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Abstract
Keeping replacement heifers that were the progeny of primiparous cows mated by artificial insemination, enhances rates of genetic 
gain. Heifers that were the progeny of primiparous cows were lighter at birth and grew at a slower rate to first calving compared 
with heifers born to multiparous dams. Heifers that were heavier before first calving produced more milk than did lighter heifers. 
This study aimed to determine if there were liveweight (LWT) or milk-production disadvantages for heifers born from primiparous 
compared with multiparous dams. Data comprised of LWT records from 189,936 New Zealand dairy heifers. Dams were allocated 
to four groups according to their age: two (2yo; n=13,717), three (3yo; n=39,258), four to eight (4-8yo; n=120,859) and nine years 
old or greater (≥9yo; n=16,102). Heifers born to 2yo dams were lighter (P<0.01) from three to 21 months of age than heifers born 
to 3yo and 4-8yo dams. The progeny of 2yo and 3yo dams produced similar milksolids yields during their first lactation (304.9±1.6 
and 304.1±1.5 kg, respectively), but more (P<0.01) than that of 4-8yo dams (302.4±1.5) and ≥9yo dams (P<0.001; 297.8±1.6 kg). 
Heifers born to 2yo dams were lighter but produced more milk than heifers from older dams.

Keywords: dam; growth; milk; heifer

Introduction
It is common practice for 15-month-old dairy heifers 

to be naturally mated with Jersey bulls (Burke et al. 2007) 
and the resulting progeny are usually ‘bobbied’ (slaughtered 
between four and 10 days of age). Approximately one third 
of ‘bobby calves’ are the progeny of first-calving (two-year-
old; 2yo) heifers (Livestock Improvement Corporation 
internal database, Hamilton, New Zealand). There is 
an increased awareness of, and consumer resistance to, 
the slaughter of these young calves (Fisher et al. 2017). 
Approximately 20% of heifers are artificially inseminated 
(AI) each year (Livestock Improvement Corporation & 
DairyNZ 2018), the resulting heifer calves are usually 
retained as replacements rather than “bobbied”, therefore, 
increased adoption of AI instead of natural matings could 
reduce the number of bobby calves produced by heifers. In 
addition, the rate of genetic gain in the dairy industry can 
be improved by using semen of high-genetic-merit bulls in 
15-month-old heifers and by keeping replacement heifers 
from these younger dams (Johnson et al. 2018). However, 
heifers born to primiparous dams were lighter at birth 
(Hickson et al. 2015), had slower growth rates (Place et 
al. 1998) and tended to be lighter at calving (Heinrichs et 
al. 2005) compared with heifers born to multiparous dams. 

Previous research has demonstrated that heifers that 
were lighter prior to first-calving produced less milk in first 
(Carson et al. 2002) and subsequent lactations (Handcock et 
al. 2019; McNaughton & Lopdell 2013; van der Waaij et al. 
1997) compared with heifers that were heavier. As farmers 
are encouraged to mate 15-month-old heifers to AI instead 
of natural mating to increase genetic gain, it is of interest 
to identify if there are live weight (LWT) disadvantages 
between three and 21 months of age to the progeny of 2yo 
dams, and whether these heifers produce equivalent milk 
yields to those born to older dams. The aim of this study 

was to quantify heifer LWT and milk production in the 
progeny of primiparous or multiparous dams. 

	
Materials and methods
Initial dataset

Liveweight records from 189,936 New Zealand dairy 
heifers born between 2006 and 2013 between June and 
December were extracted from the Livestock Improvement 
Corporation database (Handcock et al. 2018). Heifers were 
included if they had at least two LWT records between birth 
and 12 months of age and at least two LWT records between 
13 months of age and first calving at two years of age (between 
June and December). Growth curves were generated for each 
heifer using random regression of a fourth-order Legendre 
polynomial in ASReml (Gilmour et al. 2015), as described 
by Handcock et al. (2018). Using the regression coefficients 
from the growth curves, LWT were predicted for each heifer 
between three and 21 months of age.

Only heifers with known dam and sire and  ≤2/16 
(12.5%) of breeds other than Holstein-Friesian (F) or Jersey 
(J) were included in the dataset. Dams were allocated to 
four groups according to their age: 2yo (n=13,717), three 
years old (3yo; n=39,258), four to eight years old (4-8yo; 
n=120,859) and nine years old or greater (≥9yo; n=16,102).

Using recorded pedigree, and sire and dam breed 
proportions, individual animals’ breed proportions were 
determined, and were used to calculate coefficient of 
specific heterosis between F and J, F and Other breeds (O), 
and J and O using the following formula:

hij = αsiαdj + αsjαdi 
where hij is the coefficient of expected heterosis 

between breeds i and j in the progeny; αsi and αsj are 
proportions of breeds i and j in the sire, respectively; and 
αdi and αdj are proportions of breed i and j in the dam, 
respectively (Dickerson 1973).
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Milk production dataset
Additional data of calving dates and milk production 

records were extracted from the Livestock Improvement 
Corporation database (2008/09 to 2016/17 spring-calving 
dairy seasons) and merged with the growth curves of the 
189,936 heifers. Selected heifers calved at approximately 
two years of age in the spring-calving period (between June 
and December; n=175,142). The remaining 175,142 heifers 
were subject to the following criteria: heifers with a calving 
date but no milk yields (n=22,701) were removed from the 
data set due to uncertainty as to whether they were not herd 
tested or if they did not lactate. Heifers with a first-lactation 
length of less than 80 days were excluded (n=11,982). 
Additionally, records outside of the following limits were 
also excluded: 30 – 300 kg of milk protein, 40 – 400 kg of 
milk fat, 800 – 8000 L of milk yield (n=346). Lactations 
that were greater than 305 days were truncated at 305 days. 
This resulted in 140,113 heifers with suitable first-lactation 
records located in 1,326 herds. 

Second- and third-lactation yields were subject to the 
same criteria as first-lactation yields. There were 108,876 
heifers with suitable second-lactation records and 51,449 
heifers with suitable third-lactation records. Heifers born 
after the 2012/13 spring-calving dairy season (n=50,584) 
were not considered for the third-lactation dataset as, at the 
time of data extraction, they were not old enough to have 
had three full lactations.

The milk production traits studied were; milk fat (FY), 
protein (PY), milksolids (MS: sum of milk fat and milk 
protein), milk (MY) and energy-corrected 
milk (ECM) yield. The ECM formula used 
was from Beever and Doyle (2007), and 
derived from Tyrell and Reid (1965) and 
calculated as follows: 

ECM = milk yield × (383 × fat 
percentage + 242 × protein percentage + 
783.2)/3,140 

Genetic merit subset
It was expected that the progeny of 

2yo dams would have superior genetic 
merit to the progeny of older dams, 
therefore, a subset of data was created to 
compare genetic merit. Heifers born in 
2011 were selected from each dataset above 
and merged with their breeding values 
(BV) and breeding worth (BW) from the 
31 May 2013 Animal Evaluation (AE) run, 
extracted from the Livestock Improvement 
Corporation database. The May 2013 BVs 
were selected as these were the closest 
estimates of genetic merit without the 
heifers’ milk production (variable of interest 
in this study) included in the estimation of 
the BVs. In addition, only one year group 
could be compared, as BVs between 
different AE runs are not comparable. 

Statistical analysis
The least-squares means of breed proportions, heterosis 

and genetic merit were analysed using a generalised linear 
model that included the fixed effect of dam age.

The least-squares means of LWT between three and 
21 months of age predicted from the Legendre polynomial 
were analysed using linear mixed models that included the 
fixed effects of age of dam, birth year and the random effect 
of herd. Deviation from median date of birth (within-herd), 
proportion of F, proportion of O, heterosis FxJ, heterosis 
FxO and heterosis JxO were fitted as covariates.

The least-squares means of milk production were 
analysed using linear mixed models that included the fixed 
effects of age of dam, and the random effect of herd-year. 
Deviation from median date of first calving (within-herd-
year), proportion of F, proportion of O, heterosis FxJ, 
heterosis FxO and heterosis JxO were fitted as covariates.

Results
The progeny of 2yo dams made up 7.2% of the 

population studied. A further 20.7% were the progeny of 
3yo, 63.6% of 4-8yo and 8.5% of ≥9yo dams. The progeny 
of 2yo dams had high proportions of J and heterosis FxJ, 
compared with the progeny of mixed-age dams (Table 1). 
The subset of 2011-born heifers were comparable to the 
base population studied; there were similar proportions 
of heifers born from 2yo, 3yo, 4-8yo and ≥9yo dams (7.4, 
21.0, 62.7 and 8.9%, respectively; Table 1) as in the base 
population. 

Table 1 Least-squares means (± SEM) proportions of Holstein-Friesian (F), 
Jersey (J), and heterosis (Het FxJ) of 189,936 heifers and genetic merit‡ of a 
subset of dairy heifers born in 2011/12 that were the progeny of two-year-old 
(2yo), three-year-old (3yo), four- to eight-year-old (4-8yo) or nine-year-old 
and greater (≥9yo) dams.

Age of dam
2yo 3yo 4-8yo ≥9yo

All heifers
n 13,717 39,258 120,859 16,102
F Proportion 0.439a ± 0.002 0.635b ± 0.001 0.642c ± 0.001 0.636b ± 0.002
J Proportion 0.546c ± 0.002 0.352b ± 0.001 0.347a ± 0.001 0.355b ± 0.002
Het FxJ 0.503d ± 0.002 0.387a ± 0.001 0.403b ± 0.001 0.415c ± 0.002

2011/12 born
n 1,766 5,119 15,273 2,123
F Proportion 0.402a ± 0.006 0.616c ± 0.004 0.620c ± 0.002 0.602b ± 0.006
J Proportion 0.583c ± 0.006 0.373a ± 0.004 0.370a ± 0.002 0.389b ± 0.006
Het FxJ 0.487d ± 0.006 0.400a ± 0.004 0.415b ± 0.002 0.433c ± 0.006
BW‡ ($) 135.47c ± 0.91 136.35c ± 0.54 128.17b ± 0.31 113.18a ± 0.83
Fat BV‡ (kg) 13.41a ± 0.16 16.24c ± 0.10 15.28b ± 0.06 13.72a ± 0.15
Prot BV‡ (kg) 9.06a ± 0.20 14.33d ± 0.12 13.59c ± 0.07 10.88b ± 0.19
Milk BV‡ (L) 11.92a ± 8.68 247.77c ± 5.10 243.49c ± 2.95 187.03b ± 7.92
LWT BV‡ (kg) -13.79a ± 0.58 3.96c ± 0.34 3.81c ± 0.20 0.94b ± 0.53

a-dValues with differing superscripts within a row indicate significant differences at 
P<0.05.
‡Estimates of genetic merit were from the May 2013 Animal Evaluation run, prior 
to the heifers’ first calving.
BW=Breeding worth, BV=breeding value, Prot=protein, Milk=milk volume, 
LWT=live weight
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Based on genetic merit prior to first 
calving, heifers that were the progeny of 
2yo and 3yo dams had the highest BW 
(P<0.001), followed by the progeny of 
4-8yo dams and dams ≥9yo had the lowest 
BW (P<0.001; Table 1). Fat and protein BV 
were greatest (P<0.001) for heifers that were 
the progeny of 3yo dams and milk volume 
and LWT BV were lowest (P<0.001) for 
the progeny of 2yo dams (Table 1). Fat BV 
was similar for the progeny of 2yo and 9yo 
dams (P>0.05) and less than that of 4-8yo 
dams (P<0.001; Table 1). 

Due to the differences in breed 
proportions of progeny born to 2yo vs older 
dams, LWT was corrected for all breed and 
heterosis effects. Despite this, throughout 
the heifer-rearing phase (three to 21 
months of age), the progeny of 2yo dams 
were significantly lighter than the progeny 
of mixed-age dams (Table 2). Heifers 
with dams aged 4-8yo were the heaviest 
(P<0.05) at all ages studied (Table 2). 

Heifers that were the progeny of 2yo 
and 3yo dams produced similar quantities 
of milksolids in first lactation (304.9±1.6 
and 304.1±1.5 kg, respectively), but 
greater (P<0.01) than that of 4-8yo dams (302.4±1.5 
kg). Progeny of dams ≥9yo had the lowest milksolids 
production in first (P<0.001; 297.8±1.6 kg), second 
(P<0.001; 341.6±1.8 kg), and third lactations (P<0.01; 
393.2±2.4 kg). Heifers that were the progeny of 2yo dams 
produced the greatest (P<0.05) fat and milksolids yields in 
second lactation (Table 3). Heifers that were the progeny 
of 2yo and 3yo dams produced similar quantities of protein 
in first and second lactation, but greater (P<0.01) than that 
of 4-8yo and ≥9yo dams (Table 3). Energy-corrected milk 
yields were greater (P<0.05) for the progeny of 2yo dams 
compared with the progeny of dams ≥9yo for all three 

lactations (Table 3). Similarly, the progeny of 2yo dams 
produced greater (P<0.01) ECM and milksolids in first and 
second lactation than did the progeny of 4-8yo dams, but 
there was no difference by third lactation (Table 3).  

Discussion
As expected, heifers that were the progeny of 2yo dams 

were lighter than the progeny of older dams (Heinrichs et 
al. 2005; Hickson et al. 2015; Place et al. 1998). Although 
small, the difference in LWT is likely to be due to 2yo 
heifers being lighter during pregnancy than older cows 
(Livestock Improvement Corporation & DairyNZ 2018), 
as they are yet to attain mature LWT. The data presented in 
this study showed that heifers that were the progeny of 2yo 
dams have greater proportions of Jersey compared with 
heifers that were the progeny of older dams and, therefore, 
were expected to be lighter (Handcock et al. 2018). This 
was evident in the mean LWT breeding values which were 
-13.79 kg for the progeny of 2yo and 3.81 kg for 4-8yo. 
The statistical model used for LWT corrected for the breed 
composition of the heifer, which reduced the difference 
between heifers born from 2yo compared with older dams. 
For example, the breed-adjusted means for 21-month LWT 
reported in the current study were 411.6 kg and 415.9 
kg for the progeny of 2yo and 4-8yo dams, respectively 
(difference of 4.3 kg), whereas, the unadjusted means for 
LWT at 21 months of age were 414.8 kg and 426.5 kg for the 
progeny of 2yo and 4-8yo dams, respectively (difference of 
11.7 kg). Therefore, the observed differences in LWT of the 
progeny of 2yo vs progeny of mixed age dams were mainly 

Table 2 Predicted live weight (least-squares means ± SEM; 
kg) between three and 21 months of age (mo) of dairy 
heifers that were the progeny of two-year-old (2yo), three-
year-old (3yo), four- to eight-year-old (4-8yo) or nine-year-
old and greater (≥9yo) dams.

Age of dam
Age 
(mo)

2yo 3yo 4-8yo ≥9yo

3   89.0a ± 0.3   90.3b ± 0.3   91.0d ± 0.3   90.5c ± 0.3
6 149.9a ± 0.5 151.4b ± 0.5 152.1c ± 0.5 151.3b ± 0.5
9 186.6a ± 0.6 187.5c ± 0.6 188.1d ± 0.6 187.1b ± 0.6
12 230.3a ± 0.7 231.1b ± 0.6 231.8c ± 0.6 230.4a ± 0.7
15 291.6a ± 0.7 293.2c ± 0.7 294.1d ± 0.7 292.4b ± 0.7
18 362.2a ± 0.8 365.1c ± 0.7 366.3d ± 0.7 364.3b ± 0.7
21 411.6a ± 0.7 415.0c ± 0.7 415.9d ± 0.7 414.2b ± 0.7
a-dPredicted live weights with differing superscripts within a 
row are significantly different (P<0.05).

Table 3 Least-squares means ± SEM for milk fat (FY), protein (PY), 
milksolids (MS), milk yields (MY) and energy-corrected milk (ECM) yields 
in first, second and third lactation for dairy heifers that were the progeny of 
two-year-old (2yo), three-year-old (3yo), four- to eight-year-old (4-8yo) or 
nine-year-old and greater (≥9yo) dams.
Lactation Age of dam

2yo 3yo 4-8yo ≥9yo
First

FY (kg) 169.3c ± 0.9 168.5c ± 0.8 167.9b ± 0.8 165.9a ± 0.9
PY (kg) 135.7c ± 0.7 135.6c ± 0.7 134.6b ± 0.7 131.9a ± 0.7
MS (kg) 304.9c ± 1.6 304.1c ± 1.5 302.4b ± 1.5 297.8a ± 1.6
MY (kg) 3475b ± 19 3497c ± 18 3476b ± 18 3422a ± 19
ECM (kg) 3976c ± 21 3972c ± 20 3951b ± 19 3893a ± 20

Second
FY (kg) 193.2c ± 1.0 191.9b ± 1.0 191.7b ± 0.9 189.1a ± 1.0
PY (kg) 157.3c ± 0.8 156.8c ± 0.8 156.0b ± 0.8 152.6a ± 0.8
MS (kg) 350.5d ± 1.8 348.7c ± 1.7 347.6b ± 1.7 341.6a ± 1.8
MY (kg) 3998b ± 22 4015bc ± 20 4004b ± 20 3936a ± 21
ECM (kg) 4565c ± 24 4550bc ± 22 4538b ± 22 4463a ± 23

Third
FY (kg) 219.8ab ± 1.5 219.9b ± 1.3 219.4ab ± 1.3 218.2a ± 1.4
PY (kg) 178.1bc ± 1.2 178.7c ± 1.0 177.5b ± 1.0 175.0a ± 1.1
MS (kg) 397.9bc ± 2.6 398.6c ± 2.3 396.8b ± 2.2 393.2a ± 2.4
MY (kg) 4512ab ± 30 4560c ± 27 4539b ± 26 4497a ± 28
ECM (kg) 5178bc ± 33 5196c ± 30 5175b ± 29 5131a ± 32

a-dValues with differing superscripts within a row indicate significant 
differences at P<0.05.
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due to differences in breed composition, with only a small 
difference due to dam age effects. 

Previous research has demonstrated a positive 
relationship between LWT prior to first calving and milk 
production (Handcock et al. 2019; McNaughton & Lopdell 
2013; van der Waaij et al. 1997). However, in the current 
study, the progeny of 2yo heifers produced significantly 
greater milksolids than did the progeny of mixed-age dams 
in first and second lactation, even though they were lighter. 
Results from Austrian dual-purpose Simmental cows 
also showed that the progeny of younger dams produced 
greater ECM yields than did older dams (Fuerst-Waltl et 
al. 2004). The progeny of dams ≥9yo in the current study 
had the lowest milk production, similar to that reported by 
Fuerst-Waltl et al. (2004). Genetic merit is likely to explain 
some of the differences observed, with the progeny of dams 
≥9yo having lower BW than that of the progeny of younger 
dams. However, the BW differences appear to be driven 
by the lower milk volume and LWT BVs of the progeny 
of 2yo dams compared with those of older dams, and not 
by superior fat or protein BVs. Both milk volume and 
LWT BVs have a negative economic value for calculating 
BW (Livestock Improvement Corporation & DairyNZ 
2018), therefore, lower values are desirable for these two 
traits. Furthermore, the mean milk volume and LWT BV 
of Friesian bulls (767 kg and 46.2 kg, respectively) were 
greater than the mean milk volume and LWT BV of Jersey 
bulls (-475 kg and -53.2 kg, respectively) (Livestock 
Improvement Corporation & DairyNZ 2018). Therefore, 
some of the differences in BW between the progeny of 
2yo dams and the progeny of older dams are likely to be a 
function of breed, as the progeny of 2yo dams had greater 
proportions of J compared with older dams.

The model used by Fuerst-Waltl et al. (2004) included 
the additive genetic effect of animal in order to correct 
for any bias from older dams having lower genetic merit 
than that of younger dams. An attempt was made to correct 
for differences in genetic merit based on dam age with 
inconsistent results (data not shown). One reason for the 
inconsistency of results may be due to Mendelian sampling, 
which means that an individual heifers’ true genetic merit 
is not exactly halfway between that of her dam and sire. 
The pre-calving BVs and BW presented in the current 
study are not exact estimates of genetic merit, as they are 
based only on the performance of an individuals’ ancestors. 
Once a heifer has begun to lactate and been herd tested, 
her own milk-production data feeds into the estimation of 
BVs, creating a better estimate of her true genetic merit for 
milk production. Although more accurate, using a heifer’s 
first lactation milk production to estimate her BV creates a 
confounded relationship between BV and milk production 
if BVs are used to correct for genetic merit. In addition, 
BVs already account for breed differences (DairyNZ 2016), 
therefore, BVs and breed proportions cannot be included 
in the same statistical models. Further research is required 
to compare heifers born from 2yo with those from older 
dams of similar genetic merit and breed makeup, in order 

to confirm the impact age of dam has on LWT and milk 
production irrespective of genetic and breed effects. 

Results of a simulation study showed that the greatest 
effect on genetic gain (measured as BW) was achieved by 
excluding the lowest BW cows from producing replacement 
heifers (i.e., mated to beef not dairy) (Johnson et al. 
2018). Inclusion of the highest BW cows and 15-month 
heifers mated to AI was also recommended as a method 
to generate sufficient replacement heifers of high genetic 
merit (Johnson et al. 2018). Results from the present study 
indicate that the progeny of young dams are expected to 
be marginally smaller than the progeny of older dams, 
provided 15-month-old heifers are mated to bulls of similar 
breed makeup to those used in the main herd. Importantly, 
the milk production of these heifers born from younger 
dams is expected to be equal to that of 3yo dams, and greater 
than that of older dams. In addition, results from the current 
study indicated that retaining replacements from cows aged 
nine and over was not recommended, as these heifers had 
lower genetic merit and produced less milk than did those 
with younger dams. It is not known what effects age of 
dam may have on reproductive performance and survival 
of dairy heifers. Future research should be completed to 
compare reproductive performance and survival of the 
progeny of younger versus older dams. 

Acknowledgements
The authors would like to acknowledge Katie Carnie 

for extracting the data provided by Livestock Improvement 
Corporation (Hamilton, New Zealand).

References
Beever DE, Doyle PT 2007. Feed conversion efficiency 

as a key determinant of dairy herd performance: 
a review. Australian Journal of Experimental 
Agriculture 47: 645-657.

Burke C, Blackwell M, Little S 2007. The InCalf Book for 
New Zealand dairy farmers. DairyNZ, Hamilton. 
204 p.

Carson AF, Dawson LER, McCoy MA, Kilpatrick DJ, 
Gordon FJ 2002. Effects of rearing regime on body 
size, reproductive performance and milk production 
during the first lactation in high genetic merit dairy 
herd replacements. Animal Science 74: 553-565.

DairyNZ 2016. Description of national genetic evaluation 
systems - Production. https://www.dairynz.co.nz/
media/5787450/form_ge_production_nzl_jan2016.
pdf [accessed 11 July 2017].

Dickerson GE 1973. Inbreeding and heterosis in animals. 
Journal of Animal Science (Suppl): 54-77.

Fisher M, Wild R, O’Grady K, Guigou M, Diesch T, 
Jamieson J, Ward L, Cross N 2017. The welfare 
of bobby calves sent for slaughter: a synopsis of 
the science literature within the context of New 
Zealand’s export system and the problems and gaps 
in it. Proceedings of the New Zealand Society of 
Animal Production 77: 149-153.



New Zealand Journal of Animal Science and Production 2019. Vol 79: 135-139	 139

Fuerst-Waltl B, Reichl A, Fuerst C, Baumung R, Sölkner 
J 2004. Effect of maternal age on milk production 
traits, fertility, and longevity in cattle. Journal of 
Dairy Science 87: 2293-2298.

Gilmour AR, Gogel BJ, Cullis BR, Welham SJ, Thompson 
R 2015. ASReml User Guide Release 4.1 Structural 
Specification. VSN International Ltd, Hemel 
Hempstead, HP1 1ES, UK www.vsni.co.uk

Handcock RC, Lopez-Villalobos N, McNaughton LR, Back 
PJ, Edwards GR, Hickson RE 2018. Live weight and 
growth of Holstein-Friesian, Jersey and crossbred 
dairy heifers in New Zealand. New Zealand Journal 
of Agricultural Research 62: 173-183.

Handcock RC, Lopez-Villalobos N, McNaughton LR, 
Back PJ, Edwards GR, Hickson RE 2019. Positive 
relationships between body weight of dairy heifers 
and their first-lactation and accumulated three-parity 
lactation production. Journal of Dairy Science 102: 
4577-4589

Heinrichs AJ, Heinrichs BS, Harel O, Rogers GW, Place 
NT 2005. A prospective study of calf factors 
affecting age, body size, and body condition score 
at first calving of Holstein dairy heifers. Journal of 
Dairy Science 88: 2828-2835.

Hickson RE, Zhang IL, McNaughton LR 2015. Birth 
weight of calves born to dairy cows in New Zealand. 
Proceedings of the New Zealand Society of Animal 
Production 75: 257-259.

Johnson T, Eketone K, McNaughton L, Tiplady K, Voogt 
J, Sherlock R, Anderson G, Keehan M, Davis SR, 
Spelman RJ, Chin D, Couldrey C 2018. Mating 
strategies to maximize genetic merit in dairy cattle 
herds. Journal of Dairy Science 101: 4650-4659.

Livestock Improvement Corporation, DairyNZ 2018. 
New Zealand Dairy Statistics 2017-18. Livestock 
Improvement Corporation, DairyNZ, Hamilton, 
New Zealand. 54 p.

McNaughton LR, Lopdell T 2013. Effect of heifer live 
weight on calving pattern and milk production. 
Proceedings of the New Zealand Society of Animal 
Production 73: 103-107.

Place NT, Heinrichs AJ, Erb HN 1998. The effects of 
disease, management, and nutrition on average 
daily gain of dairy heifers from birth to four months. 
Journal of Dairy Science 81: 1004-1009.

Tyrell HF, Reid JT 1965. Prediction of the energy value 
of cow’s milk. Journal of Dairy Science 48: 1215-
1223.

van der Waaij EH, Galesloot PJB, Garrick DJ 1997. Some 
relationships between weights of growing heifers 
and their subsequent lactation performances. New 
Zealand Journal of Agricultural Research 40: 87-92.




