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Abstract

Temperament (docility) is a key breeding goal in the cattle industry due to
its direct relationship with animal welfare, cattle handler's safety and animal
productivity. Over the past six decades, numerous studies have reported herit-
ability estimates for temperament-related traits in cattle populations ranging
from low to high values. Therefore, the primary objective of this study was
to perform a comprehensive systematic review with meta-analysis to obtain
weighted estimates of heritability for temperament-related traits in worldwide
cattle populations. After data editing and quality control, 106 studies were in-
cluded in the systematic review, of which 29.2% and 70.8% reported estimates
of heritability for temperament-related traits in dairy and beef cattle popu-
lations, respectively. Meta-analyses were performed for 95 heritability esti-
mates using a random model approach. The weighted heritability estimates
were as follow: (a) flight score at weaning=0.23 (95% CI: 0.15-0.32); (b) flight
speed at weaning=0.30 (95% CI: 0.26-0.33); (c) joint analysis of flight speed
and flight score at weaning=0.27 (95% CI: 0.22-0.31); (d) flight speed at year-
ling=0.26 (95% CI: 0.21-0.30); (e) joint analysis of flight speed at weaning and
yearling=0.27 (95% CI: 0.24-0.30); (f) movement score=0.12 (95% CI: 0.08-
0.15); (g) crush score at weaning=0.21 (95% CI: 0.17-0.25); (h) pen score at
weaning=0.27 (95% CI: 0.19-0.34); (i) pen score at yearling=0.20 (95% CI:
0.17-0.23); (j) joint analysis of pen score at weaning and yearling=0.22 (95%
CI: 0.18-0.26); (k) cow's aggressiveness at calving=0.10 (95% CI: 0.01-0.19);
(1) general temperament=0.13 (95% CI: 0.06-0.19); (m) milking tempera-
ment=0.16 (95% CI: 0.11-0.21); and (n) joint analysis of general and milking
temperament =0.14 (95% CI: 0.11-0.18). The heterogeneity index ranged from
0% to 77%, and the Q-test was significant (p <0.05) for four single-trait meta-
analyses. In conclusion, temperament is moderately heritable in beef cattle
populations, and flight speed at weaning had the highest weighted heritability
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1 | INTRODUCTION

Cattle temperament can be defined as the animal's re-
sponse to handling. Some historical beef cattle studies
proposed assessing the magnitude of animal response
in situations involving human interaction (e.g., during
weighting or handling in a corral). Tulloh (1961) pro-
posed to assess the level of animal agitation during
confinement in the bail, where lower and higher sub-
jective scores indicate docile and aggressive animals,
respectively. Today, this method is usually termed chute
or crush score. In addition, Burrow et al. (1988) pro-
posed an objective method called flight speed, which
assesses the velocity at which an animal leaves the scale
after weighting. This method assumes that docile ani-
mals move away more slowly than aggressive animals.
Both methods evaluate the animal's response under
restrained conditions. On the other hand, Boivin et al.
(1992) proposed an unrestrained test that includes two
steps. First, the animal is separated from their social
group and kept in the corner of a pen for some time with
a person near the animal. This method is often termed
pen score or docility score.

According to Pott (1918), assessments of dairy temper-
ament were already performed in the 19th century, with
different definitions based on indicators such as eye full
and expressive, clean face, large nostrils, long and light
neck, sharp withers and prominent spinal column. Later,
the farmer or milking staff assessed the response to the
whole milking procedure, where lower and higher scores
indicate poor and good milking temperament, respectively
(Haskell et al., 2014). Thus, score traits have been used
in the genetic evaluations of several dairy cattle breeds
worldwide since the 1980s and 1990s (Chang et al., 2020).
Due to the subjectivity of animal behaviour assessed by
humans, there still needs to be a consensus on the best
methods to assess temperament in dairy cattle. Therefore,
new methods continue to be presented over time (e.g.,
Danchuk et al., 2020; Neave et al., 2022). Moreover, with

estimate. Moreover, between-study heterogeneity was low or moderate in beef
cattle traits, suggesting reasonable standardization across studies. On the other
hand, low-weighted heritability and high between-study heterogeneity were
estimated for temperament-related traits in dairy cattle, suggesting that more
studies are needed to better understand the genetic inheritance of tempera-
ment in dairy cattle populations.

behaviour, cattle, docility, genetic parameters, selection

more recent advances in Precision Livestock Farming
(PLF) practices, novel traits can be derived from data
generated by video recording, pedometers, activity col-
lars and automatic milking system-derived traits (Chang
et al., 2020; Pedrosa et al., 2024). The oldest and the latest
methods show a positive association between good tem-
perament and greater production in dairy cattle (Neave
et al., 2022).

Temperament-related traits are essential breeding goals
in cattle breeding programs as more reactive animals tend
to have poorer welfare, cause more accidents when han-
dled by humans, and have lower productivity than less
reactive animals (Burrow, 2001; Haskell et al., 2014; King
et al., 2006). Although temperament is relevant to cattle
production systems, few worldwide breeding programs
have included temperament in their selection schemes
(Chang et al., 2020).

Measuring a large number of individuals and esti-
mating variance components and genetic parameters are
important steps for introducing temperament-related
traits in modern selection indexes. Over the last
60years, numerous studies have reported heritability
estimates for temperament-related traits in beef and
dairy cattle populations (e.g., Alvarenga et al., 2022,
2023; O'Bleness et al., 1960), and the estimates ranged
from 0.02 (Gauly et al., 2002; Vallée et al., 2015) to 0.70
(Fordyce et al., 1996). The large variation in heritability
estimates across studies can be due to genetic (i.e., popu-
lation parameters) and non-genetic factors (i.e., system-
atic effects). Moreover, the number of animals with data
in each study varied across studies. A small sample size
(N <1000) was observed in most studies, which resulted
in wider 95% CIs for the heritability estimates. In this
context, a meta-analysis can yield weighted estimates
with smaller confidence intervals, i.e., a more reliable
heritability estimate.

Meta-analyses of different studies considering ‘study’ as
a random effect are an alternative for obtaining weighted
estimates (Borenstein et al., 2010). Meta-analysis produces
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a weighted and more accurate estimate by combining the
estimates reported across studies while considering the
heterogeneity among the studies (Dawson et al., 2016).
Furthermore, meta-analysis allows the study of the
between-study heterogeneity, which cannot be evaluated
in single studies. The weighted heritability estimates ob-
tained from meta-analysis can be used as a guide for the
design of breeding programs, including the target traits as
selection criteria. Thus, meta-analysis related to estimat-
ing genetic parameters for various traits has been pub-
lished in beef and dairy cattle (e.g., Gathura et al., 2020;
Maskal et al., 2024; Oliveira et al., 2018). However, these
studies did not include temperament-related traits.
Therefore, the primary objective of this study was to ob-
tain weighted heritability estimates for temperament-
related traits in beef and dairy cattle based on a random
effect model meta-analysis.

2 | MATERIALS AND METHODS

2.1 | Data collection

Various databases were used to perform a systematic re-
view to identify bibliographic references reporting herit-
ability estimates for temperament-related traits in cattle,
including PubMed, Web of Science, ScienceDirect and
Scopus. The search was carried out on September 20th,
2023, using the following search parameters: (1) Web
of Science: Heritability OR Genetic Parameters (Topic)
AND Cattle OR Bovine OR Heifer OR Calves OR Bos
taurus OR Bos indicus (Topic) AND Temperament OR
Docility OR Crush OR Chute OR Aggressiveness OR
Disposition OR Flight OR Behaviour OR Pen (Topic)
NOT Pig OR Horse OR Sheep OR Goat OR Boar (Title)
NOT feeding behaviour (Topic); (2) Scopus: TITLE-ABS-
KEY (heritability OR genetic AND parameters) AND
TITLE-ABS-KEY (cattle OR bovine OR heifer OR calves
OR taurus OR indicus) AND TITLE-ABS-KEY (tempera-
ment OR docility OR crush OR chute OR aggressive-
ness OR disposition OR flight OR behaviour OR pen)
AND NOT TITLE (pig OR horse OR sheep OR goat OR
boar) AND NOT TITLE-ABS-KEY (feeding AND behav-
iour)); (3) PubMed: ((((heritability[Title/Abstract] OR
genetic parameters[Title/Abstract]) AND (cattle[Title/
Abstract] OR bovine[Title/Abstract] OR heifer[Title/
Abstract] OR calves|Title/Abstract] OR Bos taurus[Title/
Abstract] OR Bos indicus[Title/Abstract])) AND
(temperament[Title/Abstract] OR docility[ Title/Abstract]
OR crush|Title/Abstract] OR chute[Title/Abstract] OR
aggressiveness[Title/Abstract] OR  Disposition[Title/
Abstract] OR Flight[Title/Abstract] OR Behaviour[Title/
Abstract] OR Pen|[Title/Abstract])) NOT (Pig[Title]
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OR Horse[Title] OR Sheep[Title] OR Goat[Title] OR
Boar[Title])) NOT (feeding behaviour|Title/Abstract]);
and (4) ScienceDirect: Find articles with these terms: cat-
tle OR bovine OR heifer OR calves OR Bos taurus OR Bos
indicus; Title, abstract or author-specified keywords: (her-
itability OR genetic parameters) AND (temperament OR
docility OR crush OR chute OR aggressiveness). Previous
literature reviews about cattle temperament (e.g., Chang
et al., 2020; Haskell et al., 2014) were used to define the
keywords used in our search strategy.

A total of 886 studies (scientific papers published
in scientific journals or manuscripts published in con-
ference proceedings) were retrieved from these data-
bases, saved, and imported to the Rayyan tool (Ouzzani
et al., 2016), which enabled the identification of dupli-
cated references. Subsequently, 175 duplicated studies
were excluded from subsequent analyses. Subsequently,
manual screening of the title and abstract of the 711 re-
maining references was performed. A total of 638 ref-
erences were excluded based on the following criteria:
(1) the study did not report cattle (Bos taurus ssp.) her-
itability estimates (i.e., a study from another species);
or (2) the study did not report heritability estimates for
temperament-related traits. The reference section of each
remaining study (n=73) was checked, and 33 additional
studies were identified, many of which were published
many years ago and not always available in indexed da-
tabases. Therefore, detailed data (full-text screening) was
collected from 106 studies.

Only studies with both heritability estimates and their
standard errors and a complete trait description were kept
in the dataset for subsequent analyses. We extracted the
following variables from all studies (both selected and ex-
cluded): first author's last name, year of publication, breed
type (dairy or beef), and the country of origin of the stud-
ied population. From the selected studies, the additional
variables collected included heritability estimates and
their standard errors, sample size, breed(s), name and de-
scription of the temperament-related traits, sex and age of
the animals at recording, and the statistical method used
to estimate the variance components. Figure 1 presents a
PRISMA flow diagram of the systematic review performed
in this study following the figure structure as reported by
Page et al. (2021).

2.2 | Meta-analysis

The meta-analysis was performed using the meta-R pack-
age (https://cran.r-project.org/web/packages/meta/meta.
pdf), which fitted the following random effect model:

9k=M+Ck+€k,
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where 5k is the estimate of the heritability published in the
k™ study, u is the weighted heritability in the population, ¢
is the random effect of study with ¢, ~ N (0,72) where 7 is
the variance due to between-study heterogeneity (BSH), and
€ is the random residual component with e, ~ N (0,0%),
where 62 is the residual variance. The weighted heritability
(u) was calculated as:

k ~
< 21;:1 gsz )

M:@: B -
Ek:lwk

wherew, = 63;2 represents the weight attributed to the
e yr
heritability estimate from the k'™ study, and n is the total
number of heritability estimates for the trait across all stud-
ies. This method ensures that higher weight is given to more
accurate estimates, i.e., those with lower standard errors.
The Restricted Maximum Likelihood (REML) method was
used to estimate the random effects in the model, which is a
suitable option for continuously distributed data (Harrer et
al., 2022). The Knapp-Hartung (KH) adjustment (Knapp &
Hartung, 2003) was used to calculate the standard error of 9.
The KH method usually yields slightly larger confidence in-
tervals than other methods and is especially recommended
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when few studies are included in the meta-analysis for each
trait, or when there is a large BSH (Harrer et al., 2022).
Four subgroup meta-analyses were conducted as fol-
lows: (1) flight speed and flight score at weaning. In this
analysis, the null hypothesis tested was that the method
(speed or score) did not affect the weighted estimates of
heritability for flight at weaning; (2) flight speed at wean-
ing and flight speed at yearling. In this case, the null
hypothesis tested was that the periods (weaning or year-
ling) did not affect the weighted estimates of heritability
for flight speed; (3) pen score at weaning and pen score
at yearling. The null hypothesis tested was similar to the
previous one; (4) general and milking temperament. The
null hypothesis tested was that the method (milking or
general) did not affect the weighted estimates of herita-
bility for temperament score in dairy cattle. In brief, all
these subgroup meta-analyses include a fixed effect in the
model to obtain weighted heritability for each level of the
fixed effect included. Thus, subgroup meta-analysis en-
ables testing specific null hypotheses and investigating po-
tential reasons for some studies producing lower or higher
results than others (Harrer et al., 2022). A model for sub-
group analyses can be described as 4/9\,c =+ Ppx; + . + €,
where (fx;) is the new term included in the model. The
present study performed all subgroup meta-analyses with
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a single categorical covariate, called meta-regression with
a categorical predictor (Harrer et al., 2022). So, f is the
regression coefficient for the predictor X, which can have
values 0 or 1 (dummy-coding) in the k'™ study included
in the meta-regression.

2.3 | Post-meta-analysis evaluation
The Cochran's Q test (Cochran, 1954) was used to dis-
tinguish the studies’ sampling error from the BSH. This

~ A\2
test can be calculated as Q = 2115:1 wk<0k—0) . The Q

statistics follow a y? distribution with (k — 1) degrees of
freedom, where k is the number of studies in the meta-
analysis. If Q =k — 1, the differences among heritabili-
ties from different studies are only caused by sampling
error. On the contrary, if Q is significantly different from
(k — 1), there is evidence of both BSH and sampling error
affecting the differences among the reported heritabili-
ties. In a common meta-analysis, only one Q-test was
carried out, which tested the null hypothesis that there
was no BSH. In the subgroup meta-analysis, two Q-tests
were carried out. The first Q-test is the same as the pre-
vious one, while the second Q-test evaluated the null
hypothesis that the weighted estimates did not differ
across the levels of the fixed effect (Harrer et al., 2022).
In all hypothesis tests, a significance level of 5% was
used to identify significant effects.

Another metric used in meta-analysis is the heteroge-
neity index (I?), which describes the percentage of total
variation across studies that is due to heterogeneity rather
than sampling error. The I? uses Cochran's Q value and
degree freedom (k — 1) and can be calculated as (Higgins

& Thompson, 2002): 12 = (%) x 100. Negative val-

ues of 12 are set to zero so that I2 lies between 0% and 100%
(Harris et al., 2008). I? values around 25% can be classified
as low, around 50% as moderate, and around 75% as high
BSH (Higgins & Thompson, 2002).

The BSH can be caused by one or more studies with ex-
treme effect sizes (outliers), which may distort the weighted
effect estimate. Moreover, it is also essential to know if the
weighted effect is robust, i.e., it does not depend heavily
on one influent study (Harrer et al., 2022). Therefore, the
functions find.outliers and InfluenceAnalysis, both from
the “dmetar” R package (Harrer et al., 2022), were used
to check for outlier and influent heritability estimates,
respectively. Studies are defined as outliers when their
95% CI lies outside the 95% CI of the weighted estimate.
This function uses various approaches to find influent
observations based on the Leave-one-out method (Harrer
et al., 2022). In the present study, this method recalculated

the results of a meta-analysis k times (k is the number of
heritability estimates), each time leaving out one herita-
bility estimate. The results of this function were plotted in
four plots as follows: (1) the Baujat plot diagnostic (Baujat
et al., 2002), which shows the contribution of each study
to the overall heterogeneity (as measured by the Cochran's
Q test) on the horizontal axis, and its influence on the ()
value on the vertical axis; (2) the Influence Diagnostics
plot, which displays eight different metrics for each study
to enable the identification of the studies that fit well into
the meta-analysis model, and which ones do not; and, (3)
two additional diagnostic plots showing the modification
of I? and 6 when a study is left out.

The results from find.outliers and InfluenceAnalysis
functions were used to exclude some heritability esti-
mates from the meta-analysis. Subsequently, the statis-
tical Shapiro-Wilk hypothesis test was used to check if
the set of heritability estimates used in each trait meta-
analysis was normally distributed, an essential assump-
tion of a meta-analysis (Harrer et al., 2022). If the p-value
was higher than 0.05, the null hypothesis was accepted,
and the set of heritability estimates was considered nor-
mally distributed. Furthermore, the Funnel plot was used
to evaluate publication bias (Harrer et al., 2022). In this
study, a funnel plot shows the heritability estimates on
the x-axis in each study included in the analyses, while
the y-axis presents their standard errors. The funnel plots
are inverted, in which higher values on the y-axis repre-
sent lower standard errors. The funnel plot is a qualita-
tive method that can be applied to any meta-analysis and
is especially useful for meta-analysis with few estimates
(Harrer et al., 2022). An asymmetry in the funnel plot is
an indication of publication bias.

The results obtained in this study are presented in two
parts: (1) a summary (systematic review) of all studies
reporting heritability estimates for temperament in cat-
tle, and (2) heritability estimates included in the meta-
analysis (meta-analyses). The main meta-analysis results,
including I% Q-test and its p-value, weighted heritability
estimate and its 95% CI, and the estimate of BSH (z2) and
its 95% CI were included in the forest plots with the {for-
est} function of the meta-R package (https://cran.r-proje
ct.org/web/packages/meta/meta.pdf).

3 | RESULTS

3.1 | Systematic review

Based on a systematic review, we found 106 studies re-
porting heritability estimates for various temperament-
related traits in cattle, of which 29.2% and 70.8% were
from dairy and beef cattle populations, respectively.
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Eleven studies were published in conference proceedings,
while 95 were published in scientific journals. The stud-
ies were performed in 18 countries (Figure 2), with 24.5%
from the USA, 18.9% from Brazil, 17% from Australia and
28.3% from European countries. The USA and Brazil had
the highest percentage of studies with dairy (35.5%) and
beef (25.3%) cattle, respectively.

For dairy cattle, 31 studies published between 1960
(O'Bleness et al., 1960) and 2023 (Taborda et al., 2023)
were identified based on the systematic review, while
for beef cattle, we found 75 studies published from 1981
(Sato, 1981) to 2023 (Alvarenga et al., 2023; Freitas
et al., 2023; Lopez-Carbonell et al., 2023). The distribution

of the number of studies over the last six decades is shown
in Figure 2. From 1960 to 1999, 53.8% of the studies re-
ported heritability estimates for temperament-related
traits in dairy cattle, while 78.8% of the studies published
from 2000 to 2023 used data from beef cattle populations.

The standard errors of the heritability estimates are
valuable for meta-analysis studies. However, 21.7% of the
documents in this systematic review did not report stan-
dard errors in the estimates. This issue was higher in dairy
cattle (38.7%) than in beef cattle (14.7%) studies. The 24
studies without standard error were excluded from pos-
terior meta-analysis studies. Moreover, 10 studies were
excluded because they either did not report a detailed
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description of the temperament-related traits or used the
same population (or a subset of the data) reported in a
previous study. A total of 72 studies (16 in dairy and 56
in beef cattle) were selected to extract all variables of in-
terest for the meta-analysis. Five and 67 studies were pub-
lished in conference proceedings and scientific journals,
respectively.

The 16 dairy cattle studies used data from cows 2 years or
older from the Ayrshire, Brown Swiss, Holstein, Holstein
X Gyr cross, Jersey and Norwegian Red breeds. The sam-
ple size in these studies ranged from 1212 cows (Taborda
et al., 2023) to 1,940,092 cows (Sewalem et al., 2011). The
heritability estimates across different traits ranged from
0.04 (Smith et al., 1985) to 0.38 (Kramer et al., 2013),
while the standard error values ranged from 0.001 (Pryce
et al., 2000) to 0.08 (Kramer et al., 2013). On the contrary,
many studies in beef cattle analysed data from males and
females of various ages, especially at weaning and year-
ling ages. Different pure breeds and crossbred beef cat-
tle populations were studied. In the studies used in the
meta-analyses, the sample size ranged from 206 (Gauly
et al., 2001) to 189,347 animals (Lucena et al., 2015). The
heritability estimates ranged from 0.03 (Hearnshaw &
Morris, 1984) to 0.61 (Gauly et al., 2001), while the stan-
dard error of the estimates ranged from 0.01 (Buddenberg
et al., 1986) to 0.37 (Hearnshaw & Morris, 1984).

3.2 | Meta-analysis

Before the meta-analyses, 95 heritability estimates with
reported standard errors were distributed among the traits
based on each trait description (Table 1). Flight score at
weaning, flight speed at weaning and yearling, movement
score, crush score at weaning, pen score at weaning and
yearling and cow's aggressiveness at calving were evalu-
ated mainly in beef or duo purpose breeds, and 74 herita-
bility estimates were found for these traits. In comparison,
21 heritability estimates were found for general or milking
temperament scores, which were estimated in dairy cattle
populations. Statistical descriptive results for each set of
heritability and the p-value of the Shapiro-Wilk test are
presented in Table 2.

Firstly, meta-analyses were carried out using all iden-
tified studies that reported SE and a detailed definition
of the traits of interest. The results from the initial meta-
analyses were used to check for outliers, defined as herita-
bility estimates with 95% CI outside of the range (95% CI)
of the weighted estimate. For instance, Figure S1 shows
the weighted heritability of 0.26 (95% CI: 0.20-0.33) esti-
mated by the initial meta-analysis performed for the pen
score trait; while the heritability estimates reported by
Riley et al. (2014) and Schmidt et al. (2014) were 0.47 (95%
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CI: 0.34-0.60) and 0.49 (95% CI: 0.37-0.61), respectively.
As the 95% CI of these two heritability estimates did not
overlap the 95% CI of the weighted estimate, both were
identified as outliers. The initial meta-analyses performed
for crush score (Figure S2), cow's aggressiveness at calv-
ing (Figure S3), and the general and milking temperament
scores (Figure S4) also estimated weighted heritability
with 95% CI that allowed identifying as outliers the fol-
lowing estimates: 0.38+0.03 (Beckman et al., 2007) and
0.46 +0.03 (Walkom et al., 2018) for crush score at wean-
ing; 0.42+0.05 (Hoppe et al., 2008) reported for cow's
aggressiveness; 0.33+0.06 (Cue et al., 1996), 0.09 +0.006
(Wethal et al., 2020), 0.07+0.01 (Oliveira-Junior
et al., 2021), and 0.09+0.0012 (Szymik et al., 2021) for
general temperament; and 0.04 +0.02 (Smith et al., 1985),
0.07£0.001 (Pryce et al., 2000), and 0.38+0.07 (Kramer
et al., 2013) for milking temperament.

The results from the first meta-analysis were also used
in the analyses of influential factors, which were performed
to identify the effects of each heritability estimate on the
weighted heritability estimate and BSH. The Baujat plot
(Figures S5-S11) indicates the influence of each study on
the weighted heritability estimate (vertical axis) and the
BSH (horizontal axis). Thus, studies located in the bottom
left quadrant usually do not have a significant influence on
both weighted heritability and BSH. On the other hand,
studies at the top right quadrant may have a high impact on
both the weighted estimate and BSH. Studies at the bottom-
right and top-left quadrants may strongly influence BSH
and weighted heritability, respectively. The Baujat plot
analysis is a subjective approach, as the influence of the
studies depends on how high the values on the vertical and
horizontal axes are. In Figures S5-S7, there were some iso-
lated studies in quadrants that indicate influence, but the
values on the x- and y-axes are small, suggesting that there
isno evidence of a large impact of any study on the weighted
heritability estimates or a high contribution to BSH. On the
other hand, some estimates were found with a high contri-
bution for BSH, such as 0.46 +0.03 (Walkom et al., 2018)
for crush score at weaning (Figure S8), 0.47+0.07 (Riley
et al., 2014), and 0.49+0.06 (Schmidt et al., 2014) for pen
score (Figure S9), which did not have a large influence on
the weighted heritability estimate. An interesting exam-
ple can be observed for cow's aggressiveness, where the
estimates 0.42+0.05 (Hoppe et al., 2008) and 0.06+0.01
(Buddenberg et al., 1986) had a high and low contribution
to the BHS, respectively. These same estimates showed low
and high influence on the weighted heritability estimate,
respectively (Figure S10). The estimates 0.07 +0.01 (Pryce
et al., 2000) and 0.09+0.01 (Szymik et al., 2021) had high
contributions to the BSH and weighted heritability esti-
mates found in the subgroup meta-analysis of general and
milking temperament traits (Figure S11).
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TABLE 1 Summary of each temperament-related trait in dairy (two traits) and beef (six traits) cattle.

Dairy cattle traits®

Milking temperament

Cow's temperament is assessed during milking. The scoring grid ranges between studies. As an example,

Sewalem et al. (2011) reported a score system defined as: (1) very nervous, (2) nervous, (3) average

temperament, (4) calm, (5) very calm.

General temperament

Cow's temperament is assessed as an overall score within the herd environment, not only during milking.

For instance, Kramer et al. (2013) reported a scoring system ranging from (1) very nervous to (5) very

calm.
Beef cattle traits®

Flight score

Animal'’s temperament is assessed as it leaves the scale/chute immediately after handling. For example,

Hoppe et al. (2010) reported a scoring system defined as (1) walking, (2) trotting, (3) running, and (4)

jumping out of the chute.

Flight speed

Speed or time taken for an animal to cover a distance after leaving a scale or chute (Burrow et al., 1988).

Generally, the distance ranges from 1.5 to 3.0m, depending on the farm facilities. An electronic device
records the time to move out of a constraint environment, which is later converted to speed (m/s).

Crush score

This visual score is assigned while the animal is restrained in a chute with headgates. As an example,

Hearnshaw and Morris (1984) reported a scoring grid with the following categories: (0) stands very
quietly, offers no resistance, only casual tail swishing; (1) generally quiet, offers token resistance, steady
movement in bail; (2) slightly excited movement, straining and paddling, may kick; (3) excited, vigorous
abrupt movement, straining and paddling, may kick; (4) very disturbed, frightened, wild movements,
many jumps and falls down in crush; and, (5) unmanageable and dangerous.

Movement score

This score is assigned while the animal is restrained in a chute without the head restrained by headgates.

Sant'Anna et al. (2015) reported a grid example as: (1) no movement, (2) little movement during less than
half of the observation time, (3) frequent movements (during half of the observation time or more), but
not vigorous, (4) constant and vigorous movements, (5) constant and vigorous movements, the animal
jumps and raises its forelimbs off the ground.

Pen score

The animal is removed from a large pen where their herdmates are to a smaller pen, and the animal's

reactivity to this handling is evaluated. Moreover, its reactivity to human presence is usually evaluated
while in the small pen, too. For example, Gauly et al. (2001) reported a scoring system as follows: (1) calm,
(2) slightly nervous, (3) nervous, (4) excited, (5) very excited.

Cow's aggressiveness at
calving

This score evaluates the cow's aggressiveness towards the handler when it handles her newborn calf,
generally in the first 24 h after calving. For example, Morris et al. (1994) reported a scoring system as (0)

cow stands quietly and may occasionally lick the calf, (1) generally quiet, offers token resistance to the calf
being handled, may observe from a distance (>6m), but returns after the operations are completed, (2)
slightly excited, occasionally pawing the ground, (3) excited, vigorous, tail-swishing, bellows loudly when
the calf is handled, (4) very disturbed, the cows attempts to interfere with the tagging operation, and the
operator only feels safe if the cow is watched at all times, and he/she may need protection from a second

handler, (5) the cow is dangerous and unmanageable, continually pushing the handler away from her calf.

*The grid score values range across studies, and the scoring systems presented in this table are only for example purposes.

A second subjective influence analysis was performed
using diagnostic plots (Figures S12-S18). The studies
appear on the horizontal axis, and different metrics are
shown on the vertical axis. No red peaks were observed
in (Figures S12 and S13), suggesting that there were no
studies influencing multiple metrics in the diagnostic
plot in these meta-analyses. On the other hand, red peaks
identified the following estimates as influents: 0.08 +£0.03
(Freitas et al., 2023), 0.10+0.03 (Sant'Anna et al., 2015),
and 0.11+0.03 (Valente et al., 2015) (Figure S14),
0.46+0.03 (Walkom et al., 2018) (Figure S15), 0.49 +0.06
(Schmidt et al., 2014) (Figure S16), and 0.42 +0.05 (Hoppe
et al., 2008) (Figure S17). Although red points were not
observed in the subgroup meta-analysis of general and

milking temperament traits (Figure S18), there are peaks
in some metrics for the estimates of Cue et al. (1996),
Kramer et al. (2013), Pryce et al. (2000), and Szymik
etal. (2021).

A leaving-one-out analysis was also used to iden-
tify influential studies (Figures S19-S25). These figures
show the modification in weighted heritability and I? val-
ues when one specific study is removed from the meta-
analysis. Figures S19 and S20 show that removing the
estimate 0.21+0.02 (Kadel et al., 2006) and 0.21+0.02
(Valente et al., 2016) could reduce I but the BSH would
remain moderate. Figure S21 also showed some reduc-
tion in the I% but with small practical effects on the
BSH, which was small in the meta-analysis. Expressive
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reduction in the I? values were observed when the follow-
ing estimates (also outliers) were removed from the meta-
analyses: 0.46+0.03 (Walkom et al., 2018) (Figure S22),
0.49+0.06 (Schmidt et al., 2014) and 0.47+0.07 (Riley
et al., 2014) (Figure S23). Leaving-one-out analysis also
showed a large reduction in both I? and weighted herita-
bility for cow's aggressiveness at calving by removing the
0.42+0.05 estimate (Hoppe et al., 2008) (Figure S24). No
large modification was observed for milking and general
temperament score traits (Figure S25).

It is difficult to exclude estimates from meta-analysis
based on subjective analyses. In the present study, only
the estimates identified as outliers were removed from
subsequent analyses, many of which had high contribu-
tions to the BSH and a high influence on the weighted
estimate. Outliers were excluded by updating the results
from the previous meta-analysis using a function called
‘update’ from the Meta-R package. This function performs
a new meta-analysis after attributing a weight of zero to
all studies indicated by the users. After this update of the
results, Forest plots (Figures 3-9) were prepared to show
the final results of the meta-analyses. Forest plots are use-
ful for showing the results of meta-analyses, as they also
present the heritability estimates reported in previous
studies, enabling a clear visualization of the differences
across studies. Each Forest plot shows the main author of
each study, the breeds included in each study, the heri-
tability illustration (a box with a line crossing it, where
the box size is inversely proportional to the SE value and
the line length indicates the 95% CI), the heritability es-
timates and their 95% CI, and the weight attributed for
each estimate when calculating the weighted heritabil-
ity estimate. Furthermore, a graphical representation of
the weighted estimate is symbolized by a red diamond,
where the horizontal extremities of the diamond delimit
its 95% CI. Numeric values of the weighted estimates and
their 95% CI are presented in bold. Finally, I 2 with its 95%
CI, the variance caused by BSH (12), and the p-values for
the Q-tests are also shown in each Forest plot. It is worth
highlighting that the removed outlier studies remain in
the Forest plot but with no central box, and a weight of 0%
is assigned to them in the column “weight.”

The heritability estimates for flight speed and flight
score at weaning were included in a subgroup meta-
analysis, where the measurement method (speed or
score) was used as a fixed effect. No differences (p-
value =0.09) between the methods were identified based
on the Q-test for subgroup differences (Figure 3). The
weighted estimates ranged from 0.23 (flight score at
weaning) to 0.30 (for flight speed at weaning), and for
both traits, the heritability reported by Kadel et al. (2006)
had the highest weights (13.5%). Other estimates with
relatively large contributions (11.4%) were reported by
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Study Breed

Trait: Flight score at weaning
Kadel et al. (2006)

Hoppe et al. (2010) Hereford
Hoppe et al. (2010) Limousin
Hoppe et al. (2010) Simmental
Hoppe et al. (2010) Angus
Hoppe et al. (2010) Charolais

Random effects model (HK)
Prediction interval
Heterogeneity: /° = 45% [0%; 78%], =~ = 0.0031, 7> = 9.05 (p = 0.11)

Trait: Fligth speed at weaning
Burrow et al. (1988)

Halloway and Johnston (2003)
Kadel et al. (2006)

Crossbred
Angus

Corbet et al. (2013) Brahman
Corbet et al. (2013) Crossbred
Schmidt et al. (2014) Brahman
Littlejohn et al. (2018) Crossbred
Hine et al. (2019) Angus

Copley et al. (2022)
Random effects model (HK)
Prediction interval

Brahman and Crossbred

Heterogeneity: /1° = 35% [0%; 70%], t~ = < 0.0001, 7.2 = 12.34 (p = 0.14)

Random effects model (HK)
Prediction interval

Brahman, Santa Gertrudis, Belmont Red

Brahman, Santa Gertrudis and Belmont Red

h2 h2  CI95% weight
021 [0.17;0.25] 135%
e 0.36 [0.24;048] 6.3%
- 0.11 [0.03;025] 5.1%
—— 028 [0.14,042] 51%
— 0.20 [0.04;0.36] 4.3%
e 0.25 [0.05,045] 3.0%
- 0.23 [0.15; 0.32] 37.3%
_— [0.05; 0.41]
“—————— 054 [023.085] 13%
P 0.13 [-0.10;0.36]  2.4%
0.30 [0.26,0.34] 135%
——— 028 [0.14,042] 51%
— 031 [017,045] 51%
— 027 [017.037] 72%
= 0.30 [0.24;0.36] 11.4%
—— 0.12 [0.02;026] 5.1%
— 0.33 [0.27;0.39] 11.4%
o 0.30 [0.26; 0.33] 62.7%
- [0.26; 0.34]
& 0.27 [0.22; 0.31] 100.0%
| —_ [0.15; 0.38]

02 0 0204 06 08 1
Heritability

Heterogeneity: /% = 59% [27%; 77%], t° = 0.0024 [0.0004; 0.0174], 32, = 33.75 (p < 0.01)

Test for subgroup differences: y_f =2.85,df =1 (p =0.09)

FIGURE 3 Subgroup meta-analysis of heritability estimates for flight speed and flight score at weaning in beef cattle populations.

[Colour figure can be viewed at wileyonlinelibrary.com]|

Littlejohn et al. (2018) and Copley et al. (2022). The I?
values ranged from 35% to 59%, and their 95% CI over-
lapped, while the Q-test for BSH was significant for the
joint analysis (p <0.01) but not significant (p>0.05) for
each single trait meta-analysis.

Two subgroup meta-analyses were applied to test the ef-
fect of the class of age (weaning or yearling) on flight speed
and pen score, where the p-values were 0.12 (Figure 4) and
0.05, respectively (Figure 5), indicating a non-significant
difference in flight speed. The weighted heritability esti-
mates were moderate for both traits, with values ranging
from 0.26 (flight score at weaning) to 0.30 (for flight speed
at weaning) and from 0.20 (pen score at yearling) to 0.27
(pen score at weaning). The estimates reported by Kadel
et al. (2006), Valente et al. (2016), and Valente et al. (2017)
showed the highest weight (11%) for flight speed analysis,
while Barrozo et al. (2012), Lucena et al. (2015), Sant’Anna
et al. (2015) and Littlejohn et al. (2018) reported the esti-
mates with higher contribution to the pen score weighted
estimate. The I? ranged from 35% to 56% for flight speed
and from 0% to 42% for pen score. The Q-test for BSH
was significant for both flight speed at yearling (p=0.03)
and joint analysis of flight speed at weaning and yearling

(p<0.01). This test was not significant (p>0.05) for the
pen score meta-analyses.

Single meta-analyses were carried out for movement
score (Figure 6), crushscoreatweaning (Figure 7) and cow's
aggressiveness at calving (Figure 8). The weighted herita-
bility estimates were 0.12 (movement score), 0.10 (cow's
aggressiveness) and 0.20 (crush score). The estimates re-
ported by Sant'Anna et al. (2015), Valente et al. (2015) and
Freitas et al. (2023) had the highest weights (23.7%) for
the weighted heritability estimated for movement score.
Kadel et al. (2006), Torres-Vazquez & Spangler (2016) and
Walkom et al. (2018) reported heritability estimates with
the highest contribution (17.1%) to the weighted heritabil-
ity for crush score, while Buddenberg et al. (1986)'s esti-
mate had the highest weight (40.8%) in the meta-analysis
for cow's aggressiveness at calving. A low value of I, with
no significant Q-test (p>0.05), was found for movement
score. On the other hand, moderate I values and signifi-
cant Q-tests (p < 0.05) were found for both crush score and
cow's aggressiveness at calving.

A subgroup meta-analysis was applied for the two dairy
cattle traits (Figure 9), where the measurement approach
(general or milking) was included in the model as a fixed
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Study Breed h2 h2 Cl195% weight
Trait: Flight Speed at Weaning
Burrow et al. (1988) Crossbred e 0.54 [0.23;0.85] 0.8%
Halloway and Johnston (2003) Angus B 0.13 [-0.10; 0.36] 1.5%
Kadel et al. (2006) Brahman, Santa Gertrudis, and Belmont Red 2 0.30 [0.26;0.34] 11.0%
Corbet et al. (2013) Brahman —F— 0.28 [0.14,0.42] 3.5%
Corbet et al. (2013) Crossbred —E— 0.31 [0.17,0.45] 3.5%
Schmidt et al. (2014) Brahman —— 0.27 [0.17;037] 51%
Littlejohn et al. (2018) Crossbred = 0.30 [0.24;0.36] 8.9%
Hine et al. (2019) Angus 0.12 [-0.02;0.26] 3.5%
Copley et al. (2022) Brahman and crossbred - 0.33 [0.27;039] 89%
Random effects model (HK) ® 0.30 [0.26; 0.33] 46.8%
Prediction interval = [ 0.26; 0.34]
Heterogeneity: /% = 35% [0%; 70%], t° = < 0.0001, %2 = 12.34 (p = 0.14) :
Trait: Flight Speed at Yearling
Burrow et al. (1988) Crossbred e 026 [0.01;051] 1.2%
Kadel et al. (2006) Brahman, Santa Gertrudis, and Belmont Red 3 0.34 [0.28;040] 89%
Nkrumah et al. (2007) Angus, Charolais, and Composite —_— 049 [0.14;0.84] 0.7%
Prayaga et al. (2009) Brahma —F— 0.17 [0.03;0.31] 3.5%
Prayaga et al. (2009) Crossbred —F— 0.31 [0.13;0.49] 2.4%
Sant’/Anna et al. (2012) Nellore —=— 0.26 [0.16;0.36] 5.5%
Sant’/Anna et al. (2015) Nellore —&5— 0.28 [0.18;0.38] 55%
Valente et al. (2015) Nellore —F— 0.27 [0.13;0.41] 3.5%
Valente et al. (2016) Nellore 0.21 [0.17;0.25] 11.0%
Valente et al. (2017) Nellore 0.22 [0.18;0.26] 11.0%
Random effects model (HK) <@ 0.26 [0.21; 0.30] 53.2%
Prediction interval —— [0.15; 0.37]
Heterogeneity: /% = 52% [2%; 77%), t° = 0.0019, %2 = 18.85 (p = 0.03)
Random effects model (HK) 3 0.27 [0.24; 0.30] 100.0%
Prediction interval : I—'l | | [0.18; 0.36]

02 0 02 04 06 08 1

Heritability

Heterogeneity: 1° = 56% [26%; 74%], =~ = 0.0017 [0.0003; 0.0094], >, = 40.78 (p < 0.01)

Test for subgroup differences: 7_? =246,df=1(p =0.12)

FIGURE 4 Subgroup meta-analysis of heritability estimates for flight speed at weaning and at yearling in beef cattle populations.

[Colour figure can be viewed at wileyonlinelibrary.com]

effect. The Q-test for subgroup differences was not signif-
icant (p-value=0.33). The weighted heritability estimates
ranged from 0.13 (general temperament) to 0.16 (milking
temperament). The weights of the studies ranged from
2.7% (Erf et al., 1992) to 9.5% (Stephansen et al., 2018).
High I? values and highly significant Q-tests (p <0.01) for
BSH were found for these traits in both single and join
meta-analyses.

The possibility of publication bias was investigated
using the funnel plots (Figures S26-S32). These plots
show the distribution of studies depending on the herita-
bility estimate value (x-axis) and standard error (y-axis).
It should be noted that the y-axis is inverted; that is, the
lowest SE values are at the top of the y-axis. Funnel plot
analysis assumes that if two studies have heritability with
high-standard errors, the one with higher heritability will
have a greater chance of being accepted for publication.
Thus, no publication bias is supported by a symmetrical
distribution of estimates across the central line of the
funnel. For instance, Figure S26 shows the estimate of

0.54+0.16 (Burrow et al., 1988) on the right-bottom side
of the funnel. However, no small heritability was reported
with a large SE, i.e., on the left-bottom side, suggesting a
potential publication bias for the subgroup meta-analyses
(flight speed x flight score). Potential publication bias
was also observed for the subgroup meta-analysis of flight
speed at weaning and yearling (Figure S27) and crush
score at weaning (Figure S29). Publication bias was not
found by graphical funnel plot analyses of other meta-
analysis (Figures S28, S30-S32).

4 | DISCUSSION

4.1 | Systematic review

Previous reviews showed the contribution of the additive
genetic variance for temperament-related trait variation in
cattle and found a high amplitude of heritability estimates
for many traits (Chang et al., 2020; Haskell et al., 2014), but
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Study Breed

Pen score at weaning

Morris et al. (1994) Angus, Hereford, and crossbred

Fordyce et al. (1996) Crossbred
Gauly et al. (2001) Angus
Gauly et al. (2001) Simmental
Hanna et al. (2014) Crossbred
Riley et al. (2014) Crossbred
Schmidt et al. (2014) Brahman
Littlejohn et al. (2018) Crossbred

Celestino et al. (2019)
Random effects model (HK)
Prediction interval

Angus, Hereford

Heterogeneity: /* = 42% [0%; 75%], © = < 0.0001, 72 = 10.28 (p = 0.11)

Pen score at yearling
Fordyce et al. (1982)
Morris et al. (1994)

Crossbred

Fordyce et al. (1996) Crossbred
Barrozo et al. (2012) Nellore
Lucena et al. (2014) Nellore
Neves et al. (2014) Nellore
Sant’Anna et al. (2015) Nellore
Valente et al. (2015) Nellore
Valente et al. (2017) Nellore

Random effects model (HK)
Prediction interval
Heterogeneity: /% = 0% [0%; 65%), t° = 0.0006, 12 = 7.91 (p = 0.44)

Random effects model (HK)
Prediction interval

Angus, Hereford, and crossbred

h2 h2  Cl95% weight
. 0.18 [0.04;0.40] 1.9%
— 0.14 [0.08:0.36] 1.9%
f——————— 061 [028:094] 0.8%
—————— 055 [026:084] 11%
o —— 035 [0.12:058] 1.8%
0.47 [0.34:0.60] 0.0%
049 [0.37:0.61 0.0%
= 026 [0.20;0.32] 14.7%
—B— 025 [0.15,0.35] 7.5%
o 0.27 [0.19; 0.34] 29.7%
- [0.19; 0.35]
: 0.17 [024:058] 0.6%
; 029 [0.16:0.74] 05%
———— 0.12 [0.10;0.34] 1.9%
' 0.18 [0.14:0.22] 20.9%
- 026 [0.21:0.32] 152%
Tt 011 [0.05:027] 3.4%
- 021 [0.15:027] 14.7%
i 0.16 [0.02:0.34] 2.8%
= 0.19 [0.11;0.27] 10.4%
< 0.20 [0.17;0.23] 70.3%
— [0.13; 0.27]
0.22 [0.18; 0.26] 100.0%
| = [0.15; 0.29]

-02 0 02 04 06 08 1

Heritability

Heterogeneity: /> = 38% [0%; 66%], t> = 0.0008 [0.0000; 0.0286), 7>, = 24.16 (p = 0.06)

Test for subgroup differences: xf =3.75,df =1 (p =0.05)

FIGURE 5 Meta-analysis of heritability estimates for pen score (measured at weaning and yearling) in beef cattle populations. [Colour

figure can be viewed at wileyonlinelibrary.com]|

these reviews did not include a meta-analysis of the herit-
ability estimates. A previous meta-analysis reported a mod-
erate weighted heritability (0.24+0.15) for flight speed in
beef cattle (Gathura et al., 2020) but did not analyse other
temperament-related traits. Therefore, the present study
was the first to perform a specific systematic review to
estimate weighted heritability for various temperament-
related traits in cattle. The systematic review showed that
at least 106 studies have been published in the last 63 years,
which reported many heritability estimates for different
temperament-related traits in cattle. The studies were car-
ried out in at least 18 countries. However, the USA, Brazil
and Australia were the countries with the largest num-
ber of studies (Figure 2). In 2022, these three countries
had 350.9 million cattle (www.fao.org/faostat/en/#data/
QCL) and various breeding programs, which have gener-
ated databases for several traits, including indicators of

temperament. The small number of countries represented
and reduced the distribution of studies in continents such
as Africa and Asia indicate that heritability estimates in
cattle populations raised across different environmental
and management conditions remain unknown.

Another important issue reported in this systematic
review is the concentration of studies on some cattle
breeds. For instance, 68% of the studies performed on
dairy cattle used data from Holstein (Bos taurus taurus)
populations. Although there is greater diversification in
beef cattle, many studies were observed for a few breeds.
For instance, 70% of the studies performed in Brazil used
data from the Nellore breed (Bos taurus indicus), but
there are many other Taurine and Zebuine beef cattle
and composite breeds in Brazil. Therefore, heritability for
temperament-related traits remains unknown (or poorly
studied) in many cattle breeds, especially in Zebu cattle
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Study Breed h2 h2 Cl95% weight
Fordyce et al. (1982) Crossbred —t 0.25 [-0.14;0.64] 0.5%
Morris et al. (1994) Angus, Hereford, and Crossbred B 0.17 [-0.10;0.44] 1.1%
Morris et al. (1994) Angus, Hereford, and Crossbred T+ 0.12 [-0.08;0.32] 21%
Morris et al. (1994) Angus, Hereford, and Crossbred T 0.24 [-0.19;0.67] 0.4%
Benhajali et al. (2010) Limousin — 029 [009;049] 21%
Sant’Anna et al. (2015) Nellore 0.10 [0.04;0.16] 23.7%
Valente et al. (2015) Nellore t 0.11 [0.05;0.17] 23.7%
Peixoto et al. (2016) Guzerat —— 029 [0.13;045] 3.3%
Valente et al. (2017) Nellore = 0.14 [0.06;0.22] 13.3%
Hine et al. (2019) Angus EE 0.10 [-0.02;0.22] 5.9%
Freitas et al. (2023) Nellore . 0.08 [0.02,0.14] 23.7%
Random effects model (HK) ¢ 0.12 [0.08; 0.15] 100.0%
Prediction interval : : = : 1 [0.08; 0.15]
-1 -05 0 0.5 1
Heritability

Heterogeneity: /* = 8%, t° = 0, 32, = 10.87 (p = 0.37)

FIGURE 6 Meta-analysis of heritability estimates for movement score in beef cattle populations. [Colour figure can be viewed at

wileyonlinelibrary.com|

Study Breed
Hearnshaw and Morris (1984) Zebu breeds
Hearnshaw and Morris (1984) Taurine breeds
Halloway and Johnston (2003) Angus

Kadel et al. (2006)

Beckman et al. (2007) Limousin
Hoppe et al. (2010) Angus
Hoppe et al. (2010) Charolais
Hoppe et al. (2010) Simmental
Hoppe et al. (2010) Limousin
Hoppe et al. (2010) Hereford
Torres-Vazquez and Spangler (2016) Hereford
Walkon et al. (2018) Angus
Walkon et al. (2018) Limousin
Celestino et al. (2019) Angus and Hereford

Yu et al. (2020) Angus, Hereford, and Crossb

Random effects model (HK)
Prediction interval

B e 2. 25 -
Heterogeneity: /= = 50%, 1~ = 0.0020, ¥}, = 23.99 (p = 0.02)

Brahman, Santa Gertrudis, and Belmont Red

h2 h2 Cl195% weight
— 046 [027;1.19] 0.3%
. 0.03 [-0.52;0.58] 0.5%
- 0.17 [-0.08;0.42) 22%
; 0.19 [0.15;0.23] 171%
0.38 [0.32;0.44] 0.0%
—=- 0.15 [0.03;027] 73%
—=— 0.17 [0.03;0.31] 59%
—a— 0.18 [0.04,032] 59%
T 0.11 [-0.05;0.27] 4.8%
——— 0.33 [0.13;0.53] 34%
| 027 [0.23;0.31] 17.1%
| 0.26 [0.22;0.30] 17.1%
0.46 [0.40;052] 0.0%
= 0.13 [0.05;0.21] 11.3%
red = 026 [0.14;0.38] 7.3%
® 0.21 [0.17; 0.25] 100.0%

S [0.10; 0.31]

I T T ]
-1 -05 0 05 1
Heritability

FIGURE 7 Meta-analysis of heritability estimates for crush score at weaning in beef cattle populations. [Colour figure can be viewed at

wileyonlinelibrary.com]

breeds, which are mainly reported in Brazilian studies.
This makes the weighted estimates reported in the present
meta-analysis even more important, as they can serve as
initial (temporary) estimates for breeding programs per-
forming genetic evaluations for temperament traits.
Although some breeds have yet to be studied, our
systematic review shows that genetics of cattle temper-
ament has become an area of great interest in recent
years. In the 1960s and 1970s, we found only dairy cattle

studies, especially those done with Holstein breed data-
sets (Aitchison et al., 1972; Dickson et al., 1970; Norman &
Van-Vleck, 1971; O'Bleness et al., 1960; Van-Vleck, 1964;
Wickham, 1979). Between the 1980s and 1990s, there was
a more balanced number of studies on dairy (Agyemang
et al., 1982; Cue et al., 1996; Erf et al., 1992; Foster
et al., 1988; Lawstuen et al., 1988; Smith et al., 1985;
Thompson et al., 1981; Visscher & Goddard, 1995) and
beef (Buddenberg et al., 1986; Burrow et al., 1988; Fordyce
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Author Breed h2 h2 Cl95% weight
Buddenberg et al. (1986) Hereford, Angus, Charolais, and Red Poll 0.06 [0.04;0.08] 40.8%
Morris et al. (1994) Angus, Hereford, and Crossbred = 0.09 [0.03;0.15] 29.7%
Hoppe et al. (2008) Angus T F 0.14 [-0.02;0.30] 10.3%
Hoppe et al. (2008) Simmental : 0.42 [0.32;0.52] 0.0%
Vallée et al. (2015) Charolais —— 0.19 [0.09;0.29] 19.2%
Random effects model (HK) —~=— 0.10 [0.01; 0.19] 100.0%
Prediction interval | ——I | [-0.13; 0.33]
-0.2 0 0.2 0.4 0.6
Heritability

Heterogeneity: /* = 62%, ©° = 0.0020, x5 = 7.94 (p = 0.05)

FIGURE 8 Meta-analysis of heritability estimates for cow's aggressiveness at calving in beef cattle populations. [Colour figure can be

viewed at wileyonlinelibrary.com|

et al., 1982, 1996; Fordyce & Goddard, 1984; Hearnshaw
& Morris, 1984; Le Neindre et al., 1995; Morris et al., 1994;
Mourdo et al., 1998; Oikawa et al., 1988; Sato, 1981) pop-
ulations. However, in the last 20 years, most studies have
used beef cattle datasets (Figure 2). The larger number of
beef cattle breeds raised worldwide than dairy cattle may
partially explain this difference. Handling frequency is
another factor that has led to more studies on beef cat-
tle. Milking is a daily activity in dairy herds, which con-
tributes to improving farm-staff X animal interaction. On
the contrary, handling activities in beef cattle are less fre-
quent, which makes the farm-staff X animal interaction
more challenging when they happen.

Based on the systematic review, we identified various
heritability estimates reported for many temperament-
related traits, using many breeds from different countries
and production systems. Unfortunately, some specific
temperament-related traits found in our systematic review
were not included in the meta-analysis because insufficient
heritability estimates were reported to calculate weighted
heritability estimates for these traits. For instance, few
heritability estimates have been reported for milking fail-
ures and refusals in automatic milking systems (Pedrosa
et al., 2023). When more studies with this trait are carried
out, it will be possible to perform a meta-analysis to obtain a
weighted estimate. Furthermore, different studies reported
heritability estimates using data from the same population
(e.g., Kramer et al., 2013, 2014), and the meta-analysis as-
sumes that the estimates are independent. In this case, only
one of the studies was used in the meta-analysis, and to de-
fine duplicate studies, factors such as the sample size and
the origin of the data were analysed.

Most studies with temperament traits used small
samples, especially in beef cattle populations. Even in
the dairy cattle studies, where there is a large difference
between the biggest and smallest studies, we did not ob-
serve a clear relationship between the year of the study

and the sample size. For instance, the largest study on
milking temperament used Holstein breed in Canada,
where almost 2.0 million cows were evaluated (Sewalem
et al., 2011), but 2years later, a much smaller study
(N=2259 cows) was carried out with Holstein in Swiss
(Kramer et al., 2013). The same scenario has been re-
peated more recently, as Szymik et al. (2021) and Taborda
et al. (2023) published studies with one million and 1212
cows, respectively. Even if there was a tendency to in-
crease sample size across time, as observed with some
classical traits in the animal breeding area, this would not
be an issue because estimates with larger standard errors
(small sample) have minor weights in the meta-analyses,
preventing these estimates from having any major impact
on the weighted heritability.

Another important point to be highlighted is the type
of temperament traits measured in beef and dairy cat-
tle population for breeding purposes. In dairy cattle, the
classical measurements are milking and general temper-
ament scores, while flight speed, crush score, movement
score and pen score are the main scores assessed in beef
cattle. The traits traditionally used to evaluate dairy cat-
tle do not apply to beef cattle, as they depend on cows
in a dairy farming context (Chang et al., 2020; Haskell
et al., 2014). On the other hand, beef cattle traits could
be used in dairy cattle evaluation, but there are no her-
itability estimates for these traits in dairy cattle, which
prevents a meta-analysis. Although heritability was not
estimated, Gibbons et al. (2011) showed that flight speed
provides a consistent temperament assessment in dairy
cows. Moreover, as our meta-analysis will show below,
flight speed is a key selection criterion in beef cattle,
while the traditional traits used in dairy cattle have high
BSH. However, future studies are needed to evaluate if
temperament-related traits commonly used in beef cattle
can also be an alternative for assessing the genetic control
of temperament in dairy cattle.
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Study Breed h2 h2 Cl95% weight
Type of temperament: Milking
Cue et al. (1996) Ayrshire 0.33 [0.22;045] 0.0%
Cue et al. (1996) Holstein 0.14 [0.11;0.17] 8.9%
Cue et al. (1996) Jersey , 0.17 [0.14;0.20) 89%
Lassen and Mark (2008)a Holstein —a— 0.17 [0.09;0.25] 59%
Lassen and Mark (2008)b Holstein —— 0.22 [0.14;0.30] 59%
Sewalem et al. (2011) Holstein P 0.20 [0.16;0.24] 8.5%
Kramer et al. (2013) Brown Swiss T 0.04 [-0.04;0.12] 59%
Wethal et al. (2020) Norwegian Red 0.09 [0.08;0.10] 0.0%
Oliveira et al. (2021) Holstein 0.07 [0.05;0.09] 0.0%
Szymik et al. (2021) Holstein 0.09 [0.09;0.09] 0.0%
Taborda et al. (2023) Holstein-Gyr cross . 0.14 [0.08;0.20] 72%
Random effects model (HK) <> 0.16 [0.11; 0.21] 51.4%
Prediction interval b [ 0.04; 0.27]
Heterogeneity: 1 = 69%, t° = 0.0015, 72 = 19.18 (p < 0.01) :

Type of temperament: General

Thompson et al. (1981) Holstein = 0.07 [0.03;0.11] 8.4%
Smith et al. (1985) Holstein 0.04 [0.00;0.08] 0.0%
Foster et al. (1988) Holstein - 0.08 [0.04;0.12] 8.4%
Lawstuen et al. (1988) Holstein = 0.12 [0.08;0.16] 8.4%
Erf etal. (1992) Holstein T 0.10 [-0.06;0.26] 2.7%
Visscher and Goddard (1995) Holstein e 022 [0.16;0.28] 7.2%
Visscher and Goddard (1995) Jersey —= 025 [0.13;0.37] 4.0%
Pryce et al. (2000) Holstein 0.07 [0.07;0.07] 0.0%
Kramer et al. (2013) Brown Swiss 0.38 [0.24;0.52] 0.0%
Stephansen et al. (2018) Holstein 0.10 [0.09;0.11] 95%
Random effects model (HK) <> 0.13 [0.06; 0.19] 48.6%
Prediction interval —— [-0.03; 0.28]
Heterogeneity: /% = 77%, % = 0.0031, 72 = 26.16 (p < 0.01) 5

Random effects model (HK) < 0.14 [0.11; 0.18] 100.0%
Prediction interval | : _| | [ 0.03; 0.26]

0.4

Heterogeneity: /° = 83%, ° = 0.0025, 7>, = 77.32 (p < 0.01)

Test for subgroup differences: xf =0.94,df=1(p =0.33)

02 0 02 04
Heritability

FIGURE 9 Subgroup meta-analysis of heritability estimates for general and milking temperament in dairy cattle populations. [Colour

figure can be viewed at wileyonlinelibrary.com]|

4.2 | Flight speed and flight score in
beef cattle

Flight speed and flight score are two traits often used in
beef cattle breeding programs, and the systematic review
found 25 heritability estimates for these traits after data
editing. Both traits assess the animal's behaviour when it
leaves a scale or chute after handling. The reported esti-
mates of heritability ranged from 0.12 (Hine et al., 2019)
to 0.54 (Burrow et al., 1988) for flight speed at weaning
and from 0.11 to 0.36 (Hoppe et al., 2010) for flight score at

weaning. Therefore, both traits are under genetic control.
Although there is a greater number of studies reporting
heritability estimates for flight speed at weaning (Burrow
etal., 1988; Copleyetal., 2022; Corbet et al., 2013; Halloway
& Johnston, 2003; Hine et al., 2019; Kadel et al., 2006;
Littlejohn et al., 2018; Schmidt et al., 2014) than flight
score at weaning (Hoppe et al., 2010; Kadel et al., 2006), a
slightly lower I was observed for flight speed (35%) than
flight score (45%) (Figure 3). However, the 95% CI of these
I? values overlapped, suggesting a non-significant differ-
ence between them. It must be noted that flight score is a
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subjective trait, and the scores depend on how the animal
leaves the chute or scale (Hoppe et al., 2010). On the other
hand, flight speed is an objective trait that requires an
electronic device to measure the time taken for an animal
to leave the scale or chute and move through a fixed dis-
tance (Burrow et al., 1988). Although moderate I values
have been found for these traits in our meta-analysis, the
Q-test was not significant for both traits, which suggests
low heterogeneity across studies.

The Q-test for BSH was significant (p <0.01) in the joint
analysis, which was not observed in single analyses of flight
speed and flight score at weaning. This result indicates that
the studies are homogeneous within each trait and het-
erogeneous across traits. This result also suggests that the
heritability estimates for flight may depend on the method
used to record it. Kadel et al. (2006) used both methods and
found a higher heritability estimate for flight speed (0.30)
than flight score (0.21). The Q-test for subgroup differences
found no significant differences in the weighted heritabil-
ity estimates for flight speed and score (p=0.09), which can
result from reduced testing power due to the reduced num-
ber of estimates in this subgroup meta-analysis. It should
be noted that the prediction intervals for flight speed (0.26—
0.34) and flight score (0.05-0.41) at weaning differed. The
wide prediction interval of the flight score is a consequence
of the high standard error values (between 0.06 and 0.10)
of the heritabilities reported by Hoppe et al. (2010), which
used between 424 and 706 animals to estimate variance
components. Kadel et al. (2006) used 2178 animals and re-
ported a standard error 0.02. Therefore, more flight score
at weaning studies with larger sample sizes are needed to
estimate a more reliable weighted heritability for this trait
using meta-analysis. The prediction interval for flight speed
at weaning suggests that this trait has a moderate herita-
bility. It should be noted that of the nine heritability esti-
mates reported for flight speed at weaning, only Halloway
and Johnston (2003) (0.13+0.12) and Hine et al. (2019)
(0.12+0.07) reported low estimates, while the other seven
estimates ranged from 0.27 +0.05 (Schmidt et al., 2014) to
0.54+0.16 (Burrow et al., 1988).

Unlike flight speed at weaning, flight speed at year-
ling had a significant Q-test for BSH (p=0.03), suggesting
that recording animals at yearling produces greater BSH
than at weaning. The estimates of heritability reported
for flight speed also allowed us to test the class of mea-
surement age (weaning and yearling) as a fixed effect
for this trait, which was not significant (p-value=0.12).
This is another important result found in the present
study because it suggests that breeding programs can use
an earlier flight speed record (when the calf was being
weaned), which usually has more animals for evalua-
tion at weaning than yearling due to sell of animals by
the farmers after weaning. Moreover, an earlier record
reduces the effect of handling routine on an animal's

temperament because an animal's previous experience
with handling may affect its reaction to handling in the
future (Grandin, 1989). However, the prediction intervals
at weaning (0.26-0.34) and yearling (0.15-0.37) differed
slightly. Although more studies have been carried out at
yearling (Burrow et al., 1988; Kadel et al., 2006; Nkrumah
et al., 2007; Prayaga et al., 2009; Sant'Anna et al., 2012,
2015; Valente et al., 2015, 2016, 2017) than at weaning
(Burrow et al., 1988; Copley et al., 2022; Corbet et al., 2013;
Halloway & Johnston, 2003; Hine et al., 2019; Kadel
et al., 2006; Littlejohn et al., 2018; Schmidt et al., 2014),
the prediction intervals suggest a more reliable weighted
heritability at weaning than at yearling. In other words,
the meta-analysis indicates that the heritability of flight
speed at weaning is moderate (95% CI: 0.26-0.34) and may
be low or moderate at yearling (95% CI: 0.15-0.37).

4.3 | Movement score and crush score in
beef cattle

For movement score evaluation, the observer must check
the quantity and intensity of an animal's movement while
handled inside the chute or scale during a time interval.
Our systematic review found estimates for movement
score at weaning (Benhajali et al., 2010; Hine et al., 2019;
Morris et al., 1994), yearling (Fordyce et al., 1982; Morris
et al., 1994; Sant'Anna et al., 2015; Valente et al., 2015,
2017), and using several ages (Freitas et al., 2023; Morris
et al., 1994; Peixoto et al., 2016). Even with these different
classes of age, the I 2 =8% and the p-value=0.37 for the
Q-test indicated a lower BSH for movement score. These
results suggest that movement score, a subjective trait, has
been evaluated similarly across studies. Although the esti-
mates of heritability for movement score ranged between
0.08 +£0.03 (Freitas et al., 2023) and 0.29 +0.10 (Benhajali
et al., 2010), our meta-analysis suggests a low weighted
heritability for this trait because the prediction value
ranged from 0.08 to 0.15.

Peixoto et al. (2016) evaluated Guzerat (Bos taurus in-
dicus) females (lactating and non-lactating) of several ages
(calves, heifers, and cows), which were raised on an exten-
sive pasture-based system. Guzerat is a dual-purpose breed.
Although the authors reported their studied population as
dairy cattle, young and non-lactating Guzerat, when raised
on extensive systems, have a temperament more similar to
beef than dairy cattle due to reduced interactions with hu-
mans. Some of our results showed no problem grouping the
Guzerat heritability estimate with the other heritability esti-
mates reported for movement score in the beef cattle popula-
tion. For instance: (1) the estimate reported for Guzerat was
not identified as an influent or outlier in the meta-analysis of
estimates for movement score, and (2) movement score was
a trait with low and non-significant BSH (F=8% and Q-test
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with p-value=0.36). These results also suggest that future
meta-analyses with temperament-related traits should focus
on the trait definition rather than the commercial purpose
of the herd (beef or dairy).

A crush score (or chute score) is assigned while the
animal is restrained in a chute with headgates but with-
out having motion restricted by squeeze. Our review
found many estimates of heritability for crush score at
weaning (Beckman et al., 2007; Celestino et al., 2020;
Halloway & Johnston, 2003; Hearnshaw & Morris, 1984;
Hoppe et al., 2010; Kadel et al., 2006; Torres-Vazquez &
Spangler, 2016; Walkom et al., 2018; Yu et al., 2020). The
heritability estimates ranged from 0.03+0.28 (Hearnshaw
& Morris, 1984) to 0.46+0.03 (Walkom et al., 2018). Our
results showed that the estimates reported for Limousin
cattle by Beckman et al. (2007) (0.38+0.03) and Walkom
etal. (2018) (0.46 +0.03) are outliers. Moreover, the estimate
that Walkom et al. (2018) was also identified as an influ-
ence record on this meta-analysis, increasing the BSH. This
does not mean that the estimates reported for Limousin are
wrong; they are just incompatible with the weighted herita-
bility estimated. Perhaps the Limousin populations used in
these studies have greater genetic variability for tempera-
ment than those used in this crush score meta-analysis.

After removing the Limousin estimates, the I was re-
duced from 85% to 50%. However, different from the move-
ment score, the test-Q to evaluate the BSH for crush score
at weaning was significant (p=0.02). Therefore, even using
a single age class, this trait has an expressive heterogeneity
across studies. On the other hand, the crush score showed a
moderate weighted heritability, and its 95% CI (0.17-0.25)
did not overlap with the confidence interval estimated for
the movement score (0.08-0.15). Therefore, these results
suggest that the crush score has a higher heritability than
the movement score and might be a better option than the
movement score for breeding purposes.

4.4 | Pen score in beef cattle

In the present meta-analysis, the heritability estimates
for pen score were reported by studies that evaluated
the animal's behaviour when restrained in a small pen,
with the observer inside the pen. The systematic review
found several heritability estimates for pen score at wean-
ing (Celestino et al., 2020; Fordyce et al., 1996; Gauly
et al., 2001; Littlejohn et al., 2018; Morris et al., 1994; Riley
etal., 2014; Schmidt et al., 2014; Yu et al., 2020) and at year-
ling (Barrozo et al., 2012; Fordyce et al., 1982, 1996; Lucena
etal., 2015; Morris et al., 1994; Neves et al., 2014; Sant’Anna
et al., 2015; Valente et al., 2015, 2017). These studies re-
ported heritability estimates for pen score at weaning rang-
ing from 0.14+0.11 (Fordyce et al., 1996) to 0.61+0.17
(Gauly et al., 2001), while the estimates at yearling ranged

from 0.11+0.08 (Neves et al., 2014) to 0.29+0.23 (Morris
et al., 1994). The estimates reported by Riley et al. (2014)
(0.47+0.07) and Schmidt et al. (2014) (0.49+0.06) were
identified as outliers. Moreover, the heritability estimates
from these two studies greatly contributed to the overall
heterogeneity, and the diagnostic plot indicated both es-
timates as potential influent estimates. The present meta-
analysis yielded a moderate weighted heritability for pen
score at weaning (0.27) and yearling (0.20). The Q-test for
subgroup differences was significant, i.e., the pen score at
weaning has a weighted heritability slightly higher than
at yearling. It may provide a higher genetic gain than the
pen score at yearling. Although the previous studies have
used different approaches to evaluate the animal's reac-
tion to human presence inside the pen, the meta-analysis
found moderate and low-heterogeneity index for pen score
at weaning (I’=42%) and yearling (I*=0%), respectively.
Moreover, the Q-test was not significant for both meta-
analyses. Therefore, these results suggest that the different
approaches to measuring pen scores across studies did not
affect the heritability estimate for this trait.

4.5 | Cow's aggressiveness at calving in
beef cattle

Newborn calves are handled to receive their first health
treatments, weighting, and identification. For this
handling, the newborn calves need to be restrained
by humans. Thus, some previous beef cattle studies
(Buddenberg et al., 1986; Hoppe et al., 2008; Morris
et al., 1994; Vallée et al., 2015) recorded the cow's re-
activity while their newborn calves are being handled.
Heritability estimates for cow's aggressiveness at calv-
ing ranged from 0.06+0.01 (Buddenberg et al., 1986)
to 0.42+0.05 (Hoppe et al., 2008). However, the meta-
analysis found an estimate of 0.42+0.05. Moreover, the
estimate that Hoppe et al. (2008) reported considerably
contributed to overall heterogeneity. After this outlier ex-
clusion, the weighted heritability was 0.10, with a confi-
dence interval from 0.01 to 0.19. Although the weighted
heritability estimate is low, it should be noted that the
prediction interval has a wide range (—0.13 to 0.33),
which indicates that further studies are needed to esti-
mate a more reliable weighted heritability for this trait.

4.6 | General temperament and milking
temperament in dairy cattle

Several studies were identified as outliers and excluded
from the milking and general temperaments meta-analyses.
Some studies showed high and unusual heritability for these
traits [Cue et al., 1996 (0.33+0.06) and Kramer et al., 2013
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(0.38+0.07)], while other studies estimated heritabil-
ity with a very reduced standard error [Pryce et al., 2000
(0.07£0.001), Wethal et al., 2020 (0.09 +0.006); and Szymik
etal., 2021 (0.09 +0.0012)]. Moreover, the estimates reported
by Pryce et al. (2000) and Szymik et al. (2021) significantly
contributed to the overall heterogeneity. The I? before ex-
cluding these estimates was 89% (general temperament)
and 91% (milking temperament), and even with the exclu-
sion of outliers, high I? values were found for both milking
temperament (69%) and general temperament (77%), and
the Q-test for BSH was significant (p-value <0.05) for both
traits. Initially, we thought that the high number of breeds
(Holstein, Holstein-Gyr cross, Brown Swiss, Norwegian
Red and Jersey) in this subgroup meta-analysis was the
reason for the high BSH. Then, we performed a subgroup
meta-analysis (Figure S33) with the studies that included
data only from the Holstein breed (Cue et al., 1996; Erf
et al., 1992; Foster et al., 1988; Lawstuen et al., 1988; Pryce
et al., 2000; Sewalem et al., 2011; Stephansen et al., 2018;
Szymik et al., 2021; Thompson et al., 1981; Visscher &
Goddard, 1995), but the BSH remained high for both general
(75%) and milking temperament (92%). Another hypoth-
esis for these high BSH values is the non-standardization
of the class of age, and a previous study with Holstein cat-
tle found a significant difference between multiparous and
primiparous cows for milking temperament (Szentléleki
et al., 2015). However, the meta-analysis using only data
from first-parity cows (Figure S34) also found a high hetero-
geneity index for both general (82%) and milking tempera-
ment (92%). Therefore, different phenotyping methods may
have been used across studies of these traits.

Regardless of the level of BSH for temperament-related
traits in dairy cattle, which was adjusted by fitting the
random effect model, it was observed that the weighted
heritability was low for both general and milking temper-
ament. Furthermore, the 95% CIs do not indicate moder-
ate heritability for these traits. Therefore, although many
studies (Cue et al., 1996; Kramer et al., 2014; Sewalem
et al.,, 2011; Visscher & Goddard, 1995) have reported
moderate heritability estimates, with values ranging from
0.20 to 0.38, most studies reported low estimates. This
low heritability may be associated with the continuous
handling that calves and heifers receive until adulthood.
Frequent gentle contact with people can result in greater
habituation during handling than animals with previous
aversive treatment (Grandin, 1989). Finally, the subgroup
meta-analysis did not find a significant difference (p-
value>0.05) between general and milking temperament
approaches. These results suggest that the breeding goal
and ease of phenotyping are the main factors in choosing
one of these traits, as there is no reason to believe one has
a higher heritability. However, future studies should also
investigate the genetic correlation between these traits.

4.7 | Final considerations and next steps
Thisfirstmeta-analysisstudyincluded various temperament-
related traits from beef and dairy cattle studies. However,
many questions remain unanswered. For instance, the
breed might be a critical fixed effect in a meta-regression
model to perform meta-analyses. However, there were not
enough heritability estimates per breed to compare two or
more breeds for any temperament-related traits evaluated
in this study. The same is true for other factors such as pro-
duction systems (intensive X extensive). As more heritabil-
ity estimates become available, including these factors in a
meta-regression model can reduce the heterogeneity and
result in more accurate weighted estimates.

Another topic not addressed in the present study
is the weighted genetic correlations among tempera-
ment traits and between temperament and other rele-
vant traits such as performance, product quality (meat
or milk), health, and welfare. For instance, in North
American Angus cattle, Alvarenga et al. (2022) reported
genetic correlations between temperament and other
relevant traits ranging from —0.05 to 0.28, which were
non-significant or favourable, which suggests that ge-
netic selection to improve temperament will not neg-
atively affect beef cattle performance. In dairy cattle,
calmer cows have better milk performance (Chang
et al., 2020), indicating that selection for better tempera-
ment will result in favourable genetic responses on milk
production and vice-versa. Unfortunately, not enough
estimates were reported in the literature to obtain ac-
curate weighted genetic correlation estimates. For in-
stance, Gathura et al. (2020) reported a weighted genetic
correlation between temperament and other production
traits for beef cattle. However, they used few studies
and did not report the 95% CI of the weighted estimates.
Therefore, more studies are needed to understand bet-
ter the genetic relationships between temperament and
other relevant traits in cattle populations.

The score classes varied for many temperament-
related traits, especially beef cattle traits. For instance,
various scales of pen score have been reported such as
scores ranging from 1 to 4 (Barrozo et al., 2012), 1 to 5
(Celestino et al., 2020), 1 to 6 (Morris et al., 1994), 1 to 7
(Fordyceetal., 1982),1 to 9 (Riley et al., 2014)and 1 to 13.5
(Fordyce et al., 1996). However, the Q-test for BSH was
not significant for the pen score. This result suggests that
the type of score classes did not influence the weighted
heritability estimate for pen score in this study, and the
choice of one of these scoring systems could be based on
the ease of assigning the scores. On the other hand, the
lack of standardization of scoring systems may cause high
BSH observed for milking and general temperament. In
our study, classes from 1 to 3 (Thompson et al., 1981), 1 to
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5 (Visscher & Goddard, 1995), 1 to 9 (Pryce et al., 2000),
and 1 to 50 (Foster et al., 1988) were observed for general
temperament across studies. For milking temperament,
classes such as 1 to 3 (Wethal et al., 2020), 1 to 4 (Kramer
et al., 2013), 1 to 5 (Sewalem et al., 2011), 1 to 8 (Taborda
et al., 2023), and 1 to 9 (Cue et al., 1996) were observed.
It was not possible to group the studies according to the
scoring system to perform a subgroup meta-analysis, as
each group had a small number of estimates. Therefore,
as more studies are published, the effect of the scoring
system on the heritability estimates could be assessed in
future meta-analyses of subgroups.

The estimates' standard error (SE) is crucial in meta-
analyses of heritability because they are used to calculate
the weights. Heritability estimates with low SE have higher
weights in the meta-analysis than estimates with higher
SE. Unfortunately, 22.6% of the studies did not report SE
for temperament-related traits in cattle. Although many
of these studies were published years ago (e.g., Dickson
et al., 1970), some recent studies did not report SE (e.g.,
Antanaitis et al., 2021). It is strongly recommended that
SE is reported in future genetic parameter studies, as SE
values are essential for inferring the accuracy of the heri-
tability estimates.

Another potential cause of high BSH for milking and
general temperament scores may be the method used to es-
timate heritability and standard errors. REML and Bayesian
analyses using Gibbs sampling were more commonly used
to estimate heritability for temperament-related traits
in cattle. According to Rameez et al. (2022), the REML
method implemented in standard software packages such
as WOMBAT, DMU and ASREML, among others, uses the
Delta method, which is a standard procedure to obtain the
sampling variance of heritability by linearly approximating
the function with its first-order Taylor series expansion.
All the studies that reported using iterative algorithms for
REML analysis did not specify whether the Taylor expan-
sion was used. Therefore, it was not possible to filter esti-
mates based on this criterion. Therefore, it is recommended
that future studies regarding genetic parameters provide
more details about the methods and population structure
(e.g., number of sires and dams in the pedigree, number
of dams per sire, relationship between sires, inbreeding),
which can be useful additional information to select better
the studies to be included in a meta-analysis.

The trait definition also has a key role in meta-analysis
studies since a group of estimates is formed based on the
definition of the traits. Ten studies were not used in the
present study because no (or poorly) trait description was
reported in the publication. This is especially important
in temperament-related traits, where different names are
often used for the same trait. Therefore, assigning esti-
mates to a specific group for meta-analysis is only possible
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with a detailed trait description. When describing the
traits, citing the article that first published the method
and any variations (modifications) about the proposed
initial method is strongly recommended. This informa-
tion will contribute to future updates of this heritability
meta-analysis and other meta-analyses in the context of
temperament traits in cattle.

Many temperament-related traits can be used to se-
lect cattle for improved temperament. The heritability
estimate is a factor of great importance for breeding pro-
grams when choosing the indicator traits to include in
their selection schemes. Assuming the classical scale of
heritability, where estimates less than 0.20 are assumed
as low, from 0.2 to 0.4 are moderate and greater than
0.4 are high, previous studies have estimated heritability
values ranging from low to high for most temperament-
related traits (Chang et al., 2020; Haskell et al., 2014).
However, our meta-analyses estimated moderate
weighted heritability for flight speed, flight score, pen
score, and crush score. On the other hand, low weighted
heritabilities were estimated for movement score, cow's
aggressiveness at calving, milking temperament and
general temperament.

5 | CONCLUSIONS

The systematic review identified many studies reporting
heritability estimates for various temperament-related
traits in cattle over the last six decades. These were carried
out for different breeds from many countries, but many
heritability estimates still need to be calculated for various
traits across cattle populations. In the past 20years, the
number of beef cattle studies on this topic has increased
expressively, which reveals the sector’s concern with cattle
temperament. Also, there were more heritability estimates
for temperament-related traits in beef (six traits) than in
dairy (two traits) cattle populations. Although most of the
older studies were carried out on dairy cattle, new meth-
ods of assessing dairy cattle temperament are being de-
veloped based on modern sensors and technologies. This
meta-analysis showed higher between-study heterogene-
ity in dairy than in beef cattle studies, revealing the need
for greater standardization of the dairy cattle studies. The
heritability estimates reported in the literature ranged
from low to high for all traits. However, the weighted
heritabilities estimated by the meta-analyses varied from
low to moderate, depending on the trait evaluated. Flight
speed was the only trait with moderate weighted heritabil-
ity, including moderate values for the 95% CI limits. For
the first time, subgroup meta-analyses were performed for
temperament-related traits in cattle, and a significant ef-
fect was found when pen scores at weaning and yearling
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were analysed. However, the number of heritability es-
timates is still small to carry out better subgroup meta-
analyses for some traits. Overall, the results reported in
this study indicate that cattle temperament is heritable
and can be improved through genetic selection.
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