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Currently, there is no standardized rearing method or production guidelines

for non-replacement male dairy calves that maximizes their economic

viability. Producers have highlighted the need to match consumer

expectations, but even with broadscale welfare improvement across the

dairy industry, challenges remain at providing reliable and valuable pathways

for non-replacement male dairy calves for beef production. A key consumer

concern has been the use of on-farm euthanasia. Euthanasia has been

a catalyst for change in the industry from a human and animal welfare

perspective. The practice of euthanasia can lead to a decline in personnel

wellbeing. To investigate the relationship between on-farm management

practices of non-replacement male dairy calves and producer perceptions of

their value proposition, an online questionnaire was provided to Australian

dairy producers between June and October 2021. The aim was to identify

supply-chain profitability of non-replacement male calves and investigate

the attitudes and e�ects of euthanasia on producer wellbeing as part of

managing these calves. A total of 127 useable responses were obtained,

and a Bayesian network (BN) was utilized to model the interdependencies

between management practices and wellbeing among participants. The

results indicated that in general, dairy producers desired high welfare

standards in their enterprises with regard to non-replacement male calves

as well as expressed a desire to meet industry and consumers’ expectations.

In line with anecdotal reports of a reduction in practice, euthanasia was

not identified as common practice in this group; however, producers

were still accessing early-life markets for non-replacement male calves

with operational requirements and environmental factors influencing their

decisions. Producers expressed dissatisfaction with market access for

their calves, as well as the lack of suitability of Australian beef grading

standards for dairy-bred carcasses. Australian dairy managers and owners

identified that euthanasia influenced employee wellbeing; however, they

did not acknowledge euthanasia had an e�ect on their own wellbeing.
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Overall, the findings of this study indicate that all non-replacement male

calf breeds had the potential to access profitable markets, and avoidance of

euthanasia is a strong driver of change among dairy beef production systems

in Australia.

KEYWORDS

producer wellbeing, dairy producers, euthanasia, Bayesian network, producer

attitudes, non-replacement male calf

Introduction

Current dairy production generates non-replacement calves

as part of its standard operating practices (1). Despite the

predictable and continuous production of non-replacement

male calves, there is currently no standardized rearing method

or production guidelines for maximization of their economic

potential. Due to competing economic demands, mixed

practices currently exist in the management of non-replacement

male dairy calves, including that healthy non-replacement male

calves may be euthanized at a young age, commonly <10 days

of age (2, 3). At the same time, consumers are becoming more

aware of the systems that produce the food and dairy products

they consume (4). Consumer sentiment is driving practice

change globally. There is preference for non-replacement calves

to be utilized in the beef supply chain as opposed to being

destined for early-life slaughter (5).

Non-replacement male calves (colloquially known as “bobby

calves” in Australia) are generally male dairy-bred calves <30

days old or weighing <80 kg (6). Currently, a number of

pathways exist for these bobby calves, including on-farm rearing

and rearing by intensive calf producers, to generate a “dairy

beef” product, and it is estimated there are approximately

400,000 bobby calves processed each year in Australian abattoirs

(6). Despite advances, these production pathways are often

disaggregated in relation to intensive labor requirements, on-

farm calf rearing facilities, and low-value saleable markets. This

is also seen in dairy production systems in America and Canada,

where similar issues have led to poor calf welfare and lack

of adoption of on-farm rearing (7, 8). A shift has occurred

in societal attitudes towards the practices surrounding non-

replacement male calves and the need to identify alternative

strategies to rear, process, and market a viable and economically

sustainable dairy beef product. This has led to increased interest

in providing valuable pathways for bobby calves nationally and

internationally (9) with industry and the consumer driving

practice change to achieve alternative outcomes for non-

replacement male calves (10). There have been attempts to

avoid the need for euthanasia through the use of sexed semen,

although this has not proven to be a complete solution due

to lower conception rates and higher production cost (11).

Another opportunity to avoid euthanasia of bobby calves is to

market the potential of their favorable eating quality attributes;

however, Jersey calves are still perceived to have poor muscling

and growth, thus impacting economic viability (3).

In Australia, dairy producers have highlighted their

intention to continually improve production practices for

rearing of non-replacement male calves; however, our previous

work and that of others have identified that the lack of

economically sustainable dairy beef pathways can still lead to

unavoidable euthanasia (8, 12). Similarly, internationally, the

realities of overcoming supply-chain issues are complex (13),

and no industry-wide solutions exist for producers to have

reliable pathways to market for these animals (12), leaving

euthanasia uncommon, but still practiced. In 2022, it was

reported that the number of non-replacement calves processed

in Australian abattoirs has reduced from approximately 450,000

calves per year to 300,000 calves. However, this has been

influenced by the increase in beef cattle prices at the time, and

the number may not continue to reduce if cattle prices were to

decrease again in future (14).

Euthanasia of economically non-viable livestock represents

an ethical challenge from many perspectives. Personnel directly

involved in performing euthanasia of livestock have been

reported to show conflicting views toward the practice, desiring

to achieve a positive economic and/or welfare outcome, while

accommodating an undesirable need to perform euthanasia as

part of a management system (15). This dichotomy can lead to

“moral stress” with significant impacts on those staff involved

(15, 16). While it has been identified by producers that in

some cases, euthanasia is morally right, for example, where

retention of these animals may lead to poorer welfare outcomes,

these practices still create a moral tension for those involved.

The impacts of these practices in the dairy industry are still

largely unknown (8, 17). Secondary trauma caused by repeated

decisions to euthanize healthy animals has been associated with

burnout, moral injury, and, in some cases, post-traumatic stress

disorder (3, 18).

A questionnaire was developed to investigate Australian

dairy producers’ practices and attitudes surrounding non-

replacement male calf management inclusive of past, present,

and future euthanasia practices and examine the perceived
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impacts on their wellbeing. This study also aimed to identify

producer practices and potential markets that could maximize

profitability for non-replacement male calves within the dairy

beef supply chain as well as investigating producer opinions

surrounding the market acceptability of beef products. To

integrate the relationships between the composite sections

of the questionnaire, a Bayesian network (BN) model was

established and inferential analysis was conducted using Netica

(19). This allowed determination of relationships between

the demographic and operational responses from participants

of the questionnaire and their impact and influence on

wellbeing parameters.

Materials and methods

Ethical approval for the collection of original data from

human participants via an online questionnaire was provided by

the Charles Sturt University Human Research Ethics Committee

(Protocol number: H20352). This work was carried out in full

compliance with the National Statement on Ethical Conduct

in Human Research (2007, updated 2018) and in accordance

with the National Health and Medical Research Council Act

(1992). All participants implied consent to participate in the

questionnaire by proceeding to respond to the questionnaire

after receiving a consent statement.

Questionnaire design, recruitment, and
participants

The questionnaire design was built on previous qualitative

findings described by Vicic et al. (8) who identified attitudes

and practices surrounding on-farm non-replacement male

calf production, euthanasia practices, and producer wellbeing.

Through mixed methods research strategies, the outcomes from

the qualitative interviews informed the directive of each item

developed for the online questionnaire presented in this study

(20, 21). The study was also aligned with the requirements

for reporting observational studies using the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

guidelines (22). The items in the questionnaire had face validity.

An iterative process was carried out that consisted of piloting

and revising each version of the questionnaire by the research

team, which included a perceptual psychologist and production

animal scientists. The final draft of the online questionnaire was

piloted with a dairy veterinarian and previous and current dairy

owners. This process ensured relevance of the questionnaire to

the research aims and meaningfulness to potential participants.

The online questionnaire was administered via

SurveyMonkeyTM (http://www.surveymonkey.com) and

managed by the Spatial Data Analysis Network (SPAN) at

Charles Sturt University. The questionnaire was distributed via

social media and through industry organizations between June

and October 2021. Purposive criterion sampling was used to

recruit Australian dairy owners and/or managers older than 18

years. Participants who did not meet the criteria were excluded

via screening questions at the start of the questionnaire.

Participation in the questionnaire was by implied consent,

voluntary, and anonymous. Specifically, an information sheet

was provided prior to the start of the questionnaire, and consent

was implied if the participant chose to proceed. A $20 gift card

was offered to each participant as a token of appreciation for

engaging in the study if contact details were provided for this

purpose. Participant contact details were held separately to the

participant’s questionnaire results to ensure data anonymity.

Measures

The questionnaire (see the Supplementary material) was

structured to include the following categorized items:

Demographics

The demographic items in the questionnaire included age,

gender, postcode, and education level. Items measuring the

participants’ involvement in the dairy industry and enterprise

include location, milking herd size, and breed.

Practices and market orientation

The participants were asked questions relating to their

past, present, and future practices relating to non-replacement

male calves and market accessibility for specific breed types

and their associated profitability. Perceptions surrounding

perceived quality and marketability of dairy beef products were

also measured.

Attitudes and perceptions

The attitude component of the questionnaire asked a

range of questions that explored the impact of undertaking

of euthanasia on the participant wellbeing and mental health,

satisfaction of on-farm practices, and supply-chain access for

non-replacement male calves.

Personal and psychological wellbeing

The Personal wellbeing index-Adult (PWI-A) (23) was used

as one of two validated measures to assess dairy producer

wellbeing. The PWI-A scale focuses on the quality of life

of the individuals. The Depression Anxiety and Stress Scale

(DASS-21) (24)—short version, was the second validated tool

used for measuring depression, anxiety, and stress among the
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participants. The DASS-21 is a reliable and widely used clinical

screening tool for these constructs (25).

Statistical analysis

Data from the online questionnaire were exported into

Microsoft Excel (26). Only completed entries were considered

for analysis. Remaining entries were cleaned of duplicates,

partial responses (91 responses), and ghost submissions (87

responses), as well as checked for errors. To assist in data

analysis, open-ended responses were assigned one or more

words from a code list to allow for categorization of responses.

The code list was created by coding the raw short answer

responses to engage in data reduction and simplification. A

list of codes was then developed with associated definition

and assigned to the short answer responses (27). Descriptive

statistical analyses were conducted in R (28) to summarize and

better understand the demographics, practices, and attitudes as

well as wellbeing of participants.

Bayesian network model

Bayesian network (BN) models are an intuitive, graphical

representation of a joint probability distribution of a set

of random variables that are used to capture possible

mutual causal relationships, where each node represents a

variable and the directed link edges denote the dependency

relationship between those variables (29, 30). The Bayes

theorem underpins BNs and can be defined by the following

mathematical formula:

Pr (B | A) =
Pr (A | B) Pr(B)

Pr(A)
=

Pr(A, B)

Pr(A)
,

where A and B are two random variables; Pr(A) and

Pr(B) are the marginal probability distributions of A and B,

respectively; Pr(B| A) is the conditional probability distribution

of B given A; Pr(A| B) is the conditional probability of A

given B; and Pr(A, B) is the joint probability distribution

for A and B (31). A BN model using Netica software

(19) was developed to provide an mathematically coherent

framework for the analyzing the complex associations between

producer responses to practices and attitudes reported in the

questionnaire. BNs allow a level within multiple nodes to be

selected as the target variable(s). Given the selected level of a

target variable, the expected probability distributions of other

variables can be assessed. For example, by fixing the values

of some variables (equivalent to those predictor variables in a

regression model), we can estimate/predict the values (or the

distribution of the values) of the remaining variable(s) in the BN

model (32).

The development of a BN model started from

building a conceptual model (Figure 1) that identified

the interdependent relationships of those variables of our

research interest upon the collected data and the researcher’s

disciplinary knowledge.

Every BN model has two components in its model

specification. The qualitative component of a BN specifies the

network structure by connecting all the variables/nodes in the

model; the quantitative component of a BN determines the

conditional probability tables (via., evaluating the parameters

of a BN model), which quantifies the strengths of dependence

relations using the probability theory (19, 29, 30). In this

study, the BN model was developed through a multi-step

hybrid procedure. In the model structure specification step,

a hybrid approach was adopted. Based on the conceptual

model as schematically shown in Figure 1, four sub-models

were specified, among which three were determined using the

Netica built-in machine learning algorithm (the tree augmented

naive Bayes network algorithm) (19), and the fourth one was

manually built according to our disciplinary knowledge. With

“enterprises” as the target variable, the three machine learning

sub-models were (1) sub-model of 13 demographic variables;

(2) sub-model of 12 attitude variables; (3) sub-model of three

variables of market profitability; and the fourth sub-model

related to the 12 practices surrounding euthanasia was built

manually. To complete the model structure specification step,

the net merge function in Netica was applied to combine

the four sub-models into one coherent BN model. Finally,

the expectation–maximization (EM) algorithm in Netica was

employed to complete the model parameter estimation step.

EM learning takes a BN and repeatedly uses the model to find

a model of best fit using expectation (E) and maximization

(M) steps. Expectation uses regular Bayes network inference

with the existing Bayes network to compute the expected value

of all the missing data. Maximization finds the maximum

likelihood in the BN using the original data plus expected value

of missing data (32). The resulting BN model is presented in

Figure 2.

The BN model (Figure 2) was a statistical representation

of the interdependencies between producer demographics,

practices, and attitudes surrounding non-replacement male

calves as well as market profitability of non-replacement male

calves. The model contained 40 observed variables/nodes: 13

demographic-related variables (light yellow color nodes), 12

euthanasia-related variables (gray color nodes), 12 attitude-

related variables (pink nodes: six regarding animal management

and welfare and six regarding dairy beef), and three blue

color nodes relating to markets of non-replacement male

calves and associated profitability (Figure 2). Skip logic in the

euthanasia section of the questionnaire resulted in specific

questions not being required to be answered, as such “not

applicable” was assigned to participants who did not respond in

these instances.

Sensitivity to findings is a built-in function in Netica

that enables selection of a target variable and ranks the
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FIGURE 1

Schematic diagram of the conceptual model that informed the development of the Bayesian network to describe the interrelationships between

producer demographics, practices, and attitudes of non-replacement male calf management in the Australian dairy industry.

level of influence of all other variables (32). This function

was used to rank the strength of the associations between

variables from highest to lowest (19). Several competitive

BN models including latent variables (i.e., demographics,

practice, attitude, and market) were compared against the

original model. However, after performing sensitivity to

findings test, all the latent variables resulted in non-meaningful

categorization; hence, the final BN model did not assume

latent variables. Demographics were found to be heavily

influenced by gender, so female and male levels were selected

to determine the demographic difference associated with each

gender. The observed variable for practice was selected to

be “Euth_curr”; however, the levels “some” and “all” were

designated to be evenly weighted in the BNmodel for enterprises

that currently practiced on-farm euthanasia of some or all

non-replacement male calves. This was due to the small

proportion of participants who currently euthanized on farm.

The selected model structure was chosen as it was deemed

to be the most optimal way to summarize the data in a

contextual meaningful way that allowed logical inference of

relationships. Based on the Bayes theorem or the law of

conditional probability, the BN model (Figure 2) characterized

local dependence relationships between two nodes/variables

and then linked all variables as a network according to

the chain rule of probabilities, hence providing a holistic

representation of questionnaire data that show defined statistical

associations (19, 33).

Demographics

The questionnaire received a total of 127 completed

online responses; however, due to the distribution through

third-party organizations, the response rate could not be

calculated. Questionnaire responses were received from each

state in Australia; Victoria = 64%, New South Wales =
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FIGURE 2

A Bayesian network (BN) model of the dependency relationships between practice and attitude variables of Australian dairy producers (127

participants) regarding non-replacement male calves. Each variable in the BN model is represented by a node. The link between two nodes

represents the dependency relationship between two variables. The middle column of each node is a percentage totaling to 100%, which

represents the analysis outcomes of each level within a node. The last column is a graphical representation of the percentage values for each

level shown as distribution bars. The dotted lines are markers that are equally spaced to aid in visualizing the comparative heights of the

distribution bars. Descriptions of each variable and their levels are presented in Supplementary Table 1.

17% Queensland = 6%, South Australia = 6%, Tasmania

= 5%, and Western Australia = 3%. The proportion of

responses by state was similar to the proportion of dairy

enterprises in Australia by state, suggesting appropriate regional

representation (34); our sample of 127 represented 2.2% of dairy

farms in Australia.

Based on the outcomes of the BN model, both genders

had an even distribution of owners and managers and were

predominately located in Victoria. The male participants of

the questionnaire were likely to be middle-aged and have

worked a greater number of years in the dairy industry but

lesser years in the current enterprises they were owning and/or

managing. The male participants were also likely to have a

lower level of education than female participants. The female

participants were likely to be older in age than the male

counterparts and owned and/or managed a dairy herd with a

higher number of milking cows, with the predominate breed

in each herd being Holstein. Probabilities for demographic

response variables are summarized in Table 1 when gender

(male and female) was selected as the target variable in the

BN model.

Practices regarding non-replacement
male calves

Practices regarding non-replacement male calf management

were divided into three descriptive categories: (1) enterprises

that did not euthanize non-replacement male calves on farm,

(2) enterprises that euthanized some non-replacement male

caves on farm, and (3) enterprises that euthanized all non-

replacement male calves on farm. Most participants (84%;

107/127) indicated that they did not euthanize non-replacement

male calves on farm; 13% (16/127) of participants indicated

that they sometimes euthanized calves; and only 3% (4/127)

indicated they euthanized all non-replacement male calves in

their enterprise.

The BN model indicated the cohort of participants who

were managing and/or owning enterprises that previously

euthanized on farm (21.7%) selected the response that

indicated they were likely to do so because of the low

market value of calves, lack of facilities and resources

to rear calves, and the impacts of drought. A majority

of these participants indicated their enterprises would not
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TABLE 1 Percentages reported for demographic responses of

Australian dairy producers in the Bayesian network model when

di�erent levels for gender (male and female) were selected as the

target variables.

Gender

Category Levels Male (%) Female

(%)

Owner/Manger Owner

Manager

Both

25.4

28.5

46.1

28.1

27.3

44.7

Age 18–29

30–39

40–49

50–59

60–69

70–79

13.7

35.5

35.9

12.1

1.56

1.17

15.8

36.0

23.3

18.2

6.72

0+

Location of enterprise NSW

VIC

QLD

TAS

SA

WA

19.1

54.7

10.2

9.77

6.25

0+

15.4

73.5

0+

3.56

4.74

2.77

Years in dairy industry 1–5

6–10

11–20

21–30

30 plus

5.47

11.7

37.5

30.5

14.8

9.88

26.9

22.5

17.8

22.9

Year in current enterprise 1–5

6–10

11–20

21–30

30 plus

41.4

18.0

28.9

4.92

6.80

27.3

24.5

18.2

22.8

7.20

Education level Under year 10

Year 10

Year 12

Certificate or

Diploma

Bachelor’s degree

Postgraduate degree

3.52

2.74

11.7

49.6

22.7

9.77

0+

3.16

17.8

30.4

32.4

14.6

Number of cows in milking herd 1–99

100–499

500–1000

1000 plus

.001

74.2

23.8

1.95

1.19

62.4

34.0

2.37

Breed of milking cows Holstein

Jersey

Aussie Red

Other

48.1

23.8

8.69

19.4

43.5

21.6

10.9

23.9

reintroduce euthanasia (55%), but some participants from

this cohort were unsure (24%) or would (16%) reintroduce

euthanasia if the market value of calves decreases, and

they were unable to support production such as during

drought conditions.

From the cohort of participants who currently euthanize

some (17.1%) or all (3.34%) non-replacement male calves

on farm, the majority (64.4%) was not likely to cease

euthanasia on their enterprises for similar reasons as mentioned

previously. The participants who indicated they were in

the process of ceasing euthanasia as a practice were doing

so due to the increase in beef over dairy calves in their

herd, the increase in the market value of calves, and their

own personal decision to cease euthanasia. Commonly, both

owners/managers and employees of each enterprise were

the personnel involved in performing on-farm euthanasia.

The participants were likely to strongly agree (40.9%) or

agree (28.8%) that their euthanasia practices were humane

but also had clear intentions to refrain from euthanasia,

where possible.

Producer wellbeing

The relationships between personnel practicing euthanasia

and the effects of practicing euthanasia on wellbeing and

mental health were assessed in the BN (Figure 2, gray nodes).

A total of 20 participants reported that euthanasia was still

practiced on farm. From this cohort of participants, 25%

claim that practicing euthanasia does not influence their own

wellbeing andmental health. Of the 20 participants, 19 indicated

they allocated the role of euthanasia to staff as well, but

one participant indicated they were the only person on their

enterprise who carried out euthanasia. Similarly, 31.4% of

the participants indicated that euthanasia does not influence

their employees’ wellbeing and mental health; however, a

large proportion (19.2%) of these participants also stated that

euthanasia does affect employee wellbeing and mental health.

Similar findings were reported by the participants whose

enterprises previously euthanized non-replacement male calves

on farm.

In addition to this, two validated psychological wellbeing

tools were used to assess the psychological status of the

participants. Of the 115 participants who responded to questions

structured within the DASS-21, most participants fell within

the “normal” range for depression (70%; 81/115), anxiety

(72%; 83/115), and stress (60%; 69/115) on the DASS-21

scale (Figure 3, Table 2). Minor differences were found for

severity of depression, anxiety, and stress in each DASS

discrete diagnostic category among outcomes for the female and

male participants.

However, in comparison to previous studies using

Australian general public population normative values (Table 2)

(25), the mean scores for each category within the DASS-21

were marginally higher among this cohort of Australian

dairy producers than would be expected within the general
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FIGURE 3

Participants’ DASS-21 discrete diagnostic category results in relation to depression (solid black), anxiety (solid gray), and stress (solid white).

TABLE 2 Scale reliabilities of DASS-21 and PWI-A.

Characteristic Current study General population normsa Normative rangesb

Scale M SD M SD (-2SD) (+2SD)

DASS-21 Depression

DASS-21 Anxiety

DASS-21 Stress

7.03

5.25

13.25

8.07

6.90

8.63

2.57

1.74

3.99

3.86

2.78

4.24

PWI 73.93 15.9 75.5 13.9 74.2 76.8

DASS, Depression Anxiety Stress Scale; PWI-A, Personal Wellbeing Index-Adult. aAustralian general population norms taken from Crawford et al. (25); Capic et al. (40). bLower bound

(-2SD) and the upper bound (+2SD) of the normative ranges were derived from the overall data, including surveys 3-34 [Capic et al. (40)].

population, potentially indicative of some psychological

impact of their profession. Specifically, mean DASS-21 scores

for all participants were at the high end of the “normal”

category cutoff (Table 2), placing dairy producers at risk

for depression, anxiety, and stress. Similarly, when the 115

participants undertook the validated Personal Wellbeing

Index (PWI-A) psychometric instrument, the mean PWI-A

score in this cohort of participants was 73.93, marginally

lower than the general population mean of 75.5. These results

indicated that personal wellbeing of this cohort does not

lie within the respective normative range (74.2 to 76.8);

therefore, these participants may be experiencing a lower

quality of personal wellbeing than the general population

(Table 2).

Calf management and welfare attitudes

Questionnaire responses indicated (Figure 2, pink nodes)

that the participants were likely to strongly agree or agree

(96.9%) that welfare is of high importance when managing non-

replacement male calves and that the participants were likely

(89%) to gain satisfaction when they have good management

practices in place. The participants also strongly agreed or

agreed that they want to satisfy industry standards (72.3%)

when managing non-replacement male calves as well as satisfy

Australian consumers (71%). The participants were likely to

strongly agree or agree (57.1%) that they are satisfied with their

non-replacement male calf practices. However, the cohort of

participants who euthanize some or all non-replacement male
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FIGURE 4

Profitability of breeds of non-replacement male calves reported by Australian dairy producers in 2021 (probabilities reported from the Bayesian

model). The color gradient is represented by the following profitability categories from darkest to lightest; very profitable, usually profitable,

rarely profitable, breakeven, and not profitable.

calves are likely to have selected neither agree nor disagree (45%)

that they are satisfied with their management practices.

Markets and profitability

A majority of the participants were not satisfied with the

markets they can access for their non-replacement male calves.

The BN indicted that the most profitable combination for non-

replacement male calves was likely to be a beef cross dairy

calf (53.3%) or of Friesian/Holstein origin (24.5%) (Figure 4);

finished at the property of origin on pasture (45.2%); or sold

to the calf rearers (31.1%) (Figure 5). This finding suggests

that growing calves out to steers can be viable if there is

the local availability of land to do so. Interestingly, some

participants reported euthanasia to be profitable (2%). This

could be due to their perception that rearing non-replacement

male calves would lead to further expenses, and therefore,

euthanasia would be perceived as more profitable. The least

viable combination for non-replacement male calves was likely

to be cross bred dairy calves (34.5%) or of Jersey origin

(32%) (Figure 4); those sent on a bobby truck (47.9%); sold

to a calf rearers (22.0%); or euthanized on farm (17.9%)

(Figure 5).

Producer attitudes to dairy beef

Dairy beef, as a consumer product, is not widely available

or marketed in Australia; therefore, producer perceptions were

assessed regarding the potential value of dairy beef products

by Australian consumers. The BN model indicated that the

participants believed dairy beef products could both target a

premium beef market (87.6%) and be marketed as a welfare-

friendly product (85.7%) (Figure 2, pink nodes). A majority

of the participants agreed they would consume beef from

a dairy-origin animal (94.9%); however, they were likely to

disagree that there was a consumer demand for dairy-origin beef

products (34%).

The questionnaire presented several questions to determine

if dairy producers considered that non-replacement dairy calves

were suited to Australian carcass grading standards. A majority

of the participants were unsure of the use of Australian carcass

grading standards (36.7%), but the remaining participants
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FIGURE 5

Profitability of the market accessed for non-replacement male calves reported by Australian dairy producers in 2021 (probabilities reported from

the Bayesian model). The color gradient is represented by the following profitability categories from darkest to lightest; very profitable, usually

profitable, rarely profitable, breakeven, and not profitable.

agreed with the response that this grading system was not suited

to dairy-origin carcasses (24.3%). Specifically, 25.5% of the dairy

producers indicated that abattoirs did not grade carcasses from

dairy-bred animals appropriately.

Discussion

This quantitative study used a Bayesian network (BN)

model as a mathematically coherent framework to explore the

complex interrelationships (35) of Australian dairy producers’

practices and attitudes surrounding non-replacement male calf

management inclusive of euthanasia practices and examined

the perceived impacts on producer wellbeing. The network can

express association and interactive changes among variables to

facilitate understanding the relationships between all variables

in the model. As the questionnaire data represented a

relatively small sample size (n = 127), the BN network

advantageously shows in-sample prediction accuracy of results

through EM learning (36). Our study had a relatively small

sample size, which can introduce potential bias. The sample

is representative of 2.2% of all dairy enterprises in Australia;

however, the distribution of responses across each state

was in proportion to dairy enterprises in each region (34).

The study also could not achieve complete randomization

in the sample obtained, also leading to potential selection

bias (37).

Euthanasia of non-replacement calves was not identified as

an industry-wide practice in this study. Only 16% of participants

identified euthanasia as a current practice. The main reason

for euthanasia was due to the lack of economically profitable
markets to access for non-replacement male calves, a lack of
rearing facilities and recourses, and/or impacts of drought on

their system. The participants indicated the desire to eliminate

euthanasia, where possible. Feelings associated with euthanasia
of non-replacement male calves has been linked to a range of

negative connotations where words such as “avoid, frustrated,
hate, not supportive, refuse, unethical, and unpleasant” are

often expressed when considering this topic (8). Anger, grief,

and depression are emotions also known to be associated
with euthanasia of dairy cattle, which may, if persistent, lead
to compassion fatigue (3, 38). A few participants in this
questionnaire indicated a preference to perform euthanasia
of non-replacement male calves with the intent to eliminate

poor welfare practices surrounding animal management, despite

evidence of poor emotional outcomes associated with this

practice (15, 17).

A majority of producers were satisfied with the management

of non-replacement male calves; however, the cohort of

participants who still practice euthanasia were likely to have
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selected neither agree nor disagree regarding satisfaction of

management practices surrounding calves. The participants

acknowledged negative mental health and wellbeing effects

on employees who practice euthanasia on farm, although the

negative effects of euthanasia did not influence the participants

themselves. While not identified as a negative influence on

themselves in the short term, long-term euthanasia practice

could have negative effects on individuals (16, 38); such effects

might be magnified as social attitudes change toward greater

transparency and ethical practice in food production. The

producers have acknowledged that formal training in euthanasia

practices can reduce the impacts of negative wellbeing among

personnel involved in the practice (8). Formal training can

provide knowledge on correct, effective, and humane strategies

to euthanize calves and, in turn, assist employees to be confident

in this practice and decrease compromised emotional and

wellbeing factors (17). In this context, euthanasia as a cause

of lower wellbeing cannot be out ruled; therefore, further

research is needed to determine whether euthanasia might cause

long-term negative effects on those who practice or oversee

it. Tailored service delivery programs targeting mental health

in rural communities may be required, where high leaves of

psychological health are compromised (39).

General wellbeing and psychological attributes were assessed

among the participants of this study. The DASS-21 and PWI

results placed a majority of dairy producers in the normal

category for depression (0–9), anxiety (0–7), and stress (0–

4); however, the overall means reported in this study for

each diagnostic category (Depression 7.03, Anxiety 5.25, Stress

13.25) were higher than the mean scores reported for the

Australian general population (Depression 2.57, Anxiety 1.74,

Stress 3.99) (25). In addition to this, the mean wellbeing score

(73.93) reported for this study was outside the normal range

(74.2–76.8) of the general Australian population (40). There

is a difference presented in wellbeing parameters among dairy

producers and the Australian general population; however, this

could be attributed to rural living, rather than work-related

experiences. Poorer mental wellbeing has previously been linked

to living in rural locations (41), and poorer health outcomes

in general have long been associated with rurality in Australia

(42). In particular, farming populations have also been identified

to experience poorer mental health due to lack of access and

distance to mental health services as well as stigma surrounding

poor mental health more generally (39, 43). In this study, 7–

11.5% of the participants fell in the severe and extremely severe

for each DASS diagnostic category. High levels of psychological

distress have been reported in 6.8–12.3% of rural populations

in previous surveys (43–45). This suggests that the higher

than normal levels reported in our study are normal for the

population sampled, that is, higher for the Australian population

but normal for the rural population.

This study reported more than half of the participants

were not satisfied with the market accessibility for non-

replacement male calves predominately due to poor economical

outcomes. Less profitable farming enterprises have previously

been associated with negative wellbeing and psychological

distress among producers (46). It is possible that the economic

burden of non-replacement male calves may have an effect on

some psychological parameters among owners and managers

of dairy enterprises; however, within this questionnaire,

the participants were not asked to report on overall

enterprise profitability.

Breed and market were observed to have an influence on

profitability in the BN analysis. Figure 4 depicts the probabilities

reported from the BNmodel in relation to the profit achieved by

different breeds of non-replacement male calves. All breeds had

the ability to be very profitable if certain market requirements

were sought, even among Jersey cattle. In this study, many

participants were maximizing profitability of non-replacement

calves by using a beef sire. Using a beef sire has potential to

achieve carcass weight specifications faster, reducing input costs

and achieving higher profitability (47).

All markets (Figure 5) in this study had some participants

report they were very profitable. Although some markets

were likely to be reported as more profitable than others.

This suggests there is a possibility for all markets to achieve

profitability. The most profitable market reported for non-

replacement male calves was pasture finish, on the property

of origin. This result aligns with consumer preferences. It

avoids euthanasia and selling calves to early-life markets (48,

49). However, dairy-bred animals are known to have higher

maintenance energy requirements for growth (50). Pasture-

finish dairy cattle could take a longer period of time to reach

market requirements, effecting short-term profitability (50).

Although, long-term profitability could be achieved as there is

greater uniformity among dairy beef carcasses in relation to

weight and fat distribution than traditional beef carcasses (51).

In Australia, all carcasses are graded against a set of standardized

criteria developed by AUS-MEAT (52) to determine the quality

of produce generated from both pasture-fed and grain-fed

beef systems. Uniformity achieved among dairy-bred carcasses

could be advantageous for market requirements and generate

more profit.

The participants in this study emphasized their concerns

regarding the suitability of the Australian beef grading system

for dairy-bred animals. There is a stigma that dairy beef is

discounted by processers worldwide and inferior to traditional

breeds of beef cattle (3, 50, 53). Dairy steers have been

reported to have different dressing percentages, carcass yields,

muscling, and intramuscular fat (IMF) distribution due to early

maturation in comparison to beef breeds. This may not be

accounted for in grading systems and therefore undervaluing
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carcasses (50, 53, 54). Despite this, previous studies suggest

the lean meat yield and meat quality of dairy beef produced

under the same conditions can achieve similar carcass outcomes

and produce premium quality carcass outcomes due to high

amounts of IMF (53–55). A different classification system for

dairy beef carcasses may need to be introduced in abattoirs to

suit dairy-bred animals (50).

The participants reported they wanted to satisfy both the

industry standards and Australian consumers in relation to

management strategies related to non-replacement male calves.

They also agreed dairy beef products can achieve both premium

quality and welfare-friendly outcomes but are unsure whether

there is specific demand surrounding dairy beef products. There

are shared values between the participants in this study and

Australian beef consumers, both agreeing high animal welfare

standards are of importance (56).

Conclusion

This study has assessed the complex interrelationships

of practices and attitudes surrounding non-replacement male

calf management inclusive of euthanasia practices and the

perceived impacts on producer wellbeing. Euthanasia was not

identified as common practice among the Australian dairy

industry, but when practiced, there may be associated negative

effects on wellbeing and psychological parameters of personnel

involved. As a cohort, dairy producers reported higher levels of

psychological distress than the Australian general population,

although this may be normal for rural living. A majority of

dairy producers are still not satisfied with market access for

non-replacement male calves due to poor economical outcomes

however have the potential to maximize profitability through

beef sires. All non-replacement male calf breeds and markets

accessed were reported by some participants to be profitable,

indicating there is potential to maximize the economic benefits

among the dairy beef supply chain. However, there is still stigma

that dairy beef gets discounted at slaughter. The participants

supported this concern questioning the suitability of the

Australian beef grading system for dairy-bred animals. Overall,

dairy producers want to satisfy both the industry standards

and Australian consumers who share similar values, as well as

achieve premium and welfare-friendly beef product outcomes

for non-replacement male calves.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and

approved by Charles Sturt University Human Research Ethics

Committee (Protocol H20352). Written informed consent for

participation was not required for this study in accordance

with the national legislation and the institutional requirements.

Author contributions

VV, AS, MC, and JQ collaboratively designed the study.

VV collaborated with Spatial Data Analysis Network (SPAN),

Charles Sturt University, Wagga Wagga, and GX at the

Quantitative Consulting Unit (QCU), Charles Sturt University,

WaggaWagga, to collect and analyze the data. VV wrote the first

draft of the manuscript. All authors contributed to the review of

the manuscript and approve the submitted version.

Funding

VV was supported by an Australian Research Training

Program Scholarship from Charles Sturt University. MC and JQ

are supported by funding fromMeat & Livestock Australia.

Acknowledgments

The authors foremost thank the participating dairy

producers in this study for sharing their knowledge, personal

experiences surrounding non-replacement male calves, and

their enterprise practices. The results of this study would not

have been achieved without each producer. The authors also

thank SPAN for assisting the questionnaire to be accessible in

an online format, and the QCU for assisting in constructing the

Bayesian network models.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

Frontiers in Veterinary Science 12 frontiersin.org

https://doi.org/10.3389/fvets.2022.979035
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Vicic et al. 10.3389/fvets.2022.979035

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made

by its manufacturer, is not guaranteed or endorsed by

the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fvets.2022.979035/full#supplementary-material

References

1. Weller JI, Ezra E, Ron M. Invited Review: A perspective on the
future of genomic selection in dairy cattle. J Dairy Sci. (2017) 100:8633–
44. doi: 10.3168/jds.2017-12879

2. Moran J. Calf Rearing, A Practical Guide. Collingwood, Vic: CSIRO
Publishing. (2002).

3. Shearer JK. Euthanasia of cattle: practical considerations and application.
Animals. (2018) 8:57. doi: 10.3390/ani8040057

4. Henchion MM, Regan Á, Beecher M, MackenWalsh Á. Developing ’smart’
dairy farming responsive to farmers and consumer-citizens: a review. Animals.
(2022) 12:360. doi: 10.3390/ani12030360

5. Ritter C, Hötzel MJ, von Keyserlingk MAG. Public attitudes toward different
management scenarios for “surplus” dairy calves. J Dairy Sci. (2022) 105:5909–
25. doi: 10.3168/jds.2021-21425

6. Dairy Australia Ltd. Bobby Calves. Dairy Australia Ltd. (2020). Available
online at: https://www.dairyaustralia.com.au/animal-management-and-milk-
quality/calf-rearing/bobby-calves#.YhWspuhByUm (accessed February 23, 2022).

7. Creutzinger K, Pempek J, Habing G, Proudfoot K, Locke S, Wilson D, et al.
Perspectives on the management of surplus dairy calves in the United States and
Canada. Front Vet Sci. (2021) 8:661453. doi: 10.3389/fvets.2021.661453

8. Vicic V, Campbell MA, Saliba AJ, Quinn JC. Barriers to utilizing non-
replacement male calves in the australian dairy industry: a qualitative study. Front
Vet Sci. (2021) 8:800388. doi: 10.3389/fvets.2021.800388

9. Giersberg MF, Renaud D, Kemper N. Editorial: perspectives
in dealing with surplus male farm animals. Front Vet Sci. (2021)
8:797081. doi: 10.3389/fvets.2021.797081

10. Bennett L. Dairy Beef Scheme Offers Alternative to Slaughter of Unwanted
Calves. ABC Rural. (2021). Available online at: https://www.abc.net.au/news/rural/
2021-10-11/dairy-beef-program-for-unwanted-calves-launched/100518572

11. Balzani A, Aparacida Vaz do Amaral C, Hanlon A. A perspective on the use
of sexed semen to reduce the number of surplus male dairy calves in ireland: a pilot
study. Front Vet Sci. (2021) 7:623128. doi: 10.3389/fvets.2020.623128

12.Maher JW, Clarke A, Byrne AW,Doyle R, BlakeM, Cromie A, et al. Exploring
the opinions of irish beef farmers regarding dairy beef integration. Front Vet Sci.
(2021) 8:660061. doi: 10.3389/fvets.2021.660061

13. Bolton SE, von Keyserlingk MAG. The dispensable surplus dairy calf: is this
issue a “wicked problem” and where do we go from here? Front Vet Sci. (2021)
8:660934. doi: 10.3389/fvets.2021.660934

14. Brown A. Bobby Calf Slaughter Drops due to Strong Beef Prices, Dairy
Industry Says. ABC Rural. (2022). Available online at: https://www.abc.
net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-
beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_
shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=
IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8

15. Benson JG, Rollin BE. The Well-Being of Farm Animals: Challenges and
Solutions. Iowa: John Wiley and Sons. (2008).

16. Rollin BE. Ethics and Euthanasia. Can Vet J. (2009) 50:1081–6.

17. Wagner BK, Cramer MC, Fowler HN, Varnell HL, Dietsch AM, Proudfoot
KL, et al. Determination of dairy cattle euthanasia criteria and analysis of barriers to
humane euthanasia in the united states: dairy producer surveys and focus groups.
Animals. (2020) 10:770. doi: 10.3390/ani10050770

18. Cohen SP. Compassion fatigue and the veterinary health team.Vet Clin Small
Anim Pract. (2007) 37:123–34. doi: 10.1016/j.cvsm.2006.09.006

19. Norsys software Corp. Netica 6.09. (2021).

20. SAGE handbook of mixed methods in social and behavioral research.
Handbook of Mixed Methods in Social and Behavioral Research. Thousand Oaks,
California: SAGE. (2016).

21. Tashakkori A, Johnson BR, Teddlie C. Foundations of Mixed Methods
Research: Integrating Quantitative and Qualitative Approaches in the Social and
Behavioral Sciences. California: Sage publications. (2020).

22. Cuschieri S. The STROBE guidelines. Saudi J Anaesth. (2019) 13:S31–
4. doi: 10.4103/sja.SJA_543_18

23. International Wellbeing Group. Personal Wellbeing Index: 5th
Edition. 5th ed. Melbourne: Australian Centre on Quality of Life, Deakin
University (2013).

24. Lovibond HS, Lovibond PF. Manual for the Depression, Anxiety
and Stress Scales (DASS). 2nd ed. Sydney, NSW: Psychology Foundation
Monograph (1995).

25. Crawford J, Cayley C, Lovibond PF, Wilson PH, Hartley C. Percentile
Norms and Accompanying Interval Estimates from an Australian General Adult
Population Sample for Self-Report Mood Scales (BAI, BDI, CRSD, CES-D,
DASS, DASS-21, STAI-X, STAI-Y, SRDS, and SRAS). Aust Psychol. (2011) 46:3–
14. doi: 10.1111/j.1742-9544.2010.00003.x

26. Microsoft (2017). Microsoft R© Excel R© for Microsoft 365 MSO
(16.0.14326.20702) 32-bit ).

27. DeCuir-Gunby JT, Marshall PL, McCulloch AW. Developing and
using a codebook for the analysis of interview data: an example from
a professional development research project. Field Methods. (2011) 23:136–
55. doi: 10.1177/1525822X10388468

28. R Core Team. R: A Language and Environment for Statistical
Computing (version 3.4.1), In: R foundation for statistical computing. Vienna,
Austria (2021).

29. Kjaerulff UB, Madsen AL. Bayesian Networks and Influence Diagrams. New
York, NY: Springer Science+ Business Media. (2013). p. 114.

30. Korb KB, Nicholson AE. Bayesian Artificial Intelligence. CRC press. (2010).

31. Upton G, Cook I. A Dictionary of Statistics.Oxford: Oxford University Press,
United Kingdom (2006).

32. Norsys software Corp. Netica 6.05 Online Help Manual. (2021). Available
online at: https://www.norsys.com/WebHelp/NETICA.htm (accessed August 1,
2022).

33. Firestone SM, Lewis FI, Schemann K, Ward MP, Toribio JAL, Taylor
MR, et al. Applying Bayesian Network Modelling to Understand the
Links Between On-Farm Biosecurity Practice During the 2007 Equine
Influenza Outbreak and Horse Managers’ Perceptions of a Subsequent
Outbreak. Prev Vet Med. (2014) 116:243–51. doi: 10.1016/j.prevetmed.2013.
11.015

34. Dairy Australia Ltd. Dairy Australia: Our Regions. Dairy Australia Ltd.
(2021). Available online at: https://www.dairy.com.au/our-industry-and-people/
our-regions (accessed Janauary 11, 2022).

35. Kragt ME. A Beginners Guide to Bayesian Network Modelling for Integrated
Catchment Management (Technical Report No. 9, Landscape Logic). Australian
Government: Department of Environment, Water Heritage and the Arts (2009).

36. Kontkanen P, Myllymäki P, Silander T, Tirri H, Grunwald P. Comparing
predictive inference methods for discrete domains. In: In Proceedings of the
Sixth International Workshop on Artificial Intelligence and Statistics. Helsinki:
Citeseer (1997).

37. Hernán MA, Hernández-Díaz S, Robins JM. A Structural
Approach to Selection Bias. Epidemiology. (2004) 15:615–
25. doi: 10.1097/01.ede.0000135174.63482.43

38. Monaghan H, Rohlf V, Scotney R, Bennett P. Compassion fatigue in people
who care for animals: an investigation of risk and protective factors. Traumatology.
(2020). doi: 10.1037/trm0000246

39. Brumby S, Chandrasekara A, McCoombe S, Torres S, Kremer P,
Lewandowski P. Reducing psychological distress and obesity in australian

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2022.979035
https://www.frontiersin.org/articles/10.3389/fvets.2022.979035/full#supplementary-material
https://doi.org/10.3168/jds.2017-12879
https://doi.org/10.3390/ani8040057
https://doi.org/10.3390/ani12030360
https://doi.org/10.3168/jds.2021-21425
https://www.dairyaustralia.com.au/animal-management-and-milk-quality/calf-rearing/bobby-calves#.YhWspuhByUm
https://www.dairyaustralia.com.au/animal-management-and-milk-quality/calf-rearing/bobby-calves#.YhWspuhByUm
https://doi.org/10.3389/fvets.2021.661453
https://doi.org/10.3389/fvets.2021.800388
https://doi.org/10.3389/fvets.2021.797081
https://www.abc.net.au/news/rural/2021-10-11/dairy-beef-program-for-unwanted-calves-launched/100518572
https://www.abc.net.au/news/rural/2021-10-11/dairy-beef-program-for-unwanted-calves-launched/100518572
https://doi.org/10.3389/fvets.2020.623128
https://doi.org/10.3389/fvets.2021.660061
https://doi.org/10.3389/fvets.2021.660934
https://www.abc.net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8
https://www.abc.net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8
https://www.abc.net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8
https://www.abc.net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8
https://www.abc.net.au/news/rural/2022-07-11/bobby-calf-dairy-slaughter-drops-strong-beef-prices/101216616?utm_source=abc_news_web&utm_medium=content_shared&utm_campaign=abc_news_web&utm_content=messenger&fbclid=IwAR3RfUcX9h72YrCiRVlOT8EcALs6Vj8iQ8zYIyAek73XVnbRGcvfiR-flr8
https://doi.org/10.3390/ani10050770
https://doi.org/10.1016/j.cvsm.2006.09.006
https://doi.org/10.4103/sja.SJA_543_18
https://doi.org/10.1111/j.1742-9544.2010.00003.x
https://doi.org/10.1177/1525822X10388468
https://www.norsys.com/WebHelp/NETICA.htm
https://doi.org/10.1016/j.prevetmed.2013.11.015
https://www.dairy.com.au/our-industry-and-people/our-regions
https://www.dairy.com.au/our-industry-and-people/our-regions
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1037/trm0000246
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Vicic et al. 10.3389/fvets.2022.979035

farmers by promoting physical activity. BMC Public Health. (2011) 11:1–
7. doi: 10.1186/1471-2458-11-362

40. Capic T, Hutchinson D, Fuller-Tyszkiewicz M, Richardson B, Hartley-Clark
L, Khor S, et al. Australian Unity Wellbeing Index. (2017). Available online
at: https://www.australianunity.com.au/$\sim$/media/corporate/documents/
annual%20reports/wellbeing%20index/wellbeing%20index%202017.pdf (accessed
June 20, 2022).

41. Lawrence-Bourne J, Dalton H, Perkins D, Farmer J,
Luscombe G, Oelke N, et al. What is rural adversity, how does
it affect wellbeing and what are the implications for action? Int J
Environ Res Public Health. (2020) 17:7205. doi: 10.3390/ijerph171
97205

42. Saliba AJ. Impact of rurality on optical health: review of the literature
and relevant australian bureau of statistics data. Rural Remote Health. (2008)
8:1–10. doi: 10.22605/RRH1056

43. Kilkkinen A, Kao-Philpot A, O’Neil A, Philpot B, Reddy P,
Bunker S, et al. Prevalence of psychological distress, anxiety and
depression in rural communities in Australia. Aust J Rural Health. (2007)
15:114–9. doi: 10.1111/j.1440-1584.2007.00863.x

44. Avery J, Noack H, Gill T, Taylor A. South Australian Monitoring and
Surveillance System (SAMSS). South Australia: South Australian Department of
Health (2004). Available online at: http://www.dh.sa.gov.au/pehs/PROS.html

45. Beard JR, Dietrich UC, Brooks LO, Brooks RT, Heathcote K, Kelly B.
Incidence and outcomes of mental disorders in a regional population: the
northern rivers mental health study. Aust N Z J Psychiatry. (2006) 40:674–
82. doi: 10.1080/j.1440-1614.2006.01867.x

46. Peel D, Berry HL, Schirmer J. Farm exit intention and
wellbeing: a study of Australian farmers. J Rural Stud. (2016)
47:41–51. doi: 10.1016/j.jrurstud.2016.07.006

47. Martín N, Schreurs N, Morris S, López-Villalobos N, McDade
J, Hickson R. Sire effects on carcass of beef-cross-dairy cattle: a case
study in New Zealand. Animals. (2021) 11:636. doi: 10.3390/ani110
30636

48. Bolton SE. Beefing up the Response to Bobby Calves: Creating Value and
PreservingTrust. Nuffield Australia. (2019). Available online at: https://www.
nuffieldscholar.org/sites/default/files/reports/2018_AU_Sarah-Bolton_Beefing-
Up-The-Response-To-Bobby-Calves-Creating-Value-And-Preserving-Trust.pdf

49. Smith S, Sullivan K. Bobby Ban: Beef Industry Pushes for End
to Week-Old Dairy Calf Sales. The Weekly Times (2017). Available
online at: https://www.weeklytimesnow.com.au/news/national/bobby-ban-
beef-industry-pushes-for-end-to-weekold-dairy-calf-sales/news-story/
221e187f7792033aee30106443d9ddf1

50. Bown MD, Muir PD, Thomson BC. Dairy and beef breed effects on beef
yield, beef quality and profitability: a review. N Z J Agric Res. (2016) 59:174–
84. doi: 10.1080/00288233.2016.1144621

51. Thompson T,Martin P. Australian Beef: Financial Performance of Beef Cattle
Producing Farms, 2012–13 to 2014–15. In: ABARES Research Report Prepared for
Meat and Livestock Australia. Canberra, ACT: ABARES research report prepared
for Meat and Livestock Australia (2015).

52. AUS-MEAT Limited. Handbook of Australian beef processing. AUS-
MEAT Limited. (2021). Available online at: https://www.ausmeat.com.au/
WebDocuments/Producer_HAP_Beef_Small.pdf

53. Dairy Australia Ltd. USA Dairy Beef Pathways Study Tour 2017. Dairy
Australia Ltd. (2017). Available online at: https://www.dairyaustralia.com.au/
resource-repository/2020/07/09/usa-dairy-beef-pathways-study-tour-2017#.
Yp7FcnZByUk

54. Lizaso G, Beriain MJ, Horcada A, Chasco J, Purroy A. Effect of intended
purpose (Dairy/Beef Production) on beef quality. Can J Anim Sci. (2011) 91:97–
102. doi: 10.4141/CJAS10078

55. Ashfield A, Wallace M, Prendiville R, Crosson P. Bioeconomic modelling
of male Holstein-Friesian dairy calf-to-beef production systems on Irish farms. Ir J
Agric Food Res. (2014) 53:133–147. Available online at: http://www.jstor.org/stable/
24369610

56. Juan DingM, Jie F, Parton KA, MatandaMJ. Relationships between quality of
information sharing and supply chain food quality in the australian beef processing
industry. Int J Logist Manag. (2014) 25:85–108. doi: 10.1108/IJLM-07-2012-0057

Frontiers in Veterinary Science 14 frontiersin.org

https://doi.org/10.3389/fvets.2022.979035
https://doi.org/10.1186/1471-2458-11-362
https://www.australianunity.com.au/${sim }$/media/corporate/documents/annual%20reports/wellbeing%20index/wellbeing%20index%202017.pdf
https://www.australianunity.com.au/${sim }$/media/corporate/documents/annual%20reports/wellbeing%20index/wellbeing%20index%202017.pdf
https://doi.org/10.3390/ijerph17197205
https://doi.org/10.22605/RRH1056
https://doi.org/10.1111/j.1440-1584.2007.00863.x
http://www.dh.sa.gov.au/pehs/PROS.html
https://doi.org/10.1080/j.1440-1614.2006.01867.x
https://doi.org/10.1016/j.jrurstud.2016.07.006
https://doi.org/10.3390/ani11030636
https://www.nuffieldscholar.org/sites/default/files/reports/2018_AU_Sarah-Bolton_Beefing-Up-The-Response-To-Bobby-Calves-Creating-Value-And-Preserving-Trust.pdf
https://www.nuffieldscholar.org/sites/default/files/reports/2018_AU_Sarah-Bolton_Beefing-Up-The-Response-To-Bobby-Calves-Creating-Value-And-Preserving-Trust.pdf
https://www.nuffieldscholar.org/sites/default/files/reports/2018_AU_Sarah-Bolton_Beefing-Up-The-Response-To-Bobby-Calves-Creating-Value-And-Preserving-Trust.pdf
https://www.weeklytimesnow.com.au/news/national/bobby-ban-beef-industry-pushes-for-end-to-weekold-dairy-calf-sales/news-story/221e187f7792033aee30106443d9ddf1
https://www.weeklytimesnow.com.au/news/national/bobby-ban-beef-industry-pushes-for-end-to-weekold-dairy-calf-sales/news-story/221e187f7792033aee30106443d9ddf1
https://www.weeklytimesnow.com.au/news/national/bobby-ban-beef-industry-pushes-for-end-to-weekold-dairy-calf-sales/news-story/221e187f7792033aee30106443d9ddf1
https://doi.org/10.1080/00288233.2016.1144621
https://www.ausmeat.com.au/WebDocuments/Producer_HAP_Beef_Small.pdf
https://www.ausmeat.com.au/WebDocuments/Producer_HAP_Beef_Small.pdf
https://www.dairyaustralia.com.au/resource-repository/2020/07/09/usa-dairy-beef-pathways-study-tour-2017#.Yp7FcnZByUk
https://www.dairyaustralia.com.au/resource-repository/2020/07/09/usa-dairy-beef-pathways-study-tour-2017#.Yp7FcnZByUk
https://www.dairyaustralia.com.au/resource-repository/2020/07/09/usa-dairy-beef-pathways-study-tour-2017#.Yp7FcnZByUk
https://doi.org/10.4141/CJAS10078
http://www.jstor.org/stable/24369610
http://www.jstor.org/stable/24369610
https://doi.org/10.1108/IJLM-07-2012-0057
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Producer practices and attitudes: Non-replacement male calf management in the Australian dairy industry
	Introduction
	Materials and methods
	Questionnaire design, recruitment, and participants
	Measures
	Demographics
	Practices and market orientation
	Attitudes and perceptions
	Personal and psychological wellbeing
	Statistical analysis
	Bayesian network model

	Demographics
	Practices regarding non-replacement male calves
	Producer wellbeing
	Calf management and welfare attitudes
	Markets and profitability
	Producer attitudes to dairy beef

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


