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Longevity of Red and HB Dairy Cows in Latvia 
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Institute of Animal Sciences, Latvia University of Life Sciences and Technologies 
* Correspondence: lasma.cielava@lbtu.lv 

Abstract 

Longevity is a key determinant of economic efficiency and sustainability in dairy cattle production. 
The study evaluated longevity and lifetime productivity traits in Red breed (RB) and Holstein breed 
(HB) dairy cows in Latvia and assessed the effects of birth year, age at first calving (AFC), and farm 
size. Data from 279,818 culled and living cows born between 2010 and 2019 were analyzed. The aim 
of the study was to investigate biological and farm-level factors affecting dairy cow longevity in RB 
and HB populations. RB and HB cows born between 2010 and 2013 had significantly longer (p<0.05) 
total lifespan (LS) and productive life (PL) than cows born in later years; however, they showed lower 
life day (MPD) and productive life day (MPPD) milk productivity. AFC significantly affected MPD 
and MPPD. The highest life-day productivity in RB cows was observed at AFC of 22.1 – 24 months, 
while in HB cows it was observed at < 24 months. Significantly longer LS and PL were recorded on 
farms with fewer than 20 cows, whereas the highest MPD was observed on farms with 101 – 500 cows 
in RB breed and 101 – 200 cows in HB. 

Keywords: dairy cow; longevity; productive life; milk productivity; ECM; age at first calving; farm 
size 
 

1. Introduction 

Longevity of dairy cows has become an increasingly important trait in modern dairy production 
systems, where primary objective is to obtain high milk yields from individual animals while 
maintaining them in the herd for as long as possible. Improving longevity is closely linked to 
economic efficiency, animal welfare, and sustainability of dairy farming [1,2]. A longer productive 
life allows farms to reduce replacement rates and distribute rearing costs over a greater amount of 
milk produced [3–5]. Consequently, dairy cow longevity is now recognized as a complex trait that 
reflects the interaction between biological potential, management practices and environmental 
conditions [6]. 

To comprehensively evaluate longevity, it is necessary to consider distinct phases of a cow’s life, 
including the rearing period of heifers, the productive phase and eventual culling along with its 
underlying reasons. Longevity is commonly described using two main indicators – total lifespan (LS) 
and length of productive life (PL). While LS provides information on overall survival, PL more 
accurately reflects the economically productive portion of a cow’s life, as it excludes the non-
productive rearing period. Both measures are complementary and are required to fully assess 
longevity performance in dairy herds [7]. However, longevity alone does not adequately describe the 
efficiency of dairy production. Because productivity levels vary considerably between breeds, 
production systems, and farms, indicators that combine longevity with milk productivity are 
commonly used [8]. 

Extending dairy cow lifespan offers a clear economic advantage, primarily by reducing the costs 
associated with rearing replacement heifers. Rearing represents a substantial investment, and farms 
generally begin to recover these costs only after cows reach their second or third lactation [9–11]. 
Therefore, premature culling often prevents full recovery of initial investments and negatively affects 
farm profitability [12]. On the other hand, prolonged lifespan may slow genetic progress, as longer 
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generation intervals reduce the rate at which genetic improvements are introduced into the herd 
[13,14]. 

Longevity in dairy cattle is influenced by a wide range of factors. Genetic potential plays a 
fundamental role, as breeds and individual animals differ in their capacity for production, health 
resilience, and functional conformation [15–17]. Health status, particularly the occurrence of 
metabolic disorders, mastitis, and reproductive problems, is a major determinant of culling risk 
[18,19]. And environmental factors, including housing conditions, feeding strategies, rearing 
practices, and season of calving, further contribute to variation in longevity outcomes [20,21]. In 
addition, management decisions such as voluntary culling policies, replacement availability, and 
reproductive management strongly affect the length of cows’ lives [22–24]. 

Early life performance is especially important in shaping cows’ future longevity. Traits 
expressed at the beginning of cows’ productive life have been shown to be closely associated with 
later survival, productivity, and culling risks [25–27]. Age at first calving is a particularly important 
factor, as it determines the length of the non-productive rearing period and directly influences later 
life productivity [28,29]. Both excessively early and delayed first calving have been associated with 
increased culling risk and reduced productive life [30,31]. An optimal age at first calving allows 
heifers to reach sufficient physiological maturity for calving and lactation while minimizing rearing 
costs and supporting long-term health and performance. However, the optimal age at first calving is 
not universal and varies depending on breed, production system, feeding intensity, and management 
conditions [26]. 

In addition to individual animal characteristics, herd level factors play a significant role in 
shaping longevity outcomes. Farm size in particular is associated with differences in management 
intensity, labor organization, housing systems, feeding strategies, and access to technology [32]. 
Larger farms often benefit from advanced monitoring systems that allow early detection of health 
and reproductive disorders, automated data collection, and rapid management responses [17]. 
Conversely, smaller farms may provide more individualized animal care and closes daily 
observation, which can positively influence cow welfare and longevity. However, limited financial 
resources on small farms may restrict investments in housing modernization and feeding 
optimization [33]. Research indicates that culling risk exists across all farm sizes, but the underlying 
reasons for culling may differ [34]. The housing system also can influence dairy cow longevity, as 
proven in our previous research, cows in loose housing system are culled from herds earlier than in 
tied stall housing, but they characterized with higher lifetime milk productivity [32]. 

This study aimed to investigate the influence of biological and herd-level factors on longevity in 
RB and HB dairy cattle and to provide reference data for improving dairy herd management. 

2. Materials and Methods 
2.1. Data Collection 

Data were obtained from the national database of the Rural Support Service of the Republic of 
Latvia. In the database were included cows under official performance recording that were born 
between 2010 and 2019. The dataset comprised a total 68,296 cows belonging to red breeds (RB), 
namely Latvian Brown, German Red, Danish Red, Swedish Red-and-White, and Ayrshire, and 
211,522 Holstein breed (HB) cows, including Black-and-White and Red-and-White Holstein types. In 
total 279,818 culled and alive RB and HB dairy cows. The analyzed population included all culled 
cows and cows that were still in production as of 01.01.2023. 

The number of culled and alive cows in each breed group is given in Figure 1. 
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Figure 1. The number of RB and HB cows analyzed depending on their status. 

Cows were kept in 7,599 different farms, from which majority were mixed herds with RB and 
HB cows, under various feeding and housing conditions. 

2.2. Longevity Traits 

To characterize longevity of analyzed dairy cows were used dairy cow lifespan characteristics – 
total lifespan (LS) and length of productive life (PL). For the evaluation of dairy cow productive 
performance were used energy corrected milk (ECM) and calculated total lifetime ECM productivity 
(MP), life day (MPD) and productive life day (MPPD) milk productivity. The calculation principles 
of different dairy cow longevity traits are shown in Table 1. 

Table 1. Longevity traits and their calculation principles. 

Abbreviation Calculation principles 
LS Number of days from cows’ birth until culling 
PL Number of days from first calving until culling 
MP Total amount of energy corrected milk obtained during cows’ lifetime 

MPD ECM productivity calculated per one LS day 
MPPD ECM productivity calculated per one LP day 

The LS and PL in tables and figures are represented in days, but MP, MPD and MPPD as kg, 
ECM. 

2.3. Analyzed Factors 

For RB and HB dairy cows 3 factors were identified as risk factors (Birth year, AFC, months and 
farm size) for cow culling and selected for analysis and for the study purposes cows were distributed 
in several groups depending on studied trait (Table 2). 

Table 2. The distribution of analyzed cows depending on studied factor. 

Factor Groups 
Number of culled (alive) cows in group 

RB  HB 
Birth year 2010 – 2012 30,661 (1,196) 53,168 (1,300) 

 2013 – 2015 16,613 (3,884) 55,923 (8,529) 
 2016 – 2019 6,384 (9,558) 41,355 (51,247) 

AFC, months <22 2,743 (765) 15,845 (7,574) 
 22.1 – 24 10,241 (2,574) 38,277 (15,006) 
 24.1 – 26 12,420 (3,108) 35,442 (13,046) 
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 26.1 – 28 9,649 (2,416) 23,168 (8,496) 
 28.1 – 30 6,844 (1,761) 14,349 (5,540) 
 30.1 – 32 4,550 (1,303) 8,943 (3,776) 
 >32 7,211 (2,720) 14,422 (7,638) 

Farm size, number of 
cows per farm 

 

<20 27,736 (9,438) 57,399 (28,101) 
21 – 100 14,698 (3,295) 51,928 (20,536) 

101 – 200 8,919 (1,615) 23,647 (8,241) 
201 – 500 2,162 (268) 12,845 (3,246) 

 > 500 143 (22) 4,627 (952) 
AFC – age at first calving, months. 

Cows were distributed in 3 groups depending on their year of birth, 7 groups depending on age 
at first calving (AFC), and 5 groups depending on the number of animals per farm. Factor “Farm 
size” is represented as total number of registered dairy cows in specific farm per year. Only RB and 
HB dairy cows were included in longevity evaluations in specific dairy farms. 

2.4. Statistical Analysis 

Analysis of variance was used to estimate the longevity traits of culled cows (Table 1) depending 
on defined factors (Table 2). The Bonferroni test was used for multiple comparisons. The significance 
level was alpha = 0.05. 

Length of productive life – the number of days from first calving until culling or censoring was 
evaluated by survival analysis. Survival analysis is particularly suitable for longevity studies because 
it allows the inclusion of two type data, uncensored (culled cows) and censored (alive cows) data, 
considers time-dependent environmental influences, and addresses the non-normal distribution of 
longevity traits [35]. Survival analysis was performed to estimate the factors associated with the 
productive lifetime survival of cows. Kaplan–Meier survival probability curves were plotted for HB 
and RB culling and alive cows depending on the cow’s birth year, AFC, and farm size. 

The log-rank test was used to assess differences in survival rates across risk factors: birth year, 
AFC, and farm size groups. 

Statistical analyses were performed using R 4.1.2 [36], R libraries Survival [37], and Survminer 
[38]. 

3. Results 
3.1. The Longevity Characteristics for RB and HB Cows 

The length of LS and PL differed significantly (p<0.05) between breed groups within both culled 
and alive dairy cows (Table 3). For culled cows, RB cows had a longer LS (2,022.2±3.24) and length of 
PL (1,190.2±3.23) than HB dairy cows. 

Table 3. The lifespan and length of productive life for culled and still producing cow groups. 

Status 
RB HB 

n LS PL n LS PL 
Culled  53,658 2,022.2±3.24a 1,190.2±3.23a 150,446 1,783.3±1.73b 984.1±1.70b 
Alive 14,638 2,282.7±6.95a 1,431.0±6.98a 61,076 1,871.4±2.69b 1,064.0±2.64b 

RB – red breed cows; HB – Holstein breed cows; LS – total lifespan, days; PL – productive life, days; Significant 
differences between breed groups noted with different superscripted letters (p<0.05). 

A similar pattern was observed among cows that were still producing. Alive RB cows showed 
longer LS and PL (accordingly 2,022.2±3.24 and 1,190.2±3.23 days) compared with alive HB cows, 
whose LS and PL were 1,871.4±2.69 and 1,064.0±2.64 days, respectively. Within each breed, cows that 
were still producing had longer LS and PL than culled cows. 
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MPD and MPPD differed significantly between breed groups (p<0.05) in culled and alive cow 
groups (Table 4). In the culled cow group, HB cows showed higher MPD and MPPD (11.5±0.01 and 
23.4±0.02 kg ECM), while culled RB cows had 10.0±0.02 kg ECM in MPD and 19.0±0.02 kg ECM in 
MPPD. 

Table 4. The lifetime and life day milk productivity for culled and still producing cow groups. 

Status  
RB HB 

n MPD MPPD n MPD MPPD 
Culled 53,658 10.0±0.02a 19.0±0.02a 150,446 11.5±0.01b 23.4±0.02b 
Alive 14,638 10.8±0.03a 18.9±0.04a 61,076 12.6±0.02b 24.1±0.03b 

RB – red breed cows; HB – Holstein breed cows; MPD – milk productivity per life day, kg ECM; MPPD – milk 
productivity per productive life day kg ECM; Significant differences between breed groups noted with different 
superscripted letters (p<0.05). 

The same trend was observed in cows that were alive and still in production. HB cows had 
higher MDP and MPPD (12.6±0.02 and 24.1±0.03 kg ECM accordingly). Within each group, cows that 
were still in production exhibited slightly higher MPD values than culled cows, while MPPD was by 
0.1 kg ECM lower in RB group. 

The distribution of PL differed between RB and HB cow groups. Both breeds exhibited positively 
skewed distributions, however HB cows showed substantially higher frequencies across the entire 
range of PL lengths (Figure 2). 

 
RB 

 
HB 

Figure 2. Lifespan distribution of culled RB and HB cows. 

In HB cows, the distribution was more strongly concentrated at shorter PL, with a higher and 
earlier peak occurring at approximately 500 – 1,200 days compared with RB cows. RB cows displayed 
a broader distribution with relatively higher frequencies at longer PL durations. Although both breed 
groups showed a long right-hand tail, the decline in frequency with increasing PL was steeper in HB 
cows, whereas RB cows included a greater proportion of individuals exceeding 3,000 days of PL. 

A slight peak indicating increased culling risk was observed at the beginning of PL in both breed 
groups, however, the culling rate during this early period was higher in HB cows than in RB cows. 

3.2. The Factor Analysis 

When assessing the effect of year of birth on LS and duration of PL (Table 5), it is essential to 
consider not only animal-specific characteristics, but also the fact that cows in the first 2 groups (2010 
– 2012 and 2013 – 2015) were able to remain productive for longer periods. 
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Table 5. LS and PL of culled RB and HB cows born between 2010 and 2019. 

Birth year 
RB HB 

n LS PL n LS PL 
2010 - 2012 30,661 2,184.4±4.57a 1,348.4±4.56a 53,168 2,049.4±3.30a 1,229.0±3.27a 
2013 - 2015 16,613 1,931.4±4.96b 1,101.6±4.96b 55,923 1,812.7±2.56b 1,011.4±2.54b 
2016 - 2019 6,384 1,479.9±5.14c 660.5±5.09c 41,355 1,401.4±1.97c 632.2±1.93c 

RB – red breed cows; HB – Holstein breed cows; LS – total lifespan, days; PL – productive life, days; Significant 
differences between birth year within breed group noted with different superscripted letters (p<0.05). 

There were observed statistically significant differences (p<0.05) between birth year groups for 
LS and PL. 

The longest LS and PL was observed in cow group born in 2010 – 2012 (2,184.4±4.57 and 
1,348.4±4.56 in RB and 2,049.4±3.30 and 1,229.0±3.27 in HB breed accordingly). The cows born in 
more recent time periods characterized with shorter LS and length of PL in both analyzed breed 
groups. Although RB cows during their lifetime had more LS and PL days, they also characterized 
with lower total lifetime milk productivity in every birth year group in comparison with HB cows 
(Table S1). 

MPD decreased significantly (p<0.05) in cows born in more recent years in both RB and HB cow 
groups, whereas MPPD showed a significantly increasing trend. (Table 6). 

Table 6. MPD and MPPD (kg ECM) of culled RB and HB cows born from 2010 to 2019. 

Birth year 
RB HB 

n MPD MPPD n MPD MPPD 
2010 – 2012 30,661 10.3±0.03a 18.5±0.03a 53,168 11.6±0.02a 21.5±0.03a 
2013 – 2015 16,613 10.0±0.04b 19.2±0.04b 55,923 11.9±0.02b 23.5±0.03b 
2016 - 2019 6,384 8.3±0.05c 20.4±0.07c 41,355 10.7±0.03c 25.9±0.03c 

RB – red breed cows; HB – Holstein breed cows; MPD – milk productivity per life day, kg ECM; MPPD – milk 
productivity per productive life day kg ECM; Significant differences between birth year groups noted with 
different superscripted letters (p<0.05). 

In RB cows MDP declined from 10.3±0.03 kg ECM per day in the 2010 – 2012 cohort to 8.3±0.05 
kg ECM per day in cows born in 2016 – 2019 (p<0.05), while MPPD increased from 18.5±0.03 to 
20.4±0.07 over the same period. 

A similar pattern was observed in the HB breed, where MDP decreased from 11.6±0.02 to 
10.7±0.03, whereas MMPD increased from 21.5±0.03 to 25.9±0.03 kg ECM daily across successive birth 
year groups. 

AFC had a pronounced and statistically significant effect (p<0.05) on cow LS and PL in both RB 
and HB cow groups (Table 7). 

Table 7. LS and PL of culled RB and HB cows depending on their age at first calving (AFC). 

AFC 
RB HB 

n AFC, days LS PL n AFC, days LS PL 
< 22 2,743 648.2 1,951.9±15.54a 1,303.7±15.55a 15,845 648.5 1,576.8±4.97a 928.3±4.97a 

 22.1 – 24  10,241 708.6 1,953.2±7.60a 1,244.6±7.60b 38,277 706.3 1,684.6±3.33b 978.4±3.33b 
24.1 – 26  12,420 763.7 1,978.8±6.73b 1,215.1±6.73c 35,442 762.6 1,765.6±3.52c 1,002.9±3.52c 
26.1 – 28  9,649 822.8 2,014.7±7.59c 1,191.9±7.60d 23,168 822.1 1,825.2±4.39d 1,003.1±4.39d 
28.1 – 30  6,844 882.5 2,022.1±8.78c 1,139.5±8.77e 14,349 882.1 1,876.1±5.55e 994.0±5.54e 
30.1 – 32  4,550 942.5 2,074.6±10.75d 1,132.1±10.74f 8,943 941.9 1,931.9±7.12f 990.0±7.11f 

> 32 7,211 1,090.0 2,199.0±8.51e 1,109.1±8.48g 14,422 1,093.5 2,063.7±5.56g 970.2±5.53g 

RB – red breed cows; HB – Holstein breed cows; LS – total lifespan, days; PL – productive life, days; Significant 
differences between different AFC groups noted with different superscripted letters (p<0.05). 
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In both breed groups, a clear increasing trend in LS was observed with increasing AFC. Cows 
that calved for the first time at an older age, particularly those with AFC exceeding 32 months, 
exhibited longer LS. In contrast, PL showed an opposite pattern. In RB cows, LS was longest in 
animals that reached first calving younger and gradually decreased as AFC increased. Cows with 
delayed AFC (> 32 months) had significantly shorter PL compared with cows calving earlier (p<0.05), 
despite their longer overall LS. A significantly longer (p<0.05) LS was observed in both breed groups 
in cows with later AFC, whereas PL exhibited the opposite trend. In RB cows, the longest PL was 
recorded in animals with AFC < 22 months, followed by a slight, but statistically significant decline 
up to 26 months. In contrast, in the HB population, the significantly longest PL was observed in cows 
with AFC between 24.1 and 28 months (p<0.05) 

Significantly higher total lifetime milk productivity was obtained from cows with AFC < 24 
months. The tendency persists in both RB and HB cow groups (Table S1). In later AFC groups cow 
total milk productivity gradually decreases until reaches its minimal amount at the AFC group > 32 
months. 

Age at first calving (AFC) significantly influenced (p<0.05) both MPD and MPPD in RB and HB 
cow groups (Table 8). 

Table 8. MPD and MPPD of culled RB and HB cows depending on AFC. 

AFC 
RB HB 

n MPD MPPD n MPD MPPD 
< 22 2,743 10.8±0.09a 18.1±0.10a 15,845 13.5±0.05a 26.0±0.06a 

 22.1 – 24  10,241 11.0±0.05a 19.4±0.05b 38,277 12.7±0.03b 24.8±0.04b 
24.1 – 26  12,420 10.6±0.04ab 19.2±0.05b 35,442 11.8±0.03c 23.5±0.03c 
26.1 – 28  9,649 10.1±0.05c 19.3±0.05b 23,168 11.0±0.03d 22.9±0.04d 
28.1 – 30  6,844 9.5±0.05d 19.0±0.06c 14,349 10.3±0.04e 22.2±0.05e 
30.1 – 32  4,550 9.0±0.06e 18.6±0.08d 8,943 9.6±0.05f 21.6±0.07f 

> 32 7,211 8.0±0.05f 18.0±0.06a 14,422 8.3±0.04g 20.3±0.05g 
RB – red breed cows; HB – Holstein breed cows; MPD – milk productivity per life day, kg ECM; MPPD – milk 
productivity per productive life day, kg ECM; Significant differences between different AFC groups noted with 
different superscripted letters (p<0.05). 

In both breeds, MPD showed a clear decreasing trend with increasing AFC. In RB cows, the 
highest MPD values were observed in animals calving first time before 26 months of age, with MPD 
declining progressively as AFC increased and reaching the lowest values in cows with AFC > 32 
months. 

In HB population, where MPD decreased steadily from 13.5±0.05 kg ECM in cows with AFC < 
22 months to 8.3±0.04 kg ECM in cows calving first time older than 32 months. 

In contrast MPPD displayed a different pattern. In RB cows, the highest MPPD values were 
recorded in cows with AFC between 22.1 and 28.0 months, whereas both earlier and later AFC groups 
showed significantly lower MPPD values (p<0.05). Although RB cows with AFC < 22 months 
exhibited relatively high MPD, their MPPD was among the lowest (accordingly 10.8±0.09 and 
18.1±0.10 kg ECM). In HB cows, MPPD was highest in cows with the earliest AFC (< 22 months) and 
declined consistently with increasing AFC, reaching significantly lower values in AFC group > 32 
months (accordingly 13.5±0.05 and 8.3±0.04 kg ECM). 

Farm size had significant effect on both LS and PL in both analyzed breed groups (p<0.05). In 
RB and HB cows LS and PL decreased progressively with increasing of farm size (Table 9). 
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Table 9. The influence of number of cows per farm on their LS and PL. 

Farm size 
RB HB 

n LS PL n LS PL 
< 20 27,736 2,149.4±4.76a 1,313.8±4.77a 57,399 1,974.5±3.09a 1,140.8±3.08a 

21 – 100 14,698 1,948.8±5.83b 1,104.0±5.78b 51,928 1,734.4±2.71b 932.4±2.66b 
101 – 200 8,919 1,808.6±6.70c 984.7±6.69c 23,647 1,630.3±3.68c 875.5±3.63c 
201 – 500 2,162 1,808.4±13.33c 1,069.2±13.39b 12,845 1,548.1±4.77d 810.8±4.76d 

> 500 143 1,452.9±35.95d 710.3±35.16d 4,627 1,394.9±6.58e 655.8±6.51e 
RB – red breed cows; HB – Holstein breed cows; LS – total lifespan, days; PL – productive life, days; Significant 
differences between farm size groups noted with different superscripted letters (p<0.05). 

The significantly longest LS and PL (p<0.05) were observed in cows kept on small farms (with 
fewer than 20 cows), whereas the shortest periods were recorded in cows from largest farms (> 500 
dairy cows) – accordingly 2,149.4±4.76 and 1,452.9±35.95 days in RB group and 1,974.5±3.09 and 
1,394.9±6.58 days in HB group. 

In cow farms with > 500 cows PL was 710.3±35.16 days (about 1.94 years) in RB cows 655.8±6.51 
days (about 1.79 years) in HB cow group. With the increase of farm size, total milk productivity has 
tendency to gradually increase as well (Table S1). But the growth is not linear, since RB cows in farms 
with > 500 cows and HB cows in farms with > 201 cows characterize LS and PL, what reduces the 
total cow productive period in the herd. 

The number of animals per farm did not only affect the LS and PL but also showed significant 
effect on cow daily milk productivity (MPD and MPPD) in RB and HB cows (p<0.05) (Table 10). 

Table 10. MPD and MPPD of culled RB and HB cows depending on the number of animals per farm. 

Farm size 
RB HB  

n MPD MPPD n MPD MPPD 
< 20 27,736 9.4±0.02a 17.1±0.03a 57,399 9.9±0.02a 19.2±0.02a 

21 – 100 14,698 10.0±0.04b 19.7±0.04b 51,928 12.0±0.02b 24.8±0.03b 
101 – 200 8,919 11.1±0.05c 22.6±0.05c 23,647 13.8±0.04c 28.2±0.04c 
201 – 500 2,162 12.3±0.10d 22.6±0.09c 12,845 12.5±0.05d 26.6±0.05d 

> 500 143 11.1±0.37e 24.8±0.37d 4,627 11.3±0.08e 27.1±0.07e 
RB – red breed cows; HB – Holstein breed cows; MPD – milk productivity per life day, kg ECM; MPPD – milk 
productivity per productive life day kg ECM; Significant differences between farm size groups noted with 
different superscripted letters (p<0.05). 

In both breeds, MPD increased with increasing farm size up to medium and large herds, with 
the highest MPD values generally observed in farms with 201 – 500 cows, followed by a slight, but 
statistically significant decrease in the largest herds (> 500 cows). 

In RB cows, MPD increased from 9.4±0.02 kg ECM (herds < 20 cows) to 12.3±0.10 kg ECM in 
herds with 201 – 500 cows. A similar pattern was observed in HB population, where MPD rose from 
9.9±0.02 kg ECM to 13.8±0.04 kg ECM in farms with 101 – 200 cows. 

MPPD showed a more pronounced response to a farm size. In both analyzed breed groups 
MPPD increased constantly with increasing in herd size, reaching the highest value in the largest 
farms (>500 cows). There were no statistical difference between MPPD in RB cows in the herds with 
101 – 200 and 201 – 500 cows, but between other groups the MPPD varied significantly (p<0.05). In 
HB cow population MPPD had tendency to gradually increase from 19.2±0.02 kg ECM in farms with 
< 20 cows up to 27.1±0.07 kg ECM in the farms with > 500 cows. 

3.4. The Longevity Depending on AFC and Farm Size 

AFC differed across all farm size categories and between breed groups. On small farms (< 20 
cows), both breeds showed highest AFC values (Table S2). The highest AFC across all groups were 
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observed in RB cows in the farms with 21 – 100 cows (average 844.8±1.07 or 28.2 months). In contrast, 
HB cows on farms of this size showed a marked reduction of AFC to 801.9±0.54 days (26.8 months). 

As farm size increased to 101 – 200 cows, AFC declined further for both breeds. On larger farms 
201 - 500 cows both breeds characterized with lowest AFC (742.6±4.84 and 739.1±0.85 days 
accordingly) reaching 24.8 and 24.6 months. 

The longest PL in RB group were observed in small farms (< 20 and 21 – 100 dairy cows) in the 
groups with the latest AFC (>30.1 month) (Tabless S3 and S4). Due to prolonged heifer rearing period, 
animals characterized with shorter PL. Larger farms with RB cows (> 201 cow per herd) characterized 
with shortest PL, especially in the groups with AFC > 28 months. Although the longer PL for RB cows 
tended to be in the groups with AFC 26.1 months and later, the highest MPD and MPPD was 
observed in cow groups with AFC < 26 months (Table S5). With an exception of farms with 20 cows 
in which the most productive groups were with AFC 24.1 – 32 months and farms with 201 – 500 cows 
that showed similar tendency. 

In HB group results showed similar tendencies to have higher lifespan in all farm sizes in groups 
with late AFC (> 28 months) and the longest LS was observed in groups with AFC <28 months (Tables 
S6 and S7). In HB cow group highest MPD and MPPD were observed in cow group with AFC < 24 
months in all farm groups with exception of farms with > 500 cows, where the higher MPPD was 
observed in group with AFC >28.1 months (Table S8). 

3.5. Survival Analysis 

PL for culled and alive cows was evaluated by survival analysis. Kaplan–Meier survival curves 
(Figure 3) showing the length of productive life in RB and HB breeds. Median of productive life 
length was 1,278 days for RB and 1,086 days for HB cows. The median productive life was 
significantly longer in RB (1,278 days; 95% CI: 1,269–1,287 days) compared with HB cows (1,086 days; 
95% CI: 1,081–1,091 days) by 192 days (p < 0.0001). 

 

Figure 2. Survival probability of productive life in Red (RB) and Holstein (HB) breeds. 
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Figure 4. Survival probability of productive life in Red (RB) and Holstein (HB) breeds depending on (1) birth 
year, (2) age at first calving (AFC), and (3) farm size. 

Cow’s PL depends on the birth-year factor (Figures RB1 and HB1). PL showed a gradual decline 
across cowsʹ birth year groups in both breeds. The reduction in median PL from the earliest to the 
latest year group was approximately 33 days in RB and 66 days in HB cows. In RB, median PL ranged 
from 1,253 to 1,286 days, and in HB cows from 1,064 to 1,130 days. Differences in survival curves 
among birth-year groups were statistically significant (log-rank test: RB p < 0.05; HB p < 0.0001). 

RB and HB cows’ PL depends on the age at the first calving (Figure RB2 and HB2) (p < 0.0001). 
HB median of PL ranges from 1,052 to 1,134 days, with the lowest PL median for cows with AFC 
lower than 22 months (1,052 days; 95% CI 1,034–1,068 days) and the highest PL median for cows with 
AFC higher than 32 months (1,134 days; 95% CI 1,119–1,150 days). 

RB median of PL ranges from 1,211 to 1,430 days, with the highest PL median for cows with AFC 
lower than 22 months (1,430 days; 95% CI 1,382–1,479 days) and the lowest PL median for cows with 
AFC 30.1 - 32 months (1,211 days; 95% CI 1,176–1,240 days). 

RB cows have higher overall variation around AFC groups (219 days) in comparison with HB 
cows (82 days). Kaplan–Meier analysis shows contrasting patterns between breeds: median PL 
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increased slightly with AFC in HB cows, whereas an inverse relationship between AFC and PL was 
observed in RB. 

Cow’s PL depends on farm size (Figure RB3 and HB3). The farm size significantly influenced PL 
in both breeds. In RB, the median of PL varied from 650 (95% CI 591–780 days) to 1496 days (95% CI 
1,482–1,509 days), with the highest PL values observed in small farms with a number of cows up to 
twenty and the lowest PL in big farms with a number of cows in the herd higher than 500. In HB 
cows, median PL ranged from 653 (95% CI 626–673 days) to 1344 days (95% CI 1,336–1,352 days), 
following a similar ranking pattern across farms. Across all farm groups, RB exhibited a longer 
productive life than Holstein cows. Differences in survival curves among farm groups were 
statistically significant (log-rank test, p < 0.0001). 

4. Discussion 

The present study provides a comprehensive evaluation of longevity and productivity-related 
traits in RB and HB dairy cows born between 2010 and 2019, with particular emphasis on the effects 
of year of birth, age at first calving (AFC), and farm size. The results clearly demonstrate that 
longevity and its characteristics in dairy cattle cannot be interpreted solely in terms of lifespan 
duration, but must be assessed in conjunction with productive efficiency, expressed as lifetime and 
life day milk productivity [39]. 

4.1. Changes in Longevity and Milk Productivity over Time 

In the period from 2010 to 2023 average milk yield for cows under recording in Latvia increased 
by 2,827 kg (from 5987kg in 2010 to 8814kg in 2023) [40]. It was achieved due to the increased 
proportion of HB cows in Latvian dairy herds, improved animal genetic quality, as well as due to 
improved housing and feeding conditions in dairy farms. The tendency was not observed only on 
Latvian dairy farms, but also in European dairy herds [41]. In studies performed in Latvia were 
determined that from 2012 to 2021 the number of high yielding dairy cows increased by more than 2 
times (accordingly 28,749 and 66,751 thousand) with the side tendency for the total number of dairy 
cows to decrease [42]. 

In studies, the birth year was deemed to be an important factor that strongly influences the 
length of productive life. There is global tendency for PL length to gradually decrease in more recent 
years, while milk productivity has opposite trend. In present study cows born in more recent years 
exhibited shorter rearing periods, indicating improved heifer rearing efficiency and earlier entry into 
production [11]. In modern dairy farms with the increase of cow productivity occur changes in the 
culling reasons [43]. Due to high productivity levels dairy cows are often forced culled from herds 
due to metabolic performance [18,44], health issues [16,17,24], reproductive performance [45,46] and 
other management issues [46–48]. In numerous studies similar tendency – for cows with longer 
productive life to have lower production per one life or productive life day – has been observed. [49–
51] 

4.2. Influence of Age at First Calving 

Optimal AFC can vary under the influence of in-farm or various animal-level factors. The heifer 
rearing process in dairy farm can be increased if there are some problems in animal feeding, health 
and farm management [52]. In present study increased AFC in cows’ lifetime for both analyzed 
breeds leads to decreased lifetime milk productivity as well as MPD and MPPD. The tendency is 
observed in studies in Europe, where cows with later AFC characterized with longer total LS, but 
shorter PL and lower MPD and MPPD [32,53–55]. 

The recommendations for optimal AFC vary in different studies with as low as 22 or as high as 
26 months [49,51,56]. With the increase of investments during the rearing period of dairy heifers and 
lower productive returns in present study it was not beneficial to increase AFC over 28 months in RB 
group and over 24 months in HB group. These breed specific differences likely reflect variations in 
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breed growth patterns, body size, and metabolic demands. Studies have reported that cows calving 
at younger ages (around 22–24 months) often improve herd life and lifetime productivity compared 
to older AFC cow groups. For example, heifers with first calving ages ≤ 24 months showed better 
performance in herd life and lifetime milk production in pasture-based systems compared to older 
AFC groups – cows in classes of AFC > 28 months without compromising reproductive performance 
[57]. In present study, animals with AFC between 22 and 26 months had more lactations (3.95 
lactations) and total lactation days (1287days) during their life. 

In our previous studies on Holstein Black-and-White and Holstein Red-and-White dairy cows 
optimal AFC for higher MPD was < 27 months, while for Holstein Red-and-White type maximums 
productivity results were obtained in groups where cows calved first time at 27 – 29 months [58] 

4.3. Effect of Farm Size 

The farm size does not only refer to the number of animals per herd, but also indicates housing, 
feeding, and management systems in the herd. The basic characteristics of Latvian dairy farms in 
2018 were that up to 5 cow farms usually had tied housing with 98% possibility for mechanization 
covering only water supply and milking process, whilst cow farms with 50 – 200 cows mixed results 
– in 50% of farms dairy cows were kept tied and in 50% in a loose housing system. In farms with 50 
– 200 cows, all farms had a mechanized water supply, milking and manure removal and in 95% 
possibility – feeding. If farm had more than 200 cows, the housing system was loose, and all basic 
work was performed mechanically or was fully automatized [55]. 

In our study, farm size emerged as a significant herd-level factor influencing both longevity and 
milk productivity traits. In studies dedicated to the evaluation of farm size on milk productivity level, 
it is proven that in herds with smaller number of cows, daily milk yield from one cow is lower than 
in bigger farms [50,51]. In terms of longevity global trends show that farms with smaller number of 
cows, has better results in the total and productive lifespan, while better lifetime and life-day milk 
productivity are occurring in farms with higher number of animal [59]. Both RB and HB cows LS and 
PL decreased with increasing farm size. The longest LS and PL were observed in small herds, whereas 
cows in large farms exhibited the shortest total and productive LS. These results indicate that 
management intensity, housing density and production pressure in large herds may negatively affect 
cow survival and productive persistence. 

At the same time productivity indicators showed opposite pattern. Both MPD and MPPD 
increased with farm size, reaching the highest values in medium-sized and large herds. This indicates 
that cows in larger farms are managed for higher milk output, likely due to improved feeding 
strategies, genetic selection and the use of precision technologies. 

However, the combination of higher productivity and shorter PL suggests a clear tradeoff 
between production intensity and longevity. While cows in large herds produce more milk per day, 
their shorter lifespan reduces the total lifetime output and increases replacement pressure. In contrast 
smaller farms appear to favor longevity over productivity intensity. 

5. Conclusions 

In the Latvian dairy cow population, cows of the RB group were characterized by significantly 
longer LS and PL; however, they exhibited lower MPD and MPPD compared with HB cows. A clear 
tendency was observed for RB cows to be more frequently kept on smaller farms, whereas HB cows 
predominated in intensive production systems with larger herd sizes. Cows born in earlier periods 
showed lower MPD and MPPD values in both groups, indicating improvements in productivity over 
time. 

The results suggest that extending AFC beyond 28 months in RB cows and beyond 24 months 
in HB cows is not beneficial for longevity of lifetime and life day productivity. Farm size had a 
significant effect on dairy cow longevity and milk production traits. In smaller farms cows of both 
breeds demonstrated longer LS and comparable average lifetime productivity. In contrast the highest 
MPD and MPPD values were observed in farms with 101 – 500 cows for the RB group and 101 – 200 
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cows for the HB group. Overall, these findings highlight the importance of breed specific 
management strategies and optimal farm size in improving dairy cow longevity and milk 
productivity. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
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cows depending on their AFC in farms with different number of cows; Table S5. Number of HB cows in different 
AFC and farm size groups; Table S6. The LS and PL of HB cows depending on their AFC in farms with different 
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Abbreviations 

The following abbreviations are used in this manuscript: 

RB Red breed 
HB Holstein breed 
LS Lifespan 
PL Productive life 
MPD Energy corrected milk productivity per life day 
MPPD Energy corrected milk productivity per productive life day 
ECM Energy corrected milk 
AFC Age at first calving 
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