d escr ibed may have been d er ived from cows calving in the 

immed ia te prec ed ing sea son e . g .  many cows c a lving during the spr ing 

p er iod would be submit ted for breed ing dur ing the summer and would 

t herefore bec ome a component of the s ta ti s t ic for calving to f ir s t  

s ervic e i n  tha t summer per iod . 

Al though many worker s have d escr ibed sea sona l ef f ec t s  sim ilar to 

t hose  seen her e no t a l l  regard sea son a s  an important cause of 

var ia t ion in f er t il ity ( see Litera ture Rev iew) . Even the resu l t s  

d escr ibed i n  this stud y could b e  regard ed as equ ivocal s ince New 

Zealand Town Supply Fa rmers may,  by c onsc ious management d ec is ion s ,  

inf luenc e the type o f  r esul t that can occur d uring any one per iod of 

the year . They , f or exampl e ,  tend to have two maj o r  breed ing per iod s 

(late  autumn I early wint er and l a t e  spr ing I ear ly summer ) and cows 

which calve ou t o f  pha se may be d e l ibera tely with-held for l onger 

per iod s than is phys io logica l l y  nec essary so tha t they will conform 

with this pa t tern . Cows calving dur ing the summer therefor e, whi l e  

t hey could be v ic t ims of high temperature and poor nu tr i t ion 

l eading to impa irmen t of fer t il ity ,  could equal ly be v ic t ims of 

farming d ec is ions of this na ture . 
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ASSOC IATION BETWEEN YEAR AND REPRODUCTIVE PERFORMANCE 

The between year d iff erences observed in this s tudy ( Table  XIII  

and F ig .  13 )  were not unexpec t ed in  view of the  g eneral d ependenc e 

of Town Supply Farmer s on grass  gra zed in s i tu for food supplies for 

their herds . In 1 9 7 2  and 1 9 7 5  favourable s ea sons for grass  

produc t ion occurred (New Zea land Met eorolog ical S erv ic e  Mise . Pub .  

109 , 1 9 7 2  to 1 9 7 5 )  and this was r ef l ec ted by bo th  higher milk 

produc t ion and rel a t ively bet ter r eproduc t ive  performanc e than tha t  

r ecord ed i n  the o ther two years  surveyed ; 1 97 4  i n  par t icular was 

a poor year for pas ture g rowth with an exc ep t ionally wet winter during 

whic h sunshine hours wer e low and drought cond it ions prevail ing dur ing 

the summer and au tumn per iod s .  

ASSOCIATION BETWEEN BREED AND REPRODUCTIVE PERFORMANCE 

The maj or i ty of Jer s ey cattle  in this investiga t io n  were in Her d  

1 9  which wa s i n  f ac t a p ed igree Jer sey Herd . B ecau s e  of this very 

uneven d is tr ibu tion of br eed s  it  wa s no t po s s ibl e to carry out an 

appropr iate  ana lysis of  the data to determine whether real breed 

d if f er enc es in p erformance ex isted . Herd eff ec ts in fac t were 

r esponsibl e for the d if f erenc es observed ( see Tabl es XVII  and XVI I I ) .  

Never thel ess there appeared to be a tr end ind icating bet ter 

r eproduc tive performanc e by Jer seys than by Fr iesians with crosses  

between these two breed s  occupying an intermed iate po sition ( Tab l e  XIV ) . 

Jer s ey cat tle  have been repor ted to be r eproduc tively mor e ef f ic ient 

in bo th tropic a l  countr ies (Narvaez  Ramire z ,  1 95 1 ; Wij era tne , 1 9 7 0 ;  

Velasco , 1 9 7 1  c i ted by Vac caro , 1 9 7 3 )  and al so in tempera t e  r eg ions 

(Lewis and Horwood , 1 9 5 0a; Everett  e t  al . ,  1 96 6 ;  McDowell et a l . ,  1 9 7 4 ;  

Gwazdouska s  e t  a l . , 19 75 ; Matsoukas and Fairchild , 19 75 ; S lama e t  a l . , 

1 9 7 6 ) , although s urvivability of Jers ey calves has been recorded as 

inferior to Friesian calves in the New Zealand environmen t  (Macmi l l an ,  
19 7 3 ) . 

ASSOCIATION BETWEEN ABORTION AND REPRODUCTIVE PERFORMANC E 

Al though the number of animal s which wer e rec orded a s  having an 

abor t ion wa s smal l the evid enc e sugg es t s  tha t the r eproduc t ive 

p erformance of these c ows was considerably  impa ir ed when they were 

c ompared with c ows hav ing normal gesta t ions ( Tabl e  XV ) • Whi l e  
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the p er iod between abor t ion and when these cows were f ir s t  s erved 

app ear ed to be prolonged ( 1 1 0  days for abor t ion cows compar ed with 84 

days f or normal cows)  their abil ity to become pregnant onc e  breed ing 

commenc ed ( see under B c l a s s  cow, Tabl e  XV ) ,  as can be seen by 

compar ing the days open for eac h group , wa s sub stant ially r educ ed . 

Similar ef f ects  o f  abor tion on f er t il ity have b een r ecord ed by o ther 

worker s (Morrison and Erb , 1 9 5 7 ; Morrow,  1 9 6 9 ;  Morrow et a l . ,  1 9 6 � a ; 

Kelly . and Ho lman,  1 9 7 5 ;  Gal ton �-�� · ,  1 9 7 7 a ,  1 9 7 7b) . 

THE RELATIVE IMPORTANCE OF DAYS FROM CALVING TO FIRST SERVI CE AND FIRS T  

SERVI CE TO CONCEPTION ON CALVING INTERVAL 

The interval from first  service to concept ion had a s ligh t ly 

greater effect  on the calving interval than did the interval from 

calving to firs t service s ince a change of  one standard deviation uni t  

i n  ei ther interval led to a calving interval change o f  0 .  7 3  and 0 . 6 3  

s tandard deviat ion uni ts respec tively ( s ee s t andard partial regres sion 

coef ficients , p 55 of  resul t s ) . Olds and Cooper ( 19 70b)  repor ted 

s imi lar resul ts in the ir s tudy of dairy cat t le ferti l i ty in Kentucky , 

USA where the co rrelation coefficients for  first  s ervice to conception 

and calving to  first  servi ce on  cal ving interval were 0 . 8 and 0 . 6  

resp e c tively . 

Because ' concep t ion ' rate tends to be more variab l e  in c ows mated 

during th e first s ixty days post par tum than in cows ma ted after this 

time (see Fi gs 4 and 7� a second analys is was carried out  e xc luding 

records of  animals b red b efore the s ixtieth post par tum day ( th i s  

resul ted in 2 6 %  o f  records b eing discarded) . The standard par t ial 

regression coe fficients ob tained were 0 . 7 3 for th e interval from firs t 

s ervice to concept ion and 0 . 59 for the int erval from calving to first  

servic e ,  a res u lt which was l i t t le different from that obtained in  the 

first  analysis when all records were include d .  

The pred i cted values for calving interval (y )  from the mult ip l e  

regress ion analys is where two o f  the variab l es were trans fo rmed were 

difficult to interpre t .  Result s  o f  the analys is were there fore display­

ed (see  Fig.  14 ) by ob taining the predic ted values of y ( calving 

interval - conve rted to the original arithmetic scale)  for s epara te 

fact ual ranges for each o f  the two (X) variab les ( days from calving to 
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f irs t s ervi ce (X I )  and firs t sery�c e  to concept ion (X z )  ) . 

The es t imates  for the regress ion coefficients were used to 

e s t imate the ef fects separately for each of the two independent 

variab l es by d iv iding the overal l  equa t ion : 

(y - y) = h i  e x  I - X I )  + h z (X z - Xz )  
into two parts 

(y - y) I = h i  ( X I  - x I )  and (y - y) z = h z (Xz  X z )  
where y is the log  log val ue for calving interval 

X I  is th e arithme tic val ue for the interval from calv ing to 

f irs t s ervice 

X z  lS the log value for the interval from f irs t service to 

concep tion 
A 

h i  is  the par tial regress ion coe f f ic ient rela ting y I to X I  
A 

h z is the part ial regress ion coefficient rela ting y 2 to X z  

8 3 .  

Us ing the informa t ion from Fig . 1 4  and the calving rate val ues 

ob tained in thi s  s tudy for breeding a t  different pos t par tum periods 

( Fig . 4 ) , it  i s  pos s ible to pred i c t  the number of s ervices required 

per c ow calving , the number of  cows which should calve a f ter a 

defined s ervice period ,  and the mean calving int erval for these cows 

( se e  Tab l e  XVI) . 

From this table  it  can b e  seen tha t  while calving intervals o f  

l es s  than 350 days are theore tically pos s ible  (by breeding early in 

th e pos t par tum period) , large numbers of  s ervices are r equired . 

Furthermore there are two prac ti cal l imitations to such early breeding , 

a below optimum level of  milk produc tion ( see  Li terat ure Review p 3 )  

and the fact tha t New Zealand dairy ca ttle  on  average do no t have 

their f ir s t  pos t par tum ovulat io n ,  l e t  alone show over t heat , unt i l  

36  days af ter calving i n  th e cas e  o f  ma ture animals  and 5 2  days a f ter 

calving in the case of two year old  hiefers (Mo l l er , 1 9 7 0b ) . If  

b re eding is  delayed unt i l  af ter the sixtieth pos t par tum day , i t  is  

no t pos s ible  to achieve the des ired 365 day intercalving interval 

unless  ' concep tion ' rates can b e  improved . 

I t  would appear desirab l e  therefore to commence b reeding , in the 

Town S upply Dairy Herds s tudied her e ,  shor tly af ter the for t i e th pos t  



TABLE XVI : EXPECTED EFFECT OF BREEDING AT DIFFERENT POS T PARTUM INTERVALS ON THE DEMAND FOR SERVICES , NUMBER OF 
COWS CALVING AND MEAN CALVING INTERVAL* 

Interval from 
calving to 1 s t  
service ( days )  

1-20 

2 1-40 

4 1-60 

6 1- 80 

8 1- 100 

10 1- 120  

1 2 1- 140 

1 4 1- 160  

No . of  cows 
that will 
calve after 
the service 
p eriod 

Tot al s ervi ce s  
required for  the 
cows that calve 

Probab ility o f  
cow calving 
(see  Fig .  L1 ) 

0 . 24 

0 . 33 

0 . 4 4 

0 . 52 

0 . 50 

0 .  5 1  

0 . 52  

0 . 5 8 

Mean calving in terval 
(predic ted from Fig.  1 4 )  

Interval from calving t o  1 s t  service ( days ) 

1- 20 2 1-40 4 1-60 6 1- 80 8 1- 100 10 1 - 1 2 0  1 2 1- 140 1 4 1- 1 60 

100 . 00 

76 . 00 100 . 00 

50 . 92 6 7 . 00 100 . 00 

2 8 . 52  3 7 . 52 56 . 00 100 . 00 

1 3 . 69 1 8 . 0 1  26 . 88 48 . 00 100 . 00 

6 . 85 9 . 08 1 3 . 44 24 . 00 50 . 00 100 . 00 

3 . 36 4 . 4 1  6 . 59 1 1 .  76 24 . 50 49 . 00 100 . 00 

2 . 6 1  2 . 1 2  3 .  16  5 . 65 1 1 .  76  2 3 . 52 4 8 . 00 100 . 00 

9 8 . 9 99 . 1 9 8 . 7 9 7 . 6 9 5 . 1 9 1 . 1 8 8 . 7 

2 8 1 . 9 5  2 38 . 04 .-,n.: n 7  
L V V • V I  1 89 . 4 1  186 . 26 1 72 . 52 14 8 . 00 

330 345 360 3 75 3 9 3  4 1 1  4 30 

i<Predi ctions cal culated on bas is o f  100 cows s ubmitted fo r breedin g .  

00 
� 
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par tum day if a 365 day intercalving int erval is to b e  achieved . Only 

in  thos e  herds wher e  ' conc ep tion ' rates are higher than the mean 

recorded in this inve s t igat ion, should a l onger pos t  partum period 

before b reeding commences be con templated . Olds and Cooper ( 19 70b)  

h ave suggested a s imilar approach based on  their resul t s  in  Kentucky . 

The author appreciates tha t another approach to reducing the 

c alving interval is  tha t of shor tening ges tat ion len g th ;  this has been 

taken a s  cons tant a t  282  days in th e cal culations discussed in this 

thes is ( see p 32) . Techniques for th e induc t ion of parturition b efore 

term in cattle  have been des cribed (Welch et al . ,  1 9 7 3) and qui te 

widely used in New Zealand dairy herds . However , because of the cos ts  

and o ther po tentia l  ha zards associa ted w i th this procedure ( Moller , 

1 9 78)  i t  seems unl ikely , at  th e present s ta te of technology , tha t  thi s  

approa ch will b e  used extens ively enough t o  have any s ignificant: 

influence on calving interva ls in the na t ional dairy herd . 

THE RELATIONSHIP B ETWEEN THE CALVING TO FIRST SERVICE AND FI RST SERVI CE 

TO CONCEPTION INTERVALS 

There was a negative correla tion b e tween thes e two parame ters 

(R = - 0 . 099 see p 55) ;  Touchb erry et a l .  ( 19 5 9 )  have repor ted  s imilarly . 

This is  unders tandab le in view of the fact  that the numb er o f  services  
, . . 

p er c oncept1on tends to decreas e as the pos t  par tum interval b efore 

breeding increases , at  l eas t up to the s ixtieth pos t par tum day . 

Because o f  the impor tance of both parame ters on calving interva l , 

however , as indica ted i n  the previous section,  a management compromise  

mus t be  reached by b reedin g  earlier and a ccepting a s lightly higher 
I I 

numb er o f  services per conception i f  a 365 day intercalving interval 

is to  b e  achieved . 

HERD S I ZE 

A numb er of authors have repor ted a decline in ' concep t ion ' rate 

with increas ing h erd s i ze ( Hewe t t ,  19 68 ; Spike and Meadows , 19 73 ; 

Lauderdale , 1974 ; Macmillan ,  19 75b ; Spalding e t  al . ,  1 9 7 5 ) . Macmillan 

( 19 75b ) explained this decl ine in New Zealand dairy herds a s  being due 

to an increase in the number of ' genuine ' short  cycles ( 8- 1 0  days ) in 

larger herds (Macmil lan and Watson , 1 9 7 1 ) and l ar gely to an increase 

in the incidence o f  errors during heat detec tion (Macmillan et al . ,  1 9 7 3) . 



Whi l e  there was a tendency for the calving interval and firs t 

s ervice  to conception interval to increas e in the larger herds iri 

this inve s t igat ion , the result was no t s ta t i s t ically s ignif icant 

86 . 

(p 58) . I t  i s  l ikely tha t the number of  herd  s tudied did not yield 

an adequa te s ample  within various s i z e  ranges to al low any conclusive 

interpretation to be made . Mor eover , even the smalle s t  herd in this 

s t udy cons is ted o f  75 cows . 

EFFECT OF PRODUCTION ON REPRODUCTIVE PERFORMANCE 

When yield p er cow per lacta t ion was cons idered there was a 

s i gnif icant posit ive correl a t ion with calving interval ( 0 . 326 ) , 

calving to first  s ervice interval ( 0 . 1 7 2 )  and firs t s ervic e  to 

concep tion interval (0 . 2 1 1 ) .  This agrees with the reports  of  many 

o ther authors  ( Lewis and Harwood , 1 950a ; Rennie,  19 5 6 ;  Miller e t  al . ,  

1 96 7 ;  Morrow , 1 969 ; Dawson ,  1 9 7 2 ; Spike and Meadows , 19 7 3 ;  Wagner ,  

1 9 74 ; S palding et  al . ,  1 9 7 5 ) . High milk yiel ds , however , are 

influenced markedly by lactation length (McDowel l  et al . ,  1 9 7 6 ) , An 

increased length o f  lactation is l ikely to b e  found in animal s ��hich 

r ema in open for long periods b ecause there will b e  no depressan t  

e f f e c t  asso ciated with ges tat ion . Under these c ircumst ances the high 

yield may b e  a resul t  rather than a cause o f  the poorer breeding 

p erformance of these cows . 

I t  s eems more reasonable  therefore , to examine the relationship 

b etween product ion prior to and/or during the breeding p eriod and 

reproductive performance rather than considering the relationship 

w ith t o t al yiel d .  The authors who have done this ( see  p 26 Literature 

Review) have repor ted that any rel a t ionship tha t  exi s t s  is  small  and 

o f  l i t tle  consequence . In the current inves tigat ion i t  was the average 

daily yield throughout lactation tha t  was considered ; the nega tive 

correla tions found were so small as to have l i ttle  e f fec t .  S ince 

the informa t ion examine d  was from data pooled f rom all the herds there 

were many o ther variab les whi ch coul d  not b e  t aken into considera tion 

which may have confounded this result . 

THE IMPORTANCE OF HERD , AGE , S EASON , YEAR AND BREED ON THREE P.ARAMETERS 

OF REPRODUCTIVE PERFORMANCE AND ON MILK PRODUCTI ON 

While i t  was not poss ib l e  to s tudy all  th e vari ab le s  in one 
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analys is for reasons outlined earl i er ( see Material s and Methods , p 32 )  
a series o f  two way analyses were carried o u t  t o  de termine whe ther 

e ffects observed wer e  due to th e main effe c ts of  the variab le s  

or t o  their interac tions (see Tab les XVII and XVII I ) . 

Herd , age , seas on and year have all  had s i gnifican t  e f fe c ts on 

the three  breeding p arame ters s tudied and whi le there were s i gnificant 

in terac t ions b e tween herd and age , herd and s easo� and age and s eason 

on mos t  o f  thes e  parame ters the effect  o f  th e interac tion was relativel y  

small compared to the e f f e c t  o f  the two main variab les ( s ee F val ues 

and tes t s  of s ignifi cance - Tab l e  XVI I ) . More impor tan t ,  however , is 

the fac t that the amount of variation in breeding performanc e  tha t  

could b e  as cribed to any of these vari ables was remarkabl y  small  

( see Tabl e  XVI I I) . This is not  unexpected in view o f  the vas t  array 

o f  factors that c an in fl uence the reproduc tive performanc e  o f  eac.h 

individual animal as outlined in the Li terature Review at the b eginning 

of this th es i s . 

The value o f  undertaking this series o f  two way analyses  was 

b es t  i l l us trated in respe c t  to the f indings relating breed e ffec ts to 

reproduc t ive performance . On ini t ial e xamination i t  appeared tha t 

there was a very c lear case in favo ur o f  the Jersey b reed h aving 

be tter reproductive effi cie ncy than the Fries ians in the population 

s tudie d .  As expl ained in an earl ier sec tion o f  the discussion (p  80)  

the maj o r i ty of Jersey cattle were in one herd which proved to b e  one 

o f  the b e t te r  herds as far as r eproduc tive efficiency was concerned .  

Th e s uperiority of  the Jersey c ows therefore coul d s imp ly b e  exp lained 

by thi s  h erd effec t .  

As far as mi lk yield was concerned s igni ficant interactions were 

found b e tween herd and age , and herd and year , but again they were sma l l  

compared wi th the main e ffec ts o f  h erd , year and a ge ( Tab l e  XVI II ) .  

Produc t ion differences b e tween prop er ties can be :exp lained by many 

fac tor s  s uch as l evel of managemen� loc al topography and c limat e , and 

st age o f  development , while age d i f ferences in produc tion h ave been 

recognised for many years . Furthermore ,  under a f arming system that 

depends largely on grazing pas ture in s i t u ,  favourabl e  years for pas t ure 

growth are inevit ab ly refl e cted by h i gher levels  of milk p roduc tion and 



this proved to b e  the case in this inve s t i gat ion ( see ear l i er 

discuss ion ,  p 80) . 

88 . 

I t  is  not surpris ing there fore , that much mor e  o f  the variation 

in yield could  b e  explained by th e variab les inves t igated ( Tab le XVII I )  

than was t h e  case for calving in terval and o ther measures o f  

reproduc tive performance . 



GENE·RAL CONCLUS I ONS 

1 .  Availab l e  evidence  p oin ts s trongly to a 365 day intercalving 

int erval as being optimal for economic product ion in dairying . 

89 . 

Since the average value for this interval was 384 days in the study 

repor ted in this thesis , it is des irab le  that me thods for  improving 

reproduc tive e fficiency in Town Supply Herds b e  sough t . 

The targe t of  a 365 day calving interval was nearly achieved by 

two of th e herds investigated ( see Herds 16 and 1 9 , Tab le  VI I I )  

although a t  wha t cos t1 in terms o f  animals culled for infertili ty; is 

not known . Calving interval does not take account e i ther of  an imals 

whi ch only calve once ,  or animals  in tended to be b re d  that neve r calve 

at a l l .  This i s  a serious disadvantage o f  the parame ter a s  an 

e s t imate o f  reproductive e f ficiency . An annual live calf  rate , 

related to all animals e i ther entering or  in the herd and intended 

for b reeding , would be a more appropriate index of  b reeding e fficiency . 

2 .  The average interval from c alving to f irs t service  and from first 

service to conception was 84 and 1 1  days respec tively in this 

inve s t igation . This indicates delayed breeding and a 365 day calving 

interval is therefore not possib l e .  I f  the calving t o  f irs t service  

interval could b e  reduced b y  the  simple management procedure of 

bree ding each cow b e tween 4 6-66 days pos t partum, a 365 day calving 

interval would b e  achieved ( Tabl e  XVI ) . Such an approach depends on 

all  animals intended for b reeding showing over t heat during this 

t ime , a practical propo s i t ion provided management pra c tices geared to 

e f fe c tive feeding and e f ficient h eat de tec t ion are app l ied . 

An a l t erna tive to breeding earlier in the pos t  par tum period 

would b e  to increase ' conc ep tion rat e '  - apart from improving d e te ction 

e ffic iency , however , p ractical p ro ce dures for achieving any sub st an t-
, 

ial l i f t  over a large population of  animals do not a t  the present  

t ime s eem to  b e  availab l e .  

3 .  A high incidence of  shor t ( 1 1 . 6% )  and long ( 4 9 . 5% )  re turn 

intervals to f irs t service , together with a mean inter-service 

interval o f  44  days , demons tra t e  that missed hea ts and de tec tion 
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errors were importan t cont ributing factors  to the p rolonged calving 

intervals  and high numb er of s ervices per cow calving recorded in these 

Town S upply Herds . Improved detec tion procedures as outlined in the 

Literature Review , toge ther with routine pregnancy tes t ing of cows six 

to eight weeks a f ter they are b red , woul d  help reduce such def i ciencies . 

4 .  Because the spring period clearly resulted in the b e s t  reproduc t­

ive performance ,  compared with the other seasons o f  the year ,  as high 

a propor tion of the herd as pos s ib le should be bred at this t ime . The 

extent to which this could be done depends on milk quo t a  requirements , 

especially during the dif ficu l t  winter period .  I t  is  inevitab le  that 

a proportion of cows mus t be b red to calve during the autumn in order 

that they w ill  be producing at thei r  mos t  efficient per uni t  of feed 

consumed when cos ts  are at the ir highes t .  

5 .  The reproductive per formanc e of th e younger age groups o f  cattle , 

particularly the two year old  cows , was poo r .  S inc e they con s ti tute 

a relatively high proportion of the animals in a herd , any improvemen t 

in reproduc tive efficiency a chieved with this group could have 

cons iderab le in fluence on herd performance .  

High level s  o f  anoes trus ( Fielden e t  al . ,  1 9 7 6 )  and a slow return 

to cyclical a c tivity a f ter  calving (Mo ller , 19 70b ) h ave already b een 

es t ablished as characteris tics  o f  younger cows in Seasonal Supply 

Herds in New Zealand ; more a t tention to the nutritional needs of the 

group has b een s ugges ted as the way to solve the probl em. A s imilar 

s i tuat ion is l ikely to app ly in the Town Supply indus t ry .  

6 .  More research i s  needed i f  reasons for the considerab le dif fer­

ences in rep roduc tive efficiency ob served between herds are to be 

further defined . It  seems l ikel y , however , as i ll us t rated by the 

variation b e tween herds in �e turn in terval analyses , that the 

g eneral b reeding policies and managerial skills  of the owner play a 

maj or role in de termining the l evel o f  reproductive efficiency achieved . 

Never- the-less the multip l ic i ty of fac tors concerned with the 

reproduc tive process under fie l d  condi tions , to ge the·r with the 

expe·rience gained during this s tudy , suggest that even the mos t  
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soph i s ticated inve s t i gation i s  unl ikely to explain more than a small 

p ropor tion o f  the total variation in repro duct ive performance that is  

observed . 
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APPENDI CES 



HERD NO . . . . . . . . . . . . YEAR . . . . . . . . . . TOWN MILK HERD REPRODUCTIVE EFFICIENCY INVESTIGATION 

Cow Breed Age Lactat ion Ins eminat ions ( date , bul l no . ,  and inseminator no . )  Calving Date 

1 I 2 I 3 I 4 I 5 I 6 

Other Comments 

--

� 1-d t>j z Cl 
H 
:X: 
� Ill 



APPENDIX lb 

TOWN MILK HERD REPRODUCTIVE EFFICI:CNCY INVESTIGATION 

Herd 

ITJ 
1 2 

1 st Calvin8 

I I 
9 1 0  1 1  1 2  

No . of 
services 

D 
21 

2nd Calving 

I I 
29 30 31 32 

No. of 
services 

D 
41 

3rd Calving 

I I 
49 50 51 52 . 
No. of 

services 

D 
61 

4th c._lving 

f I 
69 70 71 72 

CO\'r 

3 4 5 

Age 

D 
6 

1 at Insemination 

I I I 
1 3 1 4 1 5 1 6  

Service 
to which 

conceived Lact . yield 

0 I I 
22 23 24 25 

· 1 st Insemination 

I I 
33 34 35 36 

Service 
to which 

conceived Lact. yield 

D I 1 
42 43 44 45 

l llt Insemina tion 

I I I J 
53 54 55 56 

Service 
to which 

conceived Lact. yield 

D I 
62 63 64 65 

5th CalviD.8 

73 74 75 76 

Breed Fate 

D D 
7 . 8 

2nd Insemination 

I I 
1 7  1 8  1 9  20 

La et. length 

t I I 
26 27 28 

2nd Insemination 

I I 
37 38 39 40 

La et . length 

I ITIJ 
46 47 48 

2nd Insemination 

I I 
57 58 59 60 

La e t .  length 

I I ' 
66 67 68 
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