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ABSTRACT

The objective of the study was to examine the reproductive
performance of dairy cattle in Town Milk Dairy Herds in New Zealand.
Breeding and production data for parous animals were collected from
the records of twenty herds which ranged in size from 75 to 300 cows.
Herd owners were members of the Wellington Hawke's Bay Livestock
Improvement Association which provided herd testing and artificial
breeding services. There were 12,056 calvings recorded involving
4,050 cows. Of these 9,898 were for Friesian, 672 Jersey, 1,066
Friesian Jersey cross cows and the remaining 420 other breeds and

crosses.

The parameters measured were calving interval, calving to first
service interval, first service to conception interval, days open,
inter-service interval, calving rate to first service and services
per cow calving and were 383.7, 84.8, 11.3, 106.9, 43.7 days, 49.37%
and 1.7 respectively for the pooled population. Data for calving
interval and first service to conception interval were transformed
for all analytical procedures - the unadjusted values for these
parameters were 388.7 and 19.3 days respectively. The mean milk

yield was 3,730 litres and the mean lactation length 291 days.

Age, herd, season and year had highly significant effects on
both productive and reproductive performance although the amount of
variation that could be explained by these variables was small as
far as reproduction was concerned. Any breed differences which may
have been present were confounded with herd effects and no signif-
icant relationship was found between herd size and reproductive
efficiency. This may have been due to an inadequate number of

smaller herds in the sample.

Significant negative correlations were found between average
daily milk yield and calving, calving to first service and first
service to conception intervals. Their wvalues were so low as to be

of little consequence.



iv.

Reproductive efficiency increased up to the age of four years and
then gradually declined whereas milk production increased up to the
age of eight years before it declined. The youngest cows, particularly
two year olds, which. comprise a high proportion of the herd, performed

poorly in nearly all reproductive parameters studied.

The correlation between calving to first service and first service
to conception intervals was -0.09 and the standard partial regression
coefficients (B values) for calving to first service and first service
to conception intervals on calving interval were 0.63 and 0.73
respectively. Thirty nine percent of the variation in calving interval
was explained by days from calving to first service and 457 by days

from first service to conception.

A high incidence of short (11.6%) and long (49.57%) returns,
together with an average inter-service interval of 44 days, indicated
that detection errors and heat detection efficiency were important
problems contributing to delays in breeding and increased numbers of
services per cow calving. Conscious management decisions to with-hold
cows from breeding to meet specific seasonal needs may have compounded

this problem.

Significant seasonal effects were observed with superior results
during the spring irrespective of whether cows calved or were being
bred at that time. Year differences in both productive and reproduct-
ive performance were also noted with best results occurring during
years which recorded climatic conditions as being most suitable for

pasture growth.

The number of abortions recorded during the course of the
investigation were few. Where aborting cows were retained their
breeding performance during the year following abortion was poor but
this effect did not appear to carry-over to their performance in

subsequent years.
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INTRODUCTION

Until the artificial induction of lactation can be carried out
successfully and economically in dairy cattle, milk production will
depend for its initiation on the establishment of pregnancy and the
accomplishment of normal parturition. Reproductive efficiency thus
plays a significant role in determining how ably, and economically,
the herd is capable of producing milk, and New Zealand, with its all

grass system of cattle husbandry, provides no exception to this.

Losses due to inefficient reproduction are reflected by:

- Lower annual milk production

- Lower annual calf crops

= Reduced selection pressure and slower genetic gains

- Increased culling rates and breeding costs

= Increased feed costs per unit of milk produced

- Increased animal health expenditure.
The magnitude of such losses have been suggested as approximately 660
million dollars in the United States of America (Pelissier, 1976) and
while no authoritative estimate has been attempted in New Zealand,
there can be little doubt that inefficient reproductive performance
produces costs which are substantial and which cannot be ignored in

a competitive milk production enterprise.

Extensive investigations have been made into reproductive
performance in dairying in New Zealand, particularly seasonal factory
supply dairying, by workers associated with the New Zealand Dairy
Board. Much of this has been summarised in their annual Farm
Production Reports, or in recent years, in scientific papers listed
in these reports. Very little information, however, has been
forthcoming concerning the performance of Town Supply Dairy Farmers
and although their relative contribution to total dairy production in
this country is small, it is nevertheless significant. Moreover it
is a high cost, specialised sector of the farming industry deserving
the attention of researchers as to methods which could lead to

improvements in its efficiency.



It was with these points in mind that this pilot study concerned
with reproductive efficiency in Town Supply Dairy Herds was undertaken,

and it is the substance of this study that is reported in this thesis.



LITERATURE REVIEW

Although there are various methods that can be used to describe
reproductive efficiency, calving interval is the most important and

is the parameter influenced by all the other measures.

CALVING INTERVAL

Calving interval is defined as the period between two
consecutive calvings for any one animal. There is now substantial
evidence demonstrating that a calving interval of 365 days is ideal
for yielding maximum profit from the dairy herd. The effect is on

both milk and calf production as illustrated in Table I below:

TABLE I: ECONOMIC EFFECT OF CALVING INTERVAL IN A 40 COW HERD
(Zemjanis et al., 1969)

Average calving interval in months

N2 13 14 15
Pounds of milk/cow/year 12,800 12,670 11,560 10,992
Profit
Labour income/year $7,497 $7,300 $6,018 $5,395
Hourly wage 2052 2.49 2.10 1.89
Number of calves born/year 40 37 34 32

Similar findings have been reported by many other authors
(Sanders, 1927; Milk Marketing Board (MMB), 1965, 1969a, 1969b,
1975; Speicher and Meadows, 1967; Louca and Legates, 1967,
1968; Blaxter, 1971; Pelissier, 1972, 1976;
Esslemont, 1974b; Lauderdale, 1974; Britt, 1975). It is
possible that even greater profit would be obtained with calving
intervals shorter than one year; the Milk Marketing Board (1969b) for
example reported a peak annual milk production with a calving interval
of about 350 days and Esslemont (1974b) and Esslemont and Eddy (1976)
described calving intervals of 355-365 days as giving the highest
milk yields. In both reports however, calving intervals less than

those mentioned above led to a depression in milk production. More
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recently the Milk Marketing Board (1975) has reported that maximum
305 day milk yields were obtained where the calving interval was
365 days - with shorter calving intervals yield was depressed.
Calving intervals longer than 365 days did not result in increased

milk yields.

Several reports indicate that there is a wide range in calving
intervals between different groups of animals surveyed (see Table
II) and while a calving interval of 365 days (or slightly less) may
be optimal, most studies indicate that the average level of

performance being achieved is nearer to 395 days (Table II).

Seasonal Supply Dairy Herds in both New Zealand and Ireland
are an exception since calving intervals of 364 and 363 days
respectively have been reported (Macmillan and Moller, 1975, 1977;
Cunningham et al., 1976).

Days Open (Calving to Conception interval)

This is the period between parturition and when the cow
conceives. It is highly correlated with the calving interval
(Everett et al., 1966; 0Olds and Cooper, 1970a; Slama et al., 1976)
as the average gestation length of 281.9 days has a standard
deviation of only + 4.5days (Macmillan and Curnow, 1976a). Since
the calving interval is equal to the summation of days open and
gestation length (Everett et al., 1966;Lineweaver and Spessard,
1975) it follows that the average cow should become pregnant on
approximately the 83rd day after calving if a 365 day calving
interval is to be maintained. Many reports however indicate that
the number of days open is in excess of this (Everett et al.,
1966 -~ 107 days; Morrow et al., 1969a - 109 days; Velasco, 1971
cited by Vaccaro, 1973 - 107 to 120 days; Spalding et al., 1975 -
116 days).

Days open is equal to the sum of the calving to first service
interval and the interval from first service to conception. To
estimate the date of conception either an accurate pregnancy test
must be made or calving information obtained after the date(s) of

service. Non return rate information could be used but has the



TABLE II: CALVING INTERVAL REPORTED BY NUMEROUS RESEARCHERS

Reference Calving Interval
(days)
Bozworth et al., 1972 395
Carley, 1972 cited by Spalding et al., 1975 395
Cunningham et al., 1976 363
Esslemont, 1974a 395
Everett et al., 1966 387
Gaines and Palfrey, 1931 395
Herschler et al., 1964 395
Legates, 1954 406
Lewis and Horwood, 1950a 401
Louca and Legates, 1968 395
Macmillan and Moller, 1975 364
Matsoukas and Fairchild, 1975 401
Milk Marketing Board, 1976 395
Milk Marketing Board, 1971 and 1975 388
Miller cited by Morrow et al., 1969a 382
Morrison and Erb, 1957 413
Morrow, 1970 395
0lds and Cooper, 1970a 382
Pelissier, 1972 and 1976 39/5
Rennie, 1956 413
Slama et al., 1976 396
Spalding et al., 1975 396
Spike, 1973 395
Spike and Meadows, 1973 395
Webb et al., 1974 395
Whitmore et al., 1974 395




serious disadvantage of introducing more errors (see later under
section concerned with conception rate, page 18). Days open
provides a relatively accurate measurement of reproductive
performance before an animal calves but has the disadvantage

of not taking account of losses which may occur during a pregnancy
after the estimate is actually made. Calving interval however

takes account of all such factors,

Calving to First Service Interval

This is the interval from when an animal calves until she is
next bred. While basically this depends on the resumption of
cyclical activity after parturition (see later - page 13)
management decisions as to when first breeding should take place

and the efficiency of oestrous detection can have a marked influence.

In the past a number of workers advanced the view that breeding
problems resulted from mating early in the postpartum period
(Hofstad, 1941; Van Demark and Salisbury, 1950; Morrison and Erb,
1957) and a common recommendation was not to breed until the
sixtieth post partum day (Van Demark and Salisbury, 1950; Shannon
et al., 1952; Trimberger, 1954; MMB, 1969b; Boyd, 1970; Morrow, 1970;
Esslemont, 1974a, 1974b). Recent evidence however demonstrates no
i1l effects from early post partum breeding (Trimberger, 1954; Olds
and Cooper, 1970b; Whitmore et al., 1974) and a number of researchers
advocate breeding earlier than 60 days post partum in order to try
and achieve a 365 day calving interval for the herd (Touchberry
et al., 1959; MMB, 1969b; Olds and Cooper, 1970b; Bozworth et al.,
1972; Lauderdale, 1974; Harrison et al., 1974, 1975; Britt, 1975;
Matsoukas and Fairchild, 1975; Slama et al., 1976; Pelissier, 1976).
Macmillan (1972a) in New Zealand, because of the current emphasis on
concentrating calving under seasonal dairying conditions, has
suggested that cows be bred, irrespective of the post partum period
that has elapsed, if the mating season has commenced. Although it is
well established that a lower conception rate will be obtained
with cows bred during this early post partum period (Hofstad, 1941;
Van Demark and Salisbury, 1950; Shannon et al., 1952; Trimberger,
1954; New Zealand Dairy Board (NZDB), 1961; Britt, 1975) individual
animals in the herd will have more opportunities to become pregnant

than if breeding is delayed.



A wide variation in calving to first service interval has been
reported in the literature (see Table XIX, page 65). It is virtually
impossible to achieve 365 day calving intervals when the initial

breeding is as delayed as is shown in that table.

First Service to Conception Interval

This is the period from when a cow is first bred until she
conceives. Many cows conceive to the initial breeding leading to a
first service to conception interval of zero; the average for the
herd, however, is inevitably longer than this. The first service to

conception interval reported by a number of researchers is shown in

Table III.
TABLE TIII: FIRST SERVICE TO CONCEPTION INTERVAL REPORTED BY
VARIOUS RESEARCHERS
Reference lst service to
conception (days)
Carman, 1955 28.0
Chapman and Casida, 1935 30.0
Esslemont and Eddy, 1976 24.4
Everett et al., 1966 29.0
Matsoukas and Fairchild, 1975 33.6
Olds and Cooper, 1970a 19.8
Pou et al., 1953 52.0
Slama et al., 1976 33.0
Sonderegger and Schurch, 1977 30.0
Touchberry et al., 1959 36.1

There are problems in measuring the date of conception accurately
when a cow conceives,as indicated earlier. Although this parameter
reflects only one of the two components of days open, it is an
important measure of fertility once breeding after parturition has
begun. There is an inverse relationship between calving to first
service and first service to conception intervals; thus Touchberry

et al. (1959) and the Milk Marketing Board (1967a) recorded that as



the calving to first service interval increased up to 127 and 125
days respectively, the first service to conception interval

decreased to a minimum with little change thereafter.

Factors Affecting Days Open
a. Heat Detection

Many workers agree that accurate heat detection is of major
importance for efficient reproduction (Chapman and Casida, 1934;
Zemjanis et al., 1969; Boyd, 1970; David et al., 1971; Bozworth
et al., 1972; Esslemont, 1974a, 1974b, 1974c; Foote, 1975;

Barr, 1975; King et al., 1976; Macmillan, 1976a; Pelissier, 1976;
Wood, 1976a). Poor heat detection may result from wrong identific-
ation of animals and errors in diagnosis so that heat is either
missed or incorrectly thought to be present (Macmillan, 1976b).
Recognition of stage of oestrus is also important if presentation
for breeding is to take place at the most effective time. With the
exception of animals which are incorrectly submitted for their first
breeding when not in heat, and are then submitted when they are in
heat, where no detrimental effect on fertility occurs according to
Macmillan et al., (1977a), poor heat detection prolongs the days
open and lengthens the inter-service interval. Efficient heat
detection is associated with:

i. Intensity of heat - cows showing marked behavioural changes
during oestrus and standing readily for other cows to mount
them are more easily recognised than those which show weak
behavioural signs (Lee, 1953; Rollinson, 1963 cited by

Esslemont and Bryant, 1974).

There are many references in the literature referring to
the relatively high incidence of 'silent heat' in high
producing cows (Murray, 1943; Meek, 1961 cited by Morrow,
1969a, 1969b), nursed cows (Wiltbank and Cook, 1958;
Saiduddin et al., 1967a, 1967b; Moller, 1970b) and in cows
early in the post partum period (Casida and Wisnicky, 1950;
Kidder et al., 1952; Zemjanis, 1961; Labhsetwar et al.,
1963; Marion et al., 1968; Morrow et al., 1969a; Morrow,

1969; Moller, 1970b). What is meant by 'silent heat'
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iii.

iv.

however is not clearly defined and it seems probable that
'weak heat' and 'silent heat' are often being used in the
same context. If this is the case difficulties in

recognition of heat are likely to be considerable in cows

under conditions mentioned above.

Duration of heat - this has been reported as being related
to age, breed, level of feeding, presence of the bull and
general state of health (Wishart, 1972). Clearly there is
a greater chance of detecting oestrus where cows show
signs of heat for a longer period (Macmillan and Watson,

1975b).

Method of detection - higher detection rates have been
observed where marker bulls (Donaldson, 1968; Macmillan,
1972b, 1976b) or heat mount detectors (Baker, 1965; Boyd
and Hignett, 1968; Elving, 1969; Thatcher et al., 1971 and
Wells and Adams, 1972 cited by Esslemont 1974c; Foote,
1975) are used rather than depending on visual observation
unless the latter can be carried out continuously
(Williamson et al., 1972a). Testosterone treated cows
(Kiser et al., 1977) and tail painting (Macmillan and
Curnow, 1977b) have both been described as being as
efficient as marker bulls for detecting cows in heat: the

latter is a particularly convenient and low cost technique.

Various workers have cautioned that where devices to aid
heat detection are used they must be used correctly
(Macmillan, 1972b, 1976b; Williamson et al., 1972a; Foote,
1975); continuous observation by farm workers on the other

hand has serious practical limitations.

Frequency, length and time of observation - more cows can
be detected by increasing the frequency at which

observations are made (Hall et al., 1959; Donaldson, 1968;
Esslemont, 1974c; Fielden et al., 1976) and by increasing
the time spent at each observation period (Williamson et al,

1972a; Esslemont, 1974c; Fielden et al., 1976). The time
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during the day when observations are carried out is also
important; Donaldson (1968), Lauderdale (1974), Esslemont
(1974c) and Esslemont and Bryant (1976) for example found
that early morning and late evening resulted in a higher
level of detection than when observations were made at
other times. Esslemont (1974a) stressed the importance of
not only the selection of the correct time and duration but
also the spread of observation periods if short heats were
not to be missed. The intensive feeding period which
follows milking, particularly under pasture grazing
conditions, is not a satisfactory time for observations to
be made, and inspections are better carried out at times
that follow periods of intensive grazing activity
(Williamson et al., 1972b; Foote, 1975; Esslemont and
Bryant, 1976).

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

Table IV.

Ability and interest of observer - the observer must

be both skilled and conscientious in recognising the signs
of heat in animals under his care, and it has been sugg-
ested that some form of incentive for the observer
increases the interest and the efficiency of detection

(Esslemont, 1974c; Fielden et al., 1976).

Shed and yard design - this should be arranged in such a
way that the observer(s) can readily identify animals in
heat (Edgson, 1970; Esslemont, 1974c; Fielden et al., 1976).
Even under pasture grazing conditions as in New Zealand,
where cows spend only relatively short periods in the
milking unit, certain milking shed designs, particularly
where a pit is involved and labour is working at a lower
level than the animals, lead to difficulties in recognising
cows which have been marked by a bull as being in heat

(Fielden, E.D. - personal communication).



TABLE IV: EFFICIENCY OF VARIOUS METHODS OF OESTROUS DETECTZION
OBSERVED BY DIFFERENT RESEARCHERS

Method of detection Percentage Reference
correctly
identified
in oestrus

Continuous 24 hour observation 98-100 )
Observed thrice daily 81-91 ;
Observed twice daily 81-90 ) DeplEEcn, 11985
Marker bulls 98-100 ;
Continuous 24 hour observation 98-100 )
Heat mount detector 90 ) WEERELTm=IEEE ally,
) 1972a
Observed during daily routine )
activities 56 )

Observed four times daily for
% hour 84

1974
Observed three times daily for g L.eIoHe, ¢

% hour 81

Observed three times daily for
% hour 69

Marker bulls (continuous
exposure to cows on pasture) 80

Marker bulls (2) exposed to Foote, 1975

cows yarded for one hour at
0600 and 1800 hours daily 87

Observed by herdsman for % hour
at 0800 and 1700 hours daily 72
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Herd size and number of cows per labour unit - with
increasing herd size heat detection errors become more
prevalent (Hewett, 1968; Macmillan and Watson, 1971;
Lauderdale, 1974; Esslemont, 1974c; Macmillan, 1975b).
This is probably associated with the increase in cows per
labour unit that tends to occur in larger herds (Smith,
1969; Bevan, 1970 cited by Esslemont, 1974c; King, 1S72;
Hodgson, 1973 cited by Lauderdale, 1974) and to some
degree to the quality of the hired help necessary in such

large herds.

Accuracy of records and use of rectal palpation as a means
of predicting heat - careful recording of pre-mating heats
(Zemjanis, 1961; Zemjanis et al., 1969; Morrow, 1969;
Lineweaver and Spessard, 1975) and prediction of heat by
rectal palpation of the ovaries and genital tract during
routine examinations (Morrow, 1969; Zemjanis et al., 1969)
both act as a guide to the farmer for more careful
observation of animals for heat over specified periods of

time.

Synchronisation procedures - enucleation of the corpus
luteum was formerly used as an aid to both induction and
detection of heat in cows when such a structure was present
(Zemjanis et al., 1969; Vandeplassche, 1976). Because of
problems associated with haemorrhage and adhesions this
procedure has now gone out of favour (Vandeplassche, 1976).
Of recent years luteolytic substances such as the
prostaglandins or their analogues have been used to
synchronise oestrus in cycling cows (Rowson et al., 1972;
Lauderdale, 1974; Macmillan, 1976b; Macmillan and Curnow,
1976b; Day, 1976; Roche, 1976). Progestagens have been
used for a similar purpose (Zimbleman et al., 1970) but
generally with less success. Although there is a cost
associated with these procedures there may be husbandry
situations under which their use as an aid to heat detect-
ion could be justified (Macmillan, 1976b; Esslemont et al.,

1977). 1In certain circumstances synchHronisation procedures
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such as these, followed by fixed time inseminations, have
been suggested as a means of overcoming heat detection
problems entirely (Esslemont et al., 1977; Wishart et al.,

19747)1"

While many non visual methods for detecting heat in cows
have been described e.g. fern leaf patterns in vaginal and
cervical mucus (Lamond and Shanahan, 1969; Linford,

1974 cited by Foote, 1975)  vaginal cytology (Hansel, 1959
cited by Foote, 1975), hormonal changes in blood and milk
(Hansel and Echternkamp, 1972; Heap et al., 1973; Laming

and Bulman, 1976; Bulman, 1976), and endoscopy (Wishart,
1972; Esslemont and Bryant, 1974), these have generally been
confined to research investigations and have to date not

become available for practical field use.

b. Interval to the First Post Partum Oestrus

Although factors which affect puberty have an important influence
as to when an animal can be first bred, the literature in respect to
puberty has not been surveyed since the investigation which was
undertaken and reported in this thesis was confined to cattle which
were all parous and had entered the milking herd. The period
between calving and the first post partum oestrus (return to heat)
however is of the utmost importance because of its effect on days
open (Bozworth et al., 1972; Lauderdale, 1974; Pelissier, 1976;

Wood, 1976b). A wide variation in the period before cows return to

heat after calving has been described (Table V).

Useful reviews which consider uterine involution and post partum
ovarian activity in cattle have been contributed by Morrow et al.,

(1969b) and Moller (1970a). Return to heat is influenced by:

Y. Age — although some authors have reported no significant
effect of age on return to post partum oestrus (Clapp, 1937;
Butch et al., 1955; Warnick, 1955; Morrow et al., 1966, 1969a;
Morrow, 1969), many authors indicate that the post partum
oestrous interval is comparatively longer in younger

growing animals than in their older herd mates (Casida and



TABLE V: CALVING TO FIRST POST PARTUM OESTROUS INTERVAL IN
DAIRY CATTLE REPORTED BY VARIOUS RESEARCHERS

Reference Post partum oestrcus
interval (days)

Butch et al., 1955 33.0
Carman, 1955 55.4
Casida and Venzke, 1936 40.7
Casida and Wisnicky, 1950 60.4
Chapman and Casida, 1935 59.0
Clapp, 1937 46.4
Foote and Petersen, 1968 28.0
Graves et al., 1968 54.0
Hall et al., 1959 38.4
Herman and Edmundson, 1950 57.0
Higaki et al., 1959 cited by Morrow et al., 1969b 76.3
Hurst, 1959 21.0
Labhsetwar et al., 1963 21.0
Menge et al., 1962 SYASL
Moller, 1970b 36.0-52.0%
Morrow, 1969 15.0
Olds and Seath, 1953 32.1
Olds et al., 1949 30.0
Trimberger, 1956 50.2
Whitmore et al., 1974 39.0
Wiltbank and Cook, 1958 54.0
Wickersham and Schultz, 1963 43.3
Velasco, 1971 cited by Vaccaro, 1973 43.0-69.0
(range)

*Refers to first post partum ovulation (not necessarily accompanied
by overt heat); the longer interval refers to two year and three

year old cows, the shorter to adult cows.
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Wisnicky, 1950; Herman and Edmundson, 1950; Wiltbank and

Cook, 1958; Menge et al., 1962; Young, 1965; Tennant et al.,
1967). Under New Zealand conditions Moller (1970b)

reported that the first post partum ovulation occurred in
four year and older milking cows at around 36 days post
partum and in two and three year old cows at around 52 days
post partum. It is likely that the interval to the first
post partum oestrus also shows a similar variation between

these age groups.

ii. Suckling and frequency of milking - suckling tends to
lengthen the interval to first oestrus compared
with cows milked twice daily (Clapp, 1937; Wiltbank and
Cook, 1958; Lyn et al., 1966; Saiduddin et al., 1967a, 1967b;
Graves et al., 1968; Moller, 1970b; Morrow et al., 1969a;
Oxenreider and Wagner, 1971; Randel et al., 1976); muitiple
suckling (i.e. more than one calf suckled per cow) and
increasing the frequency of milking delays the return to
heat even further (Moller, 1970b; Bellows et al., 1974;
Kaiser, 1976; Wettemann et al., 1976).

iii. Season - while Herman and Edmundson (1950), Warnick (1955),
Wiltbank and Cook (1958) and Morrow (1969) found no signif-
icant influence cf season on return to heat, other authors
reported delays in return to heat, both where hot humid
(Carman, 1955; Branton et al., 1961; Stott and Williams,

1962; Hafez, 1965; Gangwar et al., 1965; Vaccaro, 1973;
Thatcher, 1974) and cold winter (Joubart, 1954b; Butch et al.,
1955; Branton et al., 1974) conditions prevailed. Although
in some instances this seasonal effect could be related to
scarcity of feed (Joubart, 1954a) or lowered food consumption
(Kelly and Hurst, 1963; Van Heerden, 1963; Gangwar et al.,
1965) the mechanism by which season influences reproductive

activity in this way in cattle is not clear.

iv. Level of production - many workers have recorded that high
producing cows take longer to return to heat following calving

than do lower producing animals (Lewis and Horwood, 1950a;
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Olds and Seath, 1954; Marion and Gier, 1968; Morrow, 1969;
Oxenreider and Wagner, 1971; Whitmore et al., 1974) . Gaines
(1927), Eckles (1929), Clapp (1937), Herman and Edmundson
(1950) and Carman (1955) however found no significant
correlation between the interval from calving to first heat
and milk production. More equivocal is the relationship
between production and fertility which is dealt with later

in this literature review.

Inbreeding - several authors have described the depressing
effect of inbreeding on reproductive performance, including
a lengthening of the interval from parturition to the first
post partum heat (Hawk et al., 1955; Mares et al., 1961;
Gaines et al., 1966). Outbreeding can be used to overcome
such problems (Robertson, 1949; Rollinson, 1955; Bonadonna

et al., 1966; Pearson and McDowell, 1968).

Nutrition - there are a large number of reports indicating
that low levels of nutrition (Joubart, 1954b; McTaggart,
1961; McClure, 1961, 1965, 1968; Saiduddin et al., 1968;
McDonald, 1969; Rakha and Igboeli, 1971; Davey, 1976; Hzlford,
1976),especially during the periparturient period,delay

the time to the first post partum oestrus (Turman et al.,
1964; McClure, 1970; Falk et al., 1975). Under New Zealand
conditions a clear association has been established between
liveweight just before calving (or just before breeding in
the case of maiden heifers) and submission rate (submission
rate is generally defined as the percentage of cows mated
within the first 28 days of the breeding season); thus
animals of low body weights have poorer submission rates
largely as a result of their slow return to heat after

calving (Fielden et al., 1976; Moller, 1978).

Both pre and post partum levels of nutrition seem to be
important in causing such delays in return to heat

(Whitman, 1977) although there is some evidence to suggest
that pre partum nutrition and condition of the animal have a

dominant effect on the post partum interval whereas early
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post partum levels of nutrition, while influencing this
interval, have a more significant effect on conception rate
(Wiltbank et al., 1962, 1964; Dunn et al., 1969; Grainger,
1978).

While quantitative and qualitative nutritional levels clearly
appear to influence return to heat after calving (Reid, 1949;
Morrow, 1976; Kaiser, 1976; Whitman, 1977) as well as other
aspects of reproductive performance, the exact relationship
between these levels and liveweight, liveweight change,

blood glucose levels, body condition and reproduction are as yet

poorly defined in cattle (Broster, 1973; Downie and Gelman, 1976).

vii. Abnormalities at parturition - many workers have described
an increase in the interval between calving and return to
heat when cattle have experienced difficulties such as
dystocia, retained foetal membranes and other peri parturient
diseases (Butch et al., 1955; Morrow et al., 1966, 1969a;
Morrow, 1969; Pelissier, 1976).

viii. Post parturient disease conditions - infectious conditions
of the tubular genital tract, ovarian tumours and cystic
ovarian disease may all prolong the period before an animal
returns to normal cyclical activity after calving (Hancock,

1948; Morrow, 1969; Roberts, 1971).

Live Calf Rate

Under New Zealand dairy husbandry conditions it is usual tc leave
the calf with the mother until the second day. While it is possible
for calves to die 48 hours or more after birth as a result of problems
that have occurred before or at the time of parturition, the majority
of losses after 48 hours appear to be due to environmental factors
unassociated with the mother (Fielden, E.D. - personal communication).
Under dairying conditions in this country therefore, the proportion
of calves alive at 48 hours per 100 cows mated, is a reasonable
measure of reproductive efficiency. Defined in this way the live
calf rate is equal to the conception rate less losses during gestation,

parturition and the first 48 hours post partum.
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'Conception Rate'

Non return rates (NRR) are frequently used as a measure of
'conception rate' on the basis that animals which have been served
and do not return for a further service within a specified period
of time are assumed to be pregnant. The specified period of time
varies from country to country e.g. in New Zealand a 49 day non
return period is used (NZDB, 1961, 1963; Macmillan and Watson, 1973,
1975¢c; Macmillan, 1975b, 1976a) while in the U.S.A. and Great
Britain the period is 60-90 days (Slama et al., 1976; Pelissier,
1976). Although NRR are highly correlated with 'conception rates'
NRR are always higher (Spalding et al., 1975; Pelissier, 1976)
because of such problems as post service anoestrus in the absence of
a conceptus or incomplete records of return to service (Macmillan

et al., 1977b).

Pregnancy examinations at an appropriate period after service
(often 6-12 weeks) have been used as another method of determining
whether 'conception' has occurred. While pregnancy tests in skilled
hands are likely to give a more accurate prediction of cows that will
actually calve than a NRR, they cannot take account of embryonic
losses that occur between the time of fertilisation and the time when
the pregnancy examination is actually made. If 'conception rate' is
used in the sense that it really means fertilisation has taken place,
pregnancy rates underestimate 'conception rates'. Because the rate of
embryonic loss differs at the different stages of gestation, being
much greater during the first 34 days (Hawk et al., 1955; Hanly, 1961;
0lds, 1969), the degree of underestimate of 'conception rates' as
judged by pregnancy tests will depend on the time at which the

pregnancy examination is made.

'Conception rate' therefore, although widely used in the literat-
ure, is a poorly defined term and would be better replaced by terms
which describe the technique actually being used in making the
estimate e.g. NRR, pregnancy rate, calving rate, etc. A clear

illustration of this occurs in Table VI.

a. First service 'Conception rate'’

The percentage of animals 'conceiving' to first service for dairy
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TABLE VI: FIRST SERVICE 'CONCEPTION RATE' REPORTED BY VARIOUS
RESEARCHERS
Reference Conception rate Method used
Barret et al., 1948 58.9% 60-90 day NRR
Bozworth et al., 1972 56.0% Not reported
Britt et al., 1972 55.9% Pregnancy rate
Crowley et al., 1967 60.07% Calving rate
Dale and Smith, 1968 61.6% Not reported
Donald and Russel, 1968 54.5% Calving rai:e
Eckles, 1929 42.7% Pregnancy rate
Esslemont and Eddy, 1976 52415 % Pregnancy rate
Esslemont et al., 1977 54.97% Pregnancy rate
Foote, 1952 cited by Spalding et al., 72.3% 60-90 day NRR
1975
Gwa zdauskas et al., 1975 37.9% Pregnancy rate
Macmillan et al., 1977a 62.0% 49 day NRR
Milk Marketing Board (MMB), 1967 62.47% NRR
Milk Marketing Board (MMB), 1969a 63.57% NRR
Milk Marketing Board (MMB), 1976 68.3% NRR
Morrow et al., 1966 518.5% Pregnancy rate
NZDB, 1961 58.3% 49 day NRR
Olds, 1969 65.0% Fertilisation
rate

Pelissier, 1972, 1976 44 .27 Calving rate
Spalding et al., 1975) 50.0% Calving rate

) 58.0% 60-90 day NRR
Sonderegger and Schurch, 1977 62.0% Not reported
Stewart, 1973 cited by Esslemont, 50-55.0% Pregnancy rate
Tanabe and Salisbury, 1946 R 48.27% 5 months NRR
Touchberry et al., 1959 42.5% Calving rate
Trimberger, 1954 48.7% Calving recte
Van Demark and Salisbury, 1950 50.87% Calving rzte
Ward, 1940 . 63.7% Not reported

Whitmore et al., 1974 52.0% Pregnancy rate
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cattle, using various methods of estimating 'conception', are
summarised in Table VI. This is a very common parameter used for
measuring reproductive efficiency. A serious disadvantage is that
it gives no further information about the performance of those

animals which do not conceive at the initial service.

b. Number of services per 'Conception'

Formerly this was considered as an excellent measure of
reproductive efficiency (Carman, 1955; Johansson, 1961; Everett
et al., 1966). Since the number of services per 'conception' is
inversely related to the post partum interval before breeding
commences (Trimberger, 1954; Touchberry et al., 1959; Perkin and
Kidder, 1963; 0Olds and Cooper, 1970b; Britt, 1975) it is possible for
a herd with a low services per 'conception' index to have a longer
intercalving interval than one with a higher services per 'conception'
index. Thus calving interval would seem to be the more appropriate
measure. The number of services per 'conception' recorded in the

literature is summarised in Table VII.

c. Return to service interval

In most instances it is the return interval to the first service
of the breeding period that is analysed, usually for the purposes of
diagnosing a fertility problem, although an analysis can be made of
all interservice intervals within a breeding period if required.
Return to service information is of most value as an aid to
identifying the source of a problem e.g. a high incidence of shert
return intervals (1-17 days) suggests heat detection errors, a high
percentage of long return intervals (25 days or more) either heat
detection errors or embryonic death, and a high percentage of ncrmal
return intervals (18-24 days) failure of fertilisation associated
with semen quality, technician incompetence or incorrect time of

breeding (Macmillan, 1970, 1975a, 1975b; Moller, 1976).
'Conception’' rate is influenced by many factors:
i. Post partum interval - it is now universally accepted that

the ability of a cow to conceive increases as the post partum

period before service lengthens. The rate of increase is
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TABLE VII: SERVICES PER CONCEPTION REPORTED BY VARIOUS RESEARCHERS

Reference

Services/conception

Boyd et al., 1954

Bozworth et al., 1972

Carman, 1955

Esslemont and Eddy, 1976
Everett et al., 1966

Hollon et al., 1967 cited by Bozworth et al., 1972
Legates, 1954

Matsoukas and Fairchild, 1975
Milk Marketing Board (MMB), 1969b
Milk Marketing Board (MMB), 1967
Morrison and Erb, 1957

Morrow et al., 1969

Norwood, 1963

0Olds and Cooper, 1970b
Olds et al., 1949

Pelissier, 1972, 1976
Slama et al., 1976

Tanabe and Salisbury, 1946
Touchberry et al., 1959
Trimberger, 1954

Van Demark and Salisbury, 1950

— = =

—

— = NN =N NN =N =N =N e e

.68
.68
.80
.70
.84
.73
.80
.12
)
.64
.01
.84
.11
.68

.26
.5V

44
.95
.07
.28
.69
297

(cows)
(heifers)
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greatest up to the 60th post partum day and only small

improvements are generally noted after that point e.g. cows
inseminated at less than 30 days had a first service NRR

of 31.37% increasing to 62.0% when inseminated at 60-90 cays
post partum and to 62.97% above 120 days post partum (NZDB,
1961). Many other authors describe similar types of results
(Van Demark and Salisbury, 1950; Touchberry et al., 1959;
Graves et al., 1968; MMB, 1969b; Britt, 1975).

There appears to be an important relationship between
'conception' rate and the number of open heats a cow has had
before she is bred (Whitmore et al., 1974). Animals which
had only one heat and then were bred after 74 days post
partum had a pregnancy rate of 35.3%, those with two open
heats 50% and those with three open heats 73.1%. Trimberger
(1954) reported that for animals bred within 60 days post
partum, there was a distinct fertility advantage if they had
an open heat before service; for animals bred after 60 days
post partum an open heat appeared to have little effec:.

The number of animals on which the conclusions were based
however, was small. While the NZDB (1963) has stated that
length of time since calving rather than the number of pre-
mating heats is more important in obtaining high non return
rates, the definitive experiment to determine which has the
most effect, post partum interval before breeding or open

heats before breeding, does not yet appear to have been done.

There also appears to be an age effect in respect to the
relationship between post partum interval and fertility since
two year old cattle had better non return rates when mated
within a relatively short period after calving than did the

older cows (NZDB, 1963).

Semen quality and inseminator skill -~ clearly the quality of
the semen inseminated, either by the bull or by an insemin-
ating technician, will affect 'conception rate'. While many
factors such as the health of the sire and methods used in
collecting, processing and storage of semen all affect its
quality (Salisbury and Van Demark, 1961), the major differ-

ences between sires in 'conception rate', at least under
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conditions where disease control is at a high level as in
an Artificial Breeding Centre, appear to be associated with
sperm survival and fertilisation rate (Macmillan and Watson,

1975c; Macmillan and Curnow, 1977a).

Although the incidence of technican incompetence in New
Zealand appears to be low, instances do occur where very

poor 'conception rates' are attributable to the inseminating
technician. Generally however the differences in 'conception
rates' observed between inseminators are associated with

factors beyond their control (Macmillan, 1975a).

Correct time to breed - several studies have indicated that
highest 'conception rates' are obtained when cows are bred

in standing heat (Hahn, 1959; Whitmore et al.j 1974, Macmillan
and Watson, 1976). Macmillan (1976b) found that the quality of
semen being used was also important; with high quality semen
best results were obtained when breeding took place during
mid and late oestrus (still standing heat) whereas with low
quality semen best results were obtained with breedings
during the late and post oestrous periods. Thus efficient
heat detection and recognition of the stage of oestrus

are necessary to present the animal for breeding at the

correct time if high 'conception rates' are to be achieved.

Cow age - although Slama et al. (1976) reported no effect of
age on fertility as determined by intercalving interval,
other authors reported lowest 'conception rates' in younger
cows (two and three years of age), and highest conception
rates have been recorded in cows four to seven years of age
(Jones et al., 1941; Lasley and Bogart, 1943; Trimberger
and Davis, 1945; Tanabe and Salisbury, 1946; 0Olds et al.,
1949, 1952; Herman, 1956; Morrison and Erb, 1957;

Boyd and Reed, 1961; NZDB, 1961; Salisbury and Van Demark,
1961; Everett et al., 1966; MMB, 1970, 1971; Spike and
Meadows, 1973; Spalding et al., 1975; McDowell et al., 1976).
After the age of seven years 'conception rates' show a
tendency to decline. Koger et al. (1962) and Young (1965)

working with beef cattle, suggested that the poor fertility
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observed with young animals was associated with inadequate
feeding and poor body condition brought about by their
continued requirements for growth as well as the demands

for lactation.

Season - many workers report an effect of season on
'conception rate'. Poor 'conception rates' have been
associated with hot humid conditions (Seath and Staples,
1941; Branton et al., 1955, 1956, 1974; Fryer et al., 1958;
Hillen and Rupel, 1960; Stott, 1961; Stott and Williams,
1962; Poston et al., 1962; Labhsetwar et al., 1963; Gangwar

et al., 1965; Hafez, 1965; Ulberg and Burfening, 1967;

Britt and Ulberg, 1970; Stott et al., 1972; Gwazdauskas

et al., 1973, 1975; Ingraham et al., 1974; Thatcher, 1974;

Thatcher et al., 1974) while thermal stress has been
reported to delay puberty, cause anoestrum and depress the
length, duration and intensity of oestrus (Branton et al.,
1961; Van Heerdin, 1963; Hafez, 1965; Dunlap and Vincent,
1971; Vaccaro, 1973; Thatcher, 1974; Gwazdauskas et al.,
1975). Salisbury and Van Demark (1961) reported that
temperature and humidity were particularly deleterious in
tropical areas whereas increasing daylight length, according
to Mercier and Salisbury (1947a and 1947b), became more
important as a stimulus to fertility in cooler regions.
Morrison and Erb (1957) and Kelly and Hurst (1963) have

suggested a similar relationship.

Not all authors have reported significant effects on
fertility that could be associated with season (Wiltbank and
Cook, 1958; Armstrong, 1964 cited by Everett et al., 1966;

Slama et al., 1976). In the case of the report by Slama

et al. (1976) the herd was managed to calve between the

months of July and January thus limiting the opportunity for

recognition of any seasonal effect.

Nutrition - while overfeeding associated with obesity has
been reported to increase breeding difficulties (Reid, 1959;

Hansen and Steensberg, 1950 cited by Olds, 1953) there is a
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more substantial body of evidence demonstrating that low
levels of nutrition preceding and during the breeding period
depress 'conception rate' (McClure, 1961, 1964, 1968, 1970;
Wiltbank et al., 1962, 1964; Warnick et al., 1967; King, 1968;
Ward, 1968; Schilling and England, 1968; Dunn et al., 1969;
Lamond, 1970; Moller and Shannon, 1972; Axelsen and Morely,
1976; Rowlands et al., 1977; Youdan and King, 1977;

Grainger, 1978).

Considerable interest has been shown in many countries in
dietary supplementation to enhance fertility (McClure, 1968
in Australia; Payne et al., 1970 in Great Britain; Oxenreider
and Wagner, 1971 in the USA; Scales, 1974 in New Zealand;
Garden and MacDonald, 1975 in Scotland). Never-the-less,
provided the normal demands for growth and production are
being met, there is little evidence to suggest that dietary
supplements over and above those needed to meet these demands
increase fertility in any way (Reid, 1949; Boyd, 1970).

Level of nutrition is clearly related to liveweight,
liveweight change, blood glucose levels and body condition
and while many attempts have been made to relate these
factors to fertility (Speth et al., 1962; King, 1968;
McClure, 1968; Lamond, 1970; Payne et al., 1970; Oxenreider
and Wagner, 1971; Downie and Gelman, 1976; Rowlands et al.,
1977; Youdan and King, 1977; Grainger, 1978) the inter-
relationships are complex and as yet poorly defined in

cattle (Boyd, 1972; Broster, 1973; Downie and Gelman, 1976;
Whitman, 1977).

Level of milk production - there is marked disagreement
between authors concerning the relationship between production
and 'conception rate'. A number of workers have reported an
inverse relationship between level of production and

fertility (Lewis and Horwood, 1950a; Rennie, 1956; Miller

et al., 1967; Steele et al., 1967; Hewett, 1968; Morrow, 1969;

Dawson, 1972; Spike and Meadows, 1973; Wagner, 1974; Spalding
et al., 1975). Many of these reports however have been

concerned with total
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milk production rather than with the level of production
prior to and during the actual breeding period. Total
production could be significantly influenced by lactation
length and by the presence or otherwise of a conceptus
(Sanders, 1927; Touchberry et al., 1959; Lee et al., 1961;
Smith and Legates, 1962). If this is so, it is conceivable
that high production recorded in cows which have poor
'conception rates' is the result rather than the cause of
such breeding difficulties. A number of other reports,
where 'conception rate' has been related to level of
production prior to and during the breeding period, have
indicated that any relationship that exists is very small
and of little consequence (Gaines, 1927; NZDB,

1961; Boyd et al., 1954; Touchberry et al., 1959; Smith and
Legates, 1962; Everett et al., 1966).

viii. Other individual cow factors - apart from those influences
that have already been reviewed, developmental abnormalities
(some segmental aplasias), functional disorders (delayed
ovulation, anovulation and cystic ovarian disease) and
infectious diseases of the ovaries and tubular genital tract
will all depress 'conception rate'. The incidence of such
conditions in New Zealand Dairy Herds, however, has been

reported to be low (Fielden et al., 1973).

Losses During Pregnancy

Prenatal losses can have a marked influence on the live calf rate.
Very early losses (up to about 16 days after service) have little
influence on the interoestrous interval whereas losses after this time
result in a prolongation of this interval (Roberts, 1971). The
majority of losses occur during the first 34 days after 'conception'
(Hawk et al., 1955; Tanabe and Casida, 1949; Casida, 1953 cited by
Hanly, 1961; 0Olds, 1969) and as gestation proceeds the rate of loss
decreases markedly. Thus losses between 34-50 days and parturition
have been estimated by Casida et al., (1946) cited by Erb and
Flerchinger (1954); Fosgate and Smith (1954) cited by Hanly
(1961) and Roberts (1971) to be of the order of 6%
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whereas total loss, most of which has occurred by the 34th day of
gestation, has been reported as being 20-60% (Hawk et al., 1955;
Hanly, 1961; Bishop, 1964; Ayalon et al., 1967; David et al., 1971).
Reviews of prenatal loss in farm animals have been

contributed by Hanly (1961); Bishop (1964); Boyd (1965) and David
et al. (1971).

Prenatal loss may be brought about by either genetic or
environmental factors (Boyd, 1965). Genetic factors include
chromosomal abnormalities (Johansson, 1961; Pakes and Griesmer, 1965;
Gustavsson, 1969), incompatability of zygotes as well as lethal and
sub-lethal effects brought about by mutation (Johansson, 1961; Bishop,
1964; Gustavsson, 1969; David et al., 1971) and the results of
inbreeding (Hawk et al., 1955; Mares et al., 1961; Conneally et al.,
1963; Gaines et al., 1966). The technology of recognising genetic
aberrations is still in its infancy, particularly in the larger
animals where material for study is difficult to obtain, and the
extent to which genetic aberrations contribute to low fertility has
yet to be defined (Bruere, A.N. - personal communication). Much of
the prenatal loss for which no cause can be ascribed has been
suggested by Bishop (1964) as being nature's way of disposing of

genetic material which was poorly fitted for survival.

Environmental factors which have been attributed to causing an

increase in prenatal loss include:

a. Temperature - various studies (Hillen and Rupel, 1960; Stott and
Williams, 1962, see page 24) indicate that 'conception rates' are lower
under hot humid conditions although it is not clear whether the

effect is due to failure of fertilisation or embryonic loss. Van
Heerden (1963) and Ulberg and Burfening (1967) reported that
spermatozoa subjected to high temperatures before fertilisation

resulted in non viable embryos after fertilisation had taken place.

b. Ageing of the gamete — while ageing of sperm in the female
reproductive tract leads to failure of fertilisation (Lanman, 1968)
the use of aged sperm for insemination has been reported to increase

the level of embryonic death (Bishop, 1964; Lanman, 1968). Salisbury
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(1967) claimed that sperm which were stored for artificial insemin-
ation purposes for five days at SOC not only lost their fertilising

capacity but also increased the incidence of embryonic death.

c. Nutrition - while some specific dietary deficiencies have been
reported to be associated with prenatal losses (selenium - Mace et al,
1963; vitamin A - Thomas, 1968; iodine - Allcroft et al., 1954; and
copper - Munro, 1957), and ingestion of specific t;;zz—

materials in feed such as 'oestrogenic compounds' (Thain, 1967;
Dawson, 1970), ergot (Roberts, 1971) and other plant toxins has led
to abortion, the effect of plane of nutrition on prenatal loss in
cattle remains unclear. Restricted nutrition may influence calf
viability at the time of birth (Hight, 1968) as can very high levels
of nutrition; in the latter case the problem is generally one of
dystocia (Reid et al., 1964; Laster et al., 1973). Edey (1976)

reported an increased level of prenatal loss in ewes following both

severe under-nutrition and also after very high level feeding.

d. Endocrine disturbance - progesterone deficiency has been suggested
as a cause of prenatal loss (Wiltbank et al., 1956; Johnston et al.,
1958 cited by Roberts, 1971; Morrow, 1968) and of recent years, the
exogenous administration of glucocorticoids for other purposes has

inadvertantly led to abortion (Welch et al., 1973).

e. Disease - bacterial diseases such as vibriosis, trichomoniasis,
brucellosis and leptospirosis, some of the mycoses and a number of
viruses (Afshar, 1965; Roberts, 1971) can all interfere with the
viability of a developing conceptus. While still present in New
Zealand their total contribution to fertility problems in the national

dairy herd appears to be small (Fielden, E.D. - personal communication).

Losses During Parturition

Dystocia can be an important cause of calf loss during
parturition and in the immediate post partum period. However, since
calving difficulties per se were not a part of the investigation
reported in this thesis, the literature relevant to dystocia in

cattle has not been reviewed.
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Peri parturient disease, so commonly associated with difficult
parturition, not only results in losses during the peri parturient
period (Roy, 1973; Sloss, 1974; Young and Blair, 1974; Appleman and
Owen, 1975), but also can have serious implications on subsequent
reproductive performance (Morrow et al., 1969a; Kelly and Holman,
1975; Pelissier, 1976). Cows experiencing such problems usually take
longer to return to their first post partum oestrus, have a slower
rate of uterine involution, require more services per conception and
end up with longer calving intervals than herd mates which have rot
experienced such difficulties (Butch et al., 1955; Morrison and Erb,
1957; Moller et al., 1967; Morrow, 1969; Morrow et al., 1969a;
Pelissier, 1972, 1976; Kelly and Holman, 1975; Galton et al., 1977a,
1977b).
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MATERIALS AND METHODS

A sample of twenty Town Supply Dairy herds was selected for the
study. Herd owners were members of the Wellington Hawke$s Bay Live-
stock Improvement Association which provided herd testing and
artificial breeding services. The owners of these herds had
indicated their interest and willingness to co-operate in an
investigation of reproductive efficiency. Herd size ranged from 75

to 300 cows.

Data were collected from the breeding and production records of
these herds held in the Livestock Improvement Association Office
spanning a period from 1 January 1972 to 31 October 1976. All
information collected was from parous animals. There were 12,056
calvings recorded involving 4050 cows. Of these 9898 were for
Friesian, 672 Jersey, 1066 Friesian x Jersey cross cows and the

remaining 420 other breeds and crosses.

Copies of the forms onto which the data were extracted appear in
Appendix 1. Data were then punched onto cards with one card for each

COow.

Abnormal calvings such as abortions were based on the judgement
of and record kept by the farmer. The date of 'conception' was
estimated by subtracting 282 days from the calving date if service
records were not available. 1In the case of a single service followed
by a calving, the service date was accepted as the date of 'concept-
ion' provided gestation length fell within the rangeof 270 - 290 days.
Where more than one service had been given, the service to which the
animal 'conceived' was taken as that date which fitted closest to a
282 day gestation length. 1In the case of successive services less
than 10 days apart no satisfactory decision could be made and an
entry for service to which 'conceived' was not made. That a cow had
'conceived' in this study depended on her calving (whether the calf
was live, dead or premature was immaterial). The parameter used was

called calving rate,

Apart from the above estimates, where data were missing for the
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calculation of a particular parameter the case record was excluded
from the analysis, Milk yields where the lactation length was less
than 200 days were also excluded. Average daily milk yield was

calculated from the total milk yield divided by lactation length.

Age was recorded as at the time of calving; each year was
considered as a calendar year except for 1976 when records were only

available up to 31 October. Years were divided into four seasons as

follows:
Autumn - 1 March to 31 May
Winter - 1 June to 31 August
Spring - 1 September to 30 November
Summer - 1 December to 28 February

Method of analysis

Data collected were placed on individual punch cards (one per
cow) . A Burroughs B6700 computer was used to categorise and analyse
the information. All analyses were carried out using a standard

computer programme as described by Nie et al., (1975).

Prior to statistical analysis frequency distributions using raw
and transformed data (log and double log transformations) were
examined for the following parameters - calving interval, calving to
first service, first service to conception and calving to conception

intervals.

The method selected for handling the data during analytical
procedures was that which gave the distribution which was closest to
normal; thus double log transformation was used for calving interval
data, and log transfermation for first service to conception data.

All other analyses were carried out using unadjusted data.

The effect of herd, age, season, year, an abortion and breed on
the different breeding parameters, and the effect of herd and age on
the lactation yield and length, were investigated by one way analyses

of variance.
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Since no programme was available which would analyse all
variables at the one time (the degrees of freedom varied widely
depending on the parameter measured) a series of two way analyses
of variance were carried out to determine the percentage of
variation contributed by the individual variables (to see the main
effects and interaction of the two variables on the different

breeding parameters) in that analysis.

The intercalving interval (ICI) is a summation of days from
calving to first service (ICSMI), plus days from first service to
conception (SCON), plus gestation length. Variation in gestation

length was not measured in this study.

An assumption was made that gestation length was unlikely to be
as variable a parameter as the other two components. Macmillan and
Curnow (1976a) found that the normal gestation length in cows in
New Zealand herds mated to Jersey, Friesian and Angus sires averaged
281.9 days with a range of 272 - 293 days. It was therefore treated
as a constant (282 days) when an estimate of the relative importance
of ICSMI and SCON was made. A path analysis was carried out on these
parameters to determine their relationship to each other. The model

can be illustrated as follows:

ICSMI > SCON GESTATION

—
= _\_\\7 l /
bl -

Similarly, the relationship between average daily milk yield,

total milk yield and herd size were estimated on days from calving to
first service, on first service to conception and on calving

intervals.

Chi-square tests as described by Snedecor (1962) were used for
the analyses of return intervals, calving rates and submission rates
at various post partum intervals (see Tables IX, XI and Figures 4, 5,
7a, 7b and 8). Services per cow calving were calculated from the

above conception rate analysis.
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RESULTS

The initial section of the results outlines the performance of
all twenty herds examined throughout the course of the investigation.
Effects of age, year, season, breed and abnormal events in gestation
such as abortion are next considered individually. This is followed
by an analysis of the relationship and interaction between pairs of
the above variables where considered appropriate and finally the
inter-relationships between the more important breeding parameters

are described.

PERFORMANCE FOR ALL HERDS

The reproductive performance for the sample of twenty Town
Supply Dairy Herds together with their average milk yield and
lactation is shown in Table VIII. A simplified form of analysis of
returns to first service is included in this table. Three of the
more important measures of reproductive performance (interval between
calvings, interval from calving to first service and number of services
per cow calving) have been extracted from Table VIII and shown in the
form of a modified histogram in Fig. 1. There were marked

differences between herds in all parameters studied (p <0.001).

The distribution of calving intervals from the pooled population
of all cows studied is shown in Figs. 2 and 3. Approximately 60% of
cows had inter-calving intervals less than 390 days (the mean inter-
calving interval for all cows was 383.7 - see Table VIII) with 10%
being less than 330 days and 107 more than 460 days.

The rate at which the cows were mated according to the period
which had elapsed from calving, together with the first service
calving rate obtained at that particular post partum period, is
illustrated in Fig. 4. Although the mean interval between calving
and first service was 85 days (Table VIII) for all animals in this
study, 25.3% of cows had their first breeding by the sixtieth day

post partum and 40.3% of them calved to this mating (see Fig. 3).

A detailed analysis of return intervals to first service for all

cows recorded and for individual herds is shown in Table IX. While



TABLE VIII: REPRODUCTIVE PERFORMANCE OF TWENTY TOWN SUPPLY DAIRY HERDS IN THE WELLINGTON HAWKE'S BAY LIVESTOCK IMPROVEMENT ASSOCIATION (1972-76)
Breeding parameter Total Total S.D. Individual herd means Signi-
count mean i | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ficance
Calving interval 4537 383.7 335 to 371 388 383 378 380 38l 377 394 384 389 392 375 398 395 374 366 378 388 366 391 P <0.001
(days) ** 441 %%
Calving to lst 3613 84.78  40.56 76 93 86 87 81 89 78 80 85 105 89 80 85 98 76 72 83 103 78 84 P<0.001
'service interval
(days)
Inter service 2039 43.68  46.74 26 39 44 36 33 38 44 44 39 37 38 65 60 41 46 48 62 50 27 36 P<0.001
interval (days)
Days open (days) 4501 106.9 58.57 91 112 106 100 102 103 98 121 107 110 113 101 125 121 99 89 100 110 87 115 P<0.001
First service to
conception 3005 11.34 -2 to 9 11 9 7 7 9 10 18 9 11 14 16 22 10 13 8 7 11 15 25 P <0.001
interval (days)* +47%
Calving rate 1783 49.34 - 50 53 56 55 55 52 45 43 55 66 49 38 34 54 44 61 56 48 35 29 P <0.00l
(lst service)
Services per 3700 1.71 = 1.4 07 006" 1.4 192 186 (L°S' 284 186 1.4 188 157 2.2 1.5 1.8 184 1355¢ L.4. 1.6 #2.1 P <0.001
cow calving
Milk yield 5960 373 121 311 358 386 291 386 499 349 438 379 407 427 431 361 365 386 388 345 372 290 355 P<0.001
(litres)+
Lactation 5960 291 69 296 290 288 297 274 307 292 315 273 280 291 291 297 296 284 289 255 290 277 304 P <0.001
length (days)
Percentage of returns to first service
1 - 17 days 236 11.6 - 18 18 9 7 0 6 1 16 9 16 5 4 15 8 14 2 6 10 12 24 )
18 - 24 days 794 38.9 - 55 35 36 45 48 49 39 40 39 37 49 37 19 47 31 44 38 3y, 51 37 P <0.001;
25 - 49 days 488 23.9 - 19 25 29 #81 B89 *23 24 200 26 22 27 25 22 22 23 24 23 19 30 21 )
More than 521 25.6 - 8 22 26 17 13 22 26 23 26 25 20 34 44 23 31 300 33§ 33 6 18 ;
49 days
k- To obtain milk yield, figures in Table should be multiplied by 10
**  Double log transformation used (S.D. - one standard deviation on each side of the mean represents a range from 335 to 44l days)
* Log transformation used (S.D. - one standard deviation on each side of the mean represents a range from -2 to +47 days)
Herd sizes: 75-100 cows - Herds 5, 16, 19, 20.
101-200 cows - Herds 4, 6, 7, 8, 9, 10, 11, 12, 14, 15, 17, 18.
201-300 cows - Herds 1, 2, 3, 13.

“he



TABLE IX: RETURN INTERVALS AS A PERCENTAGE OF ALL FIRST SERVICE RETURNS FOR TWENTY TOWN SUPPLY DAIRY HERDS
Return Total Total Herd identification Signi-
interval count mean 1 2 8 4 5) 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ficance
(in days)
1 - 7 67 3.3 5 10 2 2 0 0 2 5 3 0 2 0 2 2 3 0 0 2 9 5 )
8 - 10 75 3.7 6 3 4 2 0 4 5 4 2 9 3 0 3 3 8 2 2 4 0 8 )
11 - 13 33 1.6 1 1 1 0 0 0 2 8 1 6 0 2 4 )| 1 0 2 0 3 3 )
14 - 17 61 3.0 S 3 2 8 0 8 2 4 3 0 0 1 6 1 2 0 2 4 0 8 )
1 -17 236 11.6 18 18 9 7 0 6 11 16 9 16 5 4 15 8 14 2 6 10 12 24 )
18 - 19 191 9.4 12 7 8 15 9 13 8 10 11 9 6 9 7 8 8 6 11 8 12 13 )
20 - 21 341 16.7 28 17 15 21 26 23 21 17 16 22 20 14 6 13 14 26 8 15 28 16 P<0.001)
22 - 24 262 12.8 14 12 12 9 13 13 10 14 13 6 22 15 7 R2 10 12 19 nB5 12 8 )
18 - 24 794 38.9 55 35 36 45 48 49 39 40 39 37 49 37 19 47 31 44 38 37 51 37 )
25 - 33 145 7.1 8 7 5 7 26 1 1 8 11 9 9 0 7 5 8 8 4 4 6 5 )
34 - 49 343 16.8 11 18 24 24 13 22 12 12 14 12 17 25 15 17 16 16 19 15 24 16 )
25 - 49 488 23.9 19 25 29 301 39 PR3 R4 200 26 22 27 5 B2 22 23 WU 23 19 BO 21 )
>49 521 25.6 8 22 26 17 13 22 26 23 26 25 20 34 44 23 31 30 33 33 6 18 )

‘Gg
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Percentage of cows mated
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xCalving rate (lst service only)

(n = 3544 records)

301
522
////// 50-0
//
20- 43-9 /
//??
o / //
32-5 / 52-3
7 )
577
4 43-6
23-5* / / /| 52:0
# / /
N LALN S LN NSNS AN
<20 21- 41- 61~ 81- 101- 121- 141- 161- 181-
40 60 80 100 120 140 160 180 200
Days postpartum
Fig. 4: Association of Postpartum Interval with Cows Mated and
Calving to lst Service in Twenty Town Supply Dairy Herds.

39.



40.

e
Iz 40
5
m *No. of return intervals recorded.
=S
5
20-
7 s
-
1
- * - -
w ola|o o~
o N O - 5“4:1..55]”7” o |v|ls| o
NS o ™ —
e
~ 55+
o
&
[}
o .
> eem——
@
L LY
< 35-
N
|
& N
i N|lOo|lg|(O|_|®|0|g|o|c|™|O ~ |00 |N]| e
o N OINt|m[o|o[2|lOo|~|in|™ AR G R
o) -]
™
e 15
)]
o
o) aog
&
1)
“
>
= -
o
o 20 — —
g
A
n| <0 o|<¢| < o|O0|m ~
w qle|o|R|® (2| a|ln|e(N|a|[a|IF|2]|I[9(D[0i2] w
o
e o
)]
o
S 454
(o))
g
A
)]
&
3 | T
5 ,
) = i
n 0 NININ|[O|& [ [N]O
i3 M aie & NulSlel®a|alo|a|m|~]~|= N
> u“ m | [l
1 23 4 5 6 7 8 9 1011 12 1314 15 16 17 18 19 20

Herd identification

, Fig. 5: Return Interval Patterns to lst Service in Twenty Town
Supply Dairy Herds.



41.

the percentage of short (1-17), normal (18-24) and long returns (25
days or more) for the population was 11.6, 38.9 and 49.5 respectively,
the most striking features are the very large between herd differences

observed in return interval patterns (Table IX and Fig. 5).

PERFORMANCE OF THE DIFFERENT AGE GROUPS OF CATTLE

The reproductive performance for the different age groups of
cattle together with their average milk yield and lactation length is
shown in Table X . A simplified form of analysis of returns to first
service is included in the table and three of the more important
measures of reproductive efficiency, as in the previous section of
results, have been extracted and illustrated in Fig. 6 . Although
milk yield was highest in the older age groups (six years and older)
the most efficient reproductive performance occurred with the four
year old cows, as determined by the breeding parameters measured, and
the least efficient were the two year old cows. There was a tendzncy
for reproductive performance to decline with increasing age after five
years of age. Significant differences occurred between ages with
all parameters evaluated except for the interservice interval (for

levels of significance see Table ¥).

When the rate at which the different age groups of cows were
submitted to first service during the post partum period was analysed
significant between age differences were found (p <0.001). This rate
of submission is illustrated in Fig. 7a in which all cows four years
of age and older have been combined into one group (mature cows).

Al though the pattern of submission for two year old, three year old and
mature cows was similar (Fig. 7a) it is noticeable that 78.6% of cows in
the mature group had been bred by 100 days post partum compared with

71.8% and 65.8% for the three year and two year old cows respectively.

First service calving rates at different post partum periods were
significantly different for the various age groups of cattle examined
(p <0.01). The calving rate increased as the post partum interval
before breeding became longer (Fig. 7b). Eighty percent of mature cows,

submitted for breeding by the hundredth post partum day, were pregnant



TABLE X: REPRODUCTIVE PERFORMANCE OF THE DIFFERENT AGE GROUPS IN TWEN1Y TOWN SUPPLY DAIRY HERDS IN THE WELLINGTON HAWKE'S BAY LIVESTOCK
IMPROVEMENT ASSOCIATION (1972-76)

Breeding parameter Total Total S.D. Age 1in years Signi-
count mean 2 3 4 5 6 7 8 >9 ficance
Calving interval (days)** 4477 383.7 335 to 394 385 376 378 381 380 386 386 P<0.001
441%%
Calving to first service interval (days) 3479 84.88 40.55 95 88 83 82 81 81 84 82 P< 0.001
Interservice interval (days) 1972 43.49 46.14 41 46 41 42 49 46 43 42 P < N.S.
Days open (days) 4442 106.80 58.57 117 109 98 102 105 103 110 108 P <0.001
First sérvice to conception interval 2979 11.36 -2 to 13 12 9 10 12 10 12 14 P <0.005
(days)* +47%
Calving rate (first service) 1765 50.70 - 49 50 56 55 51 2% 50 45 P<0.01
Services per cow calving 3665 1.71 - 1.8 1.8 1.6 1.6 1.7 1.7 1.8 1.8 P<0.01
Milk yield (litres)+ 5786 373 121 323 348 367 379 396 406 416 392 P<0.001
Lactation length (days) 5786 291 69 293 291 288 285 288 290 295 298 P<0.005
Percentage of returns to first service
1 - 17 days 226 11.50 - 16 13 12 16 9 13 6 8 ;
18 - 24 days 774 39.20 - 35 39 39 39 32 36 47 44 )
P<0.01
25 - 49 days 472 23.90 - 25 22 24 19 29 21 21 26 )
)
More than 49 days 500 25.40 - 24 26 24 26 29 29 26 22 )

+ To obtain milk yield, figures in Table should be multiplied by 10.
**  Doube log transformation used (S.D. - one standard deviation on each side of the mean represents a range from 335 to 441 days)
* Log transformation used (S.D. - one standard deviation on each side of the mean represents a range from -2 to +47 days).

A



[[] Calving interval

V] Calving to lst service interval
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compared with 737% and 65% for three year old and two year old cows

respectively.

A detailed analysis of return intervals to first service for the
different ages of cattle in the study is shown in Table XI and
Fig. 8. Although the younger age groups had a tendency to have a
higher percentage of short returns (1-17 days) than the older cattle,
while the reverse was the case for normal returns (18-24 days), the
most interesting feature was that 49.3% of all returns were greater

than 25 days irrespective of age.

The frequency distribution for return intervals to first service
for two year old cows is shown in Fig. 9 and for older cows in Fig. 10.
The majority of returns occurred in the 18-24 day period with a second
and more spread peak at about 37-45 days after the initial mating.
Secondary peaks occurred on days eight and nine and again 20-22 days
later. There was little difference between the two age groups in the

pattern of returns observed. Fig. 11 shows return intervals for all cows.

ASSOCIATION BETWEEN SEASON AND REPRODUCTIVE PERFORMANCE

The relationship between the four seasons of the year and
reproductive performance is shown in Table XII and Fig. 12.
Irrespective of whether the animals calved or were being bred,
performance during the spring months (September-November inclusive) was
better than during any other season. Poorest performance was observed
during the summer for most parameters in most years although there was
variation between summer, autumn and winter in calving rates to first
service, services per cow calving and the days elapsing between first
service and conception. Season differences were significant except

for interservice interval (Table XII).

ASSOCIATION BETWEEN YEAR AND REPRODUCTIVE PERFORMANCE

Significant differences were observed between years in most
parameters measured (Table XIII and Fig. 13) with 1974 being

particularly poor in respect to reproductive performance.



TABLE

XI:

RETURN INTERVALS AS A PERCENTAGE OF ALL FIRST SERVICE RETURNS FOR THE DIFFERENT AGE GROUPS IN
TWENTY TOWN SUPPLY DAIRY HERDS

Return intervals Total Total Age in years Signi-

(in days) count mean 2 3 4 5 6 7 8 >9 ficance
1 - 7 65 3.3 4 3 3 6 1 5 3 2 )
8 - 10 74 3.8 4 6 3 5 3 4 1 4 )
11 - 13 28 1.4 2 1 1 2 2 1 1 1 )
14 - 17 59 3.0 6 2 6 2 3 3 1 1 )
1 -17 226 11.5 16 13 12 16 9 13 6 8 )
18 - 19 187 9.5 11 12 8 8 7 9 14 7 )
20 - 21 3311 16.8 15 14 18 16 16 12 19 21 P <0.005)
22 - 24 256 13.0 9 18 12 15 8 14 15 16 )
18 - 24 774 39.2 35 39 39 39 32 36 47 44 )
25 - 33 139 7.0 [/ 6 10 5 6 8 4 8 )
34 - 49 8133 16.9 18 16 14 15 23 13 17 18 )
25 = 49 472 23.9 25 22 24 19 29 21 21 26 )
> 49 500 25.4 24 26 24 26 29 29 26 22 )

‘9%



TABLE XII: ASSOCIATION BETWEEN SEASON AND REPRODUCTIVE PERFORMANCE IN TWENTY TOWN SUPPLY DAIRY HERDS
Breeding parameter Total  Total S.D. 1972 1972/73 1973/74 1974/75 Signi-
count mean S+ A W Sp S A W Sp S A W Sp S A W ficance

Calving interval 4537 383.7 335 to 391 380 380 372 387 386 387 370 394 386 393 389 387 381 366 P <0.001
(days) ** L4 1%%

Calving to lst 3613 84.78 40.56 124 81 81 72 83 82 87 73 93 89 89 84 = - P <0.001
service interval
(days)

Inter service 1480 40.21 38.75 35 45 34 48 47 39 37 34 42 45 39 36 - - P < N.S.
interval (days)

Days open (days) 4501 106.88 58.57 120 102 102 96 114 112 110 93 118 109 116 113 110 102 P <0.001

First service to 3005 11.34 -2 to 15 9 8 11 12 16 11} 8 11 12 13 12 - - P <0.01
conception +47%
interval (days)*

Calving rate*** 1711 63.10 - 52 67 70 63 63 54 61 76 61 59 59 67 - = P <0.01
(Ist service)

Services per 2712 =78 = 2.2 1.6 1.5 1.6 1.8 1.9 1.6 .5 1.8 21 1.7 1.5 = S P <0.001
cow calving

S+ Summer i.e. December-February inclusive except 1972 (January and February only)

A Autumn i.e. March-May inclusive

1) Winter i.e. June-August inclusive

Sp Spring i.e. September-November inclusive

**  Double log transformation used (S.D. - one S.D. on each side of the mean represents a range from 335 to 441 days).

* Log transformation used (S.D. - one S.D. on each side of the mean represents a range from -2 to +47 days).

*%% Calving rate to first service which in this analysis has excluded all cows with calving intervals greater than 500 days,
cows which were not bred within 200 days of their last calving and cows which did not conceive at all.
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TABLE XIITI: ASSOCIATION BETWEEN YEAR AND REPRODUCTIVE PERFORMANCE IN TWENTY TOWN SUPPLY DAIRY HERDS

Breeding parameter Total Total S.D. Different year means Signi-
count mean 1972 1973 1974 1975 ficance
Calving interval (days)** 4537 383.70 335 to 379 382 391 375 P <0.001
L4 1%%
Calving to lst service interval 3613 84.78 40.56 82 82 88 64 P <0.001
(days)
Inter service interval (days) 1480 40.21 38.77 41 39 41 - P < N.S.
Days open (days) 4501 106.88 58.57 102 107 114 97 P <0.001
lst service to conception interval 3005 11.34 -2 to 10 11 12 - P <0.01
(days) * +47%
Calving rate (lst service)*** 1711 63.10 - 66 63 61 - P < N.S.
Services per cow calving 2712 1.68 - 1.60 1.70 1.74 - P < N.S.
Milk yield (litres)+ 5958 373 121 390 367 369 371 P <0.001
Lactation length (days) 5956 291 69 294 288 295 288 P <0.001

+ To obtain milk yield, figures in table should be multiplied by 10.
** Double log transformation used (S.D. - one S.D. on each side of mean represents a range from 335 to 441 days).
* Log transformation used (S.D. - one S.D. on each side of mean represents a range from -2 to +47 days).
*%% Calving rate to first service which in this analysis has excluded all cows with calving intervals greater
than 500 days, cows which were not bred within 200 days of their last calving and cows which did not

conceive at all.
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ASSOCIATION BETWEEN BREED AND REPRODUCTIVE PERFORMANCE

Significant differences were found for some of the parameters of
breeding performance between the different breeds when a one way
analysis was carried out (Table XIV); this apparent difference,

however, was due to herd effects (see Tables XVII and XVII] pp59-60).

ASSOCIATION BETWEEN ABORTION AND REPRODUCTIVE PERFORMANCE

Fifty two cases of abortion were recorded during the course of
this investigation and of these 35 were recorded as having had a sub-
sequent pregnancy. The performance of aborting animals during the
gestation before abortion and during the two breeding periods following
the abortion has been compared with the breeding parameters for all
normal gestations in Table XV. Following abortion the intercalving
interval for the 35 cows averaged 437 days compared with 384 days for
cows undergoing a normal gestation. Sixteen cows had breeding records
associated with a second pregnancy following abortion - fertility
appeared to be little different from the normal indicating that there

was unlikely 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 first service to conception on intercalving interval were
considered in a multiple regression analysis the standard partial
regression coefficients were 0.631 and 0.732 respectively (p <0.001).
Thirty nine percent of variation in calving interval was explained by
days from calving to first service and 457 by days from first service

to conception.

THE RELATIONSHIP BETWEEN CALVING TO FIRST SERVICE AND FIRST SERVICE
TO CONCEPTION INTERVALS

The standard partial regression coefficient obtained, when the
days from first service to conception were regressed on the days from
calving to first service, was-0.099 (p <0.00l): less than 1% of
the variation in days from first service to conception was explained

by the calving to first service interval.



TABLE XIV:

ASSOCIATION BETWEEN BREED AND REPRODUCTIVE PERFORMANCE IN TWENTY TOWN SUPPLY DAIRY HERDS

Breeding parameter Total Total S.D. Breeds Signi-
count mean Friesian Friesian Jersey ficance
X Jersey
Calving interval (days)** 4497 383.70 335 to 385 378 371 P <0.001
L1 %%
Calving to lst service interval 3588 84.81 40.60 86 81 76 P < N.S.
(days)
Inter service interval (days) 2027 43.46 45.81 44 39 32 P <0.01
Days open (days) 4497 106.86 58.58 108 99 91 P <0.001
lst service to conception 3002 11.34 -2 to 11 9 14 P < N.S.
interval (days)* +47%
*% Double log transformation used (S.D. - one S.D. on each side of the mean represents a range of 335 to 441 days).
* Log transformation used (S.D. - one S.D. on each side of the mean represents a range of -2 to +47 days).
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TABLE XV: ASSOCIATION BETWEEN ABORTION AND REPRODUCTIVE PERFORMANCE IN TWENTY TOWN SUPPLY DAIRY HERDS

Breeding parameter Total Total S.JDx. Class of cow Signi-
count mean ficance
A B C D
*%
Calving interval (days)** 4519 383.70 335-441 344(52)+ 437(35) 388(16) 384(4416) P<0.001
Calving to lst service
interval (days) 3596 84.82 40.58 91(35) 110(34) 105(9) 84(3518) P<N.S.
Days open (days) 4483 106.92 58.59 93(14) 165(35) 108(16) 105(4418) P<0.001
A = breeding parameter associated with the gestation before abortion took place
B = breeding parameter associated with gestation immediately after abortion took place
C = breeding parameter associated with the second gestation after abortion took place
D = breeding parameter for all normal gestations
+ no. of observations made
*% double log transformation used (S.D. - one S.D. on each side of the mean represents a range of

335 to 441 days)

LS
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THE EFFECT OF HERD SIZE ON INTERCALVING INTERVAL, CALVING TO FIRST
SERVICE AND FIRST SERVICE TO CONCEPTION INTERVALS

Although there was a tendency for reproductive performance to
decline with increasing herd size (Table VIII) the standard partial
regression coefficients for intercalving interval, calving to first
service and first service to conception intervals on herd size, were
0.220, -0.046 and 0.092 respectively - these values were not

statistically significant.

THE EFFECT OF MILK PRODUCTION ON INTERCALVING INTERVAL, CALVING TO
FIRST SERVICE AND SERVICE TO CONCEPTION INTERVALS

When the intercalving interval, calving to first service and
first service to conception intervals were regressed on the average
daily yield, the standard partial regression coefficients were
-0.093, -0.007 and -0.067 respectively (p <0.001) whereas when total
yield was considered in the same way the values were 0.326, 0.172

and 0.211 (p <0.001).

THE IMPORTANCE OF HERD, AGE, SEASON, YEAR AND BREED ON THREE PARAMETERS
OF REPRODUCTIVE PERFORMANCE AND ON MILK PRODUCTION

The relative importance of herd, age, season, year and breed on
calving interval, calving to first service, first service to
conception, lactation length and milk yield, together with some of

their interactions is shown in Tables XVII and XVIII.

While there were significant interactions between herd and age,
herd and season, and season and age on some of the breeding parameters
the influence of the interaction was small compared with the influence
of herd, season and age on all breeding parameters (see F values and
tests of significance in Table XVII). Year also had a significant

influence on breeding performance (Table XVIT).

Breed appeared to have a highly significant influence on

calving interval, but when examined in a two way analysis with herd,

the effect was shown to be due to the influence of the latter

(Tables XVII and XVIII).



TABLE XVII: 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 HERDS

Source Type of analysis d.f. ICI** ICSML SCON* Lactation Lactation
Length Length
Herd One way analysis 19 6.79%a 6.34a 5.09a 10. 24a 61.77a
Age One way analysis 7 6.59a 6.81la 3.07b 3.29b 52.40a
Age One way analysis (Herd & Season Cov.) 7 6.48a 6.94a 3.49a - -
Season (within One way analysis 12 7.97a 11.55a 0. 77NS = -
year)
Breed One way analysis 2 10. 86a 1.69NS 1.25NS - -
Year One way analysis 3 19.26a  9.19a  4.04c = -
Herd Two way analysis with Age 19 7.82a 6.24a  8.46a 9.98a 60.99a
Age Two way analysis with Herd 7 9.66a 8.09a 4.49a 3.61a 47.22a
Herd x Age Interaction 125 1.26d 1.27d 1.06NS 1.38b 1.83a
Herd Two way analysis with Breed 19 5.38a 5.87a 8.03a = -
Breed Two way analysis with Herd 2 1.33NS 1.17NS 2.79d - -
Herd x Breed Interaction 18 0.76NS 1.23NS 1.35NS = =
Herd Two way analysis with Season (Age Cov.) 19 5.55a 6.42a  4.84a - -
Season Two way analysis with Herd (Age Cov.) 12 9.16a 13.98a 2.66b - -
Herd x Season Interaction 133 1.79a 2.65a 1.29¢ - -
(Age Cov.)
Age Two way analysis with Season (Herd Cov.) 7 6.57a 6.32a 3.49a = -
Season (pooled) Two way analysis with Age (Herd Cov.) 3 10.58a 14.23a 0.67NS - -
Age X Season Interaction 21 1.80c 1.76c  0.79NS - =
(Herd Cov.)
Herd Two way analysis with Year 19 - - - 9.76a 63.94a
Year Two way analysis with Herd 4 - - - 4.02b 7. 24a
Herd x Year Interaction - - - - 4.49a 6.66a

a =P<0.001, b =P<0.005, ¢c = P<0.01, d = P<0.05, NS = Not Significant, ** Double log transformation,
* Single log transformation, ICI = Intercalving interval, ICSMI = Calving to lst service interval,
SCON = First service to conception interval.
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TABLE XVIII:

ASSOCIATION OF HERD, AGE, SEASON AND YEAR WITH MEASURES OF REPRODUCTIVE AND PRODUCTIVE PERFORMANCE

Independent variables Calving interval** Calving to lst service Ist service to Milk yield
interval conception interval*
R B R R g R’ R g & R B R
Herd and .18a .18a .21a .40a
4. . .2 . 21.5
Age .20a 12a 4.2a .21la 13a 6a 23a 09a 5.2a 46a 99a a
Herd and .16a .18a .20a
Breed .16a T 03NS 2.7a .18a " 03NS 3.4a .20a "05NS 4.4a - -
Herd and .15a .18a .18a
Season .24a 17a 5.7a .28a 9la 8.0a .2la 106 4.3a - - -
(Age covariate)
Seascn pooled and 13a .08a 1.8a 16a .1la 2.6a 1ib .03NS 1.3b _ B B
Age .10a .lla .09a
(Herd covariate)
emdatEd - - » - - - - - - Ala = 16.9a
Year .07a
Age .lla .10a l.la .12a .12a l.5a .1la .09a 1.3a - - -
(Herd and Season
covariates)
Season .17a .17a 3.0a .2la .21a 4.3 . 08NS .08a .07a - - -
Year .lla .lla 1.3a .09a .09a 0.8a .bc 6¢c Lbe - - -
Age = = - - - ] - - - .24a .24a 6.0a
a = P <0.001
b = P <0.005
c = P <0.01
R = Multiple correlation coefficient
BZ= Standard partial’regressioﬁ coefficient
R°= % of variation explained by independent variables
NS = Not significant
*k Double log transformation used
*

Log transformation used

"09
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Herd x age and herd x year interactions were significant in
respect to both lactation length and milk yield but these interactions
were small compared with the influence of herd and age on these

production parameters (Table XVII).

The amount of variation in the three measures of reproductive
performance examined that could be ascribed to the effects of herd,
age and season was small (Table XVIII). Herd and age, herd and year,
and age explained 21.5, 16.9 and 6.0% respectively of the variation

observed in milk yield.
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DISCUSSION

High production and efficient reproduction are very necessary for
a cow to maintain a long economically productive life and the
importance of a 365 day calving interval, in this context, has already

been discussed (see page 3 Literature Review).

Dairying under Town Supply conditions in New Zealand requires a
rather different management approach to dairying for Seasonal Factory
Supply. For example the Town Milk Producer operates on a 'quota'
system whereby he must produce a nominated volume of milk each day for
whole milk consumption andis paid at a higher rate for this relative
to the rate received by the Seasonal Producer. Surplus production
over and above the quota is normally sold to a Dairy Company for
processing to a variety of milk products at normal non subsidised
rates. Costs for whole milk production during the winter period,
when natural pasture growth is low, are highest and it is particularly
important that the most efficient use is made of all resources
(particularly food resources) during this period. Calving management,
used in its widest sense, is particularly important to the Town Supply
Producer at this time of year whereas the time and rate at which cows
calve during periods of high natural pasture growth is much less
critical from a financial point of view. The Seasonal Supplier on the
other hand, who is endeavouring to fit the demands of the herd closely
to the period of greatest natural pasture growth, is more concerned
with a concentrated late winter / early spring calving, then drying
off at a fixed time in the autumn with no milking taking place

during the winter period.

THE INTERCALVING INTERVAL

From the survey of twenty Town Supply Herds in the Wellington
Hawke's Bay area, the mean calving interval was found to be 383.7 days.
This mean has been calculated from transformed data (see section on
Materials and Methods) and one standard deviation on each side of this
mean represents a range from 335 to 441 days. The arithmetic mean
and standard deviation, which has been the method of reporting

results used by other authors, was 388.7 +59 days.
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Either method gives values which are in relatively close agree-
ment with the findings of Everett et al. (1966), Miller, cited by
Morrow et al. (196%) and 0lds and Cooper (1970a and 1970b) who
reported calving intervals of 387 +59.7, 381.5 and 382.2 454 days
respectively for American dairy herds. The Milk Marketing Board (MMB
1970, 1971 and 1975) reported similar calving intervals for British
dairy herds. The majority of reports concerning dairy herds in the
United Kingdom and United States of America however indicate that
calving intervals are usually of the order of 395 days (Louca and
Legates, 1968; Morrow, 1970; Bozworth et al., 1972; Pelissier, 1972;
Spike, 1973; Spike and Meadows, 1973; Esslemont, 1974a; Webb et al.,
19745 Matsoukas and Fairchild, 1975; Spalding et al, 1975; MMB,

1976; Slama et al., 1976; Esslemont et al., 1977), while Macmillan
and Moller (1975 and 1977) and Cunningham et al. (1976), working with
Seasonal Supply Herds, note that the intercalving intervals were 364

and 363 days for New Zealand and Ireland respectively.

It is interesting to note in Fig. 2 that 107 of calving intervals
in the herds sampled were longer than 460 days in duration. This is
often associated with failure to cull animals in the herd which have
difficulties in getting pregnant for a number of reasons; such cows
can continue to be milked readily in the Town Supply Herd whereas they
would frequently be eliminated from a herd under Seasonal Dairy
conditions where 85% of cows calve in six weeks of the calving period
(New Zealand Dairy Board, 1951) and 95% within twelve weeks (Moller,
1976). 1In addition, because Town Supply Farmers tend to have set
breeding periods at least twice per year, they sometimes hold animals
over from one breeding period to the next, thus prolonging the

inter calving interval.

A limited number of abortions (less than 1% of all calvings)
account for the very short intercalving intervals recorded e.g. 221-

300 days.

When age differences in reproductive performance were considered
it was clearly established that the four year old animals, i.e.
animals that have completed three calvings, had the shortest inter-
calving intervals and superior reproductive performance in most of

the parameters measured (see Table X and Fig. 6). Least efficient
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were the two year old cattle followed by three year olds; there was
then little change until cows had reached the age of eight years.
Similar findings have been reported by almost all other groups of
workers in the United States of America (Trimberger and Davis, 1945;
Tanabe and Salisbury, 1946; Olds et al., 1949, 1952; Herman,

1956; Morrison and Erb, 1957; Salisbury and Van Demark, 1961;
Everett et al., 1966; Spike and Meadows, 1973; Spalding et al., 1975;
McDowell et al, 1976), Great Britain (Boyd and Reed, 1961; MMB, 1970;
MMB, 1971) and New Zealand (NZDB, 1961). Matsoukas and

Fairchild (1975) and Lewis and Horwood (1950b) found no consistent age
effect until the fifth and ninth pregnancy respectively. In the
former case, however, results for the first five pregnancies werce
pooled and only relatively small numbers of records were includad for
older age groups while in the second report the calving interval
between first and second calvings was in fact longer than for between
any subsequent calving until nine calvings had been recorded.
Although not statistically significant, this still represented a
difference of at least 0.2 months (i.e. approximately six days) when

these animals were compared with the next poorest performing age group.

It does not seem unreasonable that there should be a deteriorat-
ion in reproductive efficiency in older cattle associated with the
ageing process and the hazards which occur with repeated pregnancies.
Other explanations, however, must be found for the relatively poor
performance of the younger group, particularly those undergoing their
first lactation. These are considered during succeeding parts of the

discussion (see Calving to first service interval below).

The intercalving interval provided a key measure of performance
in the investigation reported here. A number of the other parameters
of breeding efficiency which were recorded also have a direct assoc-
iation with this interval - these are considered in the following

sections.

CALVING TO FIRST SERVICE INTERVAL

The mean calving to first service interval was 84.8 + 40.6 days
(see TableVIII ) which is comparable to intervals recorded by other

workers (see Table XIX ). This is longer than the calving to first
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service intervals in Seasonal Supply Herds reported by Macmillan and

Moller (1977) which was estimated to be 76 days.

TABLE XIX : CALVING TO FIRST SERVICE INTERVAL REPORTED BY
VARIOUS RESEARCHERS

Reference Calving to lst service
interval (days)

Bozworth et al. (1972) 79-107
Esslemont et al. (1977) 87.8
Everett et al. (1966) 78.0
Macmillan and Moller (1977) 76.0
0lds and Cooper (1970a, 1970b) 82.2
Oxender and Mellenburger

(cited by Britt, 1975) 85.0
Slama et al. (1976) 84.8
Sondoregger and Schurch (1977) 80.0
Spalding et al. (1975) 87.0
Van Demark and Salisbury (1950) 1118780)

Examination of Fig.3 shows that 26% of cows in the Town
Supply Herds had been bred by 60 days, 697% by 90 days and 887% by 120
days post partum, an observation which is in close agreement with the

findings of other authors (see Table XX).

TABLE XX : THE RATE OF MATING RECORDED BY DIFFERENT RESEARCHERS
AT VARIOUS POST PARTUM INTERVALS

Reference Post partum intervals

60 day 90 day 120 day
Bozworth et al. (1972) 247 50-73% 74-927%
0lds and Cooper (1970b) 23.5% 69.5% 89.9%
NZDB Survey (1961) 27.2% 65.3%%
Pelissier (1976) 16.27% 67.2% 91.6%

*99 days post partum

There were, however, noticeable differences between the
different age groups (Table X and Figs. 6 & 75) -a smaller proportion

of younger cows were presented for breeding in the earlier post partum
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periods compared with the mature animals in the herd e.g. by 60 days
post partum, 267% of mature cows had been bred compared with 257 and
217% for three year old and two year old cows respectively. Comparable
figures for breedings by 100 days post partum were 79%, 727 and 66%

for these same three age groups (Fig. 7a).

Such age differences can be accounted for by the fact that the
two year old animals in particular require a longer interval between
calving and their first post partum ovulation and/or oestrus than
older herd mates as shown by Herman and Edmundson (1950), Wiltbank and
Cook (1958), Riesen (1968), Hammond and Sanders (1923) cited by Morrow
(1969) and Moller (1970b). Furthermore, a much higher incidence of pre-
service anoestrus has been reported in younger age groups by Fielden
et al. (1976) and Boyd (1977). It has been suggested by Fielden

et al. (1976) that this age effect can be attributed to such factors

as the continuing demands for growth as well as lactation
together with the disadvantages the younger animal has when
competing for available food under a competitive pasture grazing

gf tuation,

The net result of this delay before breeding is that the younger
animals have fewer open heats thus depressing fertility (see later

section on Services per cow calving 1 77).

Direct comparison of these results for calving to first service
in Town Supply Herds cannot be made with Seasonal Supply Herds since
submission rate (SR) is a more useful and frequently quoted
statistic in the latter group (SR is generally defined as the percent-
age of cows mated within the first 28 days of the breeding season).
It has been reported that 887 of cows in New Zealand Seasonal Supply
Herds are mated within the first 28 days of the breeding period
(Macmillan et al., 1975). If the breeding season for these herds
commences approximately 60 days after the median calving date for the
herd this suggests that 887% of these cows have had their first
service by 88 days post partum i.e. a much higher proportion of cows
in Seasonal Supply Herds have been bred by 90 days post partum than
the 697 recorded in the Town Supply Herds.
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Delays in breeding in Town Supply Herds will clearly be a

contributing factor, whatever their cause;, to the prolonged inter-

3
calving interval seen in these herds. While the reasons for this
delay between calving and first service in Town Supply Herds could not
be determined from the information obtained in this investigation,

two of the most likely possibilities would be an increased length of
post partum anoestrus in Town Supply Herds associated for example with
seasonal factors (seasonal differences were observed - see Table XIT),
and/or deliberate management decisions related to when animals wcould

best be mated to fit in with the demands of the quota milk supply

system.

Heat detection errors and/or missed heats could also be
implicated as an important contributing factor to prolonged calving
to first service intervals. Differences in short returns (usually
associated with heat detection errors) between the Town Supply Farms
examined in this study and Seasonal Supply Farms in New Zealand
appeared to be approximately the same although the pattern of long
returns (which can also be associated with heat detection problems)
did vary between these two farming systems. (This is to be discussed

later - see page 72).

Apart from the preponderance of Friesian cattle in Town Supply
Herds it seems unlikely that there are any major genetic differences
between cattle running within the Town Supply and Seasonal Dairying
systems that would lead to major fertility differences. There is
for example, a relatively free interchange of cows between Town
Supply and Seasonal Supply Herds, and more importantly, a similar
semen service (normally bulls standing at the NZDB Artificial Breeding
Centres) is drawn from during the breeding periods. This suggests
that management and other enviornmental factors are largely respon-

sible for any differences that are seen.

CALVING TO CONCEPTION INTERVAL (DAYS OPEN)

The calving to conception interval consists of two components:

a. The calving to first service interval as discussed in the

previous section.
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b. The in-calf rate achieved when breeding takes place. Where
animals do not conceive to the initial breeding for whatever reason,
the calving to conception interval will be prolonged. The rate at
which these animals become pregnant to subsequent services, and the
interservice intervals, will also have a considerable influence on

this parameter.

Assuming that gestation length for Friesian cattle is relatively
constant at 282 days, animals must conceive by the 83rd day post
partum if a 365 day intercalving interval is to be maintained. Since
the conception rate at any one oestrous cycle is not 100%,breeding

must commence before 83 days post partum to achieve this objective.

Sixty percent of the animals in this study were in fact bred by
the 83rd day post partum but only 457% of them calved following breed-
ing within this period (see Fig. 3). The mean calving to conception
interval however was 107 days (Table VIII) resulting in a prolong-
ation of the intercalving interval; this 107 day calving to
conception interval is comparable to the 107, 109, 116 and 109 days
reported by Everett et al. (1966), Morrow et al. (1969a), Spalding
fﬂLjELv (1975) and Sonderegger and Schurch et al., (1977) respectively.
Significant age differences in the number of days open were observed
(Table X) largely, but not entirely, due to differences in the interval

from calving to first service (pp 65,66).

THE INTER-SERVICE INTERVAL

The majority of returns to first service occurred 18-24 days
after the first breeding (Fig. 11 ) with a peak at day 20. This
corresponds with the generally accepted interval for normal inter-
service periods and is comparable to 20 days reported by NZDB (1863),
21 days reported by Moeller and Van Demark (1951), Flerchinger and Erb
(1954), Pelissier (1972, 1976) and Wood (1976a) and 22 days
reported by Olds and Seath (1954). Examination of Fig. 9 for the
two year old cattle, however, shows a slight variation from that of
the other age groups (Figs. 10 and 11 ) in that the majority of
returns occurred 17-23 days later, a finding which supports the
slightly shorter return interval described in younger animals
(Hammond, 1927; Chapman and Casida, 1937; Asdell, 1946 cited by
Salisbury and Van Demark, 1961).
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Using the frequency distribution for service interval information
shown in Figs. 9, 10 and 11 it is possible to make an estimate of heat
detection efficiency during the first 45 days after first service.
During the 45 day period 1476 cows returned to service and were mated
again with the majority of second matings occurring during the 18-24
day (794 cows) and 37-45 day (271 cows) periods. It is reasonable to
assume that the former group represents animals which were correctly
detected and mated when in oestrus at their initial mating but failed
to conceive either because of lack of fertilisation or some other
problem - they have then undergone a normal inter-oestral interval.
The latter group of 271 cows are likely to be animals that have had
two oestrous cycles the first of which was missed at 18-24 days
after breeding. It is possible that such cycles went unobserved
because of lack of signs of oestrus (so called 'silent heat'); & more
likely explanation however is failure to observe heat by the
farmer since the incidence of 'silent heat' is low in the late post
partum period (Kidder et al., 1952; Labhsetwar et al., 1963; Morrow
elf al.., 1969ajl.

One estimate of detection efficiency could be calculated as
follows:

Cows correctly detected at 18-24 days after first breeding x 100
*Cows cycling at 18-24 days after first breeding

= 794 x 100
794271

= 74.67

Errors inherent in such an estimate and unaccounted for are those
associated with embryonic loss and other causes of aberrant oestrous
cycles at present not understood. These are more likely to be
associated with the 37-45 day period rather than with the 18-24 day
period; if these factors could be taken into account they would
improve the estimate of detection efficiency. There was little
difference in heat detection efficiency between the two year old
(71.4%) and older cattle (75.4%) when estimated in the same way
(Figs. 9 and 10).

*This is estimated from the cows correctly detected at 18-24 days
after first breeding plus cows detected at 37-45 days after first

breeding and assumed to have been missed at the 18-24 day perioc.
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The mean interval elapsing between first and second services was
43.7 days which is similar to the 41 day interval reported by Spalding
et al. (1975) but considerably longer than the 32.4 and 35 day
intervals reported by Olds and Seath (1954) and Flerchinger and Erb
(1954) respectively.

Olds and Cooper (1970b) noted that the mean number of days
between first and second service varied according to the post partum
interval when the first service took place: thus for cows bred less
than 36 days post partum the interservice interval was 38.6 days
while cows bred after 35 days post partum had an interservice
interval of 45.7 days. The difference was apparently due to the high
number of short returns (1-17 days) in the former group. While this
interaction was not looked for in the present study, it is note-
worthy that only 5% of animals were bred up to and including the 36th

post partum day.

The percentage of long return intervals (more than 25 days) in
this investigation was 49.57% out of all returns between the first and
second services (Table VIII ). While the overall incidence of long
returns to first service is thus comparable to information published
in North America, it is very different from that reported for Nzw
Zealand Seasonal Supply Dairy Herds in respect to returns longer than

49 days (see Table XXI).

A high incidence of long returns will clearly lengthen the
inter-calving interval. Though it is not possible from the inform-
ation available to determine the exact cause for this high incidence
of long returns it is most likely to be associated with poor heat
detection (Erb and Flerchinger, 1954; Pelissier, 1972, 1976). Other
possibilities include conscious management decisions to with-hold
animals from breeding after the first service, and embryonic death
or other genital diseases. Erb and Flerchinger (1954) have
previously suggested that long returns to service are an important

source of loss to dairymen for similar reasons.
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TABLE XXI: PERCENTAGE OF LONG RETURN INTERVALS REPORTED BY VARIOUS
RESEARCHERS
Reference Percentage of Long Returns

(25-49 days) ( > 49 days)

N.Z. Seasonal Herds

Castle (1963) 24,7

NZDB Survey (1963) 23.6

Macmillan (1970) R in Auckland HIA
Macmillan (1970) 20.4 in Taranaki HIA
Macmillan et al. (1977b) 2.7

American Herds
Olds & Cooper (1970b) 34.8% 16.9%
0lds & Cooper (1970b) 32.3%% 28.1**(

(a)
b)

Study reported in
this thesis 23.9 25.6

* Calving to first service interval less than 36 days
** Calving to first service interval more than 35 days
(a) Percentage of long returns 25-47 days only

(b) Percentage of long returns more than 47 days

If, as Salisbury and Van Demark (1961) and Macmillan and Watson
(1975a) suggest, 25-33 day returns are the most appropriate indirect
measure of early embryonic death in cattle, then this would not appear
to be of great significance as a cause of long returns in the animals
investigated in these herds since only 7.1% of all returns to first
service fell into the 25-33 day category (see Table IX). Approx-
imately 177 of returns however were in the 34-49 day period which is

more likely to be explained by missed heats.

In addition to the major peak of returns at 17-23 and 18-24 days
for two year old and other age groups respectively, an important
secondary peak of returns occurs 8-10 days after first:breeding; this

tends to show some irregularity for the two year old cattle probably
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because of the limited number of animals in the sample (Fig. 9). This
secondary peak occurs again 18-21 days later with some slight variation
according to the age of cattle concerned e.g. 28-29 days after first
breeding for two year old cows and 31 days later for the three year
old and older cows. It is probable that this short inter-service
interval after the initial breeding represents an actual oestrous
cycle of short duration; it is a phenomenon that was first noted in
the 1959 and 1961 fertility surveys carried out by the NZDB (1963)

and which was described by Macmillan and Watson (1971) in cattle in
New Zealand. According to this report the phenomenon was associated
particularly with three year old cows in large herds. The incidence
of 8-10 day returns was highest among three year old cows in the

present study (Table XI).

It is generally considered that a high incidence of short return
intervals (1-17 days) is indicative of a heat detection problem
although fertile short cycles of 8-10 days have been reported as
mentioned above. If this is the case, the incidence of short returns
in the Town Supply Herds investigated (11.6%) was no worse than
reports for Seasonal Supply Herds in this country (see NZDB Survey,
1963 - 11.7%; Castle, 1963 - 10.5%:; Macmillan, 1970 - 18% in the
Auckland Herd Improvement Association and 16.3% in the Taranaki Herd
Improvement Association). They do, however, compare unfavourably with
reports for American and British dairy herds where the incidence of
short returns has been recorded as 3.5% in American herds (Flerchinger
and Erb, 1954; Moeller and Van Demark, 1951) and 5% in British herds
(cited by Macmillan 1976b). The major reason for the between
country differences seems to be associated with a policy of liberal
heat detection in New Zealand dairy herds brought about by the strong
emphasis being placed on concentrated calving in these herds (Macmillan,
1976a). Town Supply Farmers operating in the same environment are
probably influenced to some extent by these policies. Furthermore,
until recently there appears to have been a strong emphasis in the
U.S.A. and U.K. on not breeding an animal until 60 days post partum,
thus leading to a reduction of short returns (particularly of 8-10
days) which are generally seen in the earlier post partum period
(0lds et al., 1949; Morrow, 1969; Macmillan, K.L., 1978 -

personal communication).



73.

Although Macmillan and Watson (1971, 1975b) described a
higher incidence of 1-17 day returns in younger cows, older age
groups (5 and 7 year olds - Table X), as well as the younger age
groups, showed a high incidence of short returns in this study.
One would expect a higher incidence of short returns associated
with detection errors in younger cows due to the high level of
anoestrum seen with these ages (Fielden et al., 1976), their
tendency to have a shorter duration of oestrus (Hammond, 1927;
Trimberger, 1948), and the phenomenon of a high incidence of genuine
8-10 day returns as described above. Why some of the older cows had
a high incidence of short returns in the current investigation

(Table X) remains unknown.

In view of the high incidence of long returns in the Town Supply
study (49.57%) it is clear that the incidence of normal returns (18-
24 days) will be low compared to that observed by Castle (1963), NZDB
(1963) and Macmillan (1970, 1975b). The ratio between the 18-19,
20-21 and 22-24 day returns for the two farming systems is however

approximately the same as shown below:

Town Supply Seasonal Supply

Herds Herds*
18-19 day returns to lst service 247 227
20-21 day returns to lst service 437 447
22-24 day returns to lst service 33% 33%

* Data from Macmillan (1975b).

It thus seems reasonable to conclude that, in addition to the
delays from calving to first service described in this thesis, a high
incidence of long return intervals was also an important compoaent

affecting the intercalving interval in Town Supply Herds.

CALVING RATE

In this particular investigation the relevant parameters
studied were calving rate to first service, services per cow calving
and the interval from first breeding to a conception resulting in

calving.
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Calving Rate to First Service

The most appropriate measure of the calving rate to first
service in this study was derived from a cross tabulation programme
where every cow that was bred was examined in relation to the period
that had elapsed after a previous calving and before this first
breeding took place. A mean first service calving rate of 49.37% was
obtained. This compares with calving rates of 50.8%, 48.7%, 42.5%,44.2%
and 507% recorded by Van Demark and Salisbury (1950), Trimberger (1954),
Touchberry et al. (1959), Pelissier (1972) and Spalding et al. (1975)
respectively but is lower than the pregnancy rates of 58.5%, 55.9%,
52.0%, 58% and 61.8% recorded by Morrow et al. (1966), Britt et al.
(1972), Whitmore et al. (1974), Macmillan (1974) and Macmillan et al.
(1977b). In-calf or pregnancy rates however are
generally based on pregnancy diagnosis examinations at different
stages of gestation - actual calving rates are likely to be less than
the pregnancy rates because of losses between the time of examination
and the date of calving. e.g. The average difference between
pregnancy examinations at 60-90 days post service and actual calving
rates was about 6% for American cattle (see Literature Review p 206)
for further details). 1If this is taken into consideration the 49.3%
calving rate obtained for the Town Supply Herds in this study is only
marginally lower than the pregnancy rates of 58% and 61.87 recorded by
Macmillan (1974) and Macmillan et al. (1977b) respectively in Seasonal

Supply Herds in New Zealand.

A major factor influencing calving rate to first service was the
number of post partum days that had elapsed before first breeding took
place. This effect is clearly seen in Figs. 3, 4 and 7b. There was
an increase in calving rate to first service during the early post
partum period, reaching a level of 52.2% at 61-80 days (Fig. 4). From
this point only little clangeoccurred except at 161-180 days post
partum. Since only 31 cows were represented in the 161-180 day
sample however, it is unlikely that the depression seen at that time
represented a true measure of performance. Table XXII shows the

results reported by other workers for comparison.

When the performance of the various age groups was examined

differences were apparent in the calving rate to first service with



TABLE XXI1: IN-CALF, CALVING AND NON RETURN RATES (NRR) AT VARIOUS POST PARTUM INTERVALS RECORDED BY OTHER AUTHORS (Figures expressed as percentages)

Reference Post partum intervals in days Remarks

. 0 10 20 30 40 50 60 70 80 90 100 110 120

AS T o T - 1 T T Al T T T T T

NZDB Survey
(1961) — 31.3 P43, 7—>50.4—3€55.¢€ >¢ 62 & 62.9 -=-== 49 days NRR
MMB (1966-67) € 40 y 55 ¢ 62 >¢ 65 ¢ 68 > 4 month NRR
Shannon et al.
(1952) € 20.8 3¢ 37.7—¢ 51 6 Silr2 ¢ 51.5 ~5% 54.6 > 5 month NRR
Van Demark &
Salisbury
(1950) € 35 ta3 41 D¢ 44 3¢ 50.8 3¢ 53.2 £33 57.8 —) Calving rate
0Ods & Cooper
(1970b) € 26.8 3¢ LY ™ SO Y Calving rate
Touchberry
et al. (1959) €27.2—334. 1—37 .5 —447.6 — 43,6 —I43.5 —4E . ] —K38 .3 —— Calving rate
Britt (1975) <« 25 >¢ 40 >e— 49 ¢ 58 3¢ 60 >¢ 61 — In calf rate
Graves et al.
(1968) < 3993 ¢ 53.2 >¢ 61.6 >¢ 62.2 — In calf rate
Whitmore
et al. (1974) €—0—>¢—6 I¢—28 ———43 >——50 Ye— 46 > In calf rate
Study reported
in this thesis € 28...5 ¢ 3255 ¥ 43.9 ¢ 52.2 ¢ 50 Y 50.8 — Calving rate

*GL
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best performances generally being achieved by the mature cows (Table
X ). There also appeared to be an interaction between the
particular age group concerned and the post partum period at which
cows in that age group were first bred (Fig, 7b). 1In the early post
partum period (up to 60 days) more three year old cows became pregnant
than in the other age groups but after 60 days post partum the mature
group performed at the highest level. (The marked fluctuations
observed in Fig. 7b after 100 days post partum probably reflects the
relatively small numbers bred at this time). Reports that young cows
conceive more readily than mature cows in the early post partum
period have also been published by the NZDB (1961, 1963) from studies
carried out in Seasonal Supply Herds. Why such interactions exist is
not at all clear; one explanation is suggested by the findings of
Rasbech (1950), Butch et al. (1955) and Morrow (1969) who indicated
that more rapid involution of the uterus in younger cows led to

improved fertility.

In spite of the fact that younger cows bred in the early post
partum period appeared to have better fertility, their overall calving
rate performance was generally less than that of their older herd
mates (Table X ). This apparent anomaly could be accounted for by
the fact that fewer ycung cows were submitted for breeding in the
early post partum period as discussed earlier (p 65) and the majority
of them, because of their delay in returning to heat after calving,
had fewer open heats with a resulting depression in fertility. This
point is further elaborated under services per cow calving (next

section).

When cows reach the age of nine years or more they are more
difficult to get in calf - in this particular study for example
the calving rate to first service for cows nine years of age or more
was 457 (Table X) which was lower than that for any other age
group. To have remained in the herd as long as this usually means
that these cows are highly selected milk producers and fertility
considerations, while important, are generally secondary provided
some replacement calves can be bred from them. Low calving rates to

first service in old cows have been reported by many authors (see
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Literature Review page 23 ); increased embryonic death rates in

older cows may provide an explanation for this (Ball, 1976).

Services per Cow Calving

The mean number of services per cow calving of 1.71 measured
during this study compares favourably with figures published by most
other workers (see Table VII ). However. cows which did not conceive,
irrespective of how many times they were bred, were excluded from
this particular analysis and hence more services than the 1.71 record-

ed were actually required for each calving obtained.

As with the other breeding parameters age differences occurred
with respect to the number of services required per cow calving. The
two year and three year old cattle and animals eight years of age and
over required more services than the other age groups in the herds
surveyed. Lowered fertility in older animals is not unexpected (see
earlier discussion on page 64) - poor performance in the younger
animals however deserves further comment. That more services per
conception are required by cows which have had only one lactation,
compared with mature cattle which have had three to five lactations,
has been reported before by a number of other workers (Jones et al.,
1941; Olds et al., 1949: Ehlers et al., 1954; Morrison and Erb, 1957;
Everett et al., 1966; Hewett, 1968; Spike and Meadows, 1973;

Boyd, 1977). The important question is why? One likely explanation
is that younger animals have fewer open heats before breeding than
their older contemporaries because of the relatively long period
before they return to heat following calving - thus more services

per cow calving are required. Trimberger (1954) and Whitmore

et al. (1974) have both described the advantages of one or

more open heats on subsequent fertility. Heat detection errors,

which are more likely in the younger age groups (Macmillan and

Watson, 1971, 1975b) further compound the problem .

First Service to Conception Interval (The Conception Resulting in a

Calving).

The mean first service to conception interval of 11.3 days is

considerably shorter than the same parameter reported by other workers
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(see Table III).

It should be noted, however, that the data for first service to
conception was subjected to a logarithmic transformation to improve
the normality of the distribution. The detransformed informatiomn thus
cannot be directly compared with the results from other workers who
used arithmetic data. The unadjusted mean for the first service to

conception interval was 19.3 days.

Since the first service to conception interval is closely
related to the number of services per cow calving, similar differ-
ences were observed between the different age groups as were seen
with the former measurement (Table X ). Reasons for these

differences have already been discussed (see pages 64, 66, 77).

HERD DIFFERENCES

While there are many factors which could contribute to the
variation in performance noted between the twenty Town Supply Herds,
e.g. geographical location, herd size, genetic quality of stock and
level of management, a detailed analysis of these differences was
not planned as part of this particular investigation. However, it
is worth noting that some of the analyses could give a lead as to
where particular problems were occurring. For example the high
percentage of short returns in herds 1,2,8,10 and 20 (see Table IX)
suggest a problem of heat detection (Macmillan, 1970; Macmillan and
Watson, 1975a) while in Herd 5, with 267 of 25-33 day returns,a
pattern of early embryonic loss may be indicated (Salisbury and Van
Demark, 1961). In this second case the fact that
no short returns at all were recorded, however, brings the overall
recording system in use in that herd under suspicion and clearly
further investigation would be warranted. It is possible that the
owner of Herd 5 ignores all returns from 0-10 days and consequently

records a falsely high level of 25-33 day interservice periods.

Marked differences were found between herds in milk yield and
lactation length - while the reasons for this were beyond the scope
of this study, similar factors to those indicated above are likely to

explain the differences observed.
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ASSOCIATION BETWEEN SEASON AND REPRODUCTIVE PERFORMANCE

It has been generally established that high temperature and
humidity have a detrimental effect on fertility (see Literature
Review). Within some temperate and colder climates however, where
high temperatures are not prevalent, increasing daylight
hours rather than temperature has the greater effect on fertility
with improved reproductive performance occurring during the summer

and fall (Mercier and Salisbury, 1947a and 1947b).

In the present investigation when calving interval, calving to
first service and first service to conception intervals in days
were corrected for age and herd effects the best reproductive
performance occurred during the spring period (Fig. 12). The
most effective measurement for determining whether any seasonal
effect existed however was the calving interval because the other two
parameters described may have been derived from cows calving in the
immediate preceding season e.g. many cows calving during the spring
period would be submitted for breeding during the summer and would
therefore become a component of the statistic for calving to first

service in that summer period.

Although many workers have described seasonal effects similar to
those seen here not all regard season as an important cause of
variation in fertility (see Literature Review). Even the results
described in this study could be regarded as equivocal since New
Zealand Town Supply Farmers may, by conscious management decisions,
influence the type of result that can occur during any one period of
the year. They, for example, tend to have two major breeding periods
(late autumn /early winter and late spring/ early summer) and cows
which calve out of phase may be deliberately with-held for longer
periods than is physiologically necessary so that they will conform
with this pattern. Cows calving during the summer therefore, while
they could be victims of high temperature and poor nutrition
leading to impairment of fertility, could equally be victims of

farming decisions of this nature,
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ASSOCTIATION BETWEEN YEAR AND REPRODUCTIVE PERFORMANCE

The between year differences observed in this study (Table XIII
and Fig. 13) were not unexpected in view of the general dependence
of Town Supply Farmers on grass grazed in situ for food supplies for
their herds. 1In 1972 and 1975 favourable seasons for grass
production occurred (New Zealand Meteorological Service Misc. Pub.
109, 1972 to 1975) and this was reflected by both higher milk
production and relatively better reproductive performance than that
recorded in the other two years surveyed; 1974 in particular was
a poor year for pasture growth with an exceptionally wet winter during
which sunshine hours were low and drought conditions prevailing during

the summer and autumn periods.

ASSOCIATION BETWEEN BREED AND REPRODUCTIVE PERFORMANCE

The majority of Jersey cattle in this investigation were in Herd
19 which was in fact a pedigree Jersey Herd. Because of this very
uneven distribution of breeds it was not possible to carry out an
appropriate analysis of the data to determine whether real breed
differences in performance existed. Herd effects in fact were

responsible for the differences observed (see Tables XVITI and XVIII).

Nevertheless there appeared to be a trend indicating better
reproductive performance by Jerseys than by Friesians with crosses
between these two breeds occupying an intermediate position (Table XIV).
Jersey cattle have been reported to be reproductively more efficient
in both tropical countries (Narvaez Ramirez, 1951; Wijeratne, 1970;
Velasco, 1971 cited by Vaccaro, 1973) and also in temperate regions
(Lewis and Horwood, 1950a; Everett et al., 1966; McDowell et al., 1974;
Gwazdouskas et al., 1975; Matsoukas and Fairchild, 1975; Slama et al.,
1976), although survivability of Jersey calves has been recorded as
inferior to Friesian calves in the New Zealand environment (Macmillan,

1973).

ASSOCTATION BETWEEN ABORTION AND REPRODUCTIVE PERFORMANCE

Although the number of animals which were recorded as having an
abortion was small the evidence suggests that the reproductive
performance of these cows was considerably impaired when they were

compared with cows having normal gestations (Table XV ). While
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the period between abortion and when these cows were first served
appeared to be prolonged (110 days for abortion cows compared with 84
days for normal cows) their ability to become pregnant once breeding
commenced (see under B class cow, Table XV ), as can be seen by
comparing the days open for each group, was substantially reduced.
Similar effects of abortion on fertility have been recorded by other
workers (Morrison and Erb, 1957; Morrow, 1969; Morrow et al., 196%9a;

Kelly and Holman, 1975; Galton et _al., 1977a, 1977b).

THE RELATIVE IMPORTANCE OF DAYS FROM CALVING TO FIRST SERVICE AND FIRST
SERVICE TO CONCEPTION ON CALVING INTERVAL

The interval from first service to conception had a slightly
greater effect on the calving interval than did the interval from
calving to first service since a change of one standard deviation unit
in either interval led to a calving interval change of 0.73 and C.63
standard deviation units respectively (see standard partial regression
coefficients, p 55 of results). O0lds and Cooper (1970b) reported
similar results in their study of dairy cattle fertility in Kentucky,
USA where the correlation coefficients for first service to conception
and calving to first service on calving interval were 0.8 and 0.6

respectively.

Because 'conception' rate tends to be more variable in cows mated
during the first sixty days post partum than in cows mated after this
time (see Figs 4 and 7b) a second analysis was carried out excluding
records of animals bred before the sixtieth post partum day (this
resulted in 267% of records being discarded). The standard partial
regression coefficients obtained were 0.73 for the interval from first
service to conception and 0.59 for the interval from calving to first
service, a result which was little different from that obtained in the

first analysis when all records were included.

The predicted values for calving interval (§) from the multiple
regression analysis where two of the variables were transformed were
difficult to interpret. Results of the analysis were therefore display-
ed (see Fig. 14) by obtaining the predicted values of § (calving
interval - converted to the original arithmetic scale) for separate

factual ranges for each of the two (¥X) variables (days from calving to
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first service (X)) and first service to conception (¥X2) ).

The estimates for the regression coefficients were used to
estimate the effects separately for each of the two independent

variables by dividing the overall equation:

F =5 =61 Q& - xa) *b2 e =)
into two parts .

(§ - y)1 = by (%1 - X1) and (§ - y)2 = by (X2 = X2)
where ; is the log log value for calving interval

X1 is the arithmetic value for the interval from calving to
first service

X2 1s the 1log value for the interval from first service to
conception

b1 is the partial regression coefficient relating §1to X1

b, is the partial regression coefficient relating y,to X2

Using the information from Fig. 14 and the calving rate values
obtained in this study for breeding at different post partum periods
(Fig. 4), it is possible to predict the number of services required
per cow calving, the number of cows which should calve after a
defined service period, and the mean calving interval for these cows

(see Table XVI).

From this table it can be seen that while calving intervals of
less than 350 days are theoretically possible (by breeding early in
the post partum period), large numbers of services are required.
Furthermore there are two practical limitations to such early breeding,
a below optimum level of milk production (see Literature Review p ?)
and the fact that New Zealand dairy cattle on average do not have
their first post partum ovulation, let alone show overt heat, until
36 days after calving in the case of mature animals and 52 days after
calving in the case of two year old hiefers (Moller, 1970b). If
breeding is delayed until after the sixtieth post partum day, it is
not possible to achieve the desired 365 day intercalving interval

unless 'conception' rates can be improved.

It would appear desirable therefore to commence breeding, in the

Town Supply Dairy Herds studied here, shortly after the fortieth post



TABLE XVI:

COWS CALVING AND MEAN CALVING INTERVAL*

EXPECTED EFFECT OF BREEDING AT DIFFERENT POST PARTUM INTERVALS ON THE DEMAND FOR SERVICES, NUMBER OF

Interval from
calving to lst
service (days)

cow calving
(see Fig.4)

Probability of

Interval from calving to lst service (days)

1-20 21-40 41-60 61-80 81-100 101-120 121-140 141-160
1-20 0.24 100.00
21-40 0.33 76 .00 100. 00
41-60 0.44 50.92 67.00 100.00
61-80 0.52 28.52 37.52 56.00 100.00
81-100 0.50 13.69 18.01 26.88 48.00 100.00
101-120 0.51 6.85 9.08 13. 44 24.00 50.00 100.00
121-140 0.52 3. 36 4.41 6.59 11.76 24.50 49.00 100.00
141-160 0.58 2.61 2.12 3.16 5.65 11.76 23.52 48.00 100.00
No. of cows
that will
calve after 98.9 99.1 98.7 97.6 95.1 91.1 88.7
the service
period
Total services
required tor the 281.95 238. 04 A0S SR 189,41 186.26 172.52 148.00
cows that calve
e o vE e e 330 345 360 375 393 411 430

(predicted from Fig. 14)

“Predictions calculated

on basis of 100 cows submitted for breeding.

“¥8
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partum day if a 365 day intercalving interval is to be achieved. Only
in those herds where 'conception' rates are higher than the mean
recorded in this investigation, should a longer post partum period
before breeding commences be contemplated. O0lds and Cooper (1970b)

have suggested a similar approach based on their results in Kentucky.

The author appreciates that another approach to reducing the
calving interval is that of shortening gestation length; this has been
taken as constant at 282 days in the calculations discussed in this
thesis (see p32). Techniques for the induction of parturition before
term in cattle have been described (Welch let) @y 1973) and quite
widely used in New Zealand dairy herds. However, because of the costs
and other potential hazards associated with this procedure (Moller,
1978) it seems unlikely, at the present state of technology, that this
approach will be used extensively enough to have any significant:

influence on calving intervals in the national dairy herd.

THE RELATIONSHIP BETWEEN THE CALVING TO FIRST SERVICE AND FIRST SERVICE
TO CONCEPTION INTERVALS

There was a negative correlation between these two parameters

(R = -0.099 see p55); Touchberry et al. (1959) have reported similarly.
This is understandable in view of the fact that the number of services
per'conception'tends to decrease as the post partum interval before
breeding increases, at least up to the sixtieth post partum day.
Because of the importance of both parameters on calving interval,
however, as indicated in the previous section, a management compromise
must be reached by breeding earlier and accepting a slightly higher
number of services per Eonception‘if a 365 day intercalving interval

is to be achieved.

HERD SIZE

A number of authors have reported a decline in 'conception' rate
with increasing herd size (Hewett, 1968; Spike and Meadows, 1973;
Lauderdale, 1974; Macmillan, 1975b; Spalding et al., 1975). Macmillan
(1975b) explained this decline in New Zealand dairy herds as being due
to an increase in the number of 'genuine' short cycles (8-10 days) in
larger herds (Macmillan and Watson, 1971) and largely to an increase

in the incidence of errors during heat detection (Macmillan et al., 1973).
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While there was a tendency for the calving interval and first
service to conception interval to increase in the larger herds in
this investigation, the result was not statistically significant
(p 58). It is likely that the number of herd studied did not yield
an adequate sample within various size ranges to allow any conclusive
interpretation to be made. Moreover, even the smallest herd in this

study consisted of 75 cows.

EFFECT OF PRODUCTION ON REPRODUCTIVE PERFORMANCE

When yield per cow per lactation was considered there was a
significant positive correlation with calving interval (0.326),
calving to first service interval (0.172) and first service to
conception interval (0.211). This agrees with the reports of many
other authors (Lewis and Harwood, 1950a; Rennie, 1956; Miller et al.,
1967; Morrow, 1969; Dawson, 1972; Spike and Meadows, 1973; Wagner,
1974; Spalding et al., 1975). High milk yields, however, are
influenced markedly by lactation length (McDowell et al., 1976). An
increased length of lactation is likely to be found in animals which
remain open for long periods because there will be no depressant
effect associated with gestation. Under these circumstances the high
yield may be a result rather than a cause of the poorer breeding

performance of these cows.

It seems more reasonable therefore, to examine the relationship
between production prior to and/or during the breeding period and
reproductive performance rather than considering the relationship
with total yield. The authors who have done this (see p 26 Literature
Review) have reported that any relationship that exists is small and
of little consequence. In the current investigation it was the average
daily yield throughout lactation that was considered; the negative
correlations found were so small as to have little effect. Since
the information examined was from data pooled from all the herds there
were many other variables which could not be taken into consideration

which may have confounded this result.

THE IMPORTANCE OF HERD, AGE, SEASON, YEAR AND BREED ON THREE PARAMETERS
OF REPRODUCTIVE PERFORMANCE AND ON MILK PRODUCTION

While it was not possible to study all the variables in omne
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analysis for reasons outlined earlier (see Materials and Methods, p 32)
a series of two way analyses were carried out to determine whether
effects observed were due to the main effects of the variables

or to their interactions (see Tables XVII and XVIII).

Herd, age, season and year have all had significant effects on
the three breeding parameters studied and while there were significant
interactions between herd and age, herd and season, and age and season
on most of these parameters the effect of the interaction was relatively
small compared to the effect of the two main variables (see F values
and tests of significance - Table XVII). More important, however, is
the fact that the amount of variation in breeding performance that
could be ascribed to any of these variables was remarkably small
(see Table XVIII). This is not unexpected in view of the vast array
of factors that can influence the reproductive performance of each
individual animal as outlined in the Literature Review at the beginning

of this thesis.

The value of undertaking this series of two way analyses was
best illustrated in respect to the findings relating breed effects to
reproductive performance. On initial examination it appeared that
there was a very clear case in favour of the Jersey breed having
better reproductive efficiency than the Friesians in the population
studied. As explained in an earlier section of the discussion (p 80) !
the majority of Jersey cattle were in one herd which proved to be one
of the better herds as far as reproductive efficiency was concerned.
The superiority of the Jersey cows therefore could simply be explained

by this herd effect.

As far as milk yield was concerned significant interactions were
found between herd and age, and herd and year, but again they were small
compared with the main effects of herd, year and age (Table XVIII).
Production differences between properties can be explained by many
factors such as level of management, local topography and climate, and
stage of development, while age differences in production have been
recognised for many years. Furthermore, under a farming system that
depends largely on grazing pasture in situ, favourable years for pasture

growth are inevitably reflected by higher levels of milk production and
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this proved to be the case in this investigation (see earlier

discussion, p 80).

It is not surprising therefore, that much more of the variation
in yield could be explained by the variables investigated (Table XVIII)
than was the case for calving interval and other measures of

reproductive performance.
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GENERAL CONCLUSIONS

e Available evidence points strongly to a 365 day intercalving
interval as being optimal for economic production in dairying.

Since the average value for this interval was 384 days in the study
reported in this thesis, it is desirable that methods for improving

reproductive efficiency in Town Supply Herds be sought.

The target of a 365 day calving interval was nearly achieved by
two of the herds investigated (see Herds 16 and 19, Table VIII)
although at what cost,in terms of animals culled for infertility)is
not known. Calving interval does not take account either of animals
which only calve once, or animals intended to be bred that never calve
at all. This is a serious disadvantage of the parameter as an
estimate of reproductive efficiency. An annual live calf rate,
related to all animals either entering or in the herd and intended

for breeding, would be a more appropriate index of breeding efficiency.

2. The average interval from calving to first service and from first
service to conception was 84 and 1l days respectively in this
investigation. This indicates delayed breeding and a 365 day calving
interval is therefore not possible. If the calving to first service
interval could be reduced by the simple management procedure of
breeding each cow between 46-66 days post partum, a 365 day calving
interval would be achieved (Table XVI). Such an approach depends on
all animals intended for breeding showing overt heat during this

time, a practical proposition provided management practices geared to

effective feeding and efficient heat detection are applied.

An alternative to breeding earlier in the post partum period
would be to increase 'conception rate' - apart from improving detection
efficiency, however, Practical procedures for achieving any substant-
ial 1ift over a large population of animals do not at the present

time seem to be available.

3. A high incidence of short (11.6%) and long (49.5%) return
intervals to first service, together with a mean inter-service

interval of 44 days, demonstrate that missed heats and detection
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errors were important contributing factors to the prolonged calving
intervals and high number of services per cow calving recorded in these
Town Supply Herds. Improved detection procedures as outlined in the
Literature Review, together with routine pregnancy testing of cows six

to eight weeks after they are bred, would help reduce such deficiencies.

4. Because the spring period clearly resulted in the best reproduct-
ive performance, compared with the other seasons of the year, as high
a proportion of the herd as possible should be bred at this time. The
extent to which this could be done depends on milk quota requirements,
especially during the difficult winter period. It is inevitable that
a proportion of cows must be bred to calve during the autumn in order
that they will be producing at their most efficient per unit of feed

consumed when costs are at their highest.

S)g The reproductive performance of the younger age groups of cattle,
particularly the two year old cows, was poor. Since they constitute

a relatively high proportion of the animals in a herd, any improvement
in reproductive efficiency achieved with this group could have

considerable influence on herd performance.

High levels of anoestrus (Fielden et al., 1976) and a slow return
to cyclical activity after calving (Moller, 1970b) have already been
established as characteristics of younger cows in Seasonal Supply
Herds in New Zealand; more attention to the nutritional needs of the
group has been suggested as the way to solve the problem. A similar

situation is likely to apply in the Town Supply industry.

6. More research is needed if reasons for the considerable differ-
ences in reproductive efficiency observed between herds are to be
further defined. It seems likely, however, as illustrated by the
variation between herds in return interval analyses, that the
general breeding policies and managerial skills of the owner play a
major role in determining the level of reproductive efficiency achieved.
Never~the-less the multiplicity of factors concerned with the
reproductive process under field conditions, together with the

experience gained during this study, suggest that even the most
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sophisticated investigation is unlikely to explain more than a small
proportion of the total variation in reproductive performance that is

observed.



924,

REFERENCES

AFSHAR, A. (1965): Virus diseases associated with bovine abortion

and infertility. Veterinary Bulletin, 35:735-52.

ALLCROFT, R.; SCARNELL, J. and HIGNETT, S.L. (1954): A preliminary
report on hypothyroidism in cattle and its possible relationship

with reproductive disorders. Veterinary Record, 66:367-71.

APPLEMAN, R.D. and OWEN, F.G. (1975): Breeding, housing and feeding

management. Journal of Dairy Science, 58:447-64.

AXELSEN, A. and MORELY, F.A.M. (1976): The effect of plane of
nutrition on reproductive performance of early weaned heifers.

Proceedings of Australian Society of Animal Production, 11:241-44.

AYALON, N.; WEISS, Y. and LEWIS, I. (1967: The nature of fertility
losses in normal cows and repeat breeders. Annual Report

Hasherut A.I. Centre, Rishon Le Zion, Israel.

BALL, P.J.H. (1976): Fertility of dairy cows (British Friesiaas)
inseminated at natural oestrus , studied by means of milk
progesterone concentrations. University of Reading, National

Institute for Research in Dairying Report. plO8.

BAKER, A.A. (1965): Comparison of heat detectors and classical
methods for detecting heat in beef cattle. Australian Veterinary

Journal, 41:360-61.

BARR, H.L. (1975): 1Influence ofestrous detection on days open in

dairy herds. Journal of Dairy Science, 58:246-47.

BARRET, G.R.; CASIDA, L.E. and LLOYD, C.A. (1948): Measuring
breeding efficiency by pregnancy examination and by non-returns.

Journal of Dairy Science, 31:682-83.

BELLOWS, R.A.; SHORT, R.E.; URICK, J.J. and PAHNISH, O.F. (1974):
Effects of early weaning on post partum reproduction of the dam
and growth of calves born as multiples or singles. Journal of

Animal Science, 39(3):589-600.

BISHOP, M.W.H. (1964): Paternal contribution to embryonic death.

(Review). Journal of Reproduction and Fertility, 7:383-96.

BLAXTER, K.L. (1971): Some effects of poor reproductive performance

in cattle. Proceedings VII Annual Conference, North Scotland

Division of the British Veterinary Association, Aberdeen.



93.
BONADONNA, T.; CURTO, G.M.; CARLA, C.; and MONCIARDINI, R. (1966):
Observations on the inbreeding rate in the breeding of dairy cattle.

Abstracts 9th International Congress of Animal Production, 14.45, pl4.

BOYD, H.B. (1965): Embryonic death in cattle, sheep and pigs.

(Review). Veterinary Bulletin, 35:251-266.

BOYD, H. (1972): Weight change and fertility in one herd of dairy
cattle. Veterinary Record, 91:193.

BOYD, H. (1977): Anoestrus in cattle. Veterinary Record, 100:150-53.

BOYD, H. and REED, H.C.B. (1961): Investigations into the incidence
and causes of infertility in dairy cattle. 1I. Fertility
variations, II. Influence of some management factors affecting the
semen and insemination conditions, III. Influence of kale feeding,
milk production and management factors associated with farming

intensity. British Veterinary Journal, 117:18-35,74-86,192-200.

BOYD, L.J. (1970): Managing dairy cattle for fertility. Journal of
Dairy Science, 53:969-72.

BOYD, L.J. and HIGNETT, P.G. (1968): Objective measurement of

oestrus. Veterinary Record, 83:2-3.

BOYD, L.J.; SEATH, D.M. and OLDS, D. (1954): Relationship between
level of milk production and breeding efficiency in dairy cattle.

Journal of Animal Science, 13:89-93.

BOZWORTH, R.W.; WARD, G.; CALL, E.P.; BONEWITZ, E.R. (1972). Analysis
of factors affecting calving intervals of dairy cows. Journal of

Dairy Science, 55:334-338.

BRANTON, C.; GRIFFITH, W.S.; HALL, J.G.; JOHNSTON, J.E. and PATRICK,
T.E. (1955): Breeding difficulties of dairy cattle in Louisiana.

Louisiana Agricultural Experiment Station Annual Report.

BRANTON, C.; GRIFFITH, W.S.; NORTON, H.W. and HALL, J.G. (1956): The
influence of heredity and environment on the fertility of dairy

cattle. Journal of Dairy Science, 39:933.

BRANTON, C.; McDOWELL, R.E.; FRYE, J.B. and JOHNS, D.M. (1961): Growth
and production characteristics of H. Friesians, Brown Swiss and
Red Sindhi crossbred females in Louisiana and Maryland. Journal

of Dairy Science, 44:1344-55.



94.

BRANTON, C.; RIOS, G.; EVANS, D.L.; FARTHING, B.R. and KOONCE, K.L.
(1974): Genotype, climate and other interaction effects for

productive responses in Holsteins. Journal of Dairy Science,

55:833-841.

BRITT, J.H. (1975): Early post partum breeding in dairy cows. A

review. Journal of Dairy Science, 58:266-71.

BRITT, J.H.; HUERTASVEGA, E. and ULBERG, L.C. (1972): Managing
reproduction in dairy cattle. I. Progestogens for control of

estrus in dairy cows. Journal of Dairy Science, 55:598-605.

BRITT, J.H. and ULBERG, L.C. (1970): Changes in reproductive perfor-
mance in dairy herds using the herd reproductive status system.

Journal of Dairy Science, 53:752-56.

BROSTER, W.H. (1973): Liveweight change and fertility in the lactating

dairy cow. A Review. Veterinary Record, 93:417-20.

BUCH, N.C.; TYLER, W.J. and CASIDA, L.E. (1955): Post partum estrus
and involution of the uterus in an experimental herd of Holstein

Friesian cows. Journal of Dairy Science, 38:73-79.

BULMAN, C. (1976): Progesterone in milk: A potential aid to dairy
management. Span, 19:102-05.

CARMAN, G.M. (1955): 1Interrelations of milk production and breeding

efficiency in dairy cows. Journal of Animal Science, 14:753-59.

CASIDA, L.E. and VENZKE, W.G. (1936): Observations on reproductive
processes in dairy cattle and their relation to breeding

efficiency. Proceedings of American Society of Animal Production,

29:221-23.

CASIDA, L.E. and WISNICKY, W. (1950): Effects of diethyl stilboestrol
dipropionate upon post partum changes in the cow. Journal of

Animal Science, 9:238-42.

CASTLE, 0.M. (1963): The use of return interval patterns to indicate
dairy herd infertility problems. Proceedings of New Zealand

Society of Animal Production, 23:88-99.

CHAPMAN, A.B. and CASIDA, L.E. (1934): Factors associated with
breeding efficiency in dairy cattle. Proceedings of American

Society of Animal Production, 27:57-59.



95.
CHAPMAN, A.B. and CASIDA, L.E. (1935): Length of service period
in relation to productive and reproductive efficiency in dairy
cows. Proceedings of American Society of Animal Production,

28:66-70.

CHAPMAN, A.B. and CASIDA, L.E. (1937): Analysis of variation in the
sexual cycle and some of its component phases with special

reference to cattle. Journal of Agricultural Research, 54:417-35.

CLAPP, H. (1937): A factor in breeding efficiency of dairy cattle.

Proceedings of American Society of Animal Production, 30:259-65.

CONNEALLY, P.M.; STONE, W.H.; TYLER, W.J.; CASIDA, L.E. and MORTON,
N.E. (1963): Genetic load expressed as foetal death in cattle.

Journal of Dairy Science, 46:232-36.

CROWLEY, J.P.; HARRINGION, D.; LACY, M. (1967): A survey of
reproductive efficiency in cattle. 1. The reproductive perfor-
mance of Irish cattle artificially inseminated. Irish Journal of

Agricultural Research, 6:237-246.

CUNNINGHAM, E.P.; SHANNON, M.; FALLEN, T.J. and O'BYRNE, T.M. (1976):
A survey of reproduction, calving and culling of cows in Irish

dairy herds. Irish Journal of Agricultural Research, 15:177-83.

DALE, S.J. and SMITH, G.F. (1968): A comparison of results in
herds using artificial insemination with those in herds using
natural service. VI International Congress on Animal Reproduction

and Artificial Insemination Proceedings, Paris, 1:759-761.

DAVEY, A.W.F. (1976): The effect of level of feeding during the
growing period of dairy cattle on their productivity. Dairy

Farming Annual, Massey University, ppl40-46.

DAVID, J.S.E.; BISHOP, M.W.H. and CAMBROWIDZ, H.J. (1971): Reproductive

expectancy and infertility in cattle. Veterinary Record, 89:181-85.

DAWSON, F.L.M. (1970: Infertility in beef cattle. Veterinary Record,
40:817-28.

DAWSON, F.L.M. (1972): Fertility and production in dairy cows.
New Zealand Veterinary Journal, 20:168-69.

DAY, AM. (1976): Some of the therapeutic uses of prostaglandins in
cattle. Proceedings of the Veterinary Services Council Postgraduate
Course on Reproduction in Cattle and Pigs, Massey University,

pp78-83.



96.

DONALD, H.P. and RUSSEL, W.S. (1968): Some aspects of fertility in
purebred and crossbred dairy cattle. Animal Production, 10:465-71.

DONALDSON, L.E. (1968): The efficiency of several methods for
detecting estrus in cattle. ‘Australian Veterinary Journal, 44:

496-98.

DOWNIE, J.G. and GELMAN, A.L. (1976): The relationship between changes
in bodyweight,plasma glucose,and fertility in beef cows. Veterinary

Record, 99:210-212.

DUNLAP, S.E. and VINCENT, C.K. (1971): 1Influence of post breeding thermal
stress on conception rate in beef cattle. Journal of Animal Science,

32:1216-18.

DUNN, T.G.; INGALLS, J.E.; ZIMMERMAN, D.R. and WILTBANK, J.N. (1969):
Reproductive performance of 2 year old Hereford and Angus heifers
as influenced by pre and post calving energy intake. Journal of

Animal Science, 29:719-26.

ECKLES, C.H. (1929): A study of breeding records of dairy herds.

Minnesota Agricultural Experiment Station Bulletin, 258:1-15.

EDEY, T.N. (1976): Nutrition and embryo survival in the ewe.

Proceedings of New Zealand Society of Animal Production, 36:231-39.

EDGSON, F.A. (1970: Anoestrus and sub-oestrus in cattle. III.
Clinical aspects of anoestrus and sub-oestrus in cattle.

Veterinary Record, 87:35-37.

EHLERS, M.H.; MORRISON, R.A. and ERB, R.E. (1954): Breeding efficiency
as related to number of gestations of cows. Journal of Dairy Science,

37:673.

ELVING, L. (1969): Kamar heat mount detectors. Tydschr Drergeneesk,
94:833.

ERB, R.E. and FLERCHINGER, F.H. (1954): Influence of fertility level
and treatment of semen on non-return decline from 29 to 180 days

following artificial service. Journal of Dairy Science, 37:938-948.

ESSLEMONT, R.J. (1974a): Dairying profitability and detection of estrus.
Farm Management, 2:500-08.

ESSLEMONT, R.J. (1974b): Economic and husbandry aspects of the
manifestation and detection of oestrus in cows. Part I - Economic

aspects. Agricultural Development and Advisory Service Quarterly
Review, 12:175-184.



V.
ESSLEMONT, R.J. (1974c): Economic and husbandry aspects of the
manifestation and detection of oestrus in cows. Part ITI - The
detection of oestrus. Agricultural Development and Advisory

Service Quarterly Review, 15:83-95.

ESSLEMONT, R.J. and BRYANT, M.J. (1974): Economic and husbandry
aspects of the manifestation and detection of oestrus in
cows. Part II - The manifestation of oestrus in cattle.
Agricultural Development and Advisory Service Quarterly Review,

13:19-26.

ESSLEMONT, R.J. and BRYANT, M.J. (1976): Oestrous behaviour in a herd

of dairy cows. Veterinary Record, 99:472-75.

ESSLEMONT, R.J. and EDDY, R.G. (1976): The control of cattle
fertility; the use of computerized records. British Veterinary

Journal, 122(4):346-355.

ESSLEMONT, R.J.; EDDY, R.G. and ELLIS, P.R. (1977): Planned
breeding in autumn calving dairy herds. Veterinary Record,

100:426-27.

EVERETT, R.W.; ARMSTRONG, D.V. and BOYD, L.J. (1966): Genetic
relationship between production and breeding efficiency. Journal

of Dairy Science, 49:879-86.

FALK, D.G.; CHRISTIAN, R.E.; BULL, R.C.; SASSER, R.G. (1975):
Prepartum energy effects on cattle reproduction. Journal of

Animal Science, 41:267.

FIELDEN, E.D.; MACMILLAN, K.L. and WATSON, J.D. (1973): The anoestrous
syndrome in New Zealand dairy cattle. A preliminary invest:igation.

New Zealand Veterinary Journal, 21:77-81.

FIELDEN, E.D.; MACMILLAN, K.L. and MOLLER, K. (1976): The pre service
anestrous syndrome in New Zealand dairy cattle. Bovine

Practitioner, No. 11:10-14.

FLERCHINGER, F.H. and ERB, R.E. (1954): Influence of treatment and
fertility level of semen on distribution and non-return decline

of repeat service intervals. Journal of Dairy Science, 37:949-56.

FOOTE, R.H. (1975): Estrous detection and estrous detection aids.

Journal of Dairy Science, 58:248-56.



98.

FOOTE, W.D. and PETERSON, D.W. (1968): Relationship between side
of pregnancy and side of subsequent ovarian activities in beef
and dairy cattle. Journal of Reproduction and Fertility, 16:

415-21.

FRYER, H.C.; MARION, G.B. and FARMER, E.L. (1958): Non return rates
of artificially inseminated dairy cows as affected by age of

semen, breed of bull and season. Journal of Dairy Science, 41:

987-93.

GAINES, J.A.; McCLURE, W.H.; VOGT, D.W.; CARTER, R.C. and KINCAID,
C.M. (1966): Heterosis from crosses among British breeds of
beef cattle: fertility and calf performance to weaning.

Journal of Animal Science, 25:5-13.

GAINES, W.L. (1927): Milk yield in relation to recurrence of

conception. Journal of Dairy Science, 10:117-25.

GAINES, W.L. and PALFREY, J.R. (1931): Length of calving interval and

average milk yield. Journal of Dairy Science, 14:294.

GALTON, D.M.; BARR, H.L. and HEIDER, L.E. (1977a): Effects of a herd
health programme on reproductive performance of dairy cows.

Journal of Dairy Science, 60:1117-24.

GALTON, D.M.; BARR, H.L. and HEIDER, L.E. (1977b): Herd health
programme adds $58.40 per cow to net income. Hoard's Dairyman,

122:592.

GANGWAR, P.C.; BRANTON, C. and EVANS, D.L. (1965): Reproductive and
physiological responses of Holstein heifers to controlled and

natural climatic conditions. Journal of Dairy Science, 48:222-27.

GARDEN, S. and MACDONALD, D.C. (1975): Production disease control:
Three dairy herd case studies in N.E. Scotland. Veterinary

Record, 96:461-64.

GRAINGER, C. (1978): Nutrition in relation to production and
reproduct&on in grazing dairy cattle. Proceedings of Kendall Hall
Seminar on Cattle Production - Total Farm Production, May 29 -

June 2, University of Melbourne, pp73-76.

GRAVES, W.E.; LAUDERDALE, J.W.; HAUSER, E.R. and CASIDA, L.E. (1968):
Relation of post partum interval to pituitary gonadotrophins,
ovarian follicular development and fertility in dairy cows.

Wisconsin Agricultural Experiment Station Research Bulletin, 270:
15-22.



99.

GUSTAVSSON, I. (1969): Cytogenetics, distribution and phenotypic
effects of a translocation in Swedish cattle. Hereditas,

63:68-169.

GWAZDAUSKAS,F.C.; THATCHER, W.W. and WILCOX, C.J. (1973):
Physiological, environmental and hormonal factors at insemination

which may affect conception. Journal of Dairy Science, 56:873-77.

GWAZDAUSKAS, F.C.; WILCOX, C.J. and THATCHER, W.W. (1975):
Environmental and managemental factors affecting conception rate

in a sub-tropical climate. Journal of Dairy Science, 58:88-92.

HAFEZ, E.S.E. (1965): Environment and reproduction in farm animals.

World Review of Animal Production, 1:118-125.

HAHN, J. (1969): Inheritance of fertility in cattle inseminated

artificially. Journal of Dairy Science, 52:240-44.

HALFORD, R.E. (1976): Management of Friesian yearlings after previous
growth restrictions and productive performance of two year old

heifers. Dairy Farming Annual, Massey University, ppl47-150.

HALL, J.G.; BRANTON, C. and STONE, E.J. (1959): Estrus, estrous
cycles, ovulation time, time of service and fertility of dairy

cattle in Louisiana. Journal of Dairy Science, 42:1086-94.

HAMMOND, J. (1927): The Physiology Of Reproduction In The Cow.
Cambridge, England, Cambridge Press. 226pp.

HANCOCK, J.L. (1948): The clinical analysis of reproductive failure

in cattle. Veterinary Record, 60:513-17.

HANLY, S. (1961): Prenatal mortality in farm animals. Journsl of

Reproduction and Fertility, 2:182-94.

HANSEL, W. and ECHTERNKAMP, S.E. (1972): Control of ovarian function

in domestic animals. American Zoologist, 12:225-43.

HARRISON, D.S.; BRITT, J.H. and MELLENBERGER, R.W. (1975):
Reproductive performance in dairy cows inseminated at first
estrus after 40 or 60 days post partum. Journal of Dairy Science,

58:760.

HARRISON, D.S.; MEADOWS, C.E.; BOYD, L.J. and BRITT, J.H. (1974):
Effect of interval to first service on reproduction, lactation

and culling in dairy cows. Journal of Dairy Science, 57:628.



100.

HAWK, H.W.; TYLER, W.J. and CASIDA, L.E. (1955): Effect of sire and
system of mating on estimated embryonic loss. Journal of Dairy

Science, 38:420-27.

HEAP, R.B.; GWYN, M.; LAING, J.A. and WALTERS, D.E. (1973):
Pregnancy diagnosis in cows, changes in milk progesterone
concentration during the oestrous cycle and pregnancy measured
by a rapid radioimmunoassay. Journal of Agricultural Science,

81:151-57.

HERMAN, H.A. (1956): Age-fertility relationship in cattle serviced
by artificial insemination. International Congress on Animal

Reproduction, 3:56-58.

HERMAN, H.A. and EDMUNDSON, J.H. (1950): Factors affecting the
interval between parturition and first estrus in dairy cattle.
Missouri Agricultural Experiment Station Research Bulletin,

No. 462.

HERSCHLER, R.C.; MIRACLE, C.; CROWL, B.; DUNIAP, T. and JUDY, J.W.
(1964): The economic impact of a fertility control and herd
management programme on a dairy farm. Journal of American

Veterinary Medical Association, 145:672-76.

HEWETT, C.D. (1968): A survey of the incidence of the repeat breeder
cow in Sweden with reference to herd size, season, age and milk

yield. British Veterinary Journal, 124:342-51.

HIGHT, G.K. (1968): Plane of nutrition effects in late pregnancy and
during lactation on beef cows and their calves to weaning.

New Zealand Journal of Agricultural Research, 11:71-84.

HILLEN, J.M. and RUPEL, I.W. (1960): Differential effect of season
on conception rate in Holstein and Jersey cattle. Journal of

Dairy Science, 43:442.

HOFSTAD, M.S. (1941): A study of breeding records of one large herd

of dairy cattle. Cornell Veterinarian, 31:379-81.

HURST, V. (1959): Studies of anestrum in dairy cattle. Journal of

American Veterinary Medical Association, 135:471-75.

INGRAHAM, R.H.; GILLETTE, D.D. and WAGNER, W.D. (1974): Relationship
of temperature and humidity to conception rate of Holstein cows

in sub-tropical climate. Journal of Dairy Science, 57:476-81.



101.
JOHANSSON, I. (1961): Genetic aspects of dairy cattle breeding.

University of Urbana, III. pp259.

JONES, I.R.; DOUGHERTY, R.W. and HAAG, J.R. (1941): Reproductive
performance in dairy cattle. Oregon Agricultural Experiment

Station Bulletin, 395:1-27.

JOUBERT, D.M. (1954a): The infleunce of winter nutritional
depressions on the growth, reproduction and production of cattle.

Journal of Agricultural Science, 44:5-60.

JOUBERT, D.M. (1954b): The influence of high and low nutritional
planes on the estrouscycle and conception rate of heifers.

Journal of Agricultural Science, 45:164-72.

KAISER, A.G. (1976): Rearing dairy beef calves by multiple suckling -
1. Effects of liveweight change, onset of eestrus and post
weaning milk production. Australian Journal of Experimental

Agricultural and Animal Husbandry, 15:17.

KELLY, J.W. and HOLMAN, J.R. (1975): A modified herd reproductive
status programme for South Carolina dairy herds. Journal of

Dairy Science, 58:261-66.

KELLY, J.W. and HURST, V. (1963): The effect of season on the fertility
of the dairy bull and dairy cow. Journal of American Veterinary

Medical Association, 143:40-43.

KIDDER, H.E.; BARRET, G.R. and CASIDA, L.E. (1952): A study of
ovulations in six families of Holstein Friesians. Journal of

Dairy Science, 35:436.

KING, J.0.L. (1968): The relationship between the conception rate and
changes in bodyweight, yields and solid not fat content of milk

in dairy cows. Veterinary Record, 83:492-94.

KING, J.0.L. (1972): Changes in dairy husbandry methods during the
last 25 years. Veterinary Record, 91:401-05.

KING, G.J.; HURNIK, J.F. and ROBERTSON, H.A. (1976): Ovarian
function and estrus in dairy cows during early lactation. Journal

of Animal Science, 42:688-92.

KISER, T.E.; BRITT, J.H. and RITCHIE, H.D. (1977): Testosterone
treatment of cows for use in detection of estrus. Journal of

Animal Science, 44:1030-35.



102.

KOGER, M.; REYNOLDS, W.L.; KIRK, W.E.; PEACOCK, F.M. and WARNICK, A.C.
(1962) : Reproductive performance of crossbred and straightbred
cattle on different pasture programmes in Florida. Journal of

Animal Science, 21:14-19.

LABHSETWAR, A.P.; TYLER, W.J. and CASIDA, L.E. (1963): Genetic and
environmental factors affecting quiet ovulations in Holstein

cattle. Journal of Dairy Science, 46:843-45.

LAMMING, G.E. and BULMAN, D.C. (1976): The use of milk progesterone.
Radioimmunoassay in the diagnosis and treatment of subfertility

in dairy cows. British Veterinary Journal 132:507-17.

LAMOND, D.R. (1970: The influeunce of under nutrition on reproduction

in the cow. Animal Breeding Abstracts. 38:359-72.

LAMOND, D.R. and SHANAHAN, A.G. (1969): Chemical changes in cervical
mucus from normal and ovariectomised cows treated with hormones.

Biology of Reproduction, 1:335-43.

LANMAN, J.T. (1968): Delays during reproduction and their effects on
the embryo and fetus. New England Journal of Medicine, 278:
993,1047,1092.

LASLEY, J.F. and BOGART, R. (1943): Some factors influencing
reproductive efficiency of range cattle under A.I. and natural
breeding conditions. Missouri Agricultural Experiment Station

Research Bulletin, No. 376.

LASTER, D.B.; GLIMP, H.A.; CUNDIFF, L.V. and GREGORY, K.E. (1973):
Factors affecting dystocia and the effects of dystocia on
subsequent reproduction in beef cattle. Journal of Animal

Science, 36:695-705.

LAUDERDALE, J.W. (1974): Estrous detection and synchronisation of

dairy cattle in large herds. Journal of Dairy Science, 57:348-54.

LEE, D.H.K. (1953): Manual of field studies on the heat tolerance of

domestic animals. F.A.O. Development Paper, 38.

LEE, J.E.; FOSGATE, 0.T. and CARMAN, J.L. (1961): Some effects of
certain environmental inherited influences upon milk and fat:

production in dairy cattle. Journal of Dairy Science, 44:296-99.

LEGATES, J.E. (1954): Genetic variations in services per conception
and calving interval in dairy cows. Journal of Animal Science,

13:81-88.



103.
LEWIS, R.C. and HORWOOD, R.E. (1950a): A reasonable length of calving

interval. Michigan Agricultural Experiment Station Quarterly

Bulletin, 32:543-45.

LEWIS, R.C. and HORWOOD, R.E. (1950b): The influence of age, level of
production and management of the calving interval. Michigan

Agricultural Experiment Station Quarterly Bulletin, 32:546--49.

LINEWEAVER, J.A. and SPESSARD, G.W. (1975): Development and use of a
computerised reproduction management programme in dairy herds.

Journal of Dairy Science, 58:256-261.

LOUCA, A. and LEGATES, J.E. (1967): Losses in yield due to excessive

days open. Journal of Dairy Science, 50:975.

LOUCA, A. and LEGATES (1968): Production losses in dairy cattle due

to days open. Journal of Dairy Science, 51:573-83.

LYN, J.E., McNUTT, S.H. and CASIDA, L.E. (1966): Effects of intra-

uterine bacterial inoculation and suckling by the bovine corpus

luteum and uterus. American Journal of Veterinary Research,

27:1521-26.

MACE, D.L.; TUCKER, J.A.; BILLS, C.B. and FERREIRA, C.J. (1963):
Selenium deficiency and abortion in cattle. Department of

Agriculture State of California Bulletin, 52:21.

MACMILLAN, K.L. (1970: Return intervals to first insemination and
conception rates to second insemination in New Zealand dairy cattle.

New Zealand Journal of Agricultural Research, 13:771-77.

MACMILLAN, K.L. (1972a): Getting more cows in calf and achieving
concentrated calving. Proceedings of Ruakura Farmers'

Conference, ppl129-39.

MACMILLAN, K.L. (1972b): Management of the marker bull. Town Milk,
XX (No. 2):34-37.

MACMILLAN, K.L. (1973): A.B. in New Zealand dairy herds. 1I. Losses
between the conception of heifer replacements and their calving.

New Zealand Journal of Experimental Agriculture, 1:303-07.

MACMILLAN, K.L. (1974): The application of artificial breeding as a
reproduction technique in cattle. Proceedings of New Zealand

Society of Animal Production, 34:158-66.



104.
MACMILLAN, K.L. (1975a): Factors influencing A.B. conception rates.

ITI. Differences in records of inseminating technicians. New

Zealand Journal of Experimental Agriculture, 3:15-19.

MACMILLAN, K.L. (1975b): Factors influencing A.B. conception rates.
IV. Differences in the distribution of return intervals between

herds. New Zealand Journal of Experimental Agriculture, 3:21-28.

MACMILLAN, K.L. (1976a): Good calving patterns and aids to achieving

them. Dairy Farming Annual, Massey University, ppl05-15.

MACMILLAN, K.L. (1976b): Proceedings of Veterinary
Services Council Postgraduate Course on
Reproduction in Cattle and Pigs, Massey University,

pp 1-10, 71-77.

MACMILLAN, K.L. and CURNOW, R.J. (1976a): Aspects of reproduction in
New Zealand dairy herds. I. Gestation length. New Zealand

Veterinary Journal, 24:243-52.

MACMILLAN, K.L. and CURNOW, R.J. (1976b): The application of oestrous
synchronisation in New Zealand dairy herds. Proceedings of New

Zealand Society of Animal Production, 36:50-57.

MACMILLAN, K.L. and CURNOW, R.J. (1977a): Factors influencing A.B.
conception rates. XI. Variation in sire fertility. New Zealand

Journal of Experimental Agriculture, 5:279-85.

MACMILLAN, K.L. and CURNOW, R.J. (1977b): Tail painting - a simple form
of oestrous detection in New Zealand dairy herds. New Zealand

Journal of Experimental Agriculture, 5:357-61.

MACMILLAN, K.L.; FIELDEN, E.D. and CURNOW, R.J. (1977a): Factors
influencing A.B. conception rates. VII. Effects of non-oestrous
inseminations and return patterns after second inseminations.

New Zealand Journal of Experimental Agriculture, 5:123-27.

MACMILLAN, K.L.; FIELDEN, E.D.; MORRIS, G.R. and CURNOW, R.J. (1977b):
Factors influencing A.B. conception rates. IX. Pregnancy rates
to first insemination: mating with a herd sire compared with
artificial insemination. New Zealand Journal of Experimental

Agriculture, 5:265-71.

MACMILLAN, K.L.; FIELDEN, E.D. and WATSON, J.D. (1975): The anoestrous
syndrome in New Zealand dairy cattle. Some factors influencing

submission rates in Taranaki herds. New Zealand Veterinary Journal,
23:4-8.



105.
MACMILLAN, K.L. and MOLLER, K. (1975): The Bay of Plenty fertility

survey. Farm Production Division of New Zealand Dairy Board.

Occasional Publication 775.

MACMILLAN, K.L. and MOLLER, K. (1977): Aspects of reproduction in New
Zealand dairy herds. 2. Calving interval, breeding period and

non-pregnancy rates. New Zealand Veterinary Journal, 25:220-24.

MACMILLAN, K.L. and WATSON, J.D. (1971): Short oestrous cycles in New
Zealand dairy cattle. Journal of Dairy Science, 54:1526-29.

MACMILLAN, K.L. and WATSON, D.J. (1973): A.B. in New Zealand dairy
herds. 1II. Interactions between conception rate and submission
rate on the proportion of the herd reported in calf to A.B. New

Zealand Journal of Experimental Agriculture, 1:309-14.

MACMILLAN, K.L. and WATSON, J.D. (1975a): Factors influencing A.B.
conception rates. I. Difference between seasons and between
Livestock Improvement Associations. New Zealand Journal of

Experimental Agriculture, 3:1-9.

MACMILLAN, K.L. and WATSON, J.D. (1975b): Factors influencing A.B.
conception rates.V. Cow age and stage of oestrus at insemination.

New Zealand Journal of Experimental Agriculture, 3:29-35.

MACMILLAN, K.L. and WATSON, J.D. (1975c): Factors influencing A.B.
conception rates. 1II. Differences between sires in their return
interval analyses. New Zealand Journal of Experimental Agriculture,

BEAI-14.

MACMILLAN, K.L. and WATSON, J.D. (1976): Factors influencing A.B.
conception rates. VI. Intensity of oestrous behaviour and errors
in diagnosis of oestrus. New Zealand Journal of Experimental

Agriculture, 4:21-25.

MACMILLAN, K.L.; WATSON, J.D. and SHANNON, A.C. (1973): A.B. in
New Zealand dairy herds. 1III. Degree of usage in herds served
by the Wellington-Hawke's Bay and Taranaki Herd Improvement
Associations. New Zealand Journal of Experimental Agriculture,

1:315-22.

MARES, S.E.; MENGE, A.C.; TYLER, W.J. and CASIDA, L.E. (1961): Genetic
factors affecting conception rate and early pregnancy loss in
Holstein cattle. Journal of Dairy Science, 44:96-103.

MARION, G.B.; NORWOOD, J.S. and GIER, H.T. (1968): Uterus of the cow

after parturition. Factors affecting regression. American
Journal of Veterinary Research, 29:71-75.



106.

MARION, G.B. and GIER, H.T. (1968): Factors affecting bovine ovarian

activity after parturition. Journal of Animal Science, 27:1621-26.

MATSOUKAS, J. and FAIRCHILD, T.P. (1975): Effects of various factors

on reproductive efficiency. Journal of Dairy Science, 58:540-44.

McCLURE, T.J. (1961): An apparent nutritional lactational stress
infertility in dairy herds. New Zealand Veterinary Journal,

9:107-112.

McCLURE, T.J. (1965): A nutritional cause of low non-return rates in

dairy herds. Australian Veterinary Journal, 41:119-22.

McCLURE, T.J. (1968): Malnutrition and infertility of cattle in
Australia and New Zealand. Australian Veterinary Journal,

44:134-38.

McCLURE, T.J. (1970): A review of developments in nutrition as it is
related to fertility in cattle: 1964-69. New Zealand Veterinary
Journal, 18:61-68.

McDONALD, L.E. (1969): Veterinary Endocrinology and Reproduction.
Philadelphia, Lea and Febiger, pp286-98.

McDOWELL, R.E.; CAMOENS, J.K.; VAN VLECK, L.D.; CHRISTENSEN, E. and
CABELLO FRIAS, E. (1976): Factors affecting performance of
Holsteins in sub-tropical regions of Mexico. Journal of Dairy

Science, 59:722-29.

McDOWELL, R.E.; VELASCO, J.A.; VAN VLECK, L.D.; JOHNSON, J.C.; BRANDT,
G.W.; HOLLON, B.F. and McDANIEL, B.T. (1974): Reproduction
efficiency of purebred and crossbred dairy cattle. Journal of

Dairy Science, 57:220-34.

McTAGGART, H.S. (1961): Relationship between the level of milk
production and the fertility of dairy cows at grass. Veterinary

Record, 73:801-04.

MENGE, A.C.; MARES, S.E.; TYLER, W.J. and CASIDA, L.E. (1962):
Variation and association among post partum reproduction and
production characteristics in Holstein Friesian cattle. Journal

of Dairy Science, 45:233-41.

MERCIER, E. and SALISBURY, G.W. (1947a): Seasonal variations in hours
of daylight associated with fertility level of cattle under

natural breeding conditions. Journal of Dairy Science, 30:747-56.



107.
MERCIER, E. and SALISBURY, G.W. (1947b): Fertility level in artificial
breeding associated with season, hours of daylight and the age of

the cattle. Journal of Dairy Science, 30:817-26.

MILLER, P.; VAN VLECK, L.D. and HENDERSON, C.R. (1967): Relationship
among herd life, milk production and calving interval. Journal

of Dairy Science, 50:1283-87.

MILK MARKETING BOARD (1965): Some consequences of lactations of
various lengths. Report of Breeding and Production Organisation,

Milk Marketing Board, 14:112-114.

MILK MARKETING BOARD (1967): The effect on conception of the interval
between calving and lst service. Report of Breeding and Production

Organisation, Milk Marketing Board, 17:98-99.

MILK MARKETING BOARD (1969a): The relationship between the calving
interval and milk yield in the subsequent lactation. Report of
Breeding and Production Organisation, Milk Marketing Board,

19:123.

MILK MARKETING BOARD (1969b): The probable consequences of manipulat-
ing the herd calving interval. Report of Breeding and Production

Organisation, Milk Marketing Board, 19:120-122.

MILK MARKETING BOARD (1970): The relationship between the month of |
calving and the following calving interval. Report of Breeding
and Production Organisation, Milk Marketing Board, 20:108-110.

MILK MARKETING BOARD (1971): Calving intervals for first and
subsequent calves. Report of Breeding and Production Organisation,

Milk Marketing Board, 21:135-136.

MILK MARKETING BOARD (1975): Relationship between calving interval and
milk yield in subsequent lactation. Report of Breeding anc

Production Organisation, Milk Marketing Board, 25:33-34.

MILK MARKETING BOARD (1976): Pregnancy
testing. Report of Breeding and Production Organisation,

Milk Marketing Board, 26:77-82.

MOELLER, A.N. and VAN DEMARK, N.L. (1951): The relationship of the
interval between inseminations to bovine fertility. Journal of

Animal Science, 10:988-92.



108.

MOLLER, K. (1970a): A review of uterine involution and ovarian
activity during the post partum period in the cow. New Zealand

Veterinary Journal, 18:83-90.

MOLLER, K. (1970b): Uterine involution and ovarian activity after

calving. New Zealand Veterinary Journal, 18:140-45.

MOLLER, K. (1976): Whole herd breeding efficiency - A practical
approach on New Zealand dairy farms. Proceedings of Veterirary
Services Couacil Postgraduate Course on Reproduction in Cattle

and Pigs, Massey University. pp25-52.

MOLLER, K. (1978): PAHAPS on New Zealand dairy farms. Veterinary

Services Council Publication, Wellington. ppl6 and 26.

MOLLER, K.; NEWLING, P.E.; ROBSON, H.J.; JANSEN, G.J.; MEURSINGE, J.A.
and COOPER, M.G. (1967): Retained foetal membranes in dairy herds
in the Huntly district. New Zealand Veterinary Journal, 15:111-16.

MOLLER, K. and SHANNON, P. (1972): Body weight change and fertility of

dairy cows. New Zealand Veterinary Journal, 20:47-48.

MORRISON, R.A. and ERB, R.E. (1957): Factors influencing prolificacy
of cattle. 1. Reproductive capacity and sterility rates.
Washington Agricultural Experiment Station Technical Bulletin,
25:1-40.

MORROW, D.A. (1968): The role of progesterone in the prevention of

some early bovine abortions. Veterinary Medicine, 63:790-97.

MORROW, D.A. (1969): Post partum ovarian activity and involution of

the uterus and cervix in dairy cattle. Veterinary Scope, 14(1):2-13.

MORROW, D.A. (1970): Diagnosis and prevention of infertility in cattle.

Journal of Dairy Science, 53:961-69.

MORROW, D.A. (1976): Nutritional health programme for high producing

dairy herds. Bovine Practitioner, No. 11:16-23.

MORROW, D.A.; RQBERTS, S.J.; McENTEE, K. and GRAY, H.G. (1966): Post
partum ovarian activity and uterine involution in dairy cattle.

Journal of American Veterinary Medical Association, 14:1596-1609.

MORROW, D.A.; ROBERTS, S.J. and McENTEE, K. (1969a): Post parturient
ovarian activity and involution of uterus and cervix in dairy
cattle. I. Ovarian activity, II. Involution of uterus and cervix,

ITII. Days non-gravid and service per conception. Cornell
Veterinarian, 59:173-90, 190-98, 199-210.



109.
MORROW, D.A.; ROBERTS, S.J.; McENTEE, K. (1969b): A review of post
partum ovarian activity and involution of uterus and cervix in

cattle. Cornell Veterinarian, 59 :134-54.

MUNRO, I.B. (1957): 1Infectious and non-infectious herd infertility

in East Anglia. Veterinary Record, 69:125-29.

MURRAY, J.G. (1943): Notes on the subject of infertility in cattle.
Veterinary Record, 55:323-26.

NARVREZ RAMIREZ, G.L. (1951): Production from Jersey and Holstein

breeds in a humid tropical climate and under intensive management.

Turrialba, 1:284-90. (Animal Breeding Abstracts, 21; Abstract 1175
(1953)
NEW ZEALAND DAIRY BOARD (1951): Twenty-seventh Annual Report,

Wellington, New Zealand. p78.

NEW ZEALAND DAIRY BOARD (1961): Thirty-seventh Annual Report,
Wellington, New Zealand. pp96-100.

NEW ZEALAND DAIRY BOARD (1963): Study of premating heats and return
intervals after mating. New Zealand Dairy Board Thirty-ninth

Farm Production Report, Wellington, New Zealand. pp61-69.

NEW ZEALAND METEOROLOGICAL SERVICE (1972-1975): Meteorological
observations for 1972-1975 in New Zealand. Meteorological
Service Miscellaneous Publication 109. 1972 p8, 1973 pp9-10,
1974 pp9-10, 1975 pp9-10.

NIE, N.H.; HULL, C.H.; JENKINS, J.G.; STEINBRENNER, K. and BREND, D.H.
(1975): Statistical Package For The Social Sciences. 2nd
edition, McGraw Hill, New York. 675pp.

NORWOOD, J.S. (1963): Factors affecting post partum regression of the

bovine uterus. Dissertation Abstract, 24:361-62.

OLDS, D. (1953): Infertility in cattle - A review. Journal of

American Veterinary Medical Association, 122:276-87.

OLDS, D. (1969): An objective consideration of dairy herd fertility.

Journal of American Veterinary Medical Association, 154:253-60.

OLDS, D. and COOPER, T. (1970a): Factors affecting calving intervals
in Kentucky DHIA herds. Journal of Dairy Science, 53:670.

OLDS, D. and COOPER, T. (1970b): Effect of post partum rest period in
dairy cattle on the occurrence of breeding abnormalities and on

calving intervals. Journal of American Veterinary Medical
Association, 157:92-97.



110.
OLDS, D.; MORRISON, H.B. and SEATH, D.M. (1949): Efficiency of

natural breeding in dairy cattle. Kentucky Agricultural

Experiment Station Bulletin, No. 539.

OLDS, D. and SEATH, D.M. (1953): Repeatability, heritability and
the effect of level of milk production on the occurrence of first
estrus after calving in dairy cattle. Journal of Animal Science,

12:10-14.

OLDS, D. and SEATH, D.M. (1954): Factors affecting reproductive
efficiency of dairy cattle. Kentucky Agriculture Experiment

Station Bulletin, 605:1-19.

OLDS, D.; TROUTMAN, E.C. and SEATH, D.M. (1952): The effect of age
and size on fertility of dairy heifers. Journal of Dairy

Science, 35:620.

OXENREIDER, S.L. and WAGNER, W.C. (1971): Effect of lactation and
energy intake on post parturient activity in the cow. Journal

of Animal Science, 33:1026-31.

PAKES, S. and GRIESMER, R.A. (1965): Current status of chromosome
analysis in veterinary medicine. Journal of American Veterinary

Medical Association, 146:138-45.

PAYNE, J.M.; DEW, S.M.; MANSTON, R. and FAULKS, M. (1970): The use
of a metabolic profile test in dairy herds. Veterinary Record,

87:150-57.

PEARSON, L. and McDOWELL, R.E. (1968): Crossbreeding of dairy
cattle in temperate zones: A review of recent studies. Animal

Breeding Abstract, 36:1-15.

PELISSIER, C.L. (1972): Herd breeding problems and their consequences.
Journal of Dairy Science, 55:385-91.

PELISSIER, C.L. (1976): Dairy cattle breeding problems and their

consequences. Theriogenology, 6:575-83.

PERKINS, J.L. and KIDDER, H.E. (1963): Relation of uterine involution
and post partum interval to reproductive efficiency in beef

cattle. Journal of Animal Science, 22:313-15.

POSTON, H.A.; ULBERG, L.C. and LEGATES, J.E. (1962): Analysis of
seasonal fluctuations of reproductive performance in dairy cows.

Journal of Dairy Science, 45:1376-79.



111.
POU, J.W.; HENDERSON, C.R.; ASDELL, S.A.: SYKES, J.F. and JONES, R.C.

(1953): A study of inheritance of breeding efficiency in the

Beltsville dairy herd. Journal of Dairy Science, 36:909-15.

RAKHA, A.M. and IGBOELI, G. (1971): Effects of nutrition, season and
age on the estrous cycle of indigenous central African cattle.

Journal of Animal Science, 32:943-45.

RANDEL, R.D.; SHORT, R.E. and BELLOWS, R.A. (1976): Suckling effect on

L.H. and progesterone in beef cows. Journal of Animal Science, 42:267.

RASBECH, N.O. (1950): Den normale involutio uteri hos koen. Nordisk

Veterinaermedicin, 2:655-84.

REID, J.T. (1949): Relationship of nutrition to fertility in animals.

Journal of American Veterinary Medical Association, 114:158-64, 242-50.

REID, J.T. (1959): Plane of nutrition and livestock performancsz.
Proceedings of 1959 Cornell Nutrition Conference for Feed

Manufacturers. p56.

REID, J.T.; LOOSLI, J.K.; TRIMBERGER, G.W.; TURK, K.L.; ASDELL, S.A.
and SMITH, S.E. (1964): Causes and prevention of reproduction
failures in dairy cattle. 1IV. Effect of plane of nutrition during
early life on growth, reproduction, production, health and
longevity of Holstein cows. Cornell University Agricultural

Experiment Station, Bulletin 987.

RENNIE, J.C. (1956): Causes of variation in calving interval of

Holstein Friesian cows. Journal of Dairy Science, 39:932.

RIESEN, J.W. (1968): The effects of suckling on reproductive functions
in post partum dairy cows - pituitary prolactin, corpora lutea,

and uterine histology. Dissertation Abstract, 29:348B.

ROBERTS, S.J. (1971): Veterinary Obstetrics And Genital Diseases.
Published by the author, Ithaca, New York. 776pp.

ROBERTSON, A. (1949): Crossbreeding experiments with dairy cattle.
Animal Breeding Abstracts, 17:201-08.

ROCHE, J.F. (1976): Synchronisation of oestrus in cattle. World

Review of Animal Production, 12:79-88.

ROLLINSON, D.H.L. (1955): Hereditary factors affecting reproductive

efficiency in cattle. Animal Breeding Abstracts, 23:215-49.



112.
ROWLANDS, G.J.; LITTLE, W. and KITCHENHAM, B.A. (1977): Relationship

between blood composition and fertility in dairy cows - a field

study. Journal of Dairy Research, 44:1-7.

ROWSON, L.E.; TERVIT, A.R. and BRAND, A. (1972): The use of
prostaglandins for synchronisation of oestrus in cattle.

Journal of Reproduction and Fertility, 29:145.

ROY, J.H.B. (1973): The role of nutrition in calf health. Span,
16:101-05.

SAIDUDDIN, S.; RIESEN, J.W.; TYLER, W.J. and CASIDA, L.E. (1967a):
First estrus and ovulation in the post partum dairy cow. Journal

of Animal Science, 26:1494-95.

SAIDUDDIN, S.; RIESEN, J.W.; GRAVES, W.E.; TYLER, W.J. and CASIDA, L.E.
(1967b): Effect of suckling on the interval from parturition to

first estrus in dairy cows. Journal of Animal Science, 26:950-57.

SAIDUDDIN, S.; RIESEN, J.W.; TYLER, W.J. and CASIDA, L.E. (1968):
Relation of post partum interval to pituitary gonadotrophins,
ovarian follicular development and fertility in dairy cows.
Wisconsin Agricultural Experiment Station Research Bulletin,
270:15-22.

SALISBURY, G.W. (1967): Ageing phenomena in spermatoza. I, II, I(II.
Fertility and prenatal losses with use of liquid semen. Effect
of season and storage at -39 to -88°C on fertility and prenatal

losses. Journal of Dairy Science, 50:1675, 1679, 1683.

SALISBURY, G.W. and VAN DEMARK, N.L. (1961): Physiology Of
Reproduction And Artificial Insemination Of Cattle. W.H. Freeman

and Company, San Fransisco, California, 639pp.

SANDERS, HG. (1927): The variations in milk yield caused by the season
of the year, service, age and dry period and their elimination.

Part II. Service. Journal of Agricultural Science, 17:502.

SCALES, G.H. (1974): Reproductive performance of Merino ewes dosed
with selenium prior to mating. Proceedings of New Zealand Society

of Animal Production, 34:103-13.

SCHILLING, P.E. and ENGLAND, N.C. (1968): Some factors affecting
reproduction in beef cattle. Journal of Animal Science,

27:1363-67.



113.

SEATH, D.M. and STAPLES, C.H. (1941): Some factors influencing the
reproductive efficiency of Louisiana herds. Journal of Dairy

Science, 24:510.

SHANNON, F.P.; SALISBURY, G.W. and VAN DEMARK, N.L. (1952): The
fertility of cows inseminated at various intervals after calving.

Journal of Animal Science, 11:355-60.

SLAMA, H.; WELLS, M.E.; ADAMS, G.D. and MORRISON, R.D. 1976): Factors
affecting calving interval in dairy herds. Journal of Dairy

Science, 59:1334-39.

SLOSS, V. (1974): A clinical study of dystocia in cattle. 1.
Treatment. 2. Complications. Australian Veterinary Journal,

50:290-94.

SMITH, G.F. (1969): Evaluating recent movements in the dairy industry.
Veterinarian, 84:379-90.

SMITH, J.W. and LEGATES, J.E. (1962): Relation of days open anc days
dry to lactation, milk and fat yields. Journal of Dairy Science,

45:1192-98.

SNEDECOR, G.W. (1962): Statistical Methods. The Iowa State College
Press. Ames, Iowa. 534pp.

SONDEREGGER, H. and SCHURCH, A. (1977): A study of the influence of
the energy and protein supply on the fertility of dairy cows.

Livestock Production Science, 4:327-33.

SPALDING, R.W.; EVERETT, R.W. and FOOTE, R.H. (1975): Fertility in
New York artificially inseminated Holstein herds in dairy herd

management. Journal of Dairy Science, 58:718-23.

SPEICHER, J.A. and MEADOWS, C.E. (1967): Milk production and costs
associated with length of calving interval of Holstein cows.

Journal of Dairy Science, 50:975.

SPETH, C.F.; BOHMAN, V.R.; MELENDY, H. and WADE, M.A. (1962): Effect
of dietary supplements on cows on a semi desert range. Journal

of Animal Science, 21:444-48.

SPIKE, P.L. (1973): Calving interval trends in Michigan dairy herds.
M.S. Thesis, Department of Dairy Science, Michigan State

University, East Lansing.



114.

SPIKE, P.L. and MEADOWS, C.E, (1973): Calving interval trends in

Michigan dairy herds. Journal of Dairy Science, 56:669.

STEELE, J.R.; BRANTON, C.; HOLLON, B. and McDOWELL, R.E. (1967):
Some phenotypic relationships between measures of fertility and

milk yield in dairy cattle. Journal of Dairy Science, 50:612.

STOTT, G.H. (1961): Female and breed associated with seasonal
fertility variation in dairy cattle. Journal of Dairy Science,

44:1698-1704.

STOTT, G.H.; WIERSMA, F. and WOODS, J.M. (1972): Reproductive health
programme for cattle subjected to high environmental temperatures.

Journal of American Veterinary Medical Association, 161:1339-44.

STOTT, G.H. and WILLIAMS, R.J. (1962): Causes of low breeding efficiency
in dairy cattle associated with seasonal high temperature.

Journal of Dairy Science, 45:1369-75.

TANABE, T. and SALISBURY, G.W. (1946): The influence of age on
b reeding efficiency of dairy cattle in A.I. Journal of Dairy

Science, 29:337-44.

TANABE, T. and CASIDA, L.E. (1949) : The nature of reproductive
failures in cows of low fertility. Journal of Dairy Sciencz,

32:237.

TENNANT, B.; KENDRICK, J.W. and PEDDICORD, R.G. (1967): Uterine
involution and ovarian function in the post partum cow.
Restrospective analysis of 2338 genital organ examinations.

Cornell Veterinarian, 57:543-47.

THAIN, R.I. (1967): Evidence for the widespread involvement of clover
pastures in bovine infertility in Tasmania. Australian Journal

of Science, 29:220.

THATCHER, W.W. (1974): Effects of season, climate and temperature on

reproduction and lactation. Journal of Dairy Science, 57:360-68.

THATCHER, W.W.; GWAZDAUSKAS, F.C.; WILCOX, C.J.; TOMS, J.; HEAD, H.H.;
BUFFINGTION, D.E. and FREDRIKSSON, W.B. (1974): Milking performance
and reproductive efficiency of dairy cows in an environmentally

controlled structure. Journal of Dairy Science, 57:304-07.



115.
THOMAS, D.O. (1968): Nutritional aspects of calf losses. 1In

Prenatal and Postnatal Mortality in Cattle. National Academy of

Sciences publication 1685, Washington D.C.

TOUCHBERRY, R.W.; ROTTENSTEN, K. and ANDERSEN, H. (1959): Associations
between service interval, interval from first service to
conception, number of services per conception and level of

butterfat production. Journal of Dairy Science, 42:1157-7C.

TRIMBERGER, G.W. (1948): Breeding efficiency in dairy cattle from
artificial insemination at various intervals before and after
ovulation. Nebraska Agricultural Experiment Station Bulletin

No. 153.

TRIMBERGER, G.W. (1954): Conception rates in dairy cattle from services
at various intervals after parturition. Journal of Dairy Science,

37:1042-49.

TRIMBERGER, G.W. (1956): Ovarian functions, intervals between estrus

and conception rates in dairy cattle. Journal of Dairy Science,

39:448-55.

TRIMBERGER, G.W. and DAVIS, H.P. (1945): Predictability of breeding
efficiency in dairy cattle from their previous conception rate

and from their heredity. Journal of Dairy Science, 28:659.

TURMAN, E.J.; SMITHSON, L.; POPE, L.S.; RENBARGER, R.E.; STEPHENS, D.F.
(1964): Effect of feed level before and after calving on the
performance of two year old heifers. Feeding and Breeding Tests.
Miscellaneous Publications, Oklahoma Agricultural Experiment

Station, 74:10-17.

ULBERG, L.C. and BURFENING, P.J. (1967): Embryo death resulting from
adverse environment on spermatozoa or ova. Journal of Animal

Science, 26:571-77.

VACCARO, L.P.de. (1973): Some aspects of the performance of purebred
and crossbred dairy cattle in the tropics. I. Reproductive

efficiency in females. Animal Breeding Abstract, 41:571-89.

VAN DEMARK, N.L. and SALISBURY, G.W. (1950): The relation of the
post partum breeding interval to the reproductive efficiency in

dairy cows. Journal of Animal Science, 9:307-13.

VANDEPLASSCHE, M. (1976): A clinician's approach to the repeat breeder.
Proceedings of the Veterinary Services Council Postgraduate Course

on Reproduction in Cattle and Pigs, Massey University, pp2l-24.



116.
VAN HEERDEN, S. (1963): Aspects of tropical and subtropical infertility
in livestock. In Livestock Infertility, Animal Health Monograph

No. 5, F.A.0., Rome. p 78.

WAGNER, W.C. (1974): Intensified dairy operations and their effect on
periparturient diseases and post partum reproduction. Journal

of Dairy Science, 57:354-60.

WARD, A.H. (1940): What was revealed from the figures? Highly
satisfactory results of practical test in Waikato. New Zealand

Journal of Agriculture, 61:179-82.

WARD, H.K. (1968): Supplementation of beef cows grazing on veld.

Rhodesia Journal of Agricultural Research, 6:93-101.

WARNICK, A.C. (1955): Factors associated with the interval from
parturition to first estrus in beef cattle. Journal of Animal

Science, 14:1003-10.

WARNICK, A.C.; KIRST, R.C.; BURNS, W.C. and KOGER, M. (1967): Factors
influencing pregnancy in beef cows. Journal of Animal Science,

26:231.

WEBB, D.W.; THATCHER, W.W.; KRATZ, J.L. and WILCOX, C.J. (1974):
Management factors affecting reproductive performance in Florida

Dairy Improvement Herds. Journal of Dairy Science, 57:140.

WELCH, R.A.S.; NEWLING, P. and ANDERSEN, D. (1973): Induction
of parturition in cattle with corticosteroids: An analysis of

field trials. New Zealand Veterinary Journal, 21:103-08.

WETTEMANN, R.P.; TURMAN, E.J.; WYATT, R.D.; KNORI, L. and TOTUSEX, R.
(1976): Reproductive performance of range cows with various
suckling intensities. Animal Science and Industry, Oklahowma

State University, MP,96:121-25.

WHITMAN, R.W. (1977): Weight change, body condition and beef cow

reproduction. Dissertation AbstractsInternational, 37:3289 B-90B.

WHITMORE, H.L.; TYLER, W.J. and CASIDA, L.E. (1974): Effects of early
post partum breeding in dairy cattle. Journal of Animal

Science, 38:339-46.

WICKERSHAM, E.W. and SCHULTZ, L.H. (1963): 1Influence of age at first
breeding on growth, reproduction and production of well fed

Holstein heifers. Journal of Dairy Science, 46:544-49.



181%7,.
WIJERATNE, W.V.S. (1970): Crossbreeding Sinhala cattle with Jersey

and Friesian in Ceylon. Animal Production, 12:473-83.

WILLIAMSON, N.B.; MORRIS, R.S.; BLOOD, D.C. and CANNON, C.M. (1972a):
A study of oestrous behaviour and oestrus detection methods in a
large commercial dairy herd. 1I. The relative efficiency of

methods of oestrus detection. Veterinary Record, 91:50-58.

WILLIAMSON, N.B.; MORRIS, R.S.; BLOOD, D.C.; CANNON, C.M. and WRIGHT,
P.J. (1972b): A study of oestrous behaviour and oestrus
detection methods in a large commercial dairy herd. 1II.

Oestrous signs and behaviour patterns. Veterinary Record, 91:58-62.

WILTBANK, J.N. and COOK, A.C. (1958): The comparative reproducrtive
performance of nursed cows and milked cows. Journal of Animal

Science, 17:640-48.

WILTBANK, J.N.; HAWK, H.W.; KIDDER, H.E.; BLACK, W.G.; ULBERG, L.C.
and CASIDA, L.E. (1956): Effect of progesterone therapy on
embryo survival in cows of lowered fertility. Journal of Dairy

Science, 39:456-61.

WILTBANK, J.N.; ROWDEN, W.W.; INGALLS, J.E.; GREGORY, K.E. and KOCH,
R.M. (1962): Effect of energy level on reproductive phenomena

of mature Hereford cows. Journal of Animal Science, 21:291-25.

WILTBANK, J.N.; ROWDEN, W.W.; INGALLS, J.E. and ZIMMERMAN, D.R.
(1964): 1Influence of post partum energy level on reproductive
performance of Hereford cows restricted in energy intake prior to

calving. Journal of Animal Science, 23:1049-53.

WISHART, D.F. (1972): Observations on the oestrous cycle of

Friesian heifers. Veterinary Record, 90:595-97.

WISHART, D.F.; YOUNG, I.M. and DREW, S.B. (1977): Fertility of

norgestomet treated dairy heifers. Veterinary Record, 100:417-20.

WOO0D, P.D.P. (1976a): A note on detection of oestrus in cattle bred
by artificial insemination and the measurement of embryonic

mortality. Animal Production, 22:275-78.

WoOoD, P.D.P. (1976b): Oestrous detection and calving interval. Report
of Breeding and Production Organisation, Milk Marketing Board,

26:95-96.



118.
YOUDAN, P.G. and KING, J.0.L. (1977): The effects of body weight
changes on fertility during the post partum period in dairy

cows. British Veterinary Journal, 133:635-41.

YOUNG, J.S. (1965): Infertdlity in range cattle. New Zealand

Veterinary Journal, 13:1-10.

YOUNG, J.S. and BLAIR, J.M. (1974): Perinatal calf losses in a beef

herd. Australian Veterinary Journal, 50:338.

ZEMJANIS, R. (1961): 1Incidence of anestrus in dairy cattle. Journal

of American Veterinary Medical Association, 139:1203-06.

ZEMJANIS, R.; FAHNING, M.L. and SCHULTZ, R.H. (1969): Anestrus -

the practitioner's dilemma. Veterinary Scope, 14(1):15-21.

ZIMBLEMAN, R.G.; LAUDERDALE, J.W.; SOKOLOWSKI, J.H. and SCHALK, T.G.
(1970): Safety and pharmacologic evaluations of melengestrol
acetate in cattle and other animals. A review. Journal of

American Veterinary Medical Association, 157:1528-36.



APPENDICES



HERD NO.

TOWN MILK HERD REPRODUCTIVE EFFICIENCY INVESTIGATION

Cow

Breed

Lactation

Inseminations (date, bull no., and inseminator no.)

1

2

3

&

5

6

Calving Date |

Other Comments
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APPENDIX 1b

TOWN MILK HERD REFRODUCTIVE EFTFICILNCY INVESTIGATION

Herd

18t Calving

9 10 11 12

No. of
services

21

2nd Calving

29 30 3t 32

No. of
services

4

3rd Calving

49 50 51 52 .

No, of
services

61

4th Calving

69 70 T T2

Breed Fate

Cow Age
3 4 5 6
18t Insemination
13 14 15 16
Service
to which
conceived Lact, yield
22 23 24 25
18t Insemination
33 34 35 36
Service
to which
conceived Lact., yileld
42 43 44 45
18t Insemination
53 54 55 56
Service
to which
conceived Lact, yield
62 63 64 65

2nd Insemination

17 18 13 20

Lact. length

26 27 28

2nd Insemination

37 38 39 40

Lact. length

46 47 48

2nd Insemination

5th Calving

7 74 75 176

57 58 59 60

Lact., length

66 67 68
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