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ABSTRACT 

Assessment of automated activity monitors for managing reproduction in dairy cows 

José Denis-Robichaud Advisor: 
University of Guelph, 2016  Dr. Stephen LeBlanc 

Automated activity monitoring (AAM) systems are among the tools available for managing 

reproduction on dairy cattle farms. The objective of this thesis was to explore the perception, use, 

and performance of different reproduction management practices, especially AAM systems.  

In a national survey, questions were asked on general and reproduction management, 

reproductive performance and opinions and perceptions of respondents toward reproduction on 

Canadian dairy farms. Farms had, on average, 77 lactating cows housed in tiestall (61%), 

freestall (37%), or bedded pack (2%) barns. The main reproduction management practice (means 

employed for > 50% of inseminations) used on farms were visual estrus detection (51%), timed 

artificial insemination (AI; 21%), AAM (10%), other management practice (2%), and a 

combination of management practices (16%). The average pregnancy rate (PR) was 17.6%, and 

did not differ among herds using different reproduction management practices. Improving 

performance was the main factor influencing decisions concerning reproduction for 80% of the 

respondents, and they perceived the performance of the tools and technologies they use 

(synchronization programs and AAM system) to be better than the performance of visual estrus 

detection.  

In a randomized controlled trial, cows were assigned either to be inseminated following a 

timed AI protocol (Double Ovsynch), or to be inseminated based on estrus detection by AAM. 

Overall, the odds of pregnancy at first insemination and by 88 DIM were not significantly 

different between the Double Ovsynch group and the AAM group, but there were significant 



interactions between treatment and herd for both pregnancy outcomes, indicating differences in 

the relative performance of Double Ovsynch and AAM between herds.  

Finally, a second randomized controlled trial assessed the association between the length of 

the luteal phase (normal or short), and the duration and intensity of estrus as detected by AAM. 

There was no significant effect of treatment when models were adjusted for confounders. 

To conclude, there is a large variability in performance among herds using AAM systems 

for managing reproduction on dairy farms and other herd characteristics and management 

strategies are likely causing this inconsistency.  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CHAPTER ONE 
REVIEW OF THE LITERATURE 

INTRODUCTION 

Since the development of artificial insemination (AI) in dairy cows in the 1940’s, its use 

has increased to 88% of dairy farms and 79% of dairy cows in the United States (USDA, 2009). 

While there were many advantages to the use of AI (Foote, 2002), detection of estrus and timing 

of insemination became the burden of dairy farmers (Senger, 1994; Roelofs et al., 2005b; 

Roelofs et al., 2010). Technologies such as timed AI (Pursley et al., 1997; Souza et al., 2008) and 

automated activity monitoring (AAM) systems (At-Taras and Spahr, 2001; Firk et al., 2002; 

Lovendahl and Chagunda, 2010) were developed to overcome the difficulties associated with 

estrus detection, but these tools also have limitations. The following review summarizes how 

reproductive performance is measured on dairy farms, presents current knowledge on 

reproductive physiology of dairy cows, and introduces how the physiology of estrus behaviors, 

the estrus detection, the technologies used to assist or replace estrus detection, and the 

management practices are associated with reproductive performance in dairy cows.  

REPRODUCTIVE PERFORMANCE 

Reproduction is a biological and economic cornerstone of the dairy industry (Meadows et 

al., 2005; De Vries, 2006; Giordano et al., 2012a). Evaluation of reproductive performance has 

been done using different measures. In a research setting in which insemination is controlled, 

conception risk (or pregnancy per AI) is useful to compare cows based on treatments, health, or 

metabolic variables. This measure is at best incomplete because it does not account for cows that 

were not inseminated, or for variation in the interval postpartum at AI (LeBlanc, 2005). The 

interval from calving to pregnancy accounts for the eligible animals that have not been 

inseminated, but does not directly measure the efficiency or success of AI (LeBlanc, 2005). 

Pregnancy rate (PR) represents the proportion of eligible cows (nonpregnant, past the voluntary 

waiting period) that become pregnant every 21 days (pregnancies per cow-21-days). For dairy 

farms, it is the measure that gives the least-biased estimates of reproductive performance because 
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it accounts for all cows at risk, with minimal lag as it is constantly updated with the last available 

data. Insemination rate (IR; proportion of eligible cows inseminated every 21 days) and 

conception risk (CR; proportion of cows inseminated that are diagnosed pregnant) both influence 

PR (Ferguson and Skidmore, 2013). Many factors such as reproductive physiology and 

reproduction management influence the frequency of insemination and the risk of conception. 

REPRODUCTIVE PHYSIOLOGY 

The estrus cycle in dairy cows is regulated by multiple hormones and normally results in 

ovulation every 18 to 28 days (Hartigan, 2004; Sartori et al., 2004; Remnant et al., 2015). The 

interaction among the different hormones is a combination of positive and negative feedback on 

multiple organs (Figure 1.1).  

Understanding the details and interactions in reproductive physiology can be a major 

challenge for researchers. Due to limited physical access to the hypothalamus and anterior 

pituitary, the necessity for frequent measurement of some hormones due to pulsatile secretion, 

differences between circulating and local concentrations, and the difficulty of observing 

individual effects and interactions of different hormones, the study of reproductive physiology is 

often studied in a small number of animals, in vitro, or in model species such as mouse, rat, or 

sheep (Robinson et al., 2001; Richter et al., 2005; Gillies and McArthur, 2010; Reames et al., 

2011). The following sections are a brief summary of current knowledge of the hormonal 

interactions among the hypothalamus, the anterior pituitary, the ovarian structures, and the 

uterus. 

Gonadotropin-releasing hormone (GnRH) is secreted by the GnRH-releasing neurons, 

situated in the arcuate nucleus of the hypothalamus (Van Eerdenburg et al., 2000; Gillies and 

McArthur, 2010), in pulsatile and surge patterns, during basal and pre-ovulatory secretion, 

respectively (Moenter et al., 1992). The surge of GnRH is stimulated by the release of kisspeptin, 

a peptide synthetized by neurons in the arcuate nucleus and preoptic area of the hypothalamus 

(Ohkura et al., 2009; Daniel et al., 2015). From the hypothalamus, GnRH reaches the anterior 

pituitary through the hypophyseal vessels, then binds to its receptor on the gonadotrophic cells 
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(Kakar et al., 1993; Rispoli and Nett, 2005). Both gonadotropins, luteinizing hormone (LH) and 

follicle-stimulating hormone (FSH), are stored in the cytoplasm of the gonadotrophic cells, and 

are released following the binding of GnRH to its receptors (Weck et al., 1998; Vasilyev et al., 

2002). Gonadotropins reach the ovaries by blood circulation where they contribute to the 

development and function of follicles and corpus luteum (CL).  

Following ovulation of the dominant follicle, the granulosa and theca cells luteinize under 

the influence of LH (Alila and Hansel, 1984) and form the CL. The main function of the CL is to 

produce progesterone (P4) to maintain pregnancy if a conceptus is present. Progesterone blocks 

the positive feedback of estradiol on the hypothalamus and anterior pituitary, and consequently 

blocks estrus behavior and decreases GnRH and gonadotropin secretion (Gumen and Wiltbank, 

2002; Richter et al., 2005). It is also suggested that P4 is necessary before ovulation because it 

allows storage of LH in the pituitary, and sensitizes the hypothalamus to estradiol by increasing 

estrogen alpha receptors in the hypothalamus (Johnson and Ulberg, 1967; Schoenemann et al., 

1985; Gumen and Wiltbank, 2002; Daniel et al., 2015). 

Progesterone also modifies gene expression in the endometrium (Robinson et al., 2001; 

Forde et al., 2009). Throughout the estrus cycle, exposure of the uterus to P4 reduces the 

expression of P4 receptors, usually after 10 to 11 days (Kimmins and MacLaren, 2001; Robinson 

et al., 2001; Schams and Berisha, 2004). In absence of conceptus signaling (interferon tau), the 

decrease of expression of P4 receptors is followed by a release of prostaglandin F2α (PGF2α) 

which is transported from the uterine vein and the ovarian artery to the ovaries (Forde et al., 

2011), and causes luteolysis (Baird et al., 1976; Lamothe et al., 1977). 

The development of ovarian follicles follows a wave pattern which consists of four phases: 

recruitment, selection, dominance, and atresia or ovulation. The emergence and growth of a 

cohort of follicles is due to the effect of FSH on the granulosa cells (Camp et al., 1991; Ginther 

et al., 2000). Then, during the selection phase, the dominant follicle expresses more LH receptors 

in the theca and the granulosa cells, and increases its production of estradiol and inhibin, which 

reduce circulating FSH by their negative feedback on the anterior pituitary. The rest of the cohort 
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of follicles regress due to the decrease in FSH and the dominant follicle continues its growth and 

its estradiol production under LH influence. Under low P4 concentration (absence of CL), LH 

pulses have shorter intervals and increased amplitude, which promotes the growth of the 

dominant follicle and its estradiol production (Robinson et al., 2006). 

The effect of estradiol on the arcuate nucleus of the hypothalamus is to increase the density 

of dendritic synapses by activating the alpha-receptors of the kisspeptin- and GnRH-releasing 

neurons, and also to reduce the GABAergic synapses of the interneurons. Increasing the 

excitatory inputs (dendritic synapses) and decreasing the inhibitory inputs (GABAergic 

synapses) results in an increase of neuronal firing and a massive release of GnRH (Van 

Eerdenburg et al., 2000; Gillies and McArthur, 2010; Daniel et al., 2015). The positive feedback 

of estradiol on the hypothalamic-pituitary axis (kisspeptin and GnRH), in absence of P4, leads to 

the LH surge release by the pituitary, and results in the ovulation of the dominant follicle 

(Richter et al., 2005; Robinson et al., 2006; Daniel et al., 2015).  

The minimal concentration of estradiol to cause a LH surge has not been identified, but a 

concentration of 3 pg/mL caused a LH surge 16 to 17 hours after the increase in estradiol in some 

cows, and concentrations greater than 6 pg/mL caused it in all cows (Reames et al., 2011). Even 

though no minimal concentration of LH has been clearly identified to cause ovulation, Robinson 

et al. (2006) suggested that a concentration greater than 3 ng/mL in the 36 hours preceding 

ovulation can be considered a surge. This threshold catches the individual variability of LH surge 

concentration found in previous studies (6 ± 1, and 12 ± 7 ng/mL; Robinson et al., 2005; 

Sumiyoshi et al., 2014). Interestingly, the LH surge was of a greater magnitude with a higher 

concentration of estradiol (12 pg/mL) preceeding the LH peak, suggesting a dose-dependent 

response (Reames et al., 2011).  

The estrus cycle results from the dynamics among the pituitary hormones (LH and FSH), 

and the ovarian structures (CL and follicles) and their hormones (P4 and estradiol, respectively). 

The day of estrus is usually considered the first and the last day of the cycle. The beginning of 

estrus is shortly followed by the LH surge, and by ovulation 30 (19 to 49) hours later (Walker et 
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al., 1996; Roelofs et al., 2005b; Bloch et al., 2006). After ovulation, the dominant follicle forms 

the CL that produces P4 until its lysis 18 days later, following the release of PGF2α (Savio et al., 

1990; Ranasinghe et al., 2011). This period is known as the luteal phase. During the cycle, there 

are usually two (75% of lactating cows), but sometimes more follicular waves (Savio et al., 

1990; Bleach et al., 2004). Only dominant follicles under a low-P4 environment become pre-

ovulatory and ovulatory follicles (Cerri et al., 2011). This period is known as the estrus or the 

follicular phase. During this phase, the low circulating concentration of P4 and the increasing 

level of estradiol result in the expression of estrous behavior in dairy cows (Allrich, 1994; 

Roelofs et al., 2010). 

The complexity of the interactions among the organs and hormones involved in the estrus 

cycle implies that many factors can potentially affect the cycle, the expression of estrus, or both. 

Many dairy cows fail to be detected in estrus following the previously described pattern 

(Remnant et al., 2015). This can be the result of an alteration of the cycle, such as a prolonged 

anovulatory period following the parturition in dairy cattle (Crowe, 2008; Gautam et al., 2010; 

Dubuc et al., 2012), or short or prolonged luteal phases (Mann and Lamming, 2000; Ranasinghe 

et al., 2011; Kafi et al., 2012). Prolonged anovulation has been reported to be affecting 17 to 27% 

of cows 60 days after parturition (Walsh et al., 2007; Dubuc et al. 2012; Denis-Robichaud and 

Dubuc, 2015). Failing to identify cows in estrus can be due to the absence of normal estrus cycle, 

but it can also be due to a lack of estrus expression or detection, despite normal physiologic 

function.  

ESTRUS BEHAVIOR AND DETECTION 

A high concentration of estradiol not only causes the arcuate nucleus in the hypothalamus 

to secrete GnRH, but also activates alpha receptors in the ventromedial nucleus that increase 

spine and synaptic density in the nucleus which regulate sexual behavior (Blache et al., 1991; 

Van Eerdenburg et al., 2000; Gillies and McArthur, 2010).  

Recent studies show that the duration, timing, and probably intensity of estrus (conflicting 

results) are influenced by the circulating concentration of estradiol (Katz et al., 1980; Roelofs et 
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al., 2005b; Reames et al., 2011; Aungier et al., 2015). Blood estradiol of 12 to 18 pg/mL is 

associated with stronger and more frequent signs of estrus than lower concentrations (Roelofs et 

al., 2005b; Reames et al., 2011). Considering that those levels are above that necessary to cause 

the LH surge (6 pg/mL; Reames et al., 2011), it is also possible that LH surge (and ovulation) 

occur without behavioral signs of estrus. The lack of estrus expression is critical to estrus 

detection, but even a decreased duration or intensity of behaviors has a great potential to affect 

estrus detection (Dransfield et al., 1998; Lopez et al., 2004; Wiltbank et al., 2006). High milk 

yield, parity, and lameness have been associated with decreased expression of estrus, but also 

with decreased circulating estradiol, likely due to elevated steroid catabolism (Wiltbank et al., 

2006; Walker et al., 2010; Morris et al., 2011).  

Besides its association with estrus behavior, circulating estradiol concentration has also 

been found to be associated with conception risk (Bleach et al., 2004; Cerri et al., 2004; Lopes et 

al., 2007; Stevenson and Pulley, 2016). Hormonal level during spontaneous estrus, or 

administration of exogenous estradiol cypionate allowed observation that lower circulating 

estradiol concentration caused longer duration of follicle development, but did not affect embryo 

quality (Bleach et al., 2004; Cerri et al., 2009). Results from Mann and Lamming (2000) 

suggested that circulating estradiol was associated with the expression of oxytocin receptors in 

the endometrium and its production of prostaglandins, and consequently played a role in 

maintaining pregnancy in the days following insemination. Estradiol concentration < 4 pg/mL at 

insemination resulted in decreased likelihood of ovulation and conception compared to 

concentration ≥ 4 pg/mL (Stevenson and Pulley, 2016). 

The same study found that the probability of ovulation was the same between medium P4 

concentration (0.53 to 2.41 ng/mL) and low concentration (< 0.53 ng/mL) at insemination, but 

the risk of pregnancy was not (Stevenson and Pulley, 2016). As mentioned previously, P4 blocks 

the estradiol positive feedback on the hypothalamus and pituitary, which affects estrus behavior 

as well as fertility (Gumen and Wiltbank, 2002; Richter et al., 2005). High P4 at insemination 

also has an impact on sperm transport (Pearce and Robinson, 1985), and could affect fertilization 

(in vitro; Silva and Knight, 2000).  
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Studying the impact of hormone profiles on estrus, ovulation and conception is not an easy 

task as it requires intensive sampling and expensive testing. It is also difficult to isolate the effect 

of different hormones as they are interdependent (Figure 1.1). The use of exogenous hormones in 

lactating (Gumen and Wiltbank, 2002; Cerri et al., 2004; Lopes et al., 2007; Stevenson and 

Pulley, 2016), and ovariectomized (Reames et al., 2011) cows, and the observation of hormone 

concentrations during spontaneous estrus (Bleach et al., 2004; Cerri et al., 2009; Stevenson and 

Pulley, 2016) helped to understand mechanisms and thresholds for estrous behavior, or ovulation. 

There is a lot of information concerning the association between circulating estradiol, LH, and 

P4 during estrus or at insemination, and estrus behavior, ovulation, or conception risk. The 

hormonal concentrations during estrus are influenced by the previous cycle (Johnson and Ulberg, 

1967; Gumen and Wiltbank, 2002), but the impact of the luteal phase profile on estrus expression 

has not been considered separately. 

Many signs are used to identify the onset of estrus and to determine when to inseminate. 

Estrous behaviors are not considered equally important (Stevenson et al., 1983; Van Eerdenburg 

et al., 1996). Standing to be mounted has been considered the primary sign of estrus, followed by 

mounting other cows, and by other secondary signs such as sniffing other cows, chin resting, 

restlessness, presence of clear mucous vaginal discharge, and vocalizing (Hurnik et al., 1975; 

Stevenson et al., 1983; Van Eerdenburg et al., 1996). The sensitivity and specificity, but also the 

time to ovulation are useful to evaluate the accuracy and utility of various signs for successful 

insemination. The sensitivity of a sign can be defined as the proportion of estrus events that are 

correctly identified by the presence of this sign or, in other words, how often a given sign is 

present when a cow is really in estrus (Figure 1.2).  

This definition leads to another definition problem: What is a true estrus? Change from 

high to low to high P4 concentrations in blood or milk has been used to validate a true estrus 

event (gold standard), combined with estrus signs or not (Van Eerdenburg et al., 1996; Heres et 

al., 2000; Holman et al., 2011). Confirmation of ovulation using ultrasound when estrus signs are 

observed has also been used as a gold standard (Roelofs et al., 2005b). These approaches assume 

they are identifying the ovulation of a dominant follicle during a period of low P4, and that it 
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represents a true estrus. The use of estrus signs with confirmation of ovulation is likely to miss 

estrus with less intense or less frequent signs, or silent ovulation. It is unclear if silent ovulation 

should be considered as a true estrus. Intensity of estrus was associated with fertility (Bleach et 

al., 2004; Cerri et al., 2004; Lopes et al., 2007; Stevenson and Pulley, 2016), and it is possible 

that silent ovulations are unlikely to result in pregnancy. Assuming silent ovulations are not 

estrus events, using only variation in P4 concentrations would falsely decrease the sensitivity.  

The specificity of a sign is even more difficult to estimate as it is difficult to define exactly 

when the cow is truly not showing estrus signs (Figure 1.2). Consequently, the positive 

predictive value (PPV) of a sign is more frequently used as it does not require accounting for the 

absence of signs of estrus (i.e., proving true negative status). One problem with using predictive 

values is that they are affected by prevalence, which results in different values for different 

populations (Dohoo et al., 2009). In the case of estrus detection, the PPV would change 

according to the proportion of estrus and non-estrus periods in a given study.  

Table 1.1 shows the sensitivity and PPV of different estrus signs, and of a combination of 

signs, to identify estrus. Even though standing to be mounted is the primary sign, relying only on 

this sign would cause many false negatives (low sensitivity), and consequently decrease the 

possibilities of inseminations and pregnancies. Even though the PPVs of secondary signs are 

lower, their sensitivities are higher than standing mount alone. Van Eerdenburg et al. (1996) 

created a scoring system using a combination of signs: standing to be mounted (100 points), 

mounting head side of other cows (45 points), mounting (or attempting) other cows (35 points), 

resting chin on other cows (15 points), sniffing vagina of other cows (10 points), being mounted 

but not standing (10 points), restlessness (5 points), cajoling (3 points), and mucous vaginal 

discharge (3 points). When cows were observed two or three times per day for 30 minutes, a total 

score > 50 for a 24-hour period was considered as an estrus event. The variability in sensitivity 

values presented in Table 1.1 was due to the number of animals in estrus in the same period 

(higher sensitivity when more cows are in estrus; Roelofs et al., 2005b).  
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Estrus behavior, and detection, can be affected by intrinsic factors such as circadian cycle 

(Pennington et al., 1985; Lopez et al., 2004), or management factors such as type of barn, and 

flooring (King et al., 1976; Pennington et al., 1985; Vailes and Britt, 1990). The amount of time 

spent to detect estrus can also affect sensitivity due to missed estrous behavior. European studies 

showed that three 30-minute periods of observation per day resulted in identifying 74 to 90% of 

cows in estrus (defined as estrus behavior followed by ovulation), when looking for primary and 

secondary estrus signs (Van Eerdenburg et al., 1996; Roelofs et al., 2005b; Cutullic et al., 2009). 

A survey on large commercial farms in the United States found that an average of 27 minutes, 3 

times per day was allocated to estrus detection, but the method used by farm workers was not 

specified and most respondents reported doing other tasks while looking for estrus (Caraviello et 

al., 2006b). There is no information on the time allocated to estrus detection on Canadian dairy 

farms. Furthermore, dairy farmers in Canada have reported lacking time to detect estrus, desiring 

to decrease labor on their farm, and facing problems with workers’ ability to detect estrus 

(Bergman and Rabinowicz, 2013; Neves and LeBlanc, 2015). 

Identifying cows in estrus is necessary for insemination, but inseminating cows at the right 

time is essential to result in a pregnancy (Dransfield et al., 1998). The time between the first 

standing-to-be-mounted event and ovulation is , on average (± SD), 26 to 27 ± 5 hours (Walker et 

al., 1996; Roelofs et al., 2005b). Cows inseminated 4 to 16 hours after the first standing estrus 

event (detected by pressure-sensitive, rump-mounted devices) were more likely to be pregnant 

than cows inseminated 0 to 4, or 16 to 26 hours after (Dransfield et al., 1998). Cows inseminated 

0 or 12 hours after the first standing event had better quality embryos than those inseminated 24 

hours after, but fertilization risk increased with time (66% at 0 hour, 79% at 12 hours, and 82% at 

24 hours; Dalton et al., 2001). These studies defined the onset of estrus as the first standing-to-

be-mounted event, which as discussed previously, is likely to miss estrus events. Other 

behavioral signs happen before and after standing to be mounted, and an AM-PM insemination 

schedule (i.e., inseminating in the morning following first detection of estrus behavior the 

previous afternoon, or in the afternoon following a morning onset of estrus behavior), if 

observation for estrus behavior is performed regularly, allows insemination to happen in the 
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window of time before ovulation that is associated with higher CR. Two large-scale studies 

found that the AM-PM schedule following visual estrus detection (standing to be mounted or 

other behavior) did not improve CR compared to a once a day (mid-morning) AI schedule 

(Foote, 1979; Nebel et al., 1994). Up to 73% of estrus were detected in the morning, which likely 

contributed to the similar CR when cows were inseminated at midday, once per day (Foote, 

1979). 

TIMED ARTIFICIAL INSEMINATION 

Hormonal programs to synchronize ovulation allow bypassing estrus detection challenges 

by inseminating cows without estrus detection, and programming the timing of insemination 

(Pursley et al., 1997). Reproductive hormones are used by 87% of large commercial herds, and 

58% of all herds in the United States (Caraviello et al., 2006b; USDA, 2009), and different 

programs have been developed to maximize the reproductive performance resulting from them. 

Different combinations of GnRH and PGF2α are used to control the estrus cycle. The protocols 

were developed to optimize follicular and luteal development, induce complete lysis of the CL 

following the last exogenous PGF2α, and induce ovulation at the end of the programs (Figure 1.3; 

Wiltbank and Pursley, 2014).  

 The first program to synchronize ovulation was named the Ovsynch program (Pursley et 

al., 1997). The objective of this program (GnRH – 7 days – PGF2α – 56 hours – GnRH – 16 

hours – AI) was to induce, with the last GnRH, ovulation of a follicle with great risk of 

conception. Ovulation following the first GnRH was shown to increase the risk of conception at 

AI, and different research groups proposed presynchronization programs to achieve a maximum 

of ovulation at the beginning of the Ovsynch (Moreira et al., 2001; Bello et al., 2006; Souza et 

al., 2008). These programs resulted in 38 to 50% pregnancy per AI, and were considered 

equivalent or superior to AI following estrus detection, especially for the programs using 

presynchronization (Pursley et al., 1997; Moreira et al., 2001; Bello et al., 2006; Souza et al., 

2008). 
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The use of synchronization programs for exclusively timed AI was shown to be 

economically beneficial in herds with poor CR for AI following estrus detection (inaccurate 

estrus detection), or low IR (lack of estrus detection; Giordano et al., 2012a; Galvão et al., 2013). 

The proportion of pregnancy per AI following the different timed AI protocols, or estrus 

detection was more influential on the net economic benefit of the program than the costs 

associated with the different programs (labor and injection costs). 

The programs with the highest proportion of pregnancy per AI have the longest duration as 

they require presynchronization (Figure 1.3). The length of these programs limits their use to the 

first insemination postpartum (Giordano et al., 2012b; Giordano et al., 2013). Moreover, 

compliance (i.e., giving all the injections and inseminating at the scheduled moments) with 

synchronization programs has been reported to vary between 67 and 81% in controlled trials 

under field conditions (Jordan et al., 2002; Stevenson and Phatak, 2005), and the high number of 

injections needed to successfully implement these programs raises the question of variation 

among herds in the ability to achieve results reported in the literature. Lack of compliance 

greatly affects the performance and the economic benefits of timed AI programs (Galvão et al., 

2013).  

Another potential limitation to the use of reproductive hormones is that recent studies 

identified it as a concern among veterinarians and consumers (Higgins et al., 2013; Jung et al., 

2015; Pieper et al., 2016). Social science studies showed that consumers’ food purchasing 

choices are mainly cost-driven, but that they also assume the dairy industry is meeting 

consumers’ values-based expectations (von Keyserlingk et al., 2013). Appleby et al. (2003) 

suggested that policy and practice decisions should be made by the dairy industry and the 

legislative entities to address the main concerns of society and so preserve its social licence. In 

regard to the use of reproductive hormones, it is improbable that their use will cease in North 

America, but alternatives to visual estrus detection can be implemented to decrease their use and 

appease consumer concerns.  
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AUTOMATION OF ESTRUS DETECTION 

Considering the time and skills involved in estrus detection, automation of the process can 

be of great help to dairy farmers. Detection of increased activity and detection of standing mount 

events were suggested for automated estrus detection (Senger, 1994). As described previously, 

standing to be mounted lacks sensitivity to be the sole criterion for insemination. The increase in 

activity, while less specific than standing to be mounted, has the potential to reliably identify 

estrus events with the development of sensors and algorithms. 

The estimation of step counts using pedometers started decades ago as an aid for estrus 

detection, with variable success (Kiddy, 1977; Pennington et al., 1986). More recent technology 

has integrated algorithms to identify the onset of the increase in activity compared to each cow’s 

baseline (At-Taras and Spahr, 2001; Firk et al., 2002; Lovendahl and Chagunda, 2010). 

Contemporary sensors use accelerometers to measure step counts, movement, or lying behavior, 

employ microphones to measure rumination, or combinations of these (Peralta et al., 2005; 

Holman et al., 2011; Kamphuis et al., 2012).  

As for estrus detection in general, AAM systems’ ability to detect estrus can be 

characterized by sensitivity and PPV (Figure 1.2). Multiple systems have been evaluated, but the 

gold standard used for estrus was not consistent among studies. Progesterone variation (high to 

low to high) is commonly used to define estrus, but identifies ovulation without signs of estrus 

(silent ovulation) as true estrus. The sensitivity of the systems ranges from 56 to 94% when using 

P4 change as the gold standard (Hockey et al., 2010; Lovendahl and Chagunda, 2010; Holman et 

al., 2011; Aungier et al., 2012; Kamphuis et al., 2012). Estrus behavior with or without 

confirmation of ovulation has also been used as a gold standard for estrus (At-Taras and Spahr, 

2001; Roelofs et al., 2005a). This approach should generate better sensitivity than using the 

progesterone variation as it does not consider silent ovulations as true estrus. Sensitivity and PPV 

using ovulation or estrus behavior as the gold standard does not address the problem of 

pregnancy following the estrus detected by AAM systems. Finally, some studies used successful 

AI to define true estrus (Brunassi et al., 2010; Jónsson et al., 2011; O’Connell et al., 2011). This 

would however, result in many false negatives if the cows did not conceive for any other reasons. 
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The three studies using this approach used only cows that became pregnant, even for the PPV 

calculation (pregnant cows that had an estrus event detected / [pregnant cows that had an estrus 

event detected + cows with an estrus event at another time than the successful AI]), which 

resulted in PPV between 82 and 98% (Brunassi et al., 2010; Jónsson et al., 2011; O’Connell et 

al., 2011). This approach is mainly used to develop algorithms for the system, but has a poor 

external validity due to selection bias (it is unclear if the accuracy of AAM to detect estrus is 

different between pregnant and non-pregnant cows). 

Table 1.2 shows that most AAM systems will identify 50 to 95% of estrus events. The 

variability in sensitivity and PPV within the same system depends on the threshold used to 

identify estrus (Roelofs et al., 2005a; Brunassi et al., 2010; Hockey et al., 2010; Lovendahl and 

Chagunda, 2010). Changing the threshold to increase sensitivity increases the number of false 

positives, and decreases PPV (Dohoo et al., 2009). Insemination rate is crucial to maximize 

pregnancy rate, and increasing the sensitivity of the AAM systems would contribute to this 

objective. However, inseminating a cow that is not in estrus (false positive) implies an extra cost 

for the semen and labor, decreases the number of pregnancies per AI, and can potentially cause 

embryonic losses in pregnant cows (Sturman et al., 2000). It also unnecessarily delays pregnancy 

by waiting to confirm non-pregnancy before rebreeding. Studies looking at accuracy of AAM 

systems are useful as they describe important characteristics of the systems, and explore multiple 

thresholds and algorithms for processing the activity data. They are however, often completed 

with a limited number of cows due to the intensive and expensive sampling schedule required to 

identify true estrus events (daily P4, or ultrasound).  

Sensitivity and PPV give interesting information on the ability of the systems to identify 

cows in estrus. However, prolonged anovulation, as for visual estrus detection, can have a great 

impact on the performance of AAM systems, but sensitivity and PPV do not reflect cows that do 

not ovulate or display estrus. The timing of ovulation relative to the estrus signaled by AAM 

systems can also have an impact on CR. Time between the onset of activity as detected by AAM 

and ovulation has not been assessed for all systems (Table 1.2). It was, on average, 29 to 33 

hours, but the variation was wider in some studies (SD = 4 to 12 hours; Roelofs et al., 2005a; 
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Hockey et al., 2010; Valenza et al., 2012). It is not clear what factors affect the interval from 

onset of activity to ovulation, but parity and milk production are likely to play a role (Valenza et 

al., 2012; Stevenson et al., 2014). In a small study, cows inseminated 0 to 24 hours after the onset 

of estrus as detected by AAM system were more likely to be pregnant then cows inseminated 

more than 24 hours after (Maatje et al., 1997). Two recent studies found an interaction between 

time of insemination and parity (Stevenson et al., 2014; LeRoy, 2016). They both found CR did 

not, or barely changed for multiparous cows between 0 and 24 hours from AAM alert to AI, but 

primiparous cows inseminated 13 to 16 hours after the onset of estrus were more likely to 

become pregnant in one study (Stevenson et al., 2014), and primiparous cows inseminated 0 to 8 

hours after the onset of estrus had higher CR in the other (LeRoy, 2016). These differences are 

difficult to explain, but might be due to the use of different systems, activity thresholds, or farm-

related variables. Moreover, intensity of estrus expression is associated with CR (Bleach et al., 

2004; Cerri et al., 2004; Lopes et al., 2007; Stevenson and Pulley, 2016), which is also the case 

for intensity of estrus detected by AAM systems (López-Gatius et al., 2005; Aungier et al., 2015; 

Madureira et al., 2015). It is however, unclear how CR is associated with the timing of 

insemination and the intensity of estrus, and their interaction.  

The time or skills of farm staff do not limit estrus detection by AAM systems, but 

decreased activity at estrus can limit the ability of the systems to detect estrus events. At a herd 

level, barn characteristics associated with expression of estrus behavior are likely to be 

associated with estrus detection by AAM systems, but there is no published study exploring these 

associations. It is possible that barn type, flooring, cow comfort, and transition cow management 

have an impact on the intensity of estrus expression, specifically the magnitude and duration of 

increased activity at estrus, in addition to the effect of these variables on lameness and negative 

energy balance (Grummer et al., 2004; Dann et al., 2006; Cook and Nordlund, 2009). Body 

condition score (BCS), the level of milk production, and parity have been associated with estrus 

intensity and duration as detected by AAM systems (Madureira et al., 2015). Cows with a BCS ≤ 

2.5 had a peak activity index (Heatime ®, H-Tags, SCR Engineers, Netanya, Israel) 7 points 

lower, a peak activity relative increase (Boumatic Heat-seeker-TX®, Boumatic Dairy Equipment 
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Co., Madison, WI, United States) 50% lower, and a 2-hour shorter estrus event than cows with 

BCS ≥ 2.75. High producing cows (> 45 kg/d) had a peak activity index 10 points lower, a peak 

activity relative increase 40% lower, and a 2.5-hour shorter estrus event than low producing 

cows (≤ 31 kg/d). Multiparous cows had a peak activity index 7 points lower, a peak activity 

relative increase 30% lower, and a 2-hour shorter estrus event than primiparous cows. That said, 

these estimates come from a multivariable model which can produce biased estimates for milk 

production and parity as BCS is an intervening variable for both variables (Madureira et al., 

2015). It is consequently difficult to identify which is the most influent for estrus detection with 

AAM systems.  

Parity, the level of milk production, and BCS were also associated with concentrations of 

estradiol and P4 at estrus. Interestingly, estradiol concentration in a low P4 environment was 

only weakly correlated with intensity and the duration of estrus as detected by AAM systems 

(Madureira et al., 2015). The effect of estradiol on the behavior centers of the hypothalamus, in 

absence of P4, is believed to require a sensitization by previous exposure to P4 (increase in 

estrogen alpha receptors; Van Eerdenburg et al., 2000; Gillies and McArthur, 2010). In 

ovariectomized ewes, P4 priming was shown essential for estrous behavior following estrogen 

stimulation (Fabre-Nys and Martin, 1991). There is however, no information about the 

association between the P4 profile in the cycle preceding an estrus and the activity detected by 

AAM during estrus.  

Studies evaluating the accuracy of AAM systems are very important, but they do not 

evaluate the pregnancy per AI or time to pregnancy resulting from using the systems in a 

commercial settings. Randomized controlled trials on commercial farms have compared AAM 

systems to timed AI for management of first AI (Neves et al., 2012; Fricke et al., 2014; 

Dolecheck et al., 2016). These studies are representative of the performance resulting from using 

the AAM systems as a management approach. In these studies, the systems were used for first AI 

12 to 46 days after the end of the voluntary waiting period (VWP), then a synchronization 

protocol was used for the remaining cows. The CR for AAM systems at first insemination varied 

between 31 and 42% (Fricke et al., 2014; Neves and LeBlanc, 2015; Dolecheck et al., 2016). 
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Even though these studies used different synchronization programs for comparison, overall, time 

to pregnancy did not differ between AAM systems and timed AI groups (Fricke et al., 2014; 

Neves and LeBlanc, 2015; Dolecheck et al., 2016), which also resulted in almost no economic 

difference between the groups (Fricke et al., 2014). However, the relative performance of AAM 

systems compared to timed AI varied between herds, and the CR was higher for the timed AI 

group than in the AAM group in some herds, and similar in others (Neves et al., 2012; Fricke et 

al., 2014). Different systems and different management of the systems may explain the variation 

between studies, but it is unclear if other variables influenced the differences between herds.  

FARM MANAGEMENT  

As presented previously, many options such as visual estrus detection, timed AI, and AAM 

systems are available to farmers to manage reproduction. On large commercial dairy herds in the 

United States, a combination of visual estrus detection and timed AI was used in more than 90% 

of the herds, and aids to visual heat detection such as tail chalk were reportedly used in more 

than 50% of the herds, while pedometers were in only 8 to 13% (Caraviello et al., 2006b; 

Ferguson and Skidmore, 2013). The approach used for managing reproduction was not 

associated with reproductive performance on large samples of herd-level data, but other 

management practices such as the length of the VWP, accuracy of timing of insemination, 

stocking density, housing, insemination technique, and use of a resynchronization program were 

(not from controlled trials; Caraviello et al., 2006a; Schefers et al., 2010). Observational studies 

assessing management practices, and evaluating associations between management practices and 

reproductive performance were performed on large commercial herds in the United States 

(Caraviello et al., 2006a; Caraviello et al., 2006b; Schefers et al., 2010; Ferguson and Skidmore, 

2013). Their results, however informative, are unlikely generalizable to Canadian dairy herds due 

to differences in farm size, type of housing, and general management practices that exist between 

Canadian and United States dairy herds (USDA, 2009; Canadian Dairy Information Center, 

2014).  

Even though there seems to be a difference in reproductive performance according to the 

use of certain general management practices on farm, it is unclear what drives farmers’ decisions 
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to adopt management practices. Research presented in the previous sections focuses on 

performance (pregnancy per AI, and time to pregnancy) resulting from timed AI and AAM. It is 

crucial to identify the effectiveness of the management practices used on dairy farms, but 

identifying what motivates and challenges farmers to adopt different practices can contribute to 

better strategies and advices from farm advisors.  
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OBJECTIVES 

Dairy farmers face multiple challenges with estrus detection to achieve sustainable 

reproductive performance on their farms. The general objective of this thesis was to explore the 

perception, use, and performance of different reproduction management practices, especially 

AAM systems.  

The specific objectives were:  

Chapter Two 

• To identify difficulties and challenges Canadian dairy farmers are facing concerning 

reproduction on their farms 

Chapter Three 

• To describe reproductive management practices on Canadian dairy farms 

• To identify the associations of farm management practices with reproductive 

performance 

Chapter Four 

• To compare the performance of timed AI and AAM systems as management practices for 

first insemination 

• To evaluate the association between health indicators and the probability of detecting 

cows in estrus with AAM systems 

Chapter Five 

• To evaluate the association between the length of the luteal phase and the expression of 

estrus as detected by AAM systems. 
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Table 1.1. Sensitivity, and positive predictive value for primary (standing mount) and secondary 

estrus signs, as well as the time to ovulation when these signs are observed (summarized from 

Van Eerdenburg et al., 1996; Heres et al., 2000; Van Eerdenburg et al., 2002; Roelofs et al., 

2005b) 

1Gold standard: estrus signs and ovulation (ultrasound; Roelofs et al., 2005b) 

2Positive predictive value; gold standard: estrus signs and low progesterone (Heres et al., 2000) 

3Total score of 50 points for a 24 hour period (standing to be mounted, 100 points; mounting 

head side of other cows, 45 points; mounting (or attempting) other cows, 35 points; resting chin 

on other cows, 15 points; sniffing vagina of other cows, 10 points; being mounted but not 

standing, 10 points; restlessness, 5 points; cajoling, 3 points; and mucous vaginal discharge, 3 

points; van Eerdenburg et al., 1996) 

Sensitivity1 PPV2 Time from first 
observation to ovulation

Standing mount 20 – 79 % 99% 26 (± 5) h

Mounting other cows 76 – 100 % 94% 29 (± 5) h

Sniffing other cows 100% 78% 30 (± 5) h

Chin resting 100% 87% 30 (± 5) h

Restlesness 60 – 90 % 68 % 29 (± 4) h

Combination of signs3 74 – 90 % 93% 31 (± 5) h
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Table 1.2. Sensitivity, positive predictive value (PPV), and time from onset of activity to 

ovulation for different leg or neck mounted devices. The gold standards used to determine estrus 

were progesterone patterns (high, low, high), visual estrus detection, successful artificial 

insemination, and ovulation following synchronization 

System (position) Country Gold 
standard1 Sensitivity2 PPV2

Time from 
onset of 
estrus to 
ovulation

Heat seeker (leg)
At-Taras and Spahr, 2001 USA VED 83 – 91 %

Nedap Agri B.V. (leg)
Roelofs et al., 2005 Netherlands VED 51 – 87 % 60 – 95 % 29 (± 4) h

Afikim / AfiTag (leg)
Brunassi et al., 2010 Brazil SAI 84 – 95 % 96 – 98 %

Holman et al,. 2011 US P4 63% 74%

IceTag 3D (± lying; leg)
Jonsson et al., 2011 Denmark SAI 50 – 89 % 82 – 94 %

Alpro (leg)
O’Connell et al., 2011 Denmark SAI 71% 86%

Alpro (neck)
Lovendahl and Chagunda, 2010 Denmark P4 56 – 84 % 96 – 100 %

Rescounter II (neck)
Hockey et al., 2009 Australia P4 79 – 94 % 36 – 76 % 33 (± 12) h

Heatime (neck)
Holman et al., 2011 UK P4 59% 94%

Aungier et al., 2012 Ireland P4 72% 68%

Valenza et al., 2012 USA Ov 71% 95% 29 (± 8) h

Kamphuis et al., 2012 New Zealand P4 52 – 62 % 64 – 77 %
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1P4: milk progesterone patterns (high, low, high); VED: visual estrus detection; SM: standing 

mount detected pressure-sensitive, rump-mounted devices; SAI: successful AI; Ov: ovulation 

following estrus synchronization 

2Ranges were obtained when different thresholds for identifying estrus were used (e.g., 

decreasing a threshold increased sensitivity of a system, but decreased PPV) 

Heatime + rumination (neck)
Kamphuis et al., 2012 New Zealand P4 67 – 77 % 72 – 82 %
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Figure 1.1. Diagram of the hormonal interactions (direct effect , and positive 

and negative feedback) between the hypothalamus, the pituitary, and the reproductive 

tract that are involved in the estrus cycle of dairy cows. Briefly, gonadotropin-releasing hormone 

(GnRH) is secreted by the hypothalamus, and stimulate the anterior pituitary to release 

gonadotropins (luteinizing hormone (LH) and follicle-stimulating hormone (FSH)). 

Gonadotropins reach the ovaries by blood circulation where they contribute to the development 

and function of follicles and corpus luteum (CL). Progesterone produced by the CL blocks the 

positive feedback of estradiol on the hypothalamus and anterior pituitary. It is also involved in 

the mechanism that leads to the uterine release of prostaglandin F2α (PGF2α) which causes 

luteolysis. 

 

!37



Figure 1.2. Two by two table representing the calculation of sensitivity, specificity, and positive 

and negative predictive values for estrus signs detecting estrus. 
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Figure 1.3. Summary adapted from Wiltbank and Pursley (2014) of the presynchronization 

programs using gonadotropin-releasing hormone (GnRH) and prostaglandin F2α (PGF2α) 

developed to maximize the proportion of cows ovulating after the last injection of GnRH, before 

artificial insemination (AI; Ovsynch program, grey area). 
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CHAPTER TWO 
DAIRY PRODUCERS’ ATTITUDES TOWARD REPRODUCTIVE MANAGEMENT 

AND PERFORMANCE ON CANADIAN DAIRY FARMS  

ABSTRACT 

 The objectives of this study were to explore Canadian dairy producers’ attitudes toward 

reproductive performance, and challenges they perceive to be related to reproduction and 

reproductive management practices. A survey in both English and French was developed, 

validated, and administered to Canadian dairy farmers between March and May, 2014 to collect 

general farm, reproduction management, and reproductive performance data, as well as opinions 

and perceptions about different facets of reproduction. Associations between management 

practices and the perceived importance of reproduction were tested using a logistic regression 

model. Thematic network analysis was used to identify themes from the open-ended survey 

questions about challenges concerning reproduction. Finally, questions that were answered on a 

Likert scale were graphically represented using diverging stacked bar charts. A total of 832 

questionnaires were completed online and by mail, which represents approximately 7% of all 

dairy farms in Canada. Respondents that ranked reproduction in lactating dairy cows as one of 

the three most important challenges faced on their farm (66%) were more likely to house their 

lactating cows in a tiestall and to have a lower herd annual 21-day pregnancy rate (PR). Estrus 

detection and conception risk were two major themes raised and discussed by the respondents. 

Other concepts, including housing and milk production were also perceived to affect estrus 

detection and conception risk. While analysis of open-ended survey questions does not allow for 

quantification of the importance of different themes in the sample as a whole, it does show that 

respondents are aware of the multifactorial complexity of reproductive challenges on dairy 

farms. Improving performance was the main factor influencing decisions concerning 

reproduction for 80% of the respondents, and they adopted tools and technologies such as 

synchronization programs and automated activity monitoring systems to improve herd 

reproductive performance. More research is required to describe how this performance is defined 
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and perceived by the respondents, and how it relates to the actual variability of performance (i.e., 

PR) among farms.  

INTRODUCTION 

To be sustainable, dairy production must be economically viable, result in a high quality 

product, and take into account the animals, the environment and resources, and consumers (von 

Keyserlingk et al., 2013). Multiple tools and technologies have been developed over the past 

decades, and adopted on dairy farms to manage reproduction and improve reproductive 

performance (Caraviello et al., 2006; Neves and LeBlanc, 2015; Denis-Robichaud et al., 2016). 

For example, automated activity monitoring (AAM) systems are used to detect estrus with 

adequate accuracy (Roelofs et al., 2005a; Lovendahl and Chagunda, 2010). The main reason for 

adopting AAM systems among surveyed Canadian dairy farmers in 2010 was dissatisfaction with 

reproductive performance (Neves and LeBlanc, 2015). The reasons for adopting timed artificial 

insemination (AI) programs have not been quantified, but reproductive hormones are widely 

used on dairy farms in North America to synchronize estrus or ovulation (Caraviello et al., 2006; 

Denis-Robichaud et al., 2016). Depending on the program and success of implementation 

relative to other reproduction management options, performance of timed AI is usually good to 

excellent (Nebel et al., 1994; Souza et al., 2008).  

These programs have been used to improve reproductive efficiency on dairy farms. While 

efficiency is crucial for sustainability of the industry, it can no longer be the only driver for 

adoption of practices on farms. Recent research suggests that some veterinarians and consumers 

question the routine use of reproductive hormones in dairy cattle (Higgins et al., 2013; Jung et 

al., 2015; Pieper et al., 2016). At the same time, the economic burden associated with poor 

reproductive performance cannot be ignored (LeBlanc, 2005). In order to develop sustainable 

strategies, all stakeholders’ points of view need to be understood (Ruddle, 2000), and dairy 

producers need to be included in the dialogue on reproduction management practices. To this 

end, the objective of this study was to explore dairy producers’ attitudes toward reproductive 

performance, and their perceptions of challenges related to reproduction and reproductive 

management practices. 
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MATERIALS AND METHODS 

Information from a total of 832 Canadian dairy farms was collected in this cross-sectional 

study, using a bilingual (English and French) questionnaire (Appendix 1; University of Guelph 

Research Ethics Board #14JA048). The questionnaire was distributed across Canada from March 

to May 2014 by internet (FluidSurveys, Ottawa, Canada) and mail. A web link to the 

questionnaire was sent to approximately 3,000 available email addresses of subscribers to the 

milk recording services in Canada, and a printed advertisement card with the web address was 

sent to approximately 8,000 dairy farmers, in The Milk Producer magazine and with the monthly 

milk recording service (DHIA) report, depending on the region. A paper copy of the 

questionnaire was also sent to 2,000 randomly selected milk recording subscribers with their 

monthly DHIA report. The estimated population reached with the three methods, including some 

overlap among the approaches, was approximately 9,000 dairy herds (11,962 dairy herds in 

Canada; Canadian Dairy Information Center, 2014). 

In addition to the information about demographics, management practices, and 

reproductive performance, respondents were asked to give their opinions and perceptions of 

reproduction and reproductive management practices with open-ended and ranking questions, 

and ordinal 5-point (Likert) scale questions (e.g., for a given statement, respondents selected 

their degree of agreement: strongly disagree, disagree, no opinion, agree, strongly agree). 

Respondents were asked to rank nine different difficulties or challenges encountered on their 

farm according to its importance in their herd: lameness, calf health, mastitis, transition cow 

diseases, nutrition, heifer growth, reproduction of lactating dairy cows, culling rate, and 

reproduction of heifers. 

Data entry for mail answers was done in Microsoft Access (Microsoft Corporation, 

Richmond, WA, United States), and all data (mail and online) were collated into a Microsoft 

Excel (Microsoft Corporation, Richmond, WA, United States) spreadsheet. Respondents were 

asked to give one-time access to their data from milk recording services. If they gave permission 

and a valid herd identification number, data on AI and pregnancy dates were entered into 

DairyComp 305 (VAS, Tulare, CA, United States). Annual 21d-pregnancy rate (PR), 21d-
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insemination rate (IR), and conception risk (CR; probability of diagnosed pregnancy per AI) for 

the year 2013 were extracted from the software using a standardized voluntary waiting period of 

50 days postpartum. 

Statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, USA). Means, 

medians, and interquartile ranges (IQR; 1st to 3rd quartile) were calculated for continuous 

variables, and frequencies were calculated for binary and categorical variables. Univariable 

logistic regression models (PROC LOGISTIC) were built to identify factors associated with 

classifying reproduction of lactating dairy cows in the first three positions of the ranking, and a 

multivariable model was fitted using a backward elimination approach. 

A thematic networks analysis (TNA) approach (Attride-Stirling, 2001; O'Cathain and 

Thomas, 2004) was used for the open-ended question, “Concerning reproduction in general, 

what do you think are the main difficulties or challenges?”. This approach allowed for 

exploration of the issues and reproductive challenges on dairy farms and visual structuring of the 

textual data (Attride-Stirling, 2001). The answers provided by respondents were read, and basic 

themes describing the thematic content were formulated. Basic themes were then grouped within 

common organizing themes, which were in turn grouped within global themes according to 

current knowledge or explicit mention by the respondents. For example, basic themes for ovarian 

cyst, retained placenta, purulent vaginal discharge, metritis, pregnancy loss, and abortion were 

grouped under the organizing theme “reproductive diseases”, which connected with the global 

theme “animals”. These links between basic themes, organizing themes, and global themes 

represent the thematic network of ideas reported by the respondents.  

Answers to Likert scale questions were used as outcomes in linear regression models 

(PROC GLM) to identify associations between the respondent’s agreement with statements 

concerning reproduction, and their management practices and farm characteristics (Norman, 

2010). Location of the herd, barn type, reproductive management practice used for > 50% of AI 

in lactating cows, ranking of reproduction among self-assessed herd challenges, and annual herd 

PR were the variables offered to the regression models. These variables were chosen based on 
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their plausible association with the models’ outcome. Answers were represented graphically 

using diverging stacked bar charts (Robbins and Heiberger, 2011) for all respondents, and by 

management practices or farm characteristics that remained in the models.  

RESULTS AND DISCUSSION 

Respondents, Farm Characteristics, and Reproductive Management Practices 

A total of 832 Canadian dairy farmers completed the questionnaire (490 online, and 342 by 

mail), and 548 gave access to their milk recording services files. The response rate was estimated 

to be approximately 9%, which represents 7% of all dairy farms in Canada. The percentage of 

unanswered questions concerning attitudes and opinions toward reproduction ranged from 2% 

for Likert scale questions to 21% for the open-ended question discussed in this chapter. As not all 

respondents answered all questions, the denominators for different variables varies, as noted.  

Respondents were from Western provinces (15%, n = 123), Ontario (41%, n = 337), 

Québec (42%, n = 347), and the Maritimes (2%, n = 19). Farms had, on average, 77 lactating 

cows (median = 55, IQR = 40 to 88), and housed them in tiestall (61%, n = 502), freestall (37%, 

n = 302), or bedded pack (2%, n = 22) barns. Visual estrus detection (48%, n = 396), timed AI 

(28%, n = 236), and AAM (11%, n = 94), were used for > 50% of first or subsequent 

inseminations of lactating cows. The remaining farms (13%, n = 106) did not use one practice for 

> 50% of inseminations. The average PR was 18% (SD = 5, median = 17, IQR = 14 to 21), IR 

44% (SD = 12, median = 45, IQR = 37 to 52), and CR 41% (SD = 9, median = 40, IQR = 35 to 

46). 

Opinions and Attitudes Toward Reproduction 

Reproduction of lactating cows was ranked in the top three difficulties or challenges 

encountered by 66% (496/753) of the respondents (Figure 2.1). The questionnaire was related 

specifically to reproduction, which could have biased the answer to this question by increasing 

the proportion of respondents ranking reproduction in the top difficulties or challenges. However, 
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in a national survey on dairy cattle health (Bauman et al., 2016), Canadian dairy farmers ranked 

reproduction as the most important priority for research, which corroborates our findings.  

In the multivariable logistic regression model, type of housing and PR were associated with 

classifying reproduction of lactating dairy cows as a top three challenges (Table 2.1). 

Respondents housing their lactating cows in tiestall barns were more likely to rank reproduction 

as one of their top challenges than respondents housing their lactating cows in freestall barns. 

Estrous behaviors such as mounting and standing to be mounted cannot be expressed in tiestall 

housing, which can explain, at least partly, why reproduction was more a challenge in tiestall 

barns. Unsurprisingly, increase in PR was associated with lower odds of ranking reproduction as 

a top challenge. Other variables were associated with classifying reproduction of lactating dairy 

cows as a main challenge in the univariable models (Table 2.1). These variables did not remain 

in the multivariable model (P-value > 0.05), probably due to their association with either the type 

of housing or PR (Denis-Robichaud et al., 2016). Removing these variables from the 

multivariable model did not change the estimates of housing or PR by more than 10%, 

suggesting that their confounding effect was minimal (Maldonado and Greenland, 1993).  

Forty-six percent of the respondents (371/799) reported that they were not meeting their 

targets for herd reproductive performance, which supports the notion that reproduction is a 

challenge for many dairy farmers. As expected, that proportion was higher on farms that ranked 

reproduction in the top three challenges that they encountered (58%; Figure 2.2).  

The open-ended question concerning the main difficulties and challenges for reproduction 

provided a detailed and nuanced understanding of what respondents (n = 657) found challenging 

with reproduction. The TNA with basic (concepts), organizing, and global themes is presented in 

Figure 2.3. Most respondents mentioned one concept (53%, n = 346), but two (32%, n = 213), 

three (11%, n = 75), four (3%, n = 19), or five (1%, n = 4) different concepts were mentioned by 

some respondents in the response to the open-ended question. A description and exemplar quotes 

of the basic and organizing themes are available (Appendix 2). Basic themes were grouped under 

organizing themes such as estrus detection, conception risk, diseases, genetics, management, 
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nutrition, and housing. In turn, these organizing themes related to the global themes of animals, 

farm personnel, or environment. Estrus detection and conception risk were mentioned on their 

own (e.g., “not seeing heat”, or “getting cows pregnant”), but were also linked to the three global 

themes: the animals (e.g. “high producer showing heat”, and “getting cows pregnant (especially 

older hard working cows)”), the farm personnel (e.g. “if the heat detection person is away, no 

one else seems to be able to fill the gap”, and “services per conception, AI tech is new and still 

learning”), and the environment (e.g. “expression of heats in tiestall barn”; Figure 2.3).  

In explaining why estrus detection was a challenge, respondents mentioned short duration 

or subtle signs (low intensity of expression) of estrus, and abnormal estrus cycles or anovulation. 

Moreover, farmers reported having insufficient time to look for signs of estrus, and having 

difficulty finding employees with good ability to detect estrus in cows. Cows kept in tiestall 

barns, poorly lit barns, and barns in remote locations (heifer barn) were reported to pose a 

challenge to detection of estrus. These challenges reported by respondents are well aligned with 

previous research. For example, estrus duration is relatively limited in time (reported to be 

between 6.2 and 10.7 hours, with cows standing to be mounted 3.6 to 5.9 times per estrus (Lopez 

et al., 2004; Roelofs et al., 2005b; Lovendahl and Chagunda, 2010). Anovulation has been 

reported to have a negative impact on reproductive performance with herd prevalence varying 

between 5 and 45% (Walsh et al., 2007; Santos et al., 2009; Dubuc et al., 2012). To further add to 

the difficulty of identifying cows in estrus, the time spent in the barn for estrus detection has 

been reported to be between 36 and 75 minutes per day (Caraviello et al., 2006; Denis-

Robichaud et al., 2016), which combined with short estrus duration, lends itself to missed estrus 

events. Reproductive performance has also been shown to be lower in tiestall than in freestall 

barns (Simensen et al., 2010; Denis-Robichaud et al., 2016).  

Many elements were mentioned by respondents to explain why they found conception risk 

to be a major challenge. Older cows, repeat breeders, and cows with high milk yield were 

perceived as part of the problem, as were insemination technique and timing, semen quality and 

quantity, and environmental factors affecting fertility such as heat stress (Figure 2.3). Each of 

these is supported in the literature. For example, parity, high milk yield, and diseases are indeed 
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associated with reduced fertility (Gröhn and Rajala-Schultz, 2000; Löf et al., 2014; Wiltbank and 

Pursley, 2014). The timing of insemination relative to the detection of estrus signs is also 

challenging due to the uncertainty of the timing of ovulation relative to observed signs (Van 

Eerdenburg et al., 2002; Roelofs et al., 2005a; Roelofs et al., 2005b). Finally, heat stress is also 

well known to have a considerable impact on conception risk (Chebel et al., 2004; Schüller and 

Heuwieser, 2016).  

The illustration of the TNA represents the links expressed by the respondents themselves, 

but additional relationships between themes likely exist (not represented in Figure 2.3). By ways 

of example, conception risk is associated with estrus expression (Madureira et al., 2015; Pereira 

et al., 2016), and reproductive diseases are associated with anovulation (and consequently poor 

estrus detection), and also with lower conception risk (Walsh et al., 2007; Dubuc et al., 2012; 

Denis-Robichaud and Dubuc, 2015). Similar associations can be made with metabolic diseases 

(Walsh et al., 2007; Chapinal et al., 2012; Rutherford et al., 2016), non-metabolic diseases 

(Walker et al., 2008; Morris et al., 2011), and, to a certain extent, genetic parameters (Bamber et 

al., 2009; Jeong et al., 2016). The TNA showed that producers recognized the complexity of the 

factors influencing reproductive performance on Canadian dairy farms; however, it is unclear to 

what degree respondents recognize the complexity of reproductive challenges, and how they 

affect their management decisions on farm. That said, a more thorough understanding of their 

perceptions could be achieved using focus groups, and this would serve to support research that 

is oriented toward farmers’ need, and to direct knowledge translation and transfer projects. The 

results of an open-ended question cannot be interpreted as quantitatively representative of the 

population due to non-response bias, but they can give a good idea of the preoccupations of the 

respondents (Garcia et al., 2004).  

Considering that estrus detection was an important challenge on participating farms, the 

use of tools to overcome this difficulty seems logical. Figure 2.4 shows that more respondents 

using timed AI as their main management practice thought it was harder to identify cows in 

estrus than respondents using other practices (P < 0.01). Interestingly, fewer respondents using 

AAM thought so, perhaps because they can use the system to enhance estrus detection. This 
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might also be influenced by the greater use of timed AI in tiestall barns (36% and 17% of tiestall 

and freestall barns, respectively, used timed AI as their main management practice), and of AAM 

in freestall barns (1% and 27% of tiestall and freestall barns, respectively, used AAM as their 

main management practice), and the fact that respondents with tiestalls find it harder to identify 

cows in estrus (P < 0.01; Figure 2.4). While the use of AAM in freestall is easily explainable by 

their barn design, the use of timed AI in tiestall barns was surprising as they are often seen as 

more traditional operations. It is possible that, due to challenges to detect cows in estrus in 

tiestall barns, farmers changed their reproductive management practice to increase the use of 

timed AI. This cannot be ascertained given the cross-sectional design used here. 

Not surprisingly, respondents using timed AI or AAM thought the tool they used produced 

a better pregnancy rate than visual estrus detection (Figure 2.5). Also, there was a striking 

proportion of respondents not using AAM that had a neutral opinion regarding the capacity of the 

system to produce higher PR than visual estrus detection, which likely reflects a lack of 

knowledge about this relatively new technology. In a previous survey, “not being familiar with 

the systems available” was a reason not to adopt AAM system, but was fifth in frequency after 

“satisfied with herd reproductive performance”, “lack of perceived economic value”, and “did 

not think herd reproductive performance would improve” (Neves and LeBlanc, 2015).  

Figure 2.6 represents various opinions on the use of reproductive hormones, which helps us 

understand why respondents used different reproductive management practices. For example, 

most respondents using timed AI not only thought synchronization programs were acceptable for 

them and consumers, but also that they were profitable and would not decrease cow fertility in 

the long term. On the contrary, respondents using AAM did not find synchronization program as 

acceptable or profitable; respondents using visual estrus detection were more divided. Twelve 

percent of respondents thought reproductive hormones were not safe for consumers of dairy 

products. Ninety-two percent of these did not use timed AI, but only 38% did not use hormones 

at all on their farm. These perceptions were likely to influence respondents’ expectations of 

decreasing the use of synchronization in their herds in five years. As some consumers and 

veterinarians harbor concerns about reproductive hormones (Higgins et al., 2013; Pieper et al., 

!48



2016), a better understanding of farmers’ perceptions of reproductive hormones is necessary to 

develop effective strategies that maintain the social license of dairy production (Godfray et al., 

2010; von Keyserlingk et al., 2013). 

Public perception did not, however, have a high influence on respondents’ decisions about 

management of reproduction (Figure 2.7). Performance was valued over economics and labor by 

80% of the respondents. The question did not probe what “performance” specifically meant for 

the respondents. Different measures are used by dairy farmers to evaluate reproductive 

performance. Pregnancy rate is the measure that gives the least-biased estimates of reproductive 

performance as it accounts for all cows at risk, with minimal lag as it is constantly updated with 

the latest available data, but is not necessarily used by producers. Sixty-one percent of the 

respondents (n = 489) reported looking at their herd annual PR weekly or monthly, and 15% did 

so every two to six months, and 24% only annually, or never. Services per pregnancy was looked 

at weekly or monthly by 59% (n = 473) of the producers, even though it is highly biased because 

it does not account for cows that were not inseminated, or for variation in the interval postpartum 

at AI (LeBlanc, 2005). Calving interval was looked at weekly or monthly by 62% (n = 499) of 

the respondents, but it does not directly measure the efficiency or success of AI, and does not 

account for the eligible animals that have not been inseminated, or do not calve again (LeBlanc, 

2005). Age and the highest completed level of education of the respondents were not associated 

with the use of the different measures. As measures of performance are not equal, it would have 

been interesting to know what the respondents were thinking when they selected “performance” 

as the main influence in their decisions about management of reproduction. It is also interesting 

how PR varies among herds when the main factor influencing reproductive management 

decisions is performance. It would be interesting to explore how respondents assessed 

“performance” (i.e., scientific and extension publications, personal, veterinarians and neighbors 

experience, intuitions, etc.). The frequent use of timed AI in tiestalls might be a reflection of the 

desire to achieve better performance in a context of limited estrus detection. 

Finally, it seems that respondents perceived higher pregnancy rate as profitable for their 

business (Figure 2.8). That perception was the same throughout all respondents, regardless of 
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their herd’s PR. Even though the return on investment diminishes as the PR increases (Cabrera, 

2011), almost all respondents thought there was a significant potential profit to increase the PR 

in their herd. 

CONCLUSIONS 

This study explored the attitudes towards reproductive management and performance of 

Canadian dairy producers, and the challenges they faced related to reproduction and reproductive 

management practices. Reproduction of lactating dairy cows was the most important of nine 

challenges respondents potentially faced on their farms. Multiple difficulties and challenges 

concerning reproduction were mentioned by the respondents. Estrus detection and conception 

risk were two major concerns that encompassed multiple components. Performance was the main 

factor influencing the respondents’ decisions concerning reproduction. Respondents using 

reproductive hormones and AAM systems perceived that PR would be higher in their herd with 

these tools than with visual estrus detection. The results presented here could be useful to farm 

advisors in approaching reproductive problems on dairy farms, and for governmental and 

industry groups for policy development as they present the concerns and priorities of Canadian 

dairy farmers concerning reproduction management practices.  

ACKNOWLEDGEMENTS  

This project was funded by the Dairy Research Cluster Initiative II [Dairy Farmers of 

Canada (Ottawa, Canada), Agriculture and Agri-Food Canada (Ottawa, Canada), the Canadian 

Dairy Network (Guelph, Canada) and the Canadian Dairy Commission (Ottawa, Canada)]. We 

thank Canwest DHI (Guelph, Canada), and Valacta (Sainte-Anne-de-Bellevue, Canada) for their 

support and appreciate the participation of all farmers in the survey. We are also grateful to 

Jocelyn Dubuc (Faculté de Médecine Vétérinaire, Saint-Hyacinthe, Canada) for his help 

developing the questionnaire, Rebecca Vandormael (Bureau Vétérinaire de l’Islet, Saint-Jean-

Port-Joli, Canada) for her role in the translation process, and Benjamin Potvin (Ontario 

Veterinary College, Guelph, Canada) for entering the questionnaire data. 

!50



REFERENCES 

Attride-Stirling, J. 2001. Thematic networks: an analytic tool for qualitative research. Qual. Res. 
1(3):385-405. http://dx.doi.org/10.1177/146879410100100307.  

Bamber, R. L., G. E. Shook, M. C. Wiltbank, J. E. Santos, and P. M. Fricke. 2009. Genetic 
parameters for anovulation and pregnancy loss in dairy cattle. J. Dairy Sci. 92(11):
5739-5753. http://dx.doi.org/10.3168/jds.2009-2226.  

Bauman, C. A., H. W. Barkema, J. Dubuc, G. P. Keefe, and D. F. Kelton. In press. Identifying 
management and disease priorities of Canadian dairy industry stakeholders. J. Dairy Sci.  
99: 10194-10203. http://dx.doi.org/10.3168/jds.2016-11057.  

Cabrera, V. E. 2011. The economic value of changes in 21-day pregnancy rate and what controls 
this value. 21st American Dairy Science Association Discover Conference: Improving 
Reproductive Efficiency of Lactating Dairy Cows. Itasca, IL, United States. (Abstr.) 

Canadian Dairy Information Center. 2014. Overview of the Canadian dairy industry at the farm. 
Accessed Jun. 5, 2014. http://dairyinfo.gc.ca/index_e.php?s1=dff-fcil&s2=farm-
ferme&s3=nb.  

Caraviello, D. Z., K. A. Weigel, P. M. Fricke, M. C. Wiltbank, M. J. Florent, N. B. Cook, K. V. 
Nordlund, N. R. Zwald, and C. L. Rawson. 2006. Survey of management practices on 
reproductive performance of dairy cattle on large US commercial farms. J. Dairy Sci. 
89(12):4723-4735. http://dx.doi.org/10.3168/jds.S0022-0302(06)72522-X.  

Chapinal, N., S. J. LeBlanc, M. E. Carson, K. E. Leslie, S. Godden, M. Capel, J. E. P. Santos, M. 
W. Overton, and T. F. Duffield. 2012. Herd-level association of serum metabolites in the 
transition period with disease, milk production, and early lactation reproductive 
performance. J. Dairy Sci. 95(10):5676-5682. http://dx.doi.org/10.3168/jds.2011-5132.  

Chebel, R. C., J. E. Santos, J. P. Reynolds, R. L. Cerri, S. O. Juchem, and M. Overton. 2004. 
Factors affecting conception rate after artificial insemination and pregnancy loss in 
lactating dairy cows. Anim. Reprod. Sci. 84(3-4):239-255. http://dx.doi.org/10.1016/
j.anireprosci.2003.12.012.  

Denis-Robichaud, J., R. L. Cerri, A. Jones-Bitton, and S. J. LeBlanc. 2016. Survey of 
reproduction management on Canadian dairy farms. J. Dairy Sci. http://dx.doi.org/10.3168/
jds.2016-11445.  

!51

http://dx.doi.org/10.1177/146879410100100307
http://dx.doi.org/10.3168/jds.2009-2226
http://dx.doi.org/10.3168/jds.2016-11057
http://dairyinfo.gc.ca/index_e.php?s1=dff-fcil&s2=farm-ferme&s3=nb
http://dairyinfo.gc.ca/index_e.php?s1=dff-fcil&s2=farm-ferme&s3=nb
http://dx.doi.org/10.3168/jds.S0022-0302(06)72522-X
http://dx.doi.org/10.3168/jds.2011-5132
http://dx.doi.org/10.1016/j.anireprosci.2003.12.012
http://dx.doi.org/10.1016/j.anireprosci.2003.12.012
http://dx.doi.org/10.3168/jds.2016-11445
http://dx.doi.org/10.3168/jds.2016-11445


Denis-Robichaud, J. and J. Dubuc. 2015. Determination of optimal diagnostic criteria for 
purulent vaginal discharge and cytological endometritis in dairy cows. J. Dairy Sci. 98(10):
6848-6855. http://dx.doi.org/10.3168/jds.2014-9120.  

Dubuc, J., T. F. Duffield, K. E. Leslie, J. S. Walton, and S. J. LeBlanc. 2012. Risk factors and 
effects of postpartum anovulation in dairy cows. J. Dairy Sci. 95(4):1845-1854. http://
dx.doi.org/10.3168/jds.2011-4781.  

Firk, R., E. Stamer, W. Junge, and J. Krieter. 2002. Automation of oestrus detection in dairy 
cows: a review. Livest. Prod. Sci. 75(3):219-232. http://dx.doi.org/10.1016/
S0301-6226(01)00323-2.  

Fricke, P. M., P. D. Carvalho, J. O. Giordano, A. Valenza, G. Lopes, and M. C. Amundson. 2014. 
Expression and detection of estrus in dairy cows: the role of new technologies. Animal. 
8(Suppl. 1):134-143. http://dx.doi.org/10.1017/S1751731114000299.  

Garcia, J., J. Evans, and M. Reshaw. 2004. ``Is There Anything Else You Would Like to Tell Us'' 
– Methodological Issues in the Use of Free-Text Comments from Postal Surveys. 
Qual.Quant. 38(2):113-125. http://dx.doi.org/10.1023/B:QUQU.0000019394.78970.df.  

Godfray, H. C., I. R. Crute, L. Haddad, D. Lawrence, J. F. Muir, N. Nisbett, J. Pretty, S. 
Robinson, C. Toulmin, and R. Whiteley. 2010. The future of the global food system. Philos. 
Trans. R. Soc. Lond., B., Biol. Sci. 365(1554):2769-2777. http://dx.doi.org/10.1098/rstb.
2010.0180.  

Gröhn, Y. T. and P. J. Rajala-Schultz. 2000. Epidemiology of reproductive performance in dairy 
cows . An im. Reprod . Sc i . 60 -61 :605-614 . h t t p : / / dx .do i . o rg /10 .1016 /
S0378-4320(00)00085-3.  

Higgins, H. M., E. Ferguson, R. F. Smith, and M. J. Green. 2013. Using hormones to manage 
dairy cow fertility: the clinical and ethical beliefs of veterinary practitioners. PLoS One 
8(4):e62993. http://dx.doi.org/10.1371/journal.pone.0062993.  

Jeong, H., D. Gonzalez-Pena, T. M. Goncalves, P. J. Pinedo, J. E. P. Santos, G. M. Schuenemann, 
G. J. M. Rosa, R. O. Gilbert, R. C. Bicalho, R. Chebel, K. N. Galvão, C. M. Seabury, W. W. 
Thatcher, and S. L. Rodriguez Zas. 2016. Genetic parameters and impact of postpartum 
diseases on lactation curves in dairy cattle. ADSA - ASAS Joint Annual Meeting, Salt Lake 
City, UT, United States. J. Dairy Sci. 99(E-Suppl.1):63-64. (Abstr.) 

!52

http://dx.doi.org/10.3168/jds.2014-9120
http://dx.doi.org/10.3168/jds.2011-4781
http://dx.doi.org/10.3168/jds.2011-4781
http://dx.doi.org/10.1016/S0301-6226(01)00323-2
http://dx.doi.org/10.1016/S0301-6226(01)00323-2
http://dx.doi.org/10.1017/S1751731114000299
http://dx.doi.org/10.1023/B:QUQU.0000019394.78970.df
http://dx.doi.org/10.1098/rstb.2010.0180
http://dx.doi.org/10.1098/rstb.2010.0180
http://dx.doi.org/10.1016/S0378-4320(00)00085-3
http://dx.doi.org/10.1016/S0378-4320(00)00085-3
http://dx.doi.org/10.1371/journal.pone.0062993


Jung, M. E., C. Mistry, J. E. Bourne, M.-J. Perrier, K. A. Martin Ginis, and A. E. Latimer-
Cheung. 2015. A qualitative investigation of adults’ perceived benefits, barriers and 
strategies for consuming milk and milk products. Health Educ. J. 74(3):364-378. http://
dx.doi.org/10.1177/0017896914540295.  

LeBlanc, S. 2005. Overall reproductive performance of Canadian dairy cows: Challenges we are 
facing. Adv. Dairy Technol. 17:137-157. 

Lopez, H., L. D. Satter, and M. C. Wiltbank. 2004. Relationship between level of milk 
production and estrous behavior of lactating dairy cows. Anim. Reprod. Sci. 81(3-4):
209-223. http://dx.doi.org/10.1016/j.anireprosci.2003.10.009.  

Lovendahl, P. and M. G. Chagunda. 2010. On the use of physical activity monitoring for estrus 
detection in dairy cows. J. Dairy Sci. 93(1):249-259. http://dx.doi.org/10.3168/jds.
2008-1721.  

Löf, E., H. Gustafsson, and U. Emanuelson. 2014. Factors influencing the chance of cows being 
pregnant 30 days after the herd voluntary waiting period. J. Dairy Sci. 97(4):2071-2080. 
http://dx.doi.org/10.3168/jds.2012-5874.  

Madureira, A. M., B. F. Silper, T. A. Burnett, L. Polsky, L. H. Cruppe, D. M. Veira, J. L. 
Vasconcelos, and R. L. Cerri. 2015. Factors affecting expression of estrus measured by 
activity monitors and conception risk of lactating dairy cows. J. Dairy Sci. 98(10):
7003-7014. http://dx.doi.org/10.3168/jds.2015-9672.  

Maldonado, G. and S. Greenland. 1993. Simulation study of confounder-selection strategies. Am. 
J. Epidemiol. 138(11):923-936.  

Morris, M. J., K. Kaneko, S. L. Walker, D. N. Jones, J. E. Routly, R. F. Smith, and H. Dobson. 
2011. Influence of lameness on follicular growth, ovulation, reproductive hormone 
concentrations and estrus behavior in dairy cows. Theriogenology 76(4):658-668. http://
dx.doi.org/10.1016/j.theriogenology.2011.03.019.  

Nebel, R. L., W. L. Walker, M. L. McGilliard, C. H. Allen, and G. S. Heckman. 1994. Timing of 
artificial insemination of dairy cows: fixed time once daily versus morning and afternoon. J 
Dairy Sci 77(10):3185-3191. J. Dairy Sci. 77(10):3185-3191. http://dx.doi.org/10.3168/
jds.S0022-0302(94)77261-1.  

!53

http://dx.doi.org/10.1177/0017896914540295
http://dx.doi.org/10.1177/0017896914540295
http://dx.doi.org/10.1016/j.anireprosci.2003.10.009
http://dx.doi.org/10.3168/jds.2008-1721
http://dx.doi.org/10.3168/jds.2008-1721
http://dx.doi.org/10.3168/jds.2012-5874
http://dx.doi.org/10.3168/jds.2015-9672
http://dx.doi.org/10.1016/j.theriogenology.2011.03.019
http://dx.doi.org/10.1016/j.theriogenology.2011.03.019
http://dx.doi.org/10.3168/jds.S0022-0302(94)77261-1
http://dx.doi.org/10.3168/jds.S0022-0302(94)77261-1


Neves, R. C. and S. J. LeBlanc. 2015. Reproductive management practices and performance of 
Canadian dairy herds using automated activity-monitoring systems. J. Dairy Sci. 98(4):
2801-2811. http://dx.doi.org/10.3168/jds.2014-8221.  

Norman, G. 2010. Likert scales, levels of measurement and the "laws" of statistics. Adv. Health 
Sci. Educ. Theory Pract. 15(5):625-632. http://dx.doi.org/10.1007/s10459-010-9222-y.  

O'Cathain, A. and K. J. Thomas. 2004. "Any other comments?" Open questions on 
questionnaires - a bane or a bonus to research? BMC Med. Res. Methodol. 4:25. http://
dx.doi.org/10.1186/1471-2288-4-25.  

Pereira, M. H., M. C. Wiltbank, and J. L. Vasconcelos. 2016. Expression of estrus improves 
fertility and decreases pregnancy losses in lactating dairy cows that receive artificial 
insemination or embryo transfer. J. Dairy Sci. 99(3):2237-2247. http://dx.doi.org/10.3168/
jds.2015-9903.  

Pieper, L., M. G. Doherr, and W. Heuwieser. 2016. Consumers' attitudes about milk quality and 
fertilization methods in dairy cows in Germany. J. Dairy Sci. 99(4):3162-3170. http://
dx.doi.org/10.3168/jds.2015-10169.  

Robbins, N. B. and R. M. Heiberger. 2011. Plotting likert and other rating scales. Joint Statistical 
Meeting, Miami Beach, FL, United States. (Abstr.)  

Roelofs, J. B., F. J. C. M. van Eerdenburg, N. M. Soede, and B. Kemp. 2005a. Pedometer 
readings for estrous detection and as predictor for time of ovulation in dairy cattle. 
Theriogenology 64(8):1690-1703. http://dx.doi.org/10.1016/j.theriogenology.2005.04.004.  

Roelofs, J. B., F. J. C. M. van Eerdenburg, N. M. Soede, and B. Kemp. 2005b. Various 
behavioral signs of estrous and their relationship with time of ovulation in dairy cattle. 
Theriogenology 63(5):1366-1377. http://dx.doi.org/10.1016/j.theriogenology.2004.07.009.  

Ruddle, K. 2000. Systems of Knowledge: Dialogue, Relationships and Process. Environ. Dev. 
Sustain. 2(3):277-304. http://dx/doi.org/10.1023/A:1011470209408.  

Rutherford, A. J., G. Oikonomou, and R. F. Smith. 2016. The effect of subclinical ketosis on 
activity at estrus and reproductive performance in dairy cattle. J. Dairy Sci. 99(6):
4808-4815. http://dx.doi.org/10.3168/jds.2015-10154.  

!54

http://dx.doi.org/10.3168/jds.2014-8221
http://dx.doi.org/10.1007/s10459-010-9222-y
http://dx.doi.org/10.1186/1471-2288-4-25
http://dx.doi.org/10.1186/1471-2288-4-25
http://dx.doi.org/10.3168/jds.2015-9903
http://dx.doi.org/10.3168/jds.2015-9903
http://dx.doi.org/10.3168/jds.2015-10169
http://dx.doi.org/10.3168/jds.2015-10169
http://dx.doi.org/10.1016/j.theriogenology.2005.04.004
http://dx.doi.org/10.1016/j.theriogenology.2004.07.009
http://dx/doi.org/10.1023/A:1011470209408
http://dx.doi.org/10.3168/jds.2015-10154


Santos, J. E., H. M. Rutigliano, and M. F. Sá Filho. 2009. Risk factors for resumption of 
postpartum estrous cycles and embryonic survival in lactating dairy cows. Anim. Reprod. 
Sci. 110(3-4):207-221. http://dx.doi.org/10.1016/j.anireprosci.2008.01.014.  

Schüller, L. K. and W. Heuwieser. 2016. Measurement of heat stress conditions at cow level and 
comparison to climate conditions at stationary locations inside a dairy barn. J. Dairy Res. 
83(3):305-311. http://dx.doi.org/10.1017/S0022029916000388.  

Simensen, E., O. Østerås, K. E. Bøe, C. Kielland, L. E. Ruud, and G. Naess. 2010. Housing 
system and herd size interactions in Norwegian dairy herds; associations with performance 
and disease incidence. Acta Vet. Scand. 52:14. http://dx.doi.org/10.1186/1751-0147-52-14.  

Souza, A. H., H. Ayres, R. M. Ferreira, and M. C. Wiltbank. 2008. A new presynchronization 
system (Double-Ovsynch) increases fertility at first postpartum timed AI in lactating dairy 
cows. Theriogenology 70(2):208-215. http://dx.doi.org/10.1016/j.theriogenology.
2008.03.014.  

Van Eerdenburg, F. J. C. M., D. Karthaus, M. A. M. Taverne, I. Mercis, and O. Szenci. 2002. The 
Relationship between Estrous Behavioral Score and Time of Ovulation in Dairy Cattle. J. 
Dairy Sci. 85(5):1150-1156. http://dx.doi.org/10.3168/jds.S0022-0302(02)74177-5.  

von Keyserlingk, M. A., N. P. Martin, E. Kebreab, K. F. Knowlton, R. J. Grant, M. Stephenson, 
C. J. Sniffen, J. P. Harner, A. D. Wright, and S. I. Smith. 2013. Invited review: 
Sustainability of the US dairy industry. J. Dairy Sci. 96(9):5405-5425. http://dx.doi.org/
10.3168/jds.2012-6354.  

Walker, S. L., R. F. Smith, J. E. Routly, D. N. Jones, M. J. Morris, and H. Dobson. 2008. 
Lameness, activity time-budgets, and estrus expression in dairy cattle. J. Dairy Sci. 91(12):
4552-4559. http://dx.doi.org/10.3168/jds.2008-1048.  

Walsh, R. B., D. F. Kelton, T. F. Duffield, K. E. Leslie, J. S. Walton, and S. J. LeBlanc. 2007. 
Prevalence and risk factors for postpartum anovulatory condition in dairy cows. J. Dairy 
Sci. 90:315–324. http://dx.doi.org/10.3168/jds.S0022-0302(07)72632-2.  

Wiltbank, M. C. and J. R. Pursley. 2014. The cow as an induced ovulator: timed AI after 
synchronization of ovulation. Theriogenology 81(1):170-185. http://dx.doi.org/10.1016/
j.theriogenology.2013.09.017.  

!55

http://dx.doi.org/10.1016/j.anireprosci.2008.01.014
http://dx.doi.org/10.1017/S0022029916000388
http://dx.doi.org/10.1186/1751-0147-52-14
http://dx.doi.org/10.1016/j.theriogenology.2008.03.014
http://dx.doi.org/10.1016/j.theriogenology.2008.03.014
http://dx.doi.org/10.3168/jds.S0022-0302(02)74177-5
http://dx.doi.org/10.3168/jds.2012-6354
http://dx.doi.org/10.3168/jds.2012-6354
http://dx.doi.org/10.3168/jds.2008-1048
http://dx.doi.org/10.3168/jds.S0022-0302(07)72632-2
http://dx.doi.org/10.1016/j.theriogenology.2013.09.017
http://dx.doi.org/10.1016/j.theriogenology.2013.09.017


Table 2.1. Univariable and multivariable logistic regression models of factors associated with 

ranking reproduction in lactating dairy cows as one of the top three difficulties or challenges in 

respondents’ herds (n = 504 Canadian dairy producers) 

aThe odds of ranking reproduction as one of the top three challenges decreased 0.8 times for each 

5-point increase in pregnancy rate. 

bThe odds of ranking reproduction as one of the top three challenges decreased 0.9 times for each 

20 milking cow increase. 

Univariable models Multivariable model

Odds 
ratio

95% 
confidence 

interval
P-value Odds 

ratio
95% 

confidence 
interval

P-value

Type of housing
Freestall Ref. Ref.
Tiestall 3.2 2.3 – 4.3 < 0.01 3.7 2.5 – 5.5 < 0.01

Main reproduction management 
practice

Visual estrus detection Ref.
0.01TAI 1.6 1.1 – 2.4

AAM system 0.6 0.4 – 1.0
Geographic region

Western provinces Ref.
Ontario 1.4 0.9 – 2.2
Québec 2.1 1.4 – 3.3 < 0.01
Maritimes 3.9 1.1 – 14.3

Age group of respondents
Under 30 years old Ref.
30 to 39 years old 1.4 0.9 – 2.1

< 0.01
40 to 49 years old 2.1 1.3 – 3.4
50 to 59 years old 2.0 1.3 – 3.2
60 years old and above 7.1 2.0 – 24.4

5-point increase in pregnancy rate 0.8a 0.7 – 0.9 0.01 0.8a 0.7 – 1.0 0.01
Increase of 20 milking cows 0.9b 0.9 – 1.0 < 0.01
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Figure 2.1. Distribution of the top three (of nine) management areas offered to Canadian dairy 

farmer respondents that were identified as challenges for their farm (n = 792). 
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Figure 2.2. Distribution of satisfaction with herd reproduction performance among 809 dairy 

producers in Canada, by the rank of reproduction in the top three of the main challenges on their 

farm (n = 742) and by geographical region (n = 809). 
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Figure 2.3. Non-hierarchical illustration of the thematic network for challenges and difficulties 

concerning reproduction reported by Canadian dairy farmers (n = 657). The proportions (n) of 

respondents with responses corresponding to global (squares) and organizing (circles) themes are 

presented, and each organizing theme is further described by basic themes obtained using 

thematic networks analysis for the question: “Concerning reproduction in general, what do you 

think are the main difficulties or challenges?” Two organizing themes, “estrus detection” and 

“conception risk”, were described by respondents to be shared between three of the global 

themes (animals, farm personnel, and environment). A description and exemplar quotes of the 

basic and organizing themes is available in Appendix 2.  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Figure 2.4. Opinions of 821 dairy producers in Canada on the difficulty of identifying cows in 

estrus by housing (n = 815), and reproductive management practices used for > 50% of artificial 

inseminations (AI) in lactating cows (n = 774; visual estrus detection (VED), timed AI, or 

automated activity monitoring (AAM)). 
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Figure 2.5. Opinions of Canadian dairy producers on the capacity of timed artificial insemination 

(AI), and automated activity monitoring (AAM), respectively, to produce better pregnancy rates 

than visual estrus detection (VED), presented by reproductive management practices used for > 

50% of AI in lactating cows (VED, timed AI, or AAM). 
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Figure 2.6. Opinions of Canadian dairy producers on the use, perception, and impact of 

synchronization programs presented by use of hormones, and by reproductive management 

practices used for > 50% of artificial inseminations (AI) in lactating cows (visual estrus detection 

(VED), timed AI, or automated activity monitoring (AAM)), and use of hormones. 
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Figure 2.7. Distribution of the top three factors that influenced respondents’ decisions about 

reproduction (n = 792). 
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Figure 2.8. Opinions of 821 dairy producers in Canada on the potential profit associated with 

increasing of pregnancy rate (PR), categorized by whether or not the herd’s actual PR was in the 

top quartile of respondents’ herds (n = 543). 
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CHAPTER THREE 
SURVEY OF REPRODUCTION MANAGEMENT ON CANADIAN DAIRY FARMS  

ABSTRACT 

The objectives of this study were to (1) quantify current reproduction management 

practices, and (2) assess the association between these practices and herd reproductive 

performance on dairy farms in Canada. A bilingual survey was developed, validated, and 

administered from March to May 2014 to collect general and reproduction management and 

performance measures [annual 21-d pregnancy rate (PR), 21-d insemination rate (IR), and 

conception risk (CR)]. Associations between management practices and reproductive 

performance measures were tested using linear regression models. A total of 832 questionnaires 

were completed online and by mail, representing a response rate of 9%. On average, farms had 

77 lactating cows (median = 50) and 13 dry cows (median = 10), and Holstein was the most 

common breed (92% of herds). Lactating cow housing was tiestall on 61% of the farms, freestall 

on 37%, and bedded pack on 2%. The average voluntary waiting period was 58 days in milk 

(DIM). The main reproduction management practice per farm was defined as the means 

employed for > 50% of inseminations. Farms reported their main reproduction management 

practice for first and subsequent inseminations, respectively, as visual estrus detection (51 and 

44% of herds), timed artificial insemination (AI; 21 and 23% of herds), automated activity 

monitoring (AAM; 10 and 10% of herds), other management practice (bulls; 2 and 2% of herds), 

and a combination of management practices (16 and 21% of herds). On farms using visual estrus 

detection, cows were observed for signs of estrus on average 3.5 times per day, for an average 

total of 36 minutes per day. The most common use of reproductive hormones was to synchronize 

ovulation using Ovsynch (58% of the farms). Average PR, IR, and CR were 17.6, 44.1, and 

40.5%, respectively. In linear regression analyses adjusted for confounders, pregnancy rate was 

significantly associated with geographic region, housing (tiestall: PR = 15.4%, freestall: PR = 

17.6%), herd size (< 50 lactating cows: PR = 16.2%, 50 to 100 cows: PR = 16.5%, > 100 cows: 

PR = 17.8%), voluntary waiting period (≤ 60 DIM: PR = 17.6%, > 60 DIM: PR = 15.9%), and 

frequency of insemination per day (once daily: PR = 16.6%, twice or more daily: PR = 18.1%). 
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The main reproduction management practice at first and subsequent inseminations was 

divergently associated with IR and CR, but not with PR (visual heat detection: PR = 17.4%, 

timed AI: PR = 18.4%, AAM: PR = 17.1%, combined practices: PR = 18.2%). 

INTRODUCTION 

Reproductive performance is highly variable among dairy herds in North America 

(LeBlanc, 2005; Ferguson and Skidmore, 2013), as are general and reproduction management 

practices (Caraviello et al., 2006b). Traditionally, visual observation of cows’ behavior has been 

the main approach for identifying cows in estrus, but the limits and challenges of this practice 

have been known for decades (Foote, 1975; Senger, 1994; Van Eerdenburg et al., 1996) and 

include shorter and less intense estrus episodes and decreased labor on dairy farms. Various 

management tools and technologies are available to producers, and randomized clinical trials 

have shown comparable herd reproductive performance with different programs for 

synchronization of ovulation and timed artificial insemination (AI) or with automated activity 

monitoring (AAM) systems (Neves et al., 2012; Fricke et al., 2014). Although randomized 

controlled trials are very useful, they do not reflect the complex reality of variable performance 

among commercial farms or over time within a farm because of other variables including 

management practices, nutrition, heat stress, work-force availability and skills, or compliance 

with a program (Neves et al., 2012; Dolecheck et al., 2016).  

Although a good body of experimental evidence exists on various reproductive 

management programs, few data are available on how, and how widely, various techniques and 

tools are implemented on Canadian farms and how management affects reproductive 

performance. Studies on large commercial farms in the United States showed that a combination 

of visual estrus detection and timed AI was used in most (> 90%) herds, and aids to visual heat 

detection such as tail chalk were reported to be used in more than half of the herds, while 

pedometers were used in only 8 to 13% (Caraviello et al., 2006b; Ferguson and Skidmore, 2013). 

Management characteristics such as the length of the voluntary waiting period (VWP), accuracy 

of timing of insemination, stocking density, housing, insemination technique, and use of a 

resynchronization program were identified as explanatory variables for reproductive 
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performance (Caraviello et al., 2006a; Schefers et al., 2010). Ferguson and Skidmore (2013) 

suggested that reproductive management that results in higher insemination rate was associated 

with excellent reproductive performance, yet the approach to reproductive management (e.g., 

visual heat detection, timed AI, or AAM) was not identified as a major explanatory variable for 

reproductive performance in other studies (Caraviello et al., 2006a; Schefers et al., 2010).  

Without strong evidence on which reproductive management practices perform the best, it 

would be useful to identify associations of herd variables or programs with reproductive 

performance, and identify possible interactions of herd variables with chosen practices. 

Therefore, the first objective of the present study was to quantify current reproduction 

management practices in a representative sample of Canadian dairy farms. The second objective 

was to assess the association between reproduction management practices and herd reproductive 

performance. The hypothesis was that different reproduction management practices would be 

associated with different measures of reproductive performance.  

MATERIALS AND METHODS 

Experimental Design 

A survey study was developed to collect general and reproduction management information 

on dairy herds across Canada. This study was evaluated and approved by the University of 

Guelph Research Ethics Board (no. 14JA048). To survey farms nationally, a quantitative 

questionnaire was created in English then translated to French and validated with pilot groups 

and back- translation techniques (Scholl et al., 1992; Dufour et al., 2010). Briefly, three experts 

in dairy reproduction drafted the questionnaire and chose the most pertinent questions (n = 99). 

Questions were then translated from English to French by the first author. These questions were 

then translated back to English by a bilingual collaborator that had not previously read the 

questionnaire. The two English versions were then compared to identify potential errors or 

inadequate translations. To have closer meanings in both languages, five modifications of the 

content and sentence structure were made in the English questionnaire and two in the French 

version. Twenty herd managers (10 English-speaking and 10 French-speaking) were contacted 
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and asked to answer the questionnaire online. They were then contacted by phone to evaluate the 

clarity of the questions and the length of the response process. No changes were necessary for 

the clarity of the questions, but 29 questions were removed to reduce the duration to 

approximately 30 minutes. The full questionnaire is available (Appendix 1).  

From March to May 2014, the questionnaire was administered to Canadian dairy farmers 

by internet (FluidSurveys, Ottawa, ON, Canada) and mail. A web link to the questionnaire was 

sent to all available email addresses of subscribers to the milk recording (DHIA) services in 

Canada: CanWest DHI (Guelph, ON, Canada) and Valacta (Sainte-Anne-de-Bellevue, QC, 

Canada), representing a total of approximately 3,000 dairy farms. A printed advertisement card 

with the web address and a QR code link was distributed through milk recording services 

communications to reach farmers for whom we did not have an email address (in The Milk 

Producer magazine for CanWest DHI members and the monthly report for Valacta members), 

reaching approximately 8,000 dairy farmers in total. To maximize reach, a paper copy of the 

questionnaire was sent to 2,000 randomly selected milk recording subscribers with their monthly 

DHIA report (1,000 CanWest DHI and 1,000 Valacta members). Some overlap was expected in 

the population reached via different methods of communication, and we estimated the total 

population contacted to be nearly 9,000 dairy herds. At that time, there were 11,962 dairy herds 

in Canada (Canadian Dairy Information Center, 2014). To increase the response rate, we offered 

an estimate of completion time, emphasized the objective of the study, and provided a financial 

incentive for completion (entry in a drawing to win $250; Dillman et al., 2008; Dohoo et al., 

2009).  

The respondents were allowed to leave any question unanswered. The questionnaire had a 

total of 70 questions about demographic information, farm characteristics, general management 

practices, transition management, and reproduction management. Questions on opinions and 

attitudes toward reproduction were also asked but will be reported in a separate paper. In the 

section for reproduction management, respondents were asked to give the proportion of 

inseminations that were based on visual estrus detection, timed AI, AAM, or other means. When 

the choice “other” was selected, respondents were asked to specify their answer. Herds were then 
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classified according to their main reproduction management practice, which was defined as the 

practice used for more than 50% of the inseminations in lactating cows. If a single management 

practice did not account for more than 50% of the inseminations, herds were classified as using a 

combination of management practices. Herd size was categorized as < 50 lactating cows, 50 to 

100 lactating cows, and > 100 lactating cows, to roughly balance categories based on the 

distribution of the Canadian herd size (< 50 cows: 29% of the herds, 50 to 100 cows: 41% of the 

herds, and > 100 cows: 30% of the herds). The reported VWP for AI was classified using the 

median (≤ 60 DIM or > 60 DIM).  

Online answers were downloaded into Microsoft Excel (Microsoft Corp., Richmond, WA) 

spreadsheets and the data entry for mailed answers was done with Microsoft Access (Microsoft 

Corp.). All data were collated in Microsoft Excel.  

Respondents were asked to give one-time access to their data from milk recording services. 

If they gave permission and a valid herd identification number, data on AI and pregnancy dates 

were entered in DairyComp 305 (VAS, Tulare, CA). Annual 21-d pregnancy rate (PR), 21-d 

insemination rate (IR), and conception risk (CR; probability of diagnosed pregnancy per AI) for 

the year 2013 were extracted from the software using a standardized VWP of 50 days 

postpartum.  

Statistical Analysis 

Statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC). Means, 

medians, and interquartile ranges (IQR; 1st to 3rd quartile) were calculated for continuous and 

ordinal variables, and frequencies were calculated for binary and categorical variables. For 

descriptive purposes, some associations between categorical variables were tested using the chi-

squared test for independence. The difference between PR, IR, and CR obtained from DHIA 

records and reported by the respondents were assessed graphically. The relative effect of IR and 

CR on PR was investigated using a linear regression model (PROC GLM). Associations between 

management practices and each reproductive performance measure (PR, IR, and CR) were tested 

using linear regression models (PROC GLM). Confounders and intervening variables were 
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identified with a causal diagram (Figure 3.1), and confounders were included in the models. 

Collinearity between predictors was assumed if two categorical variables were associated with an 

odds ratio ≥ 8, or if a continuous and a categorical variable were significantly associated 

(ANOVA; Dohoo et al., 2009). When collinearity was present, only one (the most biologically 

plausible) confounder was kept as a fixed effect in the models. Two-way interactions were tested 

and kept in the models if significant (P < 0.05). Normality and homoscedasticity of the residuals 

was assessed graphically using standardized residuals. Outliers (residuals and student residuals), 

extreme (leverage), and influential data (Cook’s distance and DFFITS) were generated to assess 

the fit of the models. Characteristics of extreme values were identified to understand their effect 

on the models (Dohoo et al., 2009). Marginal means (least squares means ± SE) were obtained 

for categorical variables using the Tukey-Kramer adjustment for multiple comparisons. Missing 

data were deleted from analyses (complete-case analysis; Pigott, 2001).  

RESULTS 

Questionnaire 

A total of 490 and 342 questionnaires were completed online and by mail, respectively, for 

a total of 832 responses. Because we can only approximate how many dairy producers were 

reached by the contact strategy (9,000 dairy farms), the response rate was estimated to be 

approximately 9%. The number of responses represents 7% of the total number of farms in 2014 

in Canada (Canadian Dairy Information Center, 2014). Of the 832 respondents, 66% (n = 548) 

gave access to their DHIA files and could be linked to the DHIA database. The percentage of 

unanswered questions (missing data) ranged from a low of 0.7% for lactating cow housing to a 

high of 9% for access to pasture.  

Respondents  

Ninety-eight percent of the respondents reported being members of a milk recording 

service (CanWest DHI: n = 452; Valacta: n = 359). The respondents were from 9 out of 10 

Canadian provinces (Figure 3.2). The respondents’ ages were under 30 years (20%, n = 164), 
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between 30 and 39 years (27%, n = 220), between 40 and 49 years (23%, n = 193), between 50 

and 59 years (26%, n = 212), and 60 years and above (4%, n = 33). Their highest completed level 

of education was high school for 31% (n = 253), community college or diploma for 55% (n = 

446), undergraduate university for 13% (n = 107), and graduate university for 1% (n = 10). 

Seventy-five percent (n = 615) of the respondents expected their farm to be in operation for more 

than 20 years. The proportion of respondents who gave access to their milk recording data was 

higher for farms from British Columbia, Alberta, Saskatchewan, Québec, and Prince Edward 

Island than for other provinces (P < 0.01). Respondents between 30 and 49 years old were more 

likely to give access to their milk recording data than other age groups (P < 0.01). The level of 

education was similar between those that did gave access to their herd’s reproductive 

performance data and those that did not (P = 0.22).  

Farms  

Farms had, on average, 77 lactating cows (median = 55, IQR = 40 to 88), 13 dry cows 

(median = 10, IQR = 6 to 15), and 72 replacement animals (newborn to first calving; median = 

50, IQR = 34 to 85), while the average Canadian dairy farm had, on average, 80 adult cows 

(lactating and dry; Canadian Dairy Information Center, 2014). Holstein was the most common 

breed (92%, n = 770) followed by Ayrshire (3%, n = 21), Jersey (2%, n = 18), and other breeds 

(1%, n = 11). The proportion of farms that housed lactating and dry cows in tiestall, freestall, and 

bedded pack barns is presented in Table 3.1, along with the proportions reported by the Canadian 

Dairy Information Center (2014). The calving area was a tiestall on 29% (n = 237) of the farms, 

group bedded pack on 27% (n = 225), individual box stall on 41% (n = 338), and freestall on 3% 

(n = 23). The barns for lactating cows were built on average 31 years ago (median = 23, IQR = 

10 to 43), and 14% (n = 114) of the farms had undergone major renovations in the lactating cow 

barn during the year preceding the questionnaire (2013). Tiestall barns were significantly older 

than freestall barns (built 40 and 17 years ago, respectively; P < 0.01). All farm characteristics 

were similar in the group of respondents who gave access to their milk recording data and those 

who did not (P > 0.10).  
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General Management  

Seventy-five percent (n = 573) of the respondents did not provide pasture access to 

lactating cows, while 18% (n = 138) provided access to pasture both night and day, 4% (n = 31) 

at night only, and 2% (n = 18) during the day only, during the warm season. Cows in tiestall 

barns were given access to pasture more often than cows in freestall barns (30 vs. 16%; P < 0.01) 

and pasture access during the warm season differed among regions (western provinces: 15%, 

Ontario: 31%, Québec: 20%, Maritimes: 50%; P < 0.01). A total of 20 farms (2.3%) were 

reported to be organic and consisted of both tiestall and freestall barns (2.2 and 2.5%, 

respectively, P = 0.79).  

Transition Management  

The respondents used an average planned dry period of 57 days (median = 60, IQR = 55 to 

60). Before calving, farms that had a calving area (72%, n = 593) moved their cows at the first 

sign of calving (8%, n = 69), the day before expected calving (13%, n = 110), 1 or 2 days before 

expected calving (8%, n = 66), or 3 days or more before expected calving (42%, n = 348). After 

calving, the reported VWP was 58 days on average (median = 60, IQR = 50 to 60). The VWP for 

heifers was 14 months of age on average (median = 14, IQR = 13 to 15).  

Reproduction Management  

For lactating cows, 89% (n = 740) of the respondents used visual estrus detection, but only 

8% (n = 70) used visual estrus detection for more than 90% of the inseminations on their farm, 

and 9% (n = 73) used visual estrus detection for less than 10% of the inseminations on their 

farm. Eighty-one percent (n = 676) used timed AI (> 90% timed AI: 2%, n = 15; < 10% timed 

AI: 19%, n = 159), 23% (n = 193, 89% freestall barns) used an AAM system [> 90% of AI based 

on the AAM system: 1%, n = 9 (89% freestall barns); < 10% AAM system: 77%, n = 638 (25% 

freestall barns)], and 7% (n = 61) used other means as management practices to inseminate their 

cows. The use of AAM system was more frequent in freestall (52%, n = 169) than in tiestall 
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barns (7%, n = 33). When specified (n = 18), the category “other” was defined as the use of 

bulls. When asked in a separate question, the proportion of herds using clean-up bulls was higher 

(17.8%, n = 148) than herds reporting using another management practice (7%, n = 61). For first 

insemination, the main reproduction management practice (> 50% of first inseminations) was 

visual estrus detection (51% of farm, n = 414), timed AI (21%, n = 175), AAM (10%, n = 84), 

other practices (1%, n = 10), and a combination of management practices (16%, n = 132). For 

subsequent (second and greater) inseminations, the main reproduction management practice was 

visual estrus detection (44% of farms, n = 356), timed AI (23%, n = 181), AAM (10%, n = 83), 

other practices (2%, n = 14), and a combination of management practices (21%, n = 170). The 

distribution of main reproduction management practices was different in tiestall barns and in 

freestall or bedded pack barns, for first and subsequent inseminations (Table 3.2). The proportion 

of farms using a combination of management practices was lower for first inseminations 

compared with subsequent inseminations (44 vs. 56%; P = 0.01), and the proportion of farms 

using visual estrus detection was higher for first inseminations compared with subsequent 

inseminations (54 vs. 46%; P = 0.01).  

For first and subsequent inseminations, the main reproduction management practices for 

heifers was visual heat detection in most herds (69%, n = 551). Timed AI (7%, n = 55), AAM 

(9%, n = 69), other practices (7%, n = 52), and a combination of management practices (9%, n = 

68) were used in some herds.  

On farms that used visual estrus detection, respondents observed cows for signs of estrus 

on average 3.5 times per day (median = 3, IQR = 2 to 4), for an average total of 36 minutes per 

day (median = 20, IQR = 10 to 35). The amount of time spent observing cows for signs of estrus 

was different if observation was the only task performed or if other tasks were done concurrently 

with estrus detection (22 and 41 min, respectively, P < 0.01). Aids to visual heat detection such 

as mount detectors and tail chalk or paint were used in only 7% (n = 62) and 5% (n = 39) of the 

herds, respectively.  
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Reproductive hormones were used for at least some of the inseminations on 84% of the 

farms (n = 692). Respondents could indicate that they used more than one hormonal intervention 

program. In lactating cows, hormones were used to synchronize estrus (47% of farms, n = 384), 

synchronize ovulation using Ovsynch only (58%, n = 472), synchronize ovulation using 

Ovsynch combined with a progesterone implant (16%, n = 129), or synchronize ovulation using 

presynchronization (e.g., Presynch or Double Ovsynch) followed by Ovsynch (21%, n = 171). 

More respondents housing cows in tiestall barns than in freestall barns reported using programs 

to synchronize ovulation (Ovsynch only: 61 vs. 50%, P < 0.01; Ovsynch and progesterone: 20 

vs. 9%, P < 0.01; presynchronization and Ovsynch: 23 vs. 18%, P = 0.09), but not to synchronize 

estrus (46 vs. 47%, P = 0.73). For heifers, hormones were used to synchronize estrus (37% of 

farms, n = 307), synchronize ovulation using Ovsynch only (16%, n = 133), synchronize 

ovulation using Ovsynch combined with a progesterone implant (3%, n = 24), or synchronize 

ovulation using presynchronization (e.g., Presynch or Double Ovsynch) followed by Ovsynch 

(2%, n = 15). Region and herd size were not independently associated with the use of timed AI 

programs.  

On farms using an AAM system, the respondents reported consulting the system for estrus 

alarms once per day (9%, n = 16), twice per day (60%, n = 105), or more than twice per day 

(31%, n = 54). Eighty-three percent confirmed an alarm with observation of signs of estrus 

before inseminating (all the time: n = 52; more than 50% of the time: n = 59; 50% of the time or 

less: n = 37). The majority of respondents reported that they inseminated cows not identified by 

the AAM system less than 10% of the time (59%, n = 105). An equal proportion of the remaining 

respondents inseminated cows not identified in estrus by the AAM system 10 to 20% of the time 

(20%, n = 36) or more than 20% of the time (21%, n = 38). Rumination detection was reported to 

be used on 5% (n = 43) of the farms.  

For lactating cows, inseminations were performed once (52%, n = 406), twice (41%, n = 

321), or more than twice (7%, n = 52) per day, whereas they were performed once (59%, n = 

432), twice (36%, n = 263), or more than twice (5%, n = 35) per day for heifers. The primary 

inseminator on farm was the owner (46%, n = 368), an artificial insemination company (45%, n 
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= 360), or an employee (9%, n = 70). Eighteen percent of respondent farms (n = 147) had more 

than one person doing the inseminations.  

Thirty-four percent (n = 279) of herds diagnosed pregnancies starting before 30 days post-

insemination, while 9% (n = 73) diagnosed pregnancies no sooner than 45 days post-

insemination. Thirty-two percent (n = 265) of herds did not routinely confirm pregnancy, 24% (n 

= 194) confirmed initial pregnancy diagnosis before 60 days post-insemination, 33% (n = 270) 

confirmed between 60 and 80 days post-insemination, and 11% (n = 90) after 80 days post-

insemination. The veterinarian was scheduled for a routine herd health visit including pregnancy 

diagnosis weekly (3%, n = 26), every 2 to 3 weeks (41%, n = 336), monthly (40%, n = 329), or 

less than once a month (16%, n = 130).  

Reproductive Performance  

The difference between reproductive performance indices obtained from DHIA and 

reported by the respondents are shown in Figure 3.3. The range of the differences is wide; 

however, 54% of the respondents reported a PR within ± 5% points of their actual PR as reported 

by DHIA, 35% of respondents reported an IR ± 5% points of their actual IR, and 49% of 

respondents reported a CR ± 5% points of their actual CR. The distribution of the annual PR, IR, 

and CR obtained from DHIA for 2013 are presented in Figure 3.4. The average PR was 17.6% 

(SD = 5.4, median = 17, IQR = 14 to 21), IR 44.1% (SD = 11.6, median = 45, IQR = 37 to 52), 

and CR 40.5% (SD = 8.9, median = 40, IQR = 35 to 46). Scatter plots of the relationship 

between PR and IR and CR are displayed in Figure 3.5. The relationship between IR and PR (R2 

= 0.525) was stronger than that between CR and PR (R2 = 0.157).  

Variables such as region, housing, herd size, VWP, number of inseminations per day, main 

reproduction management practices, and use of presynchronization followed by Ovsynch for first 

inseminations and subsequent (not shown) inseminations were associated with PR (Table 3.3), IR 

(Table 3.4), or CR (Table 3.5) in multivariable analyses. The categories for which PR was higher 

also had higher IR (i.e., Québec province, freestall housing, herd size > 100 lactating cows, 

reported VWP ≤ 60 DIM, frequency of insemination twice per day or more). Herds with visual 
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estrus detection as the main practice had lower IR than herds with timed AI or combined 

practices but higher CR than herds mainly using timed AI (Tables 3.3, 3.4, and 3.5). In the 

models for PR, IR, and CR, only three, one, and six outliers were identified, respectively. The 

outliers were kept in the models because removing them did not affect the direction or the 

magnitude of the coefficients.  

DISCUSSION  

As expected, management practices varied considerably among Canadian dairy farms 

surveyed. Visual estrus detection was still used on most farms to various extents, but alternative 

practices such as timed AI and AAM were also implemented on many farms. These alternatives 

to observation for estrus detection seemed to be more for subsequent inseminations than first 

inseminations; the proportion of respondents using visual estrus detection as their main 

reproduction management for first inseminations decreased for subsequent inseminations to the 

benefit of combined practices.  

Assessing the representativeness of our sample of respondents, we found that the 

distribution of the farms throughout the provinces (Figure 3.2), the average number of cows per 

farm, and the proportion of freestall and tiestall barns were slightly different from the population 

of Canadian farms in 2014 (Canadian Dairy Information Center, 2014). These discrepancies can 

be explained by the fact that advertisement was done differently by CanWest DHI in the western 

provinces and Valacta in the eastern provinces, which resulted in more responses from the 

western provinces, where more farms have freestall barns and herd sizes are larger (Canadian 

Dairy Information Center, 2014). This circumstance might also have inflated the apparent 

proportion of farms using AAM systems (Neves and LeBlanc, 2015). Despite voluntary response 

to the questionnaire and the slight differences between the sample and the target population, we 

think that the present results provide a good representation of the diversity of management 

approaches on Canadian dairy farms.  

Regarding comparability with other studies, reproduction management practices have not 

been described for a representative sample of herds in the United States, although data exist for 
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large commercial farms (Caraviello et al., 2006b). Even though the surveyed population in the 

United States study was different than the present study (only freestall barns, larger herds), it is 

interesting to observe greater use of AAM systems in freestall barns (Caraviello et al., 2006b: 

8%, our data for 2014: 52%), and less time dedicated to visual estrus detection (Caraviello et al., 

2006b: 2.8 times per day, 27 minutes per observation bout; our data for 2014: 3.5 times per day 

for a total of 36 minutes), yet the similar proportion of herds using reproductive hormones to 

some extent (Caraviello et al., 2006b: 87%; our data for 2014: 81%). The target population for 

the present study was all Canadian dairy farms and was reached via mail or internet, while 

Caraviello et al. (2006b) had very specific criteria to select their sample and conducted live 

interviews, which might explain the difference in time for visual heat detection. The difference in 

use of AAM system is more likely to be due to the rapid increase in commercialization of AAM 

systems in the last 5 years. In the present study, it was possible to estimate the approximate 

proportion of inseminations done following the use of timed AI. Even though the proportion of 

farms using timed AI was similar between the two studies, the extent of use likely differed 

between the two samples.  

To our knowledge, this study is the most complete report of reproductive performance on 

Canadian dairy farms. Reproductive performance data were only obtained for members of a milk 

recording service who gave voluntary access to their data, which might have given higher PR, 

IR, and CR than the source population. Other recent studies obtained very similar (Neves and 

LeBlanc, 2015) or better (elite herds; Ferguson and Skidmore, 2013) reproductive performance, 

but a previous Canadian (LeBlanc, 2005) report had lower measures of performance (PR = 13%, 

IR = 33%, CR = 38%). Even though the sample from the latter study is not the same as here, 

these data suggest that reproductive performance is at least stable, if not improving in Canada, 

which was also suggested by Norman et al. (2009) in the United States. The apparent increase of 

IR over time, and consequently of PR, is likely the consequence of increased use of estrus 

detection technologies (i.e., AAM) and synchronization programs (combined practices and timed 

AI, Table 3.2). This explanation is supported by the stronger correlation between PR and IR than 
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between PR and CR (Figure 3.5). A recent study also observed that IR has greater influence on 

PR than CR (Ferguson and Skidmore, 2013).  

The PR, IR, and CR were used as measures to evaluate the reproductive performance of the 

herds. The use of DHIA data is convenient, but the results need to be interpreted with caution 

because of the risk of bias. The impossibility of validation the completeness of the available data 

could introduce an information bias. For example, the PR could be lower than reality because of 

an error in reporting pregnant cows, but could also be higher than reality because of an error in 

reporting the cows at risk (not pregnant). Also, the data were only available for respondents that 

participate in DHIA and agreed to give access to their data, which introduces the possibility of 

selection bias. The characteristics of all the respondents and those who gave access to their data 

did not differ, so we expect that bias was minimal. Moreover, both biases are more likely to 

influence the results toward the null.  

Contrary to our hypothesis, the main reproduction management practice used was not 

associated with the annual PR, which suggests that overall herd reproductive performance does 

not depend primarily on the main reproduction management practice itself. However, IR was 

higher in herds using timed AI and combined practices compared with herds using visual estrus 

detection. This observation could be the result of timed AI that ensures insemination despite 

problems such as prolonged postpartum anovulation (Walsh et al., 2007), diminished estrus 

expression due to lower hormone levels associated with increased steroid catabolism, lameness, 

or environmental factors (Rodtian et al., 1996; Juarez et al., 2003; Lopez et al., 2004; Walker et 

al., 2010). On the other hand, timed AI of cows that would not have shown estrus may be 

associated with decreased CR (Sangsritavong et al., 2002; Sakaguchi et al., 2004; Shrestha et al., 

2004). For example, the prevailing use of Ovsynch as the synchronization protocol for timed AI 

in our sample could have affected the conception risk because of the reduced ability of this 

protocol to induce ovulation in anovular cows compared with Double Ovsynch (Souza et al., 

2008). Interestingly, farms that reported using presynchronization had higher PR and IR, but not 

higher CR. The higher IR could be explained by the fact that farmers using presynchronization 

inseminated cows within a fixed period postpartum, which results in better IR and potentially 
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PR. Considering superior performance of modified synchronization programs (Souza et al., 

2008; Herlihy et al., 2012), it is surprising that their use was not associated with an increase CR. 

This outcome can probably be explained by the lack of details on the type of presynchronization 

used on farms. The proportion of cows inseminated following presynchronization, the type of 

presynchronization (e.g., Double Ovsynch, G6G), the compliance to the programs, and the  

proportion of cows inseminated following the second prostaglandin injection of a 

presynchronization (Borchardt et al., 2016) likely influence performance, but we were unable to 

assess those details through the questionnaire.  

Even though the main reproduction management practice was not associated with PR, other 

reproduction management choices and practices such as the length of the VWP and the frequency 

of AI per day were. As calculated here with a fixed VWP applied to all herds, a shorter VWP 

increases the IR and consequently the PR. For the number of AI per day, the explanation is less 

clear. Insemination twice versus once per day would be expected to better optimize the timing of 

insemination (Dransfield et al., 1998; Stevenson et al., 2014) and so increase CR; however, our 

data showed a positive association with IR but not CR (Tables 3.4 and 3.5), which might suggest 

an underlying component of management that was not measured by the questionnaire.  

The reproductive performance indices seem to be well understood and used by half the 

respondents (Figure 3.3), but some extreme differences were observed between reported indices 

and those obtained from DHIA. It was surprising to find that a high proportion of respondents 

were not aware of these indices on their farm because these are accepted to be the best available 

measures of reproductive performance (LeBlanc, 2005).  

CONCLUSIONS  

The present study described the diversity of the Canadian dairy farms and their 

reproduction management practices. Multiple reproduction management practices were used on 

most farms, to different extents, leading to a wide variety of approaches and methods. To 

evaluate the association between reproductive performance and different management practices, 

farms were categorized using their characteristics and their management strategies. Farm 
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characteristics such as region, housing, and herd size as well as reported VWP and frequency of 

insemination per day were associated with higher IR and higher PR. Even though higher IR was 

observed in farms using timed AI or combined practices as the main reproduction management 

practice, it did not reflect sufficiently on the PR to support one approach resulting in better 

reproductive performance than another. This outcome supports the notion that other 

characteristics and management practices influence performance and likely interact with the 

reproduction management practices used on farm.  
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Table 3.1. Proportion (%) of surveyed farms and all Canadian farms (Canadian Dairy 

Information Center, 2014; CDIC) using tiestall, freestall, and bedded packs for housing lactating 

and dry cows  

 

  

 

 

  

 

 

  

 

 

  

 

 

  

Barn type
Proportion (n) of surveyed farms housing Proportion (n) of farms 

reported by the CDIC in 
2014Lactating cows Dry cows

Tiestall 61% (502) 34% (281) 72% (6,264)

Freestall 37% (302) 26% (210) 28% (2,474)

Bedded pack 2% (22) 40% (328)
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Table 3.2. Proportion of farms (%; no. in parentheses) using different main reproduction 

management practices (for > 50% of the inseminations in lactating cows) in tiestall barns and 

freestall or bedded pack barns for first (n = 810 farms) and subsequent (n = 800 farms) 

inseminations  

Main 
reproduction 
management 
practice

First inseminations Subsequent inseminations

Tiestall 
% (n) of 

respondents

Freestall or 
bedded pack 

% (n) of 
respondents

P-value
Tiestall 
% (n) of 

respondents

Freestall or 
bedded pack 

% (n) of 
respondents

P-value

Visual estrus 
detection 56.8% (280) 41.0% (130) < 0.01 50.6% (246) 34.4% (108) < 0.01

Timed AI 27.6% (136) 12.0% (38) < 0.01 27.4% (133) 15.0% (47) < 0.01

Automated 
activity 
monitoring

1.0% (5) 24.9% (79) < 0.01 1.0% (5) 24.8% (78) < 0.01

Other 1.0% (5) 1.6% (5) 0.48 1.4% (7) 1.9% (6) 0.61

Combination 
of practices 13.6% (67) 20.5% (65) 0.01 19.6% (95) 23.9% (75) 0.14
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Table 3.3. Linear regression models and marginal means (adjusted for multiple comparisons; 

Tukey-Kramer) presenting associations between herd characteristics and management practices, 

and annual 21-d pregnancy rate (PR) adjusted for confounders  

Dependent variables n Coefficients 
(± SE) P-value PR % (± SE)

Model 1: 
Intercept 17.0 (± 0.6) < 0.01

Geographical region

Western provinces 81 Ref.

< 0.01

17.0a (± 0.6)

Ontario 206 -0.3 (± 0.7) 16.7a (± 0.4)

Québec 249 1.5 (± 0.7) 18.5b (± 0.3)

Maritimes 12 0.0 (± 1.7) 17.0ab (± 1.5)

Model 2: 
Intercept 15.8 (± 0.8) < 0.01

Herd size1

< 50 lactating cows 211 Ref.

0.02

16.6a (± 0.6)

50 to 100 lactating cows 221 0.56 (± 0.5) 17.2ab (± 0.5)

>100 lactating cows 112 1.8 (± 0.7) 18.4b (± 0.6)

Model 3: 
Intercept 14.7 (0.8) < 0.01

Type of housing1,2

Freestall barn or bedded pack 210 Ref.
< 0.01

18.3a (± 0.5)

Tiestall barn 337 -2.1 (± 0.5) 16.2b (± 0.5)

Model 4: 
Intercept 14.4 (± 0.8) < 0.01

Main reproduction management at first AI1,3

Visual estrus detection 275 Ref.

0.34

16.8 (± 0.5)

Timed AI 123 1.1 (± 0.6) 17.9 (± 0.6)

Automated activity monitoring 52 0.0 (± 0.9) 16.8 (± 0.9)

Other 2 -1.0 (± 3.8) 15.9 (± 3.8)

Combination of practices 83 0.9 (± 0.7) 17.7 (± 0.7)

!89



a,bMeans within a column within a model with different superscripts differ (P < 0.05). 

1Adjusted for geographical region. 

2Adjusted for herd size. 

3Adjusted for type of housing.  

4Adjusted for main reproduction management practice at first AI.  

Model 5: 
Intercept 15.6 (± 1.0) < 0.01

Use of presynchronization1,3,4

No 450 Ref.
0.05

16.8a (± 0.9)

Yes 99 1.3 (± 0.7) 18.1b (± 1.0)

Model 6: 
Intercept 14.6 (± 0.8) < 0.01

Reported voluntary period1,2,4

≤ 60 DIM 418 Ref.
< 0.01

17.4a (± 0.9)

> 60 DIM 130 -1.7 (± 0.5) 15.8b (± 1.0)

Model 7: 
Intercept 15.7 (± 0.9) < 0.01

Frequency of AI per day1,2,4

Once daily 252 Ref.
0.04

16.6a (± 0.9)

Twice daily or more 273 1.1 (± 0.5) 17.7b (± 0.9)
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Table 3.4. Linear regression models and marginal means (adjusted for multiple comparisons; 

Tukey-Kramer) presenting associations between herd characteristics and management practices, 

and annual 21-d insemination rate (IR) adjusted for confounders  

Dependent variables n Coefficients 
(± SE) P-value IR % (± SE)

Model 1: 
Intercept 40.4 (± 1.3) < 0.01

Geographical region

Western provinces 81 Ref.

< 0.01

40.4a (± 1.3)

Ontario 206 3.1 (± 1.5) 43.4b (± 0.8)

Québec 249 5.7 (± 1.5) 46.1b (± 0.7)

Maritimes 12 1.2 (± 3.5) 41.6ab (± 3.3)

Model 2: 
Intercept 35.8 (± 1.6) < 0.01

Herd size1

< 50 lactating cows 211 Ref.

< 0.01

39.7a (± 1.2)

50 to 100 lactating cows 221 3.7 (± 1.1) 43.4b (± 1.1)

>100 lactating cows 112 6.1 (± 1.4) 45.8b (± 1.3)

Model 3: 
Intercept 35.0 (± 1.7) < 0.01

Type of housing1,2

Freestall barn or bedded pack 210 Ref.
0.24

43.7 (± 1.1)

Tiestall barn 337 -1.6 (± 1.3) 42.1 (± 1.2)

Model 4: 
Intercept 34.6 (± 1.7) < 0.01

Main reproduction management at first AI1,3

Visual estrus detection 275 Ref.

< 0.01

40.5a (± 1.0)

Timed AI 123 5.4 (± 1.2) 45.9b (± 1.3)

Automated activity monitoring 52 2.3 (± 1.8) 42.7ab (± 1.8)

Other 2 -15.0 (± 7.9) 25.4ab (± 7.9)

Combination of practices 83 4.9 (± 1.4) 45.4b (± 1.4)
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a,bMeans within a column within a model with different superscripts differ (P < 0.05). 

1Adjusted for geographical region. 

2Adjusted for herd size. 

3Adjusted for type of housing.  

4Adjusted for main reproduction management practice at first AI.  

Model 5: 
Intercept 37.2 (± 2.1) < 0.01

Use of presynchronization1,3,4

No 450 Ref.
0.04

39.5a (± 1.8)

Yes 99 2.8 (± 1.4) 42.4b (± 2.2)

Model 6: 
Intercept 31.4 (± 1.7) < 0.01

Reported voluntary period1,2,4

≤ 60 DIM 418 Ref.
< 0.01

40.6a (± 1.8)

> 60 DIM 130 -4.9 (± 1.1) 35.7b (± 2.0)

Model 7: 
Intercept 34.2 (± 1.8) < 0.01

Frequency of AI per day1,2,4

Once daily 252 Ref.
0.08

38.7a (± 1.9)

Twice daily or more 273 1.9 (± 1.1) 40.6b (± 1.9)
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Table 3.5. Linear regression models and marginal means (adjusted for multiple comparisons; 

Tukey-Kramer) presenting associations between herd characteristics and management practices, 

and conception risk (CR)  

Dependent variables n Coefficients 
(± SE) P-value CR % (± SE)

Model 1: 
Intercept 44.7 (± 1.0) < 0.01

Geographical region

Western provinces 81 Ref. 44.7a (± 1.0)

Ontario 206 -5.0 (± 1.1) 39.7b (± 0.6)

Québec 249 -4.9 (± 1.1) 39.7b (± 0.6)

Maritimes 12 -4.3 (± 2.7) < 0.01 40.3ab (± 2.5)

Model 2: 
Intercept 46.7 (± 1.2) < 0.01

Herd size1

< 50 lactating cows 211 Ref. 42.7a (± 0.9)

50 to 100 lactating cows 221 -2.5 (± 0.9) 40.2b (± 0.8)

>100 lactating cows 112 -2.0 (± 1.1) 0.01 40.7b (± 1.0)

Model 3: 
Intercept 44.9 (± 1.3) < 0.01

Type of housing1,2

Freestall barn or bedded pack 210 Ref. 42.7 (± 0.8)

Tiestall barn 337 -3.5 (± 1.0) < 0.01 39.2 (± 0.9)

Model 4: 
Intercept 44.3 (± 1.3) < 0.01

Main reproduction management at first AI1,3

Visual estrus detection 275 Ref. 42.4a (± 0.8)

Timed AI 123 -2.8 (± 0.9) 39.5b (± 1.0)

Automated activity monitoring 52 -2.5 (± 1.4) 39.9ab (± 1.4)

Other 2 7.8 (± 8.7) 50.2ab (± 8.7)

Combination of practices 83 -2.6 (± 1.1) 0.01 39.7ab (± 1.0)
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a,bMeans within a column within a model with different superscripts differ (P < 0.05). 

1Adjusted for geographical region. 

2Adjusted for herd size. 

3Adjusted for type of housing.  

4Adjusted for main reproduction management practice at first AI.  

Model 5: 
Intercept 44.0 (± 1.7) < 0.01

Use of presynchronization1,3,4

No 450 Ref. 42.4a (± 1.9)

Yes 99 -0.3 (± 1.1) 0.77 42.1b (± 2.1)

Model 6: 
Intercept 47.9 (± 1.4) < 0.01

Reported voluntary period1,2,4

≤ 60 DIM 418 Ref. 43.0 (± 1.9)

> 60 DIM 130 0.6 (± 0.9) 0.51 43.6 (± 2.0)

Model 7: 
Intercept 48.3 (± 1.4) < 0.01

Frequency of AI per day1,2,4

Once daily 252 Ref. 42.7 (± 1.9)

Twice daily or more 273 0.9 (± 0.8) 0.30 43.6 (± 1.9)
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Figure 3.1. Partial causal diagram for measured variables associated with 21-d insemination rate, 

conception risk, and 21-d pregnancy rate. Thicker arrows represent highly collinear variables 

(odds ratio >8; Dohoo et al., 2009).  
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Figure 3.2. Proportion of respondents (gray; with 95% CI) and of Canadian farms (black; 

Canadian Dairy Information Center, 2014) from western provinces (n = 123), Ontario (n = 336), 

Québec (n = 347), and the Maritimes (n = 19).  
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Figure 3.3. Distribution of the difference between reproductive performance obtained from milk 

recording services [21-d pregnancy rate (PR), 21-d insemination rate (IR), and conception risk 

(CR)], and those reported by the respondent from 358 Canadian herds in 2013. The average 

difference for PR was 16.4% [SD = 25.9, median = 3, interquartile range (IQR) = 0 to 31], 8.6% 

for IR (SD = 25.6, median = 4, IQR = −2 to 25), and −3.0 for CR (SD = 20.9, median = −1, IQR 

= −8 to 4).  
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Figure 3.4. Distribution of annual 21-d pregnancy rate (PR), 21-d insemination rate (IR), and 

conception risk (CR) for lactating cows, using a standard voluntary waiting period of 50 DIM, 

calculated with Dairy Comp 305 (VAS, Tulare, CA) from 542 Canadian herds in 2013. The 

average PR was 17.6% [SD = 5.4, median = 17, interquartile range (IQR) = 14 to 21], IR 44.1% 

(SD = 11.6, median = 45, IQR = 37 to 52), and CR 40.5% (SD = 8.9, median = 40, IQR = 35 to 

46).  
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Figure 3.5. Scatter plot of annual 21-d pregnancy rate against 21-d insemination rate and 

conception risk in 542 Canadian dairy herds in 2013.  
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CHAPTER FOUR  
PERFORMANCE OF AUTOMATED ACTIVITY MONITORING SYSTEMS 

COMPARED TO TIMED FIRST ARTIFICIAL INSEMINATION IN DAIRY COWS 

ABSTRACT 

Identifying cows in estrus remains a challenge on dairy cattle farms and different tools and 

technologies have been developed and used to complement or replace visual estrus detection. 

Automated activity monitoring (AAM) systems and timed artificial insemination (AI) are the 

main technologies available to dairy farmers, but many factors can influence their relative 

performance. The objectives of the present study were to compare reproductive performance of 

cows managed with an AAM system or with an intensive timed AI program (Double Ovsynch) 

for first insemination, and to evaluate potential associations between peripartum health and 

probability of being identified in estrus by the AAM system between 50 and 75 days in milk 

(DIM). From April 2014 to April 2015, 998 cows from two herds were randomly assigned either 

to be inseminated at 85 ± 3 DIM exclusively using the Double Ovsynch protocol for timed AI, or 

to be inseminated based on estrus detection by AAM without hormonal intervention between 50 

and 75 DIM; if no alarm was detected by 75 DIM cows were inseminated following the single 

Ovsynch protocol. The herds used different AAM systems. Parity, hyperketonemia at weeks 1 

and 2 post-partum (PP), purulent vaginal discharge at week 5 PP, body condition score at week 7 

PP, and anovulation at week 9 PP were recorded. These health indicators did not significantly 

differ between treatment groups, but did between herds. The association between treatment 

group and pregnancy at first insemination, and pregnancy by 88 DIM were assessed using 

logistic regression models. Time to pregnancy was assessed using survival analysis. Overall, the 

odds of pregnancy at first insemination and by 88 DIM were not significantly different between 

the Double Ovsynch group and in the AAM group. The proportion of cows pregnant by 88 DIM 

was 41% and 34% in the AAM and Double Ovsynch groups, respectively. However, there were 

significant interactions between treatment and herd for both pregnancy outcomes, indicating 

differences in the relative performance of Double Ovsynch and AAM between herds. The 

median (95% CI) time to pregnancy was 110 (101 to 117) DIM and 118 (110 to 129) DIM for the 
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AAM and the Double Ovsynch groups, respectively. The present study concludes that relative 

performance of AAM compared to timed AI is likely influenced by herd-specific variables such 

as the AAM system used on farm.  

INTRODUCTION 

Reproductive performance in dairy cows has a large impact on herd efficiency and 

economics. One of the main challenges is the ability to detect cows in estrus, due to low 

frequency and duration of primary signs of estrus (Lopez et al., 2004; Madureira et al., 2015), or 

to lack of time and visual detection skills on part of the herd personnel (Chapter Two). In the last 

20 years, tools and technologies have been developed and implemented to overcome these 

hurdles. For example, the use of reproductive hormones to increase insemination rate is now 

common on dairy farms in North America (Caraviello et al., 2006; Ferguson and Skidmore, 

2013) and timed artificial insemination (AI) programs have been refined to increase the 

probability of pregnancy per AI. Many such synchronization programs are available and recent 

studies suggest the Double Ovsynch protocol offers one of the best performance for first timed 

AI (Souza et al., 2008; Herlihy et al., 2012), while relying minimally on estrus detection. 

Increased awareness and concern by the general public toward the use of reproductive hormones 

in dairy cattle (von Keyserlingk et al., 2013; Pieper et al., 2016) and producers’ desire to achieve 

good reproductive performance using automated activity monitoring (AAM; Neves and LeBlanc, 

2015) requires quantification of the performance that can be achieved with various reproductive 

management tools.  

The first reported use of AAM systems was four decades ago (Kiddy, 1977). Their use has 

since been refined (At-Taras and Spahr, 2001; Firk et al., 2002; Lovendahl and Chagunda, 2010) 

and their performance has been on average, comparable to timed AI in recent clinical trials 

(Neves et al., 2012; Fricke et al., 2014; Dolecheck et al., 2016). When used for first AI, AAM 

systems were used to identify cows in estrus between the voluntary waiting period (VWP) and 

possible enrolment in an Ovsynch protocol, 12 or 46 days later (Neves et al., 2012; Fricke et al., 

2014; Dolecheck et al., 2016). When employing AAM, it is known that not all cows will be 

detected in estrus within an economically desirable time, but this interval is not well defined. If a 
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goal is to maximize the use of AAM, it is likely necessary to wait for the length of an estrus 

cycle so all cows have a chance to be detected in estrus by the system once. The estrus cycle of 

dairy cows was traditionally reported to be approximately 21 days in length (Hartigan, 2004), but 

recent studies suggest the inter-ovulatory interval varies from 18 to 28 days (mode = 22 days; 

Sartori et al., 2004; Remnant et al., 2015). In order to maximize the use of an AAM system for 

first AI, the system would be used for a period of approximately 25 days past the VWP. In 

previous studies, 22 to 31% of cows were not detected in estrus in that period (Fricke et al., 

2014; Dolecheck et al., 2016). In order to quantify the performance of AAM systems on 

commercial dairy farms, it is useful to compare the management of first AI with AAM system to 

exclusive use of the Double Ovsynch protocol, which offers a high probability of pregnancy per 

AI among timed AI programs in freestall herds in North America (Souza et al., 2008; Herlihy et 

al., 2012). Additionally, identifying factors for detection of estrus by an AAM system after the 

VWP would help to improve the use of the AAM systems. Many peripartum health variables are 

associated with decreased reproductive performance (Duffield et al., 2009; Dubuc et al., 2010; 

Ospina et al., 2010; Dubuc et al., 2012; Ribeiro et al., 2016), and could also be associated with 

the probability of AAM systems to identify estrus events. Therefore, the objectives of this study 

were to compare reproductive performance of cows managed with an AAM system or with 

Double Ovsynch for first AI, and to evaluate the associations between peripartum health 

variables and the probability of being identified in estrus by the AAM system between 50 and 75 

DIM.  

MATERIALS AND METHODS 

Animals and Housing 

This study was evaluated and approved by the University of Guelph Animal Care 

Committee (Animal Utilization Protocol #2676). From April 2014 to June 2015, a randomized 

controlled trial was conducted in a convenience sample of two commercial freestall herds in 

Ontario. The hypothesis was that the AAM system would have lower pregnancy per AI than 

Double Ovsynch (Souza et al., 2008; Herlihy et al., 2012), but that this difference would be 

smaller than 10 percentage points. We aimed to enrol 1,050 cows to identify an difference in 
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pregnancy at first AI of 32% versus 41%, with 95% confidence, 80% power, and a 10% loss to 

follow-up (WinPEPI; Abramson, 2011). Both herds milked three times per day. All animals, 

regardless of their treatment group, were equipped with an AAM monitoring device within 1 

week postpartum: AfiAct (AfiMilk, Kibbutz Afikim, Israel) in herd 1, and HeatSeeker™ 

(BouMatic, Madison, Wisconsin, United States) in herd 2. Both systems were in use on the farms 

for over one year prior to the study and system settings that were being used prior to the study 

were retained.  

Treatments 

Cows were assigned to treatment groups weekly according to their identification number 

which was assigned randomly at birth or at first calving in herd 1 and 2, respectively. Treatment 

groups were Double Ovsynch: inseminated at 85 ± 3 DIM using the Double Ovsynch protocol 

(GnRH – 7 days – PGF2α – 2 days – GnRH – 7 days – GnRH – 7 days – PGF2α – 56 hours – 

GnRH – 12 to 16 hours – AI); or AAM group: inseminated based on AAM alarm between 50 and 

75 DIM; if no alarm was detected by 75 DIM, cows were inseminated following an Ovsynch 

protocol (Figure 4.1). All injections for the timed AI programs were administered by herd 

personnel, following detailed lists provided by the investigators. Cows from both treatment 

groups were co-mingled in the same pens and subject to the same diet and management to 

minimize differences caused by differing management factors. Due to the study design, herd and 

research personnel working with the cows were not blinded to treatment. Pregnancy diagnoses 

were performed biweekly by the herd veterinarian 28 to 42 days after insemination using 

ultrasound.  

Blood Sampling, Clinical Scoring, and Analyses 

Blood samples were taken from the coccygeal vessels into a sterile tube without 

anticoagulant (Vacutainer, Becton Dickinson, Franklin Lakes, New Jersey, United States) 4 to 10 

days before the date of expected calving, and at weeks 1, 2, 5, 7, and 9 postpartum. Blood 

samples were analyzed immediately when tested for beta-hydroxybutyrate (BHB) or kept on ice 

and taken to the laboratory within 6 hours. Serum was then separated by allowing coagulation of 
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the samples at room temperature for 30 minutes, and then centrifuged at 1,400 x g at 20 ºC for 15 

minutes. The serum was collected and frozen at -20 ºC until analyzed, one to eight months later. 

Samples were analyzed for BHB (weeks 1 and 2 postpartum), or progesterone (P4; weeks 5, 7 

and 9 postpartum). Hyperketonemia was defined as BHB ≥ 1.2 mmol/L (Duffield et al., 2009) 

and was measured on farm using a validated BHB hand-held meter (Precision Xtra, Abbott, 

Alameda, California, United States; Iwersen et al., 2009). Progesterone concentrations were 

measured using a commercial ELISA kit (Ovucheck Plasma, Biovet, St. Hyacinthe, Quebec; 

Broes and LeBlanc, 2014), and cows were classified as being anovulatory (all 3 samples < 1 ng/

mL) or ovulatory (at least one sample ≥ 1 ng/mL).  

At week 5 postpartum (PP), vaginal discharge score was obtained using a Metricheck 

device (Simcro, New Zealand) as described by McDougall et al. (2007); 0: no discharge, 1: clear 

mucus, 2: mucus with flecks of pus, 3: mucopurulent discharge, 4: purulent discharge or 5: foul 

smelling discharge. Purulent vaginal discharge (PVD) was defined as score of 3 or greater. Body 

condition score (BCS) was evaluated on a 5-point scale (Ferguson et al., 1994) at week 7 

postpartum and categorized as ≤ 2.5, 2.75 to 3.25, or ≥ 3.5.  

A subsample of cows in the AAM group were tested for non-esterified fatty acids (NEFA; 

week 1 pre-partum), and total calcium (tCa; days 0 to 3 postpartum). Concentration of NEFA was 

measured at the Animal Health Laboratory, University of Guelph using the Randox NEFA 

Manual Rx Monza kit (Randox Laboratories Ltd., Crumlin, UK). High NEFA was defined as ≥ 

0.5 mmol/L; Chapinal et al., 2012). Total Ca was also measured by the Animal Health 

Laboratory, University of Guelph using the Cobas Calcium Gen 2 kit (Roche Diagnostics, 

Indianapolis, IN, United States). Hypocalcemia was defined a tCa ≤ 2.15 mmol/L (Martinez et 

al., 2012). Cows that were culled before the beginning of the VWP, or that had incomplete data 

were excluded from the study (Figure 4.2).  

Individual cow data (parity, and calving, insemination, and culling dates) were extracted 

from AfiFarm Dairy Farm Management Software (AfiMilk, Kibbutz Afikim, Israel) or 

DairyComp 305 (Valley Agricultural Software, Tulare, CA) in herd 1 and 2, respectively. Parity 
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was categorized into primiparous and multiparous, and season at first insemination into winter 

(January to March), spring (April to June), summer (July to September), or fall (October to 

December). Monthly weather data from the station closest to both farms was extracted (lat. 

43º27’39.0”N, long. 80º22’43.0”; Climate Archive, 2016). 

Statistical Analysis 

All statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, United States). 

Parity, hyperketonemia, anovulation, BCS class, and PVD were compared between treatment 

groups and between herds using chi-square statistics (PROC FREQ). Time to first insemination 

was described graphically (PROC LIFETEST). The probability of pregnancy at first 

insemination, and by the end of the experimental period (88 DIM), were used as outcomes in 

logistic regression models (PROC GLIMMIX). Time-to-event analysis for time to pregnancy (up 

to 200 DIM) was done using Cox proportional hazard models (PROC PHREG). In all models, 

treatment group and herd were always included as fixed effects, and parity and season were kept 

in the model as confounders if the estimate for treatment changed by more than 10% when the 

covariate was removed (Maldonado and Greenland, 1993). Interaction terms between treatment 

group and other covariables were kept if statistically significant (P < 0.05). The fit of the logistic 

regression models was assessed using the Hosmer and Lemeshow goodness-of-fit test. Outlier 

(Pearson and deviance residuals), extreme (hat matrix) and influential (DFBeta) covariate 

patterns were assessed, and models were tested without extreme and influential values when 

identified (graphically) to ensure robustness of the coefficients (Dohoo et al., 2009). The 

proportional hazards assumption of the Cox models was tested using Schoenfeld residuals, and 

by adding an interaction term between the treatment and time. It was expected that the 

proportional hazards assumption would be violated by the study design, so the model was run by 

strata of time (0 to 88 DIM and 88 to 200 DIM). Positive and negative correlation scenarios were 

simulated to ensure that independence of censoring in the Cox proportional hazard models was 

not an issue (Dohoo et al., 2009). Outliers (deviance residuals), and influential points (score 

residuals) were also identified, and models were tested without extreme and influential values to 

ensure robustness of the coefficients (Dohoo et al., 2009). Finally, median time to pregnancy in 
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each treatment group was obtained with a non-parametric survival analysis (PROC LIFETEST). 

Cows with treatments that deviated from the protocol (i.e., inseminated before the end of the 

Double Ovsynch protocol, before the end of the VWP, or on visual estrus detection without an 

alarm from the AAM system; Figure 4.2) were kept for the primary analysis (intention-to-treat 

basis), and excluded in the “per-protocol” analysis. 

The probability of being identified in estrus by 75 DIM in the AAM group was modelled 

with logistic regression. High NEFA, hypocalcemia, hyperketonemia, PVD, BCS class, and 

anovulation were offered as predictors in separate models of detection by AAM by 75 DIM, with 

parity and herd included as fixed effects.  

RESULTS 

A total of 998 Holstein cows were enrolled: 496 from April to October 2014 in herd 1, and 

502 from July 2014 to April 2015 in herd 2. The average (and maximal) temperature in spring, 

summer, fall, and winter were 12.2 (31.2) ºC, 16.7 (30.0) ºC, 2.8 (22.4) ºC, and -9.3 (9.8) ºC, 

respectively. During this period, herd 1 and 2 had, on average, 655 and 530 milking cows, and an 

average herd 305-day milk production of 12,880 and 11,430 kg, respectively. For cows 

inseminated after an AAM alarm, both herds inseminated cows following an AM-PM schedule 

(i.e., the insemination was performed the morning following an afternoon alarm or in the 

afternoon following a morning alarm).  

Cows were excluded due to culling (n = 142), or missing data (n = 7). The proportion of 

cows culled was greater in herd 1 (18%) than in herd 2 (10%; P < 0.01). There was no difference 

in culled cows or missing data between treatment groups, or in missing data between herds. A 

total of 401 cows in the Double Ovsynch group, and 448 cows in the AAM group remained for 

analyses (Figure 4.2). Thirty-five percent of cows were primiparous and 65% multiparous, which 

did not differ between treatment groups (P = 0.29). Cows were enrolled during spring (19.2%), 

summer (31.3%), fall (28.9%), and winter (20.6%). The proportion of cows with 

hyperketonemia, PVD, high and low BCS, or anovulation did not significantly differ in both 
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treatment groups, but significantly differed between herds (Table 4.1). In the AAM group, the 

prevalence (95% CI) of high NEFA was 26 (21 to 32) %, and hypocalcemia was 46 (39 to 53) %.  

Time to first insemination which differed between treatment groups by design, is described 

in Figure 4.3. Fifty cows in the AAM group became pregnant following a second insemination 

before 88 DIM. The proportions of cows pregnant at first AI, 88 DIM, and 200 DIM were 29%, 

41%, and 71% in the AAM group and 34%, 34%, and 69% in the Double Ovsynch group, 

respectively. Overall, the odds of pregnancy at first AI (Table 4.2) and by 88 DIM (Table 4.3) 

were not statistically different between treatment groups, but there was a significant interaction 

between treatment and herd in both models. The interactions showed that cows in the Double 

Ovsynch group had higher odds of being pregnant at first insemination in one herd but not the 

other (Figure 4.4), and the cows in AAM group had higher odds of being pregnant at 88 DIM in 

one herd but not in the other (Figure 4.5). There was no significant interaction between treatment 

and parity, but multiparous cows were less likely to be pregnant at first AI than primiparous cows 

in the Double Ovsynch group (OR = 0.59, 95% CI = 0.37 to 0.94; P = 0.03). 

By the design, the daily probability of pregnancy differed between treatments from 50 to 88 

DIM, creating an interaction of treatment with time for the time to pregnancy analysis over 200 

days. Therefore, the analysis was stratified into 50 to 88 DIM and 89 to 200 DIM. Between 89 

and 200 DIM, the proportionality of hazard was respected and there was no difference in time to 

pregnancy between treatment groups (P = 0.19), but there was an interaction between treatment 

and herd (herd 1: HR = 0.80, 95% CI = 0.57 to 1.12; herd 2: HR = 1.33, 95% CI = 0.96 to 1.85; 

P = 0.03). The median (95% CI) time to pregnancy was 110 (101 to 117) DIM and 118 (110 to 

129) DIM for the AAM and the Double Ovsynch group, respectively (Figure 4.6). The number of 

animals that completed the protocol (per-protocol) were 339 in the Double Ovsynch group, and 

380 in the AAM group (Table 4.2). The measures of association (OR and HR) differed by 0.6 to 

4.6% between the intention-to-treat and the per-protocol analyses (Table 4.2 and 4.3).  

Overall, 22% (95% CI = 19 to 26%) of cows in the AAM group were not detected in estrus 

between 50 and 75 DIM, but this differed between farms (7% in herd 1 and 36% in herd 2; P < 
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0.01). Twenty-four percent (95% CI = 17 to 33%) of the cows inseminated following the 

Ovsynch program became pregnant. There was no association between health indicators and the 

probability of being identified in estrus before 75 DIM (Table 4.4). Nine percent (n = 29) of the 

cows identified in estrus by the AAM systems were classified as anovulatory at week 9 PP. 

Because of the sampling schedule and limited access for the dry cows, there was a high 

proportion of missing values for samples from week 1 pre-calving (47%) and from day 0 to 3 

post-calving (53%). 

DISCUSSION 

This study compared reproductive performance between two approaches to management of 

first insemination on dairy cattle commercial farms; one based on attempting to maximize the 

use of AAM and one based exclusively on timed AI. Heavy reliance on AAM was compared to a 

Double Ovsynch protocol which has been reported to offer one of the best available probabilities 

of pregnancy at first AI in intensively managed confined dairy herds (Souza et al., 2008; Herlihy 

et al., 2012). In this study, the AAM group allowed cows to be identified in estrus for 25 days 

after the VWP before enrolment on an Ovsynch protocol at the end of this period, if necessary. 

The study design provided for all cows in each treatment to be inseminated by 88 DIM. The 

design also allowed a proportion of cows in the AAM group to be inseminated twice before cows 

in the Double Ovsynch group received their first insemination, which explains the difference 

between the proportion of cows pregnant in the AAM group at first AI and at 88 DIM. Overall, 

the treatments offered similar performance, as shown in previous studies (Neves et al., 2012; 

Fricke et al., 2014). Yet, as in other trials with multiple herds, relative performance of AAM 

compared to timed AI differed between herds (Neves et al., 2012; Dolecheck et al., 2016). 

Cows in the Double Ovsynch group in one herd were more likely to become pregnant at 

first AI than cows in the AAM group. On the contrary, in the other herd, cows in the AAM group 

were more likely to be pregnant by 88 DIM than cows in the Double Ovsynch group. Moreover, 

the interaction of treatment with herd remained for the time to pregnancy up to 200 DIM. These 

interactions might point to differences among herds in the relative performance of timed AI and 

AAM. This variability among herds has been shown previously for AAM (Neves et al., 2012; 

!108



Dolecheck et al., 2016), but has not been reported for Double Ovsynch (no farm by treatment 

interactions; Souza et al., 2008; Herlihy et al., 2012). The design of the present study cannot 

explain the variability between herds, but it can be hypothesized that differences in farm-specific 

characteristics and management, as well as the use of different AAM systems might have played 

a role. The striking difference between herds in the proportion of cows not identified in estrus by 

the AAM before 75 DIM between herds could also be a result of those factors.  

Published field trials on reproductive performance with AAM systems have employed a 

different system (Heatime; SCR Engineers Ltd., Netanya, Israel; Aungier et al., 2012; Neves et 

al., 2012; Valenza et al., 2012) than those used in the present study. The percentage of alarms 

occurring in a “true” estrus period (i.e., the positive predictive value), defined as low P4 or 

agreement with ovarian structures assessed by ultrasound, were 74% (Holman et al., 2011) for 

AfiTag (SAE Afikim, Israel), and 86% (Madureira et al., 2015) for HeatSeeker-TX (BouMatic, 

Madison, Wisconsin, United States), respectively. This variability between the accuracy of the 

systems suggests that there may be a difference between systems, but does not indicate how this 

could have affected our results. Future studies should address the performance and comparability 

of different AAM systems, as well as the use of different estrus signal thresholds and data 

processing algorithms within the same system.  

 The differences in the proportion of primiparous cows, as well as the prevalence of 

hyperketonemia, anovular cows, and low BCS between herds are likely to have contributed to 

the interactions of treatment with herd observed in the present study (Madureira et al., 2015; 

Rutherford et al., 2016). The proportion of lame cows was not assessed, but a difference between 

herds could also have had an impact (Madureira et al., 2015). 

The proportion of cows pregnant at first insemination in the AAM group was very similar 

to recent studies (Neves et al., 2012; Fricke et al., 2014). The Double Ovsynch group had lower 

pregnancy per AI than reported in some studies (Souza et al., 2008; Herlihy et al., 2012), but 

comparable to other studies in commercial herds (Astiz and Fargas, 2013; Dirandeh et al., 2015). 

The use of a second PGF2α 24 hours after the first one in the Ovsynch program has been shown 
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to decrease P4 concentration for the last GnRH, and increase fertility in multiparous cows 

(Brusveen et al., 2009; Wiltbank et al., 2015). In the present study, the proportion of pregnant 

multiparous cows following the Double Ovsynch program was lower than the proportion of 

primiparous cows. It is likely that a second PGF2α would have increased the performance of the 

program (Wiltbank et al., 2015).  

Heat stress and seasonal effect have been shown to have an impact on multiple factors that 

play a role in the reproductive function of dairy cows (De Rensis and Scaramuzzi, 2003). Even 

though the average temperatures in Canada are hardly comparable to southern areas, extreme 

temperatures during the summer months could have played a role in the reproductive 

performance of the timed AI program during summer and fall months (Hansen and Aréchiga, 

1999; Dirandeh et al., 2015).  

Compliance (administration of the correct dose and product at the correct time) is critical 

for synchronization programs to achieve their potential performance (Risco and Melendez, 

2011), and this has been identified to be a challenge by dairy farmers in a large Canadian survey 

(J. Denis-Robichaud, unpublished data). A possible explanation for the lower than reported 

performance of the Double Ovsynch is less than perfect compliance to the injection schedule. In 

commercial herds, even during controlled trials, compliance with synchronization protocols has 

been reported to be 67 to 81% (Jordan et al., 2002; Stevenson and Phatak, 2005). In models of 

performance, compliance of 85 to 95% with timed AI protocols had substantial effects on relative 

performance and economic merit of these program (Galvão et al., 2013).  

Due to the high performance of the Double Ovsynch in previous reports (Souza et al., 

2008; Herlihy et al., 2012), the sample size for this study was calculated to identify a difference 

of probability of pregnancy at first insemination of 9% points between the Double Ovsynch and 

the AAM group. The two farms were asked to participate in the study for a fixed period of time 

considering the considerable amount of work required to manage cows with two different 

approaches simultaneously. For this reason, we did not reached the calculated sample size (52 

cows less), which could have contributed to the non significance of the difference between 
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treatment groups. The sample size we obtained in this study would have been sufficient to 

identify a 10% point difference. The present results, much like previous trials (Neves et al., 2012; 

Fricke et al., 2014; Dolecheck et al., 2016), suggest overall non-inferiority of performance of 

AAM and timed AI, but identifying a difference smaller than 10% would require larger sample 

sizes (WinPEPI; Abramson, 2011). Moreover, the difference of relative performance among 

herds has been repeated across studies (Neves et al., 2012; Dolecheck et al., 2016); exploration 

of differences among herds would require different designs and larger number of herds and cows. 

The demands of commercial farms in implementing two reproductive management for first 

insemination remains a barrier to such a research project. 

The intention-to-treat analyses were presented as the main approach as they give a more 

conservative estimate and are recommended by the scientific community (Gupta, 2011). The 

estimates obtained by the per-protocol analyses were however, very similar, which indicates that 

including the cows that deviated from the protocol did not overly influence the results in this 

study. 

The fact that 9% of the cows identified in estrus by the AAM system were classified as 

anovulatory at week 9 PP suggests that some false positive estrus alerts occurred. Other studies 

of AAM systems found positive predictive values for estrus alerts between 74 and 94%, 

depending on the system (Holman et al., 2011; Valenza et al., 2012; Madureira et al., 2015), 

which implies some false positive alarms. On the other hand, it is likely that some cows 

classified as anovulatory at week 9 PP started cycling and expressed estrus before 75 DIM 

(Sartori et al., 2004; Remnant et al., 2015).  

Finally, the proportion of cows not detected in estrus between 50 and 75 DIM is 

comparable to previous studies (Fricke et al., 2014; Dolecheck et al., 2016). The present study 

was, to our knowledge, the first to assess the association between peripartum health parameters 

and the probability of a cow to be identified in estrus. Negative energy balance indicators 

(NEFA, BHB, and BCS), hypocalcemia, PVD, and anovulation have been associated with 

decreased probability of pregnancy per AI, and increased time to pregnancy (Duffield et al., 
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2009; Dubuc et al., 2010; Ospina et al., 2010; Dubuc et al., 2012; Ribeiro et al., 2016). Our 

results do not, however, support that these variables are associated with decreased probability of 

being identified in estrus by AAM systems. 

CONCLUSIONS 

The present study found no difference in the probability of pregnancy at first AI or by 88 

DIM, or in time to pregnancy, when comparing a combination of estrus detection by AAM for 25 

days and Ovsynch to exclusive use of Double Ovsynch under commercial farm conditions. 

However, interactions between treatment and herd indicated variability in the relative 

performance of these management tools among herds. The different proportions of primiparous, 

thin, and hyperketonemic cows between herds likely contributed to the differences in relative 

performance. This study used different AAM systems in two different herds, so it is unclear 

whether these systems or unmeasured herd variables could also have influenced the difference in 

relative performance. The findings of the present study point to the existence of herd-specific 

variables that influence and interact with the performance of reproductive management tools. 

Future studies should evaluate these determinants of performance in greater detail, with 

comprehensive data collection, and with large numbers of cows and herds.  
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Table 4.1. Associations of treatment group (automated activity monitoring (AAM), or Double 

Ovsynch) and herd, with the proportion of cows by classes of parity, hyperketonemia (≥ 1.2 

mmol/L), anovulation (serum progesterone < 1 ng/mL at weeks 5, 7 and 9), body condition score 

(BCS), and purulent vaginal discharge (PVD; mucopurulent vaginal discharge or worse) 

Variables
Treatment groups Herds

AAM  
n = 448

Double 
Ovsynch  
n = 401

P-value 1 
n = 401

2 
n = 448 P-value

Parity
Primiparous 36.6% 33.2% 42.6% 28.1%
Multiparous 63.4% 66.8% 0.29 57.4% 71.9% < 0.01

Hyperketonemia
Week 1 20.1% 18.7% 0.61 13.0% 25.0% < 0.01
Week 2 26.6% 26.4% 0.97 13.5% 38.2% < 0.01

Anovulation 9.7% 13.1% 0.11 8.6% 13.7% 0.02

BCS
≤ 2.5 11.3% 14.4% 5.0% 18.9%
2.75 to 3.25 73.3% 70.0% 70.8% 72.4%
≥ 3.5 15.4% 15.6% 0.39 24.2% 8.7% < 0.01

PVD 15.6% 15.8% 0.95 22.2% 10.5% < 0.01
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Table 4.2. Logistic regression models for pregnancy at first insemination in 849 cows (intention-

to-treat analysis) and 719 cows (per-protocol analysis) enrolled in a randomized controlled trial 

evaluating the difference between using a Double Ovsynch protocol and an automated activity 

monitoring (AAM) system combined with Ovsynch when required for first insemination 

Intention-to-treat Per-protocol

Odds 
ratio

95% 
confidence 
intervals

P-value
Odds 
ratio

95% 
confidence 
intervals

P-value

Treatment
Double Ovsynch Ref. Ref.
AAM system 0.82 0.61 – 1.10 0.18 0.78 0.57 – 1.07 0.12

Herd

1 Ref. Ref.
2 1.00 0.74 – 1.35 0.98 0.99 0.72 – 1.37 0.97

Parity

Primiparous Ref. Ref.

Multiparous 0.69 0.50 – 0.94 0.02 0.65 0.46 – 0.90 0.01
Interaction  
treatment * herd 0.05 0.07
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Table 4.3. Logistic regression models for pregnancy by 88 DIM in 849 cows (intention-to-treat 

analysis) and 719 cows (per-protocol analysis) enrolled in a controlled trial evaluating the 

difference between using a Double Ovsynch protocol with AI at 85 ± 3 DIM, and an automated 

activity monitoring (AAM) system combined with Ovsynch when required for first insemination 

Intention-to-treat Per-protocol

Odds 
ratio

95% 
confidence 
intervals

P-value
Odds 
ratio

95% 
confidence 
intervals

P-value

Treatment
Double Ovsynch Ref. Ref.
AAM system 1.26 0.95 – 1.68 0.11 1.27 0.93 – 1.72 0.13

Herd

1 Ref. Ref.
2 1.01 0.75 – 1.34 0.97 0.89 0.65 – 1.22 0.47

Parity

Primiparous Ref. Ref.

Multiparous 0.55 0.41 – 0.74 < 0.01 0.57 0.41 – 0.78 < 0.01
Interaction  
treatment * herd 0.02 0.01
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Table 4.4. Associations between health parameters in the peripartum period and detection of 

estrus by an automated activity monitoring (AAM) system between 50 and 75 DIM 

1Estimated population marginal proportion (least square means) of cows detected in estrus by 

AAM in each category of predictor, adjusted for parity and herd as fixed effects. 

2Adjusted for parity and herd as fixed effects.  

Risk factors n % of 
cows1

Odds 
ratio2

95% 
confidence 
intervals

P-value

High NEFA  
(≥ 0.5 mmol/L, 0 to 7 days pre-partum)

No 168 84.2 Ref.
Yes 57 84.9 1.06 0.43 – 2.63 0.90

Hypocalcemia  
(≤ 2.15 mmol/L, 0 to 3 DIM)
 No 98 81.8 Ref.
 Yes 83 81.6 0.98 0.46 – 2.13 0.97
Hyperketonemia  
(≥ 1.2 mmol/L, 1 to 8 DIM)

No 346 83.8 Ref.
Yes 87 78.8 0.72 0.41 – 1.27 0.25

(≥ 1.2 mmol/L, 9 to 16 DIM)
No 329 84.3 Ref.
Yes 119 78.1 0.67 0.39 – 1.13 0.13

(≥ 1.2 mmol/L, 1 to 16 DIM)
No 287 84.7 Ref.
Yes 161 79.0 0.68 0.41 – 1.14 0.14

Purulent vaginal discharge 
(mucopurulent or worst, 33 to 39 DIM)

No 351 81.6 Ref.
Yes 65 84.2 1.20 0.56 – 2.58 0.64

Body condition score 
(47 to 53 DIM)

≤ 2.5 299 86.1 Ref.
2.75 to 3.25 46 78.9 0.61 0.30 – 1.22 0.16
≥ 3.5 63 75.5 0.50 0.24 – 1.04 0.06

Anovulation  
(P4 < 1 ng/mL at week 5, 7 and 9)

No 393 83.4 Ref.
Yes 42 77.9 0.70 0.33 – 1.48 0.35
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Figure 4.1. Schematic representation of sampling (grey circles) and treatments (black circles and 

box). All cows were sampled at weeks 1 and 2 post-partum (PP) for beta-hydroxybutyrate 

(BHB), and at weeks 5, 7 and 9 PP for progesterone (P4). A subsample of cows in the automated 

activity monitoring (AAM) group were sampled at week 1 pre-partum for non-esterified fatty 

acid (NEFA), at days 0 to 3 PP for total calcium (tCa). Cows in the Double Ovsynch group 

started at 58 ± 3 DIM, to be inseminated at 85 ± 3 DIM (16 hours after the final injection of 

GnRH). Cows in the AAM group were inseminated following an alarm on the AAM system 

between 50 and 75 DIM, or following the Ovsynch program for timed artificial insemination 

(AI) at 85 ± 3 DIM if not inseminated by 75 DIM.  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Figure 4.2. Flow of numbers of lactating dairy cows enrolled in a randomized controlled trial to 

compare reproductive performance with a program for synchronization for first artificial 

insemination (AI; Double Ovsynch) with estrus detection by automated activity monitoring 

(AAM) after the voluntary waiting period (VWP), followed by a timed AI program (Ovsynch) 

for cows not detected by 75 DIM. Cows included in the “activity + AI”, “Ovsynch”, and “Double 

Ovsynch” categories (n = 719; 72% of cows initially enrolled) were used for per-protocol 

analyses. Additional cows (in bold) were added for intention-to-treat analyses (n = 849; 85% of 

cows initially enrolled). 
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Figure 4.3. Time to first insemination in 849 cows (intention-to-treat analysis) and 719 cows 

(per-protocol analysis) enrolled in a randomized controlled trial evaluating the difference 

between using a Double Ovsynch protocol and an automated activity monitoring (AAM) system 

for estrus detection between 50 and 75 DIM (followed by Ovsynch for timed AI in cows not 

detected in estrus by 75 DIM). 
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Figure 4.4. Modification of the effect of the treatment by herd on the proportion of cows 

pregnant at first AI in 849 cows (intention-to-treat analysis), adjusted for parity. The treatment 

groups were the Double Ovsynch protocol and an automated activity monitoring (AAM) system 

combined with Ovsynch when required for first insemination. 
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Figure 4.5. Modification of the effect of treatment by herd on the proportion of cows pregnant by 

88 DIM in 849 cows (intention-to-treat analysis), adjusted for parity. The treatment groups were 

the Double Ovsynch protocol and an automated activity monitoring (AAM) system combined 

with Ovsynch when required for first insemination.  
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Figure 4.6. Time to pregnancy in 849 cows (intention-to-treat analysis) and 719 cows (per-

protocol analysis) enrolled in a randomized controlled trial evaluating the difference between 

using a Double Ovsynch protocol and an automated activity monitoring (AAM) system for estrus 

detection between 50 and 75 DIM, following by Ovsynch for timed AI in cows not detected in 

estrus by 75 DIM. 
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CHAPTER FIVE 
ABSENCE OF ASSOCIATION BETWEEN THE LENGTH OF THE LUTEAL PHASE 

AND ESTROUS ACTIVITY DETECTED BY AUTOMATED ACTIVITY MONITORING 

IN DAIRY COWS 

ABSTRACT 

The ability of automated activity monitoring (AAM) systems to detect estrus is influenced 

by multiple variables. Concentrations of estradiol and progesterone (P4) at estrus have been 

investigated as potentially influencing the intensity and duration of estrus, with contradictory 

results. The luteal phase (LP) preceding estrus has been shown to be important for gonadotropin 

releasing hormone (GnRH) and luteinizing hormone (LH) release, and behavior during estrus in 

ruminants, but its impact on activity as measured by AAM systems has not been studied. 

Therefore, the objective of this study was to investigate the impact of the length of the preceding 

LP on the intensity and duration of estrus as measured by AAM systems. A total of 60 cows 

between 46 and 53 days in milk (DIM) were assigned to either the normal LP group (GnRH and 

P4 implant – 7 days – PGF2α and implant removal – 2 days – GnRH [d 0] – 9 days – GnRH – 5 

days – 2 PGF2α, 12 hours apart – 12 hours – estradiol cypionate) or the short LP group (GnRH 

and P4 implant – 7 days – PGF2α and implant removal – 2 days – GnRH [d 0] – 7 days – PGF2α 

– 2 days – GnRH – 5 days – 2 PGF2α, 12 hours apart – 12 hours – estradiol cypionate). Cows 

were assigned to treatment groups to ensure similar frequency of parity, milk production, body 

condition score (BCS), and lameness score (assessed at enrolment) in both treatment groups. 

Progesterone profiles were assessed with blood samples on days 0, 2, 5, 7, 9 and daily from day 

11 to estrus. Estradiol concentration was measured on day 15, before the administration of 

estradiol cypionate. Cows were fitted with a collar-mounted AAM system (Heatime®, H-Tags, 

SCR Engineers, Netanya, Israel). Estrus was defined as the day on which the AAM system 

detected estrus. Cows that did not synchronize to the protocol or that were not detected in estrus 

by the AAM systems were excluded, which left 21 and 11 cows for analyses in the normal and 

short LP groups, respectively. Peak activity index of estrus and duration of estrus were outcomes 

for multivariable linear regression models, adjusted for confounders. Cows in the short LP group 
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tended to have lower peak activity, but there was no significant effect of treatment when BCS 

was accounted for. Cows with BCS ≤ 2.5 had less intense and shorter estrus than cows with BCS 

≥ 2.75. The length of the LP was not associated with a practical difference in estrous activity as 

detected by AAM.  

INTRODUCTION 

Automated activity monitoring (AAM) systems have been developed and refined as an 

estrus detection aid (Kiddy, 1977; At-Taras and Spahr, 2001; Firk et al., 2002). They are now 

used on many Canadian dairy farms to manage reproduction and decrease the time spent on 

estrus detection (Neves and LeBlanc, 2015; Denis-Robichaud et al., 2016). The ability of a 

system to identify cows in estrus, and the probability of pregnancy for inseminations following 

an AAM system alarm were shown to affect the system’s economic value in a reproduction 

management program (Giordano et al., 2012; Galvão et al., 2013). The ability and accuracy of an 

AAM system to identify cows in estrus do not depend only on the system itself. Cow factors 

such as parity, milk production, and body condition score (BCS), as well as concentrations of 

estradiol and progesterone (P4) at estrus have been shown to be associated with intensity and 

duration of estrus as detected by AAM systems, and can therefore affect the ability of the system 

to identify estrus (Morris et al., 2011; Aungier et al., 2015; Madureira et al., 2015). Multiparous 

cows were shown to have less intense and shorter estrus than primiparous cows, as were thin 

cows (BCS ≤ 2.5) compared to normal and fat cows (BCS ≥ 2.75), and high producing cows (≥ 

39 kg milk/d) compared to low producing cows (≤ 31 kg milk/d; Madureira et al., 2015). Parity 

and BCS were also associated with estradiol concentration at estrus, which can explain partially 

these associations (Madureira et al., 2015). High estradiol and low P4 at estrus were associated, 

though weakly, with intensity and duration of estrus as detected by AAM systems (Aungier et al., 

2015; Madureira et al., 2015). 

Estradiol concentration at estrus plays a key role in estrus behavior as it activates receptors 

in the area of the hypothalamus regulating sexual behavior (Blache et al., 1991; van Eerdenburg 

et al., 2000; Gillies and McArthur, 2010). Low concentrations of P4 (because P4 blocks the 

effect of estradiol on the hypothalamus), and expression of estrogen receptors in the 

!131



hypothalamus are necessary for estrus expression (Gümen and Wiltbank, 2002; Richter et al., 

2005; Gillies and McArthur, 2010). The expression of estrogen receptors in the reproductive tract 

of dairy cows, and in the hypothalamus of mice was shown to vary according to the stage of the 

estrus cycle (Robinson et al., 2001; Forde et al., 2009; Gillies and McArthur, 2010). Moreover, 

exposure to P4 prior to estrus was associated positively with intensity of estrus expression in 

ewes (Fabre-Nys and Martin, 1991). We hypothesized that the duration of exposure to P4 before 

estrus (i.e., the length of the LP) is associated with the intensity and duration of estrus as detected 

by AAM systems, irrespective of the estradiol concentration at estrus. The objective of this study 

was to evaluate the impact of the length of the LP on the characteristics (intensity and duration) 

of activity during estrus, as detected by AAM. 

MATERIALS AND METHODS 

Animals 

This study was evaluated and approved by the University of British Columbia (UBC) 

Animal Care Committee (Protocol # 14-0019). From September to December 2015. Cows 

between 46 and 53 days in milk (DIM) that were not already enrolled in another study (n = 20) at 

the UBC Dairy Education and Research Centre (Agassiz, BC, Canada) were enrolled in this 

controlled trial. All enrolled cows were housed in a freestall barn and housed in the same pen 

throughout the study. At enrolment, cows were assessed for lameness using a standardized 5-

point score (1 and 2: not lame, 3 and greater: lame; Sprecher et al., 1997) and for BCS using a 1 

(emaciated) to 5 (fat) system (Edmonson et al., 1989). Parity and predicted 305 days milk 

production at first Dairy Herd Improvement Association (DHIA) test were obtained for all 

enrolled cows from DairyComp 305 (Valley Agricultural Software, Tulare, CA, United States). 

Cows were assigned to either the normal or short LP group (Figure 5.1) to achieve similar 

proportion (frequency-matching) for parity (first, second, or third and greater lactation), milk 

production (quartiles), BCS (≤ 2.5, 2.75 to 3.25, or ≥ 3.5), and lameness status (lame, or not 

lame) in the two treatment groups. 
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Treatments 

To start the protocol (summarized in Figure 5.1) with a new estrus cycle at 59 ± 3 DIM, all 

cows received a vaginal implant containing 1.38 g of P4 (CIDR, Zoetis, Kirkland, QC, Canada) 

and an intramuscular (i.m.) injection of 100 µg of gonadorelin (GnRH; Factrel, Zoetis, Kirkland, 

QC, Canada) at enrolment. After 7 d, the implant was removed and cows received an i.m. 

injection of 500 µg of cloprostenol (PGF2α; Estrumate, Merck Animal Health, Kirkland, QC, 

Canada). The protocol started (day 0) two days later, when all cows received a second injection 

of GnRH (as above). Cows in the short LP group received an injection of PGF2α (as above) on 

day 7. All cows then received an injection of GnRH on day 9, two injections of PGF2α 12 hours 

apart on day 14, and finally 0.5 mg of estradiol cypionate i.m. (ECP; Estrus, Rafter8, Calgary, 

AB, Canada) on day 15, 12 hours after the last PGF2α.  

Examinations, Blood Sampling and Analyses 

Blood samples (10 mL) were taken on days 0, 2, 5, 7, 9 and daily from day 11 to estrus 

from the coccygeal vessels into a sterile tube without anticoagulant (Vacutainer, Becton 

Dickinson, Franklin Lakes, NJ, United States). On day 15, a blood sample (10 mL) was taken 

from the coccygeal vessels into a sterile tube with EDTA (Vacutainer, Becton Dickinson, 

Franklin Lakes, NJ, United States). Samples were kept chilled and allowed to clot. Within 5 

hours of blood collection, samples were centrifuged to harvest serum or plasma, which was 

frozen at −80°C. Serum P4 concentrations from days 0, 2, 5, 7, 9, and 11 to estrus were measured 

using a commercial ELISA kit (Ovucheck Plasma; Biovet, St-Hyacinthe, Quebec; Broes and 

LeBlanc, 2014). This monoclonal antibody kit uses optical density of standards and serum 

samples read at 405 nm in a microplate absorbance reader. The range of quantification of the test 

is 0.55 to 10.45 ng/mL, and the intra-assay coefficient of variation (CV) was 11.7%. Plasma 

estradiol concentrations from day 15 were measured using radioimmunoassay (Perkin Elmer 

NET517250UC; Prairie Diagnostic Services, Saskatoon, SK, Canada; Joseph et al., 1992). This 

radioimmunoassay kit uses scintillation of charcoal-stripped serum standards and plasma 
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samples after competitive binding with an immunoserum. The range of quantification of the test 

is 0 to 200 pg/mL, and the intra-assay CV was 17.0%. 

Ovaries were scanned with a portable ultrasound (Ibex Pro; E.I. Medical Imaging, 

Loveland, CO) using a 7.5 MHz linear-array rectal transducer, on days 2, 5, 9, 12, 14, and daily 

from day 16 to estrus. Follicles and corpus luteum (CL) were examined from several angles and 

the largest cross-section of ovarian structures ≥ 5 mm in diameter were recorded. As P4 samples 

were taken on day 9 (shortly after cows in the short LP group received PGF2α), and at the 

beginning of estrus as detected by the AAM system, luteolysis was defined as a P4 ≥ 2 ng/mL on 

day 14 followed by P4 < 2 ng/mL. The threshold of 2 ng/mL was used as per the instructions in 

the ELISA manufacturer’s insert (Biovet, St-Hyacinthe, Quebec), and because the serum samples 

were obtained early in the estrus period.  

Automated Activity Monitoring 

Cows were fitted a collar-mounted automated activity monitoring system (Heatime®, H-

Tags, SCR Engineers, Netanya, Israel), which continuously monitored individual cow activity 

using an accelerometer detecting movement, and recorded average activity for 2-hour periods. 

Data were transmitted every 2 hours by a wireless system to the farm computer. The raw activity 

data were processed into an index value accounting for the baseline values of the previous 14 

days. The index represents a value close to the SD of the raw data and ranges from 0 to 100 

(larger numbers denoting higher activity). An estrus event was defined as a period when the 

index was above a threshold of 35. The duration of estrus was defined as the time (sum of the 

number of 2 hour periods) the activity index was above the threshold, and the peak activity index 

of estrus was the highest value during this period. Individual cow data (cow identification, date 

and time of the onset of estrus, peak activity of estrus, and duration of estrus) were extracted 

from the backup files using a macro in Excel (Microsoft Corporation, Richmond, WA, United 

States). The day of estrus was defined as the day on which the AAM system signalled an estrus.  
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Statistical Analysis 

 The sample size (n = 30 per group) was calculated to identify a difference of 10 points (SD 

= 14) in peak activity index of estrus with 95% confidence and 80% power, accounting for 30% 

loss to follow up (Dohoo et al., 2009). This sample size was also sufficient to identify a 

difference of 2.5 hours (SD = 3.5) in duration of estrus. Cows that did not synchronize through 

the protocol (CL did not regress following the first PGF2α or the second PGF2α in the short LP 

group, or no CL developed after the removal of the CIDR and the GnRH), and that did not have 

estrus detected by the AAM system were excluded from the analysis (Figure 5.1). 

All statistical analyses were performed using SAS 9.3 (SAS Institute, Cary, United States). 

Descriptive statistics (PROC FREQ) for treatment group, parity, milk production, BCS, and 

lameness score were calculated for all enrolled cows, excluded cows, and included cows in the 

normal and short LP groups. Peak activity index of estrus and duration of estrus were outcomes 

for linear regression models (PROC GLM). In all models, treatment group was always included 

as a fixed effect. Even though matching was used to allocate cows to their treatment groups, the 

unequal pattern of excluded animals between treatment groups led us to include parity, milk 

production, BCS, and lameness score as confounders if the estimate for treatment changed by 

more than 10% when the covariate was removed (Maldonado and Greenland, 1993; Rothman et 

al., 2008). Interaction terms between treatment group and other variables left in the final model 

were kept if P < 0.05. Assumptions of the models (normality and homoscedasticity) were 

assessed graphically using standardized residuals. Outliers (residuals and Studentized residuals), 

extreme (leverage), and influential data (Cook’s distance and DFFITS) were used to assess the fit 

of the models (Dohoo et al., 2009). Marginal means (least squares means ± SE) were obtained 

for categorical variables. 

RESULTS 

A total of 60 cows were enrolled in the study. Figure 5.1 represents the flow of animals 

throughout the study. Nine and 19 cows in the normal and short LP, respectively, were excluded 

during the protocol (Figure 5.1). A total of 32 (53%) cows were identified in estrus and remained 
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for statistical analyses. Table 5.1 presents the distribution of parity, milk production, BCS, and 

lameness score of cows enrolled, excluded, and included in the normal and short LP groups.  

Progesterone profiles for the normal and short LP groups are presented in Figure 5.2. By 

design, the area under the curve was different between treatment groups (normal: 51.4 ± 2.8; 

short: 29.0 ± 3.6; P < 0.01). Progesterone at day 9 was 4.7 ± 1.8 ng/mL and 0.9 ± 0.4, in the 

normal LP and short LP groups, respectively (P < 0.01). Progesterone at estrus (as detected by 

the AAM system) was 0.7 ± 0.1, and 0.9 ± 0.1 ng/mL in the normal and short LP groups, 

respectively (P = 0.38). Estradiol at day 15 (before ECP; normal LP: 3.3 ± 0.4 pg/mL; short LP: 

3.4 ± 0.4 pg/mL; P = 0.88), and dominant follicle diameter at day 16 (normal LP: 19.5 ± 0.9 mm; 

short LP: 18.3 ± 1.1 mm; P = 0.37) did not differ between treatment groups. 

Table 5.2 presents the predicted population marginal means (least square means) of activity 

in the normal and short LP groups. For univariable and multivariable models, the peak of activity 

and duration of estrus tended (P = 0.07) to be numerically higher and longer, respectively, in the 

normal LP group than in the short LP group, but were not statistically different at P < 0.05. The 

one confounder that was associated with peak index (P = 0.04) and duration (P = 0.08) in the 

invariable model, and that remained in the multivariable models was BCS. No variables were 

statistically significant in the final multivariable models.  

DISCUSSION 

There was no statistically significant difference in intensity or duration of estrus between 

the normal and short LP groups. The proportion of cows that did not synchronize during the 

protocol was higher than expected in the short LP group (n = 11; 37%), and also higher than in 

the normal LP group (n = 5; 17%). This could have resulted in a selection bias, as the cows 

included in the analyses might not be representative of the whole group. For example, cows that 

did not synchronize could have a common attribute that biases the results by not being 

represented in the final sample (Dohoo et al., 2009). Because of the small numbers, we could not 

identify a statistical difference between cows that did and did not synchronize, but numerically, 

cows that did not synchronize were of greater parity (third and greater), normal BCS (2.75 to 
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3.25), and produced more milk (≥ 12, 520 kg). Adding matched covariates to the models, despite 

the matching used for treatment group allocation, was used to control for their confounding 

effect (Rothman et al., 2008). The higher number of excluded cows in the short LP group 

resulted mainly from cows that did not regress their CL after the PGF2α at day 9 (n = 7; 23% of 

the short LP group). It was shown that a second PGF2α 24 hours apart increased complete CL 

regression, and could have decreased the exclusions in this case (Brusveen et al., 2009; Wiltbank 

et al., 2015). Due to this important loss to follow up, the final models did not include as many 

cows as required according to the sample size calculation. Numerically, the intensity and 

duration of estrus were greater for cows in the normal LP group than in the short LP group. It is 

unclear if the difference is not statistically significant because the length of the LP did not have a 

meaningful effect on estrus intensity and duration as detected by the AAM system, or because 

the number of cows ended up being insufficient. Post-hoc power calculation is not recommended  

as it does not really gives the probability of type II error (Dohoo et al., 2009), but intensity and 

duration had a post-hoc power of 96, and 76%, respectively. That said, the magnitude of the 

numerical differences (for intensity and duration) between the two treatment groups is likely too 

small to have a practical impact on the use of AAM systems. Even though the LP preceding 

estrus is essential in the estrus cycle for LH release, and estradiol sensitization (Gümen and 

Wiltbank, 2002; Forde et al., 2009), the length of the LP did not affect the intensity and duration 

of estrus as detected by AAM systems.  

Only a few studies on a limited number of ovariectomized ruminants support the necessity 

of exposure to some P4 prior to estrus for estrus expression (Carrick and Shelton, 1969; Fabre-

Nys and Martin, 1991). Fabre-Nys and Martin (1991) found a larger proportion of ewes showing 

estrus behavior, as well as more frequent demonstration of estrous behavior in ewes that received 

P4 prior to estradiol, compared to those that did not. Cows that received P4 prior to estradiol 

were also more likely to show estrous behavior than those that did not, but there was no 

difference in estrous behavior between cows exposed to P4 for 5 days and those exposed for 

more than 5 days (Carrick and Shelton, 1969). In both cases, the duration of estrus was not 

addressed. The present study did not use cows with no previous exposure to P4, but normal or 
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short exposure to P4 resulted in similar intensity and duration of estrus. The study design and 

sample size did not allow us to compare the difference in the proportion of cows identified in 

estrus by the AAM. Parity, milk production, and lameness score were not associated with 

intensity or duration of estrus. The small number of cows enrolled in the present study was likely 

insufficient to identify the effects of parity, milk yield, or lameness on estrus expression found in 

previous studies (Walker et al., 2008; Madureira et al., 2015). 

The P4 concentrations during follicular growth have previously been shown to affect the 

diameter of the dominant follicle, and the circulating concentration of estradiol at estrus (Cerri et 

al., 2009), which could affect estrus intensity and duration. In order to prevent this confounding 

effect, ECP was used to obtain a comparable peak of circulating estradiol between treatment 

groups (Santos et al., 2003). In the present study, BCS ≤ 2.5 was associated with less intense and 

shorter duration of estrous activity, as detected by an AAM system. In a larger study, BCS was 

also associated with follicular growth and estradiol concentration at estrus (Madureira et al., 

2015). The use of ECP at day 15 of the protocol in the present study suggests that BCS is 

possibly not only affecting estrus expression by modifying circulating P4 and estradiol 

concentrations, but possibly by other mechanisms as well. In conclusion, we did not detect a 

difference in intensity or duration of estrus as measured by AAM between a normal and a short 

LP in dairy cows, but BCS was associated with intensity and duration of estrus. 
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Table 5.1. Description and characteristics of cows enrolled in a controlled study of the effects of 

a normal or short luteal phase (LP) on estrus expression. Cows were excluded from the analysis 

if their estrus cycle was not synchronized by the experimental protocol, or if they were not 

detected in estrus by the automated activity monitoring system 

1Predicted milk production for 305 days at first milk recording service test  

Excluded Included

All enrolled 
cows, n (%)

Did not 
synchronize, 

n (%)
No estrus,  

n (%)
Normal LP, 

n (%)
Short LP,  

n (%)

n 60 16 12 21 11
Parity

First 24 (40) 5 (31) 8 (66) 9 (43) 2 (18)
Second 11 (18) 2 (13) 2 (17) 4 (19) 3 (27)
Third and greater 25 (42) 9 (56) 2 (17) 8 (38) 6 (55)

Milk production (305 day1)
< 11,063 kg 15 (25) 2 (13) 2 (17) 6 (29) 5 (46)
11,063 to 12,520 kg 15 (25) 3 (19) 3 (25) 6 (29) 3 (27)
12,520 to 13,593 kg 15 (25) 6 (38) 3 (25) 4 (19) 2 (18)
> 13,593 kg 15 (25) 5 (31) 4 (33) 5 (23) 1 (9)

Body condition score
≤ 2.5 7 (12) 0 1 (8) 2 (10) 4 (36)
2.75 to 3.25 53 (88) 16 (100) 11 (92) 19 (90) 7 (67)

Lameness score
Not lame (1 or 2) 49 (82) 12 (75) 12 (100) 16 (76) 9 (82)
Lame (3 to 5) 11 (18) 4 (25) 0 5 (24) 2 (18)
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Table 5.2. Effect of the duration of the preceding luteal phase (LP) on estrus expression. The 

descriptive statistics present the average (± SD) peak activity index and duration of estrus as 

detected by a collar-mounted automated activity monitoring system (Heatime) by treatment, 

parity, milk production, body condition score, and lameness status of 32 cows enrolled in a 

controlled trial evaluating the difference between normal and short LP preceding estrus. The 

multivariable models (one for peak activity index, and one for duration) present the least square 

means (± SD) obtained from the linear regression models 

1Predicted milk production for 305 days at first milk recording service (DHIA) test 

2Peak activity index was defined as the highest index value of an estrus event (i.e., period during 

which the index generated by the AAM was above 35) 

3Duration was defined as the sum of 2 hour periods the index generated by the AAM was above 

the estrus threshold in the system software 

Descriptive statistics Multivariable models

Peak activity 
index2 Duration3 (h) Peak activity 

index2 Duration3 (h)

Treatment
Normal LP 82.5 ± 2.7a 12.8 ± 0.8 77.3 ± 4.8 11.7 ± 1.1
Short LP 70.8 ± 5.1b 10.9 ± 1.1 69.1 ± 5.1 10.6 ±1.1

Parity
First 79.9 ± 5.5 13.6 ± 1.1
Second 80.7 ± 6.8 10.6 ± 1.4
Third and greater 76.2 ± 4.8 11.7 ± 1.0

Milk production (305 d1)
< 11,063 kg 79.5 ± 5.6 12.7 ± 1.2
11,063 to 12,520 kg 77.8 ± 6.2 12.7 ± 1.3
12,520 to 13,593 kg 76.3 ± 7.2 10.0 ± 1.6
> 13,593 kg 79.8 ± 7.5 12.3 ± 1.6

Body condition score
≤ 2.5 65.5 ± 6.8A 9.7 ± 1.5a 66.9 ± 6.8 9.9 ± 1.5
2.75 to 3.25 81.5 ± 3.3B 12.7 ± 0.7b 79.6 ± 3.6 12.4 ± 0.8

Lameness status

!144



A-BDifferent letters indicate significant differences between levels of a variable within columns 

(P < 0.05) 

a-bDifferent letters indicate a tendency for differences between levels of a variable within 

columns (P > 0.05, but < 0.10) 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Figure 5.1. Schematic representation of sampling and treatments, and flow of the number of 

lactating cows enrolled in a controlled trial, to compare estrus detected by automated activity 

monitoring (AAM) systems after a short or normal luteal phase (LP). A total of 60 cows (30 per 

group) were enrolled at 46 to 53 DIM in one of two treatment groups: normal or short LP. For all 

cows, a P4 vaginal implant (CIDR) was inserted and 100 µg of gonadorelin (GnRH) was 

administered. The implant was removed 7 days later and 500 µg of cloprostenol (PGF2α) was 

administered. Day 0 of the protocol was two days later when the second GnRH was 

administered. On day 7 of the protocol, cows in the short LP group received PGF2α. All cows 

received GnRH on day 9 of the protocol, then two injections of PGF2α 12 hours apart on day 14, 

and finally 0.5 mg of estradiol cypionate (ECP) on day 15 (12 hours after the last PGF2α). Estrus 

expression after day 14 (grey area) was recorded using a collar-mounted activity system 

(Heatime®, H-Tags, SCR Engineers, Netanya, Israel). Samples for serum progesterone were 

taken on days 0, 2, 5, 7, 9, and daily from day 11 to estrus, as detected by AAM, and ultrasound 

of the ovaries was done on days 2, 5, 9, 12, 14, and daily from day 16 to estrus.  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Figure 5.2. Serum progesterone concentration (mean ± 95% CI) for cows with a normal (n = 25), 

or a short luteal phase (LP; n = 19). The area under the curve was 51.4 for the normal LP group 

(light grey area), and 29.0 for the short LP group (dark grey area). 
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CHAPTER SIX  
GENERAL CONCLUSIONS 

The purpose of this thesis was to extend understanding of the relationships between 

reproduction management practices, especially the use of automated activity monitoring (AAM) 

systems, and reproductive performance on dairy farms. Overall, this thesis explored how AAM is 

perceived and used by dairy farmers, how comparable it is to other reproductive management 

practices, such as visual estrus detection and timed artificial insemination (AI), and how the 

length of the luteal phase preceding estrus could affect its use.  

In Chapter Two, the objective was to develop an accurate portrait of dairy farmers’ 

perceptions of reproduction management practices and challenges concerning reproduction. 

Sustainability of the dairy industry calls for alignment of practices with the societal values of 

consumers (von Keyserlingk et al., 2013). As the routine use of reproductive hormones has the 

potential to be of concern for consumers (Jung et al., 2015; Pieper et al., 2016), it is necessary to 

address the use of different reproduction management practices from all stakeholders 

perspectives, including dairy farmers. Not surprisingly, reproduction was still a major concern 

for Canadian dairy farmers, and estrus detection and conception risk were reported by many 

farmers to be the main difficulties concerning reproduction in their herds. Tools such as timed AI 

and AAM were used to help overcome these challenges, but also presented their own problems. 

Unsurprisingly, the opinions of the respondents toward the use and performance of visual estrus 

detection, timed AI and AAM differed according to the reproductive management practice they 

used on farm. Respondents using timed AI were more likely to think routine use of reproductive 

hormones was acceptable, for them and for consumers, and were also more likely to think timed 

AI resulted in a better pregnancy rate (PR) than visual estrus detection. Similarly, respondents 

using AAM were more likely to think that AAM resulted in higher PR than visual estrus 

detection. As reproductive performance was the most important factor influencing reproductive 

management decisions on their farms (and public opinion was less important), farmers’ choice of 

reproduction management practice is likely to be influenced by their perceptions of the 

performance they can achieve with different practices. This research is the first to describe 

!148



farmers’ opinions toward reproductive management practices. Understanding concerns and 

priorities of dairy farmers with respect to reproduction management practices can guide farm 

advisors (e.g., veterinarians) approaching reproductive problems on dairy farm, and in 

suggesting implementation of reproductive management practices such as timed AI and AAM.  

In Chapter Three, the objectives were to describe management practices on dairy farms, 

and to assess their association with reproductive performance. As the performance of a 

reproduction management practice was so important for dairy farmers, comparing PR on farms 

using different practices provides insight into performance under field conditions. The results 

presented the wide variety of management practices used on dairy farms in Canada. The 

proportion of farms using AAM as their main reproduction management practice was lower than 

visual estrus detection and timed AI, but on average, PR were similar among the reproduction 

management practices used. Other management practices such as housing, voluntary waiting 

period, and frequency of insemination were also associated with PR. Hence, other characteristics 

of farm management can potentially modify how different reproduction management practices 

perform. The information from this study can now be used as a benchmark for individual farms, 

and for the industry, as it is more representative of the Canadian dairy industry than previous 

work that was conducted with large commercial farms in the United States (Caraviello et al., 

2006; Ferguson and Skidmore, 2013).  

The objective of Chapter Four was to compare the use of AAM systems and timed AI as 

management practices for first insemination. In Chapter Three, no difference was found 

comparing PR in herds using different reproduction management practices, but inferences from 

observational studies are limited because a lack of randomization introduces uncontrolled 

systematic variation (Rothman et al., 2008). The randomized controlled trial described in Chapter 

Four allowed us to expose cows to the same management, except for reproduction management. 

Overall, there was no difference in the probability of pregnancy at first insemination between 

cows in the AAM and the timed AI group, which was comparable to previous studies (Neves et 

al., 2012; Fricke et al., 2014; Dolecheck et al., 2016). There was, however, a difference in 

relative performance of the treatments between farms. This finding corroborates that other 
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management variables modify how reproduction management practices perform within a herd. 

This study was not designed, nor had a sufficient number of farms enrolled to evaluate these 

other factors. A secondary objective of the study was to assess the association between 

peripartum health variables and the probability of identifying cows in estrus between 50 and 75 

days in milk (DIM). Identifying cows that are less likely to be found in estrus by AAM before 

the end of the voluntary waiting period could improve the use of these systems. As peripartum 

health variables have been associated with reproductive performance (Duffield et al., 2009; 

Dubuc et al., 2010; Ospina et al., 2010; Dubuc et al., 2012; Ribeiro et al., 2016), we 

hypothesized that they could also be associated with the probability of identifying cows in estrus 

by the AAM system. The variables that were evaluated in this project were not associated with 

the probability of being identified in estrus between 50 and 75 DIM. There was a difference 

between herds in the distribution of these parameters, which might be consequences of other 

management practices that also have an effect on the performance of AAM.  

In Chapter Five, the objective was to evaluate the impact of the length of the luteal phase 

on the intensity and duration of estrus as detected by AAM systems. There was no significant 

difference in the intensity and duration of estrus, as measured by an AAM system between cows 

with a normal (~ 12 days) and short (~ 5 days) luteal phase. The main limitation in this study was 

the limited number of cows that were ultimately included for analysis. There was a numerical 

difference in outcome between the treatment groups, but no significant difference was found 

after adjusting for confounding effects. Exposure to progesterone (P4) prior to estrus has 

previously been shown to be associated with estrus behavior only in ovariectomized ruminants, 

comparing no P4 exposure to a 5-day exposure (Carrick and Shelton, 1969; Fabre-Nys and 

Martin, 1991). Studies evaluating the association between estrus expression and the 

concentrations of estradiol and P4 at estrus also showed little or no effect on estrus 

characteristics measured by AAM (Aungier et al., 2015; Stevenson and Pulley, 2016). Even 

though there was a lack of association between estrus expression as detected by AAM and the 

length of the luteal phase, previous work found that the concentration of P4 during the luteal 

phase prior to insemination was associated with greater probability of pregnancy per AI (Fonseca 
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et al., 1983; Bisinotto et al., 2010). Future research regarding the concentration of P4 during the 

luteal phase prior to estrus should probably focus on the mechanism behind its impact on fertility 

rather than on estrous behavior. 

Overall, the research presented in this thesis increased knowledge on the perception, use, 

and performance of different reproduction management practices, especially AAM systems. As 

shown in Chapter Two and previous studies (Neves and LeBlanc, 2015), implementation of these 

systems on farms is likely to be driven by the desire to improve estrus detection and reproductive 

performance. We however, found great variability in PR, insemination rate, and conception risk 

among farms using AAM systems, as well as on farms using visual estrus detection, timed AI, or 

a combination of practices. Unfortunately, despite collecting data on many variables, we were 

unable to identify the farms’ characteristics or management strategies that explain the variation 

among farms using the same reproduction management. The clinical trial comparing AAM and 

timed AI for managing first insemination (Chapter Four) supported that intrinsic farms’ 

characteristics influence the relative performance of different practices. The two farms enrolled 

in the trial were insufficient to identify farm characteristics associated with the performance of 

AAM or timed AI. Differences between farms, such as different AAM systems, disease 

prevalence, and potentially different compliance to the timed AI protocol, and the degree of 

reliance on the AAM system were observed (Chapter Four) and would be interesting to explore 

in future studies. The results presented in this thesis showed that AAM systems could, on 

average, generate reproductive performance comparable to timed AI, at the herd level (Chapter 

Three) and at the cow level (Chapter Four). Improving the success of AAM also involves 

understanding cow-level variables that can affect the ability of the system to identify cows in 

estrus (e.g., because the cows are not in estrus, are not showing estrous behavior, or are just not 

identified by the system). In the two clinical trials (Chapters Four and Five), peripartum health 

variables, except for body condition score, were not associated with the probability of identifying 

cows in estrus, or the duration and intensity of estrus as detected by AAM. However in both 

cases, because this was not the primary objective of the study, the sample size was insufficient to 

confirm statistically the numerical differences observed. Early identification of risk factors for 
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not being identified in estrus by AAM systems remains important to potentially increase the 

performance of these systems.  

FUTURE WORK 

The use of a self-administered questionnaire was advantageous for its low cost, and 

impartiality. Focus groups however, would allow for a deeper understanding of the opinions and 

motivatons of the respondents as they explore the meaning behind the facts (Rothman et al., 

2008). Knowing what farmers consider as a challenge, how they address these challenges, what 

motivates them to adopt different practices, and how they evaluate the success of the 

implementation of a new practice would be useful for advisors to help farmers achieve their 

goals. Focus groups allow respondents to answer questions in their own words and add meaning 

to their answers. Obtaining structured details on what motivates farmers to implement changes to 

overcome challenges concerning estrus detection or conception risk can result in useful 

information to guide controlled or observational research. 

The questionnaire used in this thesis could not cover all the management aspects of a dairy 

farm without being very lengthy, and the length of a questionnaire is crucial to maximize 

response rate (Dillman et al., 2008; Dohoo et al., 2009). Both the observational study (Chapter 

Three) and the controlled trial in Chapter Four showed there was great variability in the 

reproductive performance on farms using the same reproduction management (visual estrus 

detection, timed AI, or AAM). An observational study using farms as the unit of interest could 

assess the association between reproductive performance on farms using AAM systems and 

variables such as the system and threshold used for detecting estrus, flooring, bedding, stocking 

density, nutrition, use of timed AI and visual estrus detection, compliance for timed AI, reliance 

on the AAM system, and proportion of cows with maladaptation to negative energy balance, 

lameness, low body condition score, and reproductive diseases. Developing a study with farms as 

the unit of interest necessitates involvement of a great number of farms, which requires 

significant personnel and monetary resources.  
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Concerning the AAM systems themselves, new technologies such as rumination and lying 

times, and milk P4 concentrations are available and can be used to refine the accuracy of the 

systems. The combination of information (activity, rumination and lying time, progesterone 

variations, cows’ parity and stage of lactation, previous estrus data) used by the algorithm to 

identify cows in estrus has the potential to increase the predictive value of the system (Jónsson et 

al., 2011; O’Connell et al., 2011; Kamphuis et al., 2012). The validation of these more complex 

systems still needs to be done on commercial farms, perhaps to evaluate if it is possible to 

increase the sensitivity of identifying estrus and the probability of pregnancy per AI, by 

identifying estrus more accurately or by identifying optimal timing for AI. This could be 

investigated with randomized controlled trials comparing pregnancy per AI and time to 

pregnancy when used in a similar reproduction management approach for (1) different AAM 

systems, (2) different thresholds for the system, and (3) different algorithms, including or not 

combinations of information, or lying and rumination time. 

In the controlled trial comparing AAM to timed AI (Chapter Four), we selected a period of 

25 days for estrus detection by AAM before using timed AI. This decision was based on 

physiology (the mode interovulatory interval in lactating dairy cows is 22 days; Sartori et al., 

2004; Remnant et al., 2015), but there is no information on what the period of estrus detection by 

AAM should be before intervention with timed AI. The economics of using AAM has been 

evaluated in previous studies (Giordano et al., 2012; Galvão et al., 2013). A partial budget would 

be useful to evaluate if the length of the period for estrus detection by the AAM for first 

insemination is associated with economic benefits. Inclusion of stochastic estimates for variables 

such as the prevalence of anovulation, the proportion of cows identified in estrus, and conception 

risk, would allow for evaluation of the magnitude of the impact of these variables on economic 

outcomes, and a weighting of them when it comes to suggesting strategies to improve AAM 

system performance on farms.  

In summary, there is a large variability in performance among herds using AAM systems 

for managing reproduction on dairy farms. Other herd characteristics and management strategies 

are likely causing this inconsistency, but more research, perhaps using farms as the unit of 
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interest, is necessary to identify what these characteristics are. Dairy farmers have a great interest 

in improving reproduction on their farm, and we have the opportunity to help them with our 

research. 
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APPENDICES 

1. QUESTIONNAIRE  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Please check the box for the answer that is most accurate for your farm. For questions that ask for 

specific information, please give your best estimate or recollection. The questionnaire should be 

completed by the person who makes most decisions regarding reproductive management on the 

farm. 


Please note there is a space at the end of the survey for you to add any comments that you may have.

1. In what province is your business located? 
Please check one:

2. What breed(s) of cows do you use for milk production? 
Please indicate the percentage of each (the values should add up to 100):


3. How much milk quota did you hold at the end of 2013?      ______________kg-day





GENERAL INFORMATION

In the following section, we are asking for general information about you and your business.

O Alberta

O British Columbia

O Manitoba

O New Brunswick

O Newfoundland and Labrador

O Nova Scotia

O Ontario

O Prince Edward Island

O Quebec

O Saskatchewan

Holstein ______________%

Jersey ______________%

Ayrshire ______________%

Other ______________%

Total ______________%
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4. Is your farm producing organic milk?



5. On average during 2013, how many animals did you have in each of the following 

categories?

6. What is your age?
Please check one:

7. What is the highest level of education you have completed?
Please check one:

8. How long do you expect your dairy farm to be in operation?
Please check one:
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Yes No

Lactating cows and heifers ______________

Dry cows ______________

Replacement animals (newborn to first calving) ______________

O Under 30 years

O 30-39 years

O 40-49 years

O 50-59 years

O 60 years or above

O Prefer not to answer

O High school

O College / diploma

O Undergraduate university (e.g. BSc or Ba)

O Graduate university (e.g. MSc, MBA, or PhD)

O 5 years or less

O 6-10 years

O 11-15 years

O 16-20 years

O More than 20 years
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9. Did you do substantial additions or renovations to the following barns/ barn areas in 2013?
A substantial addition or renovation would have change the way your animals were housed.

10. If you chose yes, please specify what changes you made...

11. In what year was your main barn for lactating cows built?  ______________


12. Do your lactating cows have access to pasture during the warm seasons?

Please check all that apply:

13. What type of ventilation is used where your lactating cows are housed?
Please check all that apply:
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HOUSING

In the following section, we are asking about your housing facilities.

Yes No

Heifer barn/ area O O

Lactating cow barn/ area O O

Dry cow barn/ area O O

Lactating cows: The following questions concern the barn/ area where your lactating cows are kept.

O Yes, at night

O Yes, during the day

O No

O Wind tunnel (large fans at one end of the barn)

O Mechanical (small to medium fans through the barn)

O Natural ventilation

O Other, please specify... _______________________
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14. Do you have a system to cool your cows during summer?
Please check all that apply:

15. Which of the following best describes the primary housing facility for your lactating cows?
Please check one:

16. What is the predominant flooring surface in the pens for lactating cows?
Please check one:

17. For each lactation pen you have...
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Free Stall

O Yes, a sprinkler system

O Yes, fans other than those for air exchanges

O Yes, another system; please specify... _______________________

O No

O Bedded pack

O 2-row free stall barn

O 3-row free stall barn

O Tie stall barn - skip to Tie stall section (question18, page 5)

O Concrete (solid)

O Rubber

O Slatted

O Other, please specify... _______________________

Which cows are 

mainly in this pen?

What lactation are  

those cows?

How many 

stalls?

How many 

cows, typically?

How many cows, 

at maximum?

1

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________

2

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________

3

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________
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Skip to the Dry cows section (question 19, page 5)

18. Do your lactating cows go outside (i.e. put out to a yard or pasture to eat or exercise)?
Please check one:

19. What is your target length of the dry period? ______________days


20. Are dry cows usually housed in the same barn as lactating cows?


21. Where do you plan for calving to occur?

Please check one:


PAGE �  OF � 5 16

Tie Stall

Which cows are mainly 

in this pen?

What lactation are  

those cows?

How many 

stalls?

How many 

cows, typically?

How many cows, 

at maximum?

4

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________

5

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________

6

O  Fresh

O  Early lactation

O  Late lactation

O  Early to late lactation

O  First lactation

O  Second lactation and +

O  All lactations

__________ __________ __________

O Yes, almost every day all year long

O Yes, almost every during warm seasons only

O Yes, occasionnally

O No

Dry cows: The following questions concern the barn/ area where your dry cows are kept.

Yes No

O Bedded pack group pen

O Individual box stall/ small pen

O Free stall

O Tie stall
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22. When do you aim to move your cows into the calving area?
Please check one:

23. Which of the following best describes the primary housing facility for your dry cows?
Please check one:

24. What is your voluntary waiting period for...

25. What are your targets for...

26. In 2013, what was your average...
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REPRODUCTION MANAGEMENT

In the following section, we are asking about your practices for reproduction management.

O 3 days or more before calving

O 1-2 days before calving

O 12-24 hours before calving

O 1-11 hours before calving

O When calving starts

O I don't use a specific calving area

O Bedded pack

O 2-row free stall barn

O 3-row free stall barn

O Tie stall barn 

Heifers (minimum age for breeding)? ______________months

Cows (minimum days postpartum for breeding)? ______________days postpartum

Age at pregnancy (heifers)? ______________months

Days postpartum at pregnancy (cows)? ______________days postpartum

Pregnancy rate? ______________%

Heat detection rate (or insemination rate)? ______________%

Conception rate (or average breeding success)? ______________%
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27. Please indicate how often you look at...
Please check one box per row:


28. For the main farm personnel who inseminate...
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Weekly Monthly
Every 2 

months

Every 6 

months
Annually Never

Pregnancy rate, conception rate, 

and/or heat detection rate
O O O O O O

Services per conception O O O O O O

Calving interval O O O O O O

Days to first service O O O O O O

List of open animals to breed O O O O O O

Age at first breeding (heifers) O O O O O O

Age at first calving (heifers) O O O O O O

What is their role on farm?
Was he/she originally trained by 

someone outside the farm?
When was their last training?

1

O  Owner

O  Herdsman

O  Employee other than herdsman

O  Other

O  None, an artificial insemination  

     company does the inseminations

Yes  No

O  Less than 1 year ago

O  1-2 years ago

O  3-5 years ago

O  6-10 years ago

O  More than 10 years ago

2

O  Owner

O  Herdsman

O  Employee other than herdsman

O  Other

O  None, an artificial insemination  

     company does the inseminations

Yes  No

O  Less than 1 year ago

O  1-2 years ago

O  3-5 years ago

O  6-10 years ago

O  More than 10 years ago

3

O  Owner

O  Herdsman

O  Employee other than herdsman

O  Other

O  None, an artificial insemination  

     company does the inseminations

Yes  No

O  Less than 1 year ago

O  1-2 years ago

O  3-5 years ago

O  6-10 years ago

O  More than 10 years ago

4

O  Owner

O  Herdsman

O  Employee other than herdsman

O  Other

O  None, an artificial insemination  

     company does the inseminations

Yes  No

O  Less than 1 year ago

O  1-2 years ago

O  3-5 years ago

O  6-10 years ago

O  More than 10 years ago



 

!165

29. How many times per day is artificial insemination performed on your farm (not per cow 

but overall)?
Please check one per row: 


30. Do you use bull fertility data to select sires for artificial insemination?


31. What type(s) of management do you use for first insemination of your heifers and 

postpartum cows?
Please give an approximation of the proportion of each method (the values per column should add up to 100)


32. What type(s) of management do you use for subsequent (second and greater) 

inseminations of your heifers and postpartum cows?
Please give an approximation of the proportion of each method (the values per column should add up to 100)
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Once daily Twice daily
More than  

twice daily

Postpartum cows (lactating) O O O

Heifers (non-lactating) O O O

Yes No

Postpartum cows 

(lactating)

Heifers  

(non-lactating)

Visual heat detection ______________% ______________%

Hormonal protocol for timed AI ______________% ______________%

Automated activity monitoring system ______________% ______________%

Bull ______________% ______________%

Other, please specify...______________ ______________% ______________%

Total ______________% ______________%

Postpartum cows 

(lactating)

Heifers  

(non-lactating)

Visual heat detection ______________% ______________%

Hormonal protocol for timed AI ______________% ______________%

Automated activity monitoring system ______________% ______________%

Bull ______________% ______________%

Other, please specify...______________ ______________% ______________%

Total ______________% ______________%
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33. How many times per day are cows and heifers observed for signs of heat?

34. How much time per day is spent on visual estrus detection?

35. Is heat detection the only task performed at this time?





For the following questions, consider the OvSynch protocol to be the following:

36. Which protocol(s) do you use often to synchronize first for heifers and postpartum cows?
Please check all that apply:

37. If you chose "other", please specify which protocol...
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Postpartum cows (lactating) ______________times per day

Heifers (non-lactating) ______________times per day

Postpartum cows (lactating) ______________minutes

Heifers (non-lactating) ______________minutes

Yes No

OvSynch

OvSynch + 

progesterone 

device  

(CIDR or PRID)

Presynchronization + 

OvSynch  

(Double-OvSynch, 

PreSynch-OvSynch...)

Prostaglandin 

and heat 

detection

Other None

Postpartum 

cows (lactating)
O O O O O O

Heifers  

(non-lactating)
O O O O O O
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38. Which protocol(s) do you use often to synchronize subsequent (second and greater) 

inseminations for heifers and postpartum cows?
Please check all that apply:

39. If you chose "other", please specify which protocol...

40. Do you use automated activity monitoring on your farm? 




41. Which automated activity monitoring system(s) do you use?

Please check all that apply:

42. How many times per day do you consult the heat detection list or report in the system?
Please check one per row:
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OvSynch

OvSynch + 

progesterone 

device  

(CIDR or PRID)

Presynchronization + 

OvSynch  

(Double-OvSynch, 

PreSynch-OvSynch...)

Prostaglandin 

and heat 

detection

Other None

Postpartum 

cows (lactating)
O O O O O O

Heifers  

(non-lactating)
O O O O O O

Yes No - skip to question 45, page 11

AfiAct  

(Afikim)

ALPRO 

(DeLaval)

CowTrakker  

(Bou-Matic)

DelPro 

(DeLaval)

Heatime  

(SCR)
Other

Postpartum cows 

(lactating)
O O O O O O

Heifers  

(non-lactating)
O O O O O O

Once daily Twice daily
More than twice 

daily

Postpartum cows (lactating) O O O

Heifers (non-lactating) O O O
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43. If your automated activity monitoring system identifies a cow as in heat, do you confirm it 

with heat signs before insemination?
Please check one:

44. What proportion of the inseminations are on cows that show heat signs but are not 

identified by the automated activity monitoring system as in heat?
Please check one:

45. Do you use the following tool(s) to manage reproduction?
Please check all that apply:

46. How often is your veterinarian scheduled for herd health (including reproductive checks)?
Please check one:
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O Yes, all the time

O Yes, more than 50% of the time

O Yes, 50% of the time or less

O No

O Clean-up bull(s)

O Kamar

O Rumination detection (HR tags, SCR)

O Tail chalk or tail paint

O Another tool, please specify...______________

O None

O Less than 10% of all inseminations

O 10-20% of all inseminations

O 21-30% of all inseminations

O 31-40% of all inseminations

O More than 40% of all inseminations

O Weekly

O Every 2-3 weeks

O Monthly

O Less than once a month



 

!169

47. When do you do first pregnancy diagnosis?
Please check all that apply:

48. Do you routinely confirm (re-check) pregnancies?
Please check one:

49. What are the main difficulties or challenges encountered by your business?
Please rank each item according to its importance for your herd (1 being the most important difficulty or 
challenge):
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O Before 30 days

O 30-34 days

O 35-39 days

O 40-45 days

O After 45 days

O Yes, before 60 days

O Yes, between 60-79 days

O Yes, between 80-100 days

O Yes, after 100 days

O Yes, at or just before dry-off

O No

Rank

Lameness ______________

Calf health ______________

Mastitis ______________

Transition cow diseases ______________

Nutrition ______________

Heifer growth ______________

Reproduction of lactating cows ______________

Culling rate ______________

Reproduction of heifers (non-lactating) ______________

Other, please specify... ______________ ______________
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50. Concerning reproduction in general, what do you think are the main difficulties or 

challenges?

51. Concerning heat detection, what do you think are the main difficulties or challenges?
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52. What influences your decisions about reproduction on your farm?
Rank each item according to their influence on how you manage reproduction in your farm (1 being the 
most important):

53. Please indicate your level of agreement with each of the following statements.
Please check one box per row:
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Rank

Performance ______________

Labor ______________

Finances ______________

Public opinion ______________

Other, please specify... ______________ ______________

Strongly 

disagree
Disagree Agree

Strongly 

agree

I have no 

opinion

There is a significant potential profit if my herd's 

pregnancy rate increased.
O O O O O

I prefer to inseminate cows based on seeing a 

strong heat.
O O O O O

Fertility of cows in my herd has declined in the last 

10 years.
O O O O O

On average, timed insemination programs 

(hormones) produce higher pregnancy rates than 

visual observation of heat.

O O O O O

On average, automated activity monitoring 

produces higher pregnancy rates than visual 

observation of heat.

O O O O O

Reproductive performance in my herd meets my 

targets.
O O O O O

It is difficult to identify cows in heat. O O O O O

Cows producing higher milk yield are more difficult 

to get pregnant.
O O O O O

Reproductive hormones used in cows are safe for 

consumers of dairy products.
O O O O O

Dairy farming in Canada in 10 years will be a good 

business to be in. 
O O O O O

Use of synchronization programs will decrease cow 

fertility in the long term.
O O O O O
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54. Are you working with a milk recording company?

Please check one:
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Strongly 

disagree
Disagree Agree

Strongly 

agree

I have no 

opinion

Routine use of synchronization programs is 

profitable for my herd. 
O O O O O

Routine use of synchronization programs is 

acceptable to consumers.
O O O O O

Routine use of synchronization programs is 

acceptable to me.
O O O O O

If management is adequate, synchronization 

programs are not needed.
O O O O O

Automated activity monitoring systems can 

eliminate the need for synchronization programs.
O O O O O

I have enough labor to implement the reproduction 

management program that I prefer.
O O O O O

In 5 years I will be using less synchronization in my 

herd.
O O O O O

O No


O


Yes, with CanWest DHI


Providing your DHI herd number will allow us to access your records once to extract production 
and reproduction data. Please note that your individual farm will never be identified in reports.

In case you do not remember this number, please contact CanWest DHI and ask for it. 

 Toll free: 1-800-549-4373


DHI herd number: ______________________


O


Yes, with Valacta


Providing your Valacta herd number will allow us to access your records once to extract 
production and reproduction data. Please note that your individual farm will never be identified in 
reports.

In case you do not remember this number, please contact Valacta and ask for it.

 Toll free: 1-800-266-5248


Valacta herd number: ______________________
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If you would like to provide additional comments, please use the following space.


If you wish to be entered in the draw to win one of the 3 prizes of $250, please provide your 

name and contact information. Your participation in the draw is optional and the information 

will not be associated with your answers.
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Name ___________________________________

Address ___________________________________

Telephone ___________________________________

E-mail ___________________________________



2. CODEBOOK 

Description and exemplar quotes of organizing and basic themes developed using a thematic 

networks analysis approach for the open-ended question, “Concerning reproduction in general, 

what do you think are the main difficulties or challenges?”. 

Organizing* and  
basic themes

Description Quotes

Estrus detection* “heat detection” 

Abnormal estrus cycle Difficulty to find cows in estrus 
due to anovulation or irregular 
cycles

“prolonged or irregular heat cycles” 
“not cycling postpartum” 
“heifers are not cycling by 14 
months” 

Short estrus duration Difficult to find cows in estrus due 
to short estrus events

“length of heat” 

Low estrus intensity Difficult to find cows in estrus due 
to no or less estrus signs

“heat is often weak or absent” 
“large variation in estrus display” 
“cows not showing good heats” 

Lack of time to 
perform good detection

Difficult to find cows in estrus due 
to lack of time spent at estrus 
detection

“I am the only one looking for heat 
signs” 
“summer time being busy in field 
and missing a heat” 
“not enough time to see all heat” 
“if the heat detection person is away 
no one else seems to be able to fill 
the gap” 

Ability and consistency 
of employees

Difficult to find cows in estrus due 
to the ability of the people 
working on farm

“different people in the business do 
not see heat”  
“all family members work at least 
part time off farm, makes it difficult 
to reliably and consistently catch 
cows in heat” 

Early pregnancy 
diagnosis

Difficult to find cows in estrus and 
rebreed cows in a timely manner

“failure of non-pregnant diagnosis 
in an efficient time frame in order to 
rebreed” 
“find returns quickly” 

Organizing* and  
basic themes
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Access to facilities Difficult to find cows in estrus due 
to facilities in remote location

“we built a separate heifer barn and 
we don’t get in there enough to see 
heats” 

Tiestall barns Difficult to find cows in estrus due 
to tiestalls

“cows in the tiestalls all the time” 
“expression of heats in tiestall barn” 

Conception risk* “failure to conceive when bred” 
“conception risk/rate” 

High milk production Cows difficult to get pregnant due 
to high milk production

“high milk yields lowering 
conception rate” 
“good producing cows (quantity) 
being fertile and get back in calf 
rapidly” 

Repeat breeder Cows taking multiple 
inseminations to get pregnant

“repeat breeders” 
“cows with several services” 

Older cows Cows difficult to get pregnant due 
to age

“getting cows pregnant (especially 
older hard working cows)”  
“heifers and first calf heifers are 
easier to get in calf” 

Sexed semen Cows difficult to get pregnant due 
to the use of sexed semen

“getting cows pregnant with sexed 
semen” 

Insemination technique Cows difficult to get pregnant due 
to an inadequate insemination 
technique

“AI tech is new and still learning”  
“semen handling and proper 
technique” 

Semen quality or 
quantity

Cows difficult to get pregnant due 
to inadequate quality or quantity 
of semen

“insemination company do not put 
enough semen in their straws” 
“semen quality” 

Timing of insemination 
(breeder availability)

Cows difficult to get pregnant due 
to inadequate timing of 
insemination (not knowing when 
to inseminate, or the breeder is not 
available)

“timing of insemination (now or in 
12 hours)” 
“it is hard to know for each cow 
what is the best moment [to 
inseminate]” 
“have the breeder to inseminate 
when wanted” 

Description QuotesOrganizing* and  
basic themes

!175



Heat and cold stress Cows difficult to get pregnant due 
to extreme weather

“poor conception rates in heifer 
reproduction perhaps due to cold 
winter” 
“summer breeding heat stress” 

Reproductive diseases*

Pregnancy loss and 
abortions

Difficulties in reproduction due to 
pregnancy losses, or abortions

“several 5 to 7 month abortions in 
last year” 
“maintaining pregnancies” 
“Neospora and abortions are a 
problem” 
“early pregnancy loss” 

Metritis Difficulties in reproduction due to 
metritis

“metritis- getting cows cleaned up 
after calving” 
“metritis cases harm reproduction” 

Purulent vaginal 
discharge

Difficulties in reproduction due to 
unhealthy reproductive tract at 
insemination

“cows that are still dirty at 60 DIM” 

Immunity Difficulties in reproduction due to 
poor immunity

“cows’ immunity defense” 

Retained placenta Difficulties in reproduction due to 
retained placenta

“retained placenta leads to 
prolonged breeding dates” 

Ovarian cysts Difficulties in reproduction due to 
ovarian cysts

“cystic” 
“cyst” 

Metabolic diseases*

Milk fever Difficulties in reproduction due to 
milk fever

“milk fever” 

Negative energy 
balance/ body 
condition score

Difficulties in reproduction due to 
negative energy balance or 
inadequate body condition score

“keeping a positive energy balance 
so cows are more fertile” 
“thin cows that do not cycle well” 
“making sure cows are not under 
conditioned” 

Ketosis Difficulties in reproduction due to 
ketosis

“ketosis” 

Description QuotesOrganizing* and  
basic themes
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Other diseases*

Lameness Difficulties in reproduction due to 
lameness

“lame cows with sore feet don’t 
show any heat” 
“I got digital dermatitis in my herd, 
disastrous!” 

Mastitis and somatic 
cell count

Difficulties in reproduction due to 
mastitis or high somatic cell count

“mastitis”  
“cows with high somatic cells” 

Genetic*

Conformation Difficulties in reproduction due to 
cows’ conformation

“conformation of cows’ rump” 

Low fertility bulls Difficulties in reproduction due to 
low fertility bulls

“fertility of AI semen”  
“selecting AI bulls with daughters 
with high fertility” 

Inbreeding Difficulties in reproduction due to 
inbreeding

“bulls being picked for AI in the 
breed are picked from too small of a 
gene pool”  
“lack of genetic diversity in AI 
semen”  
“inbreeding” 

Management*

Herd health cost or 
frequency

Difficulties in reproduction due to 
infrequent and expensive herd 
health

“cost of vets doing herd health” 
“on a small enough herd the vet 
doesn’t come often enough” 

Identification of 
problems when they 
arise

Difficulties to identify what causes 
the problem in reproduction

“my inseminations don't 'catch' as 
often as I'd like, I'd like to know if 
it's my timing, my herd's genetics, 
my breeding tech?????” 

Use of technologies Difficulties in reproduction due to 
technologies

“if my AFI [AAM system; AfiMilk, 
Kibbutz Afikim, Israel] doesn’t 
work” 
“foot pedometers cause other issues 
like lameness or mastitis from 
manure getting stuck to it on rear 
legs” 

Description QuotesOrganizing* and  
basic themes
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Use of hormones Difficulties in reproduction due to 
reproductive hormones use 
(compliance, efficacy, cost)

“sticking to protocols” 
“since we used timed AI hormonal 
protocols, ensuring that our staff 
follow the protocols exactly (cows 
get the shot exactly when required) 
is the biggest challenge” 
“using Ovsynch too much, not that 
we don’t like it… but it’s not cheap” 
“having more efficient simpler 
protocols”  
“we have a very complicated list of 
cows on double Ovsynchs, CIDR 
[progesterone controlled internal 
drug release] and other so we can 
do TAI” 

Nutrition* Difficulties in reproduction due to 
nutrition

“maintaining a well-balanced 
nutritional ration that is economical 
for milk production and promotes 
natural estrous” 

Quality of available 
feed

Difficulties in reproduction due to 
the quality of the feed

“bad roughage years” 
“less than desired feed value from 
2013 crop” 
“bad years for feed are hard to 
overcome when they happen” 

Genetically modified 
organisms (GMOs)

Difficulties in reproduction due to 
GMOs

“we are feeding our cows GMOs - 
we are learning of the devastating 
effects of that, and the harm it is 
doing to the animals, as well as to 
us human beings. When we are able 
to get away from such feeds, and 
have it replace with nutrient dense 
food, much if not all of the 
reproduction issues will disappear” 

Pesticides Difficulties in reproduction due to 
pesticides

“trace amount of herbicide 
chemicals in feed causing health 
problems” 

Description QuotesOrganizing* and  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Feed changes Difficulties in reproduction due to 
feed changes

“anytime there is a feed change” 
“A lot of feed change affect the heat 
detection system” 
“maintaining a good consistent 
ration to cows throughout the year 
with as few changes as possible” 

Preservation of feed Difficulties in reproduction due to 
poor preservation of feed or toxins 
in the feed

“moldy feed” 
“toxins in feed (corn silage)” 

Housing*

Flooring Difficulties in reproduction due to 
flooring

“concrete is too slippery 
(grooving)” 
“floor surfaces” 
“because of our slatted floors 
lameness plays a big role” 

Space Difficulties in reproduction due to 
lack of space

“overcrowded” 
“to give dry cows LOTS of space” 

Comfort Difficulties in reproduction due to 
lack of comfort

“find solutions to improve cow 
comfort in the herd” “cow comfort 
needs to be improved, i.e., move out 
of tiestall barn” 

Description QuotesOrganizing* and  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