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ARTICLE INFO ABSTRACT

Keywords: The social environment experienced by livestock can have implications for their health, welfare, and subse-

Cattle quently, their productivity. Changes in the dairy industry have led to larger herd sizes and altered management

Affiliative behaviour of cows, which has impacted their social environment. Studies have shown that mixing of animals can lead to

ls;r)sz:n?:;work analysis social instability of groups and expansion of herds can lead to high stocking densities resulting in social stress and

Somatic cell count negative effects on production. Yet few studies have assessed the putative impact of positive cow-cow in-

milk production teractions, such as proximity to preferred herd mates and engaging in grooming, on milk production and udder
health. To address this, we used cattle proximity as a proxy for affiliative interactions between cows in three
dairy herds in south-west England over one week study periods. We created proximity networks of dairy cows
and measured cow-cow associations according to milk yield, somatic cell count (SCC; an indicator of mastitis),
parity (number of lactations in the cow’s lifetime), and lactation stage (grouped by days in milk for current
lactation). We then assessed associations between social factors and production and health measures (milk yield
and SCQ). In all three herds, cows interacted more with cows in the same parity, suggesting early social bonding
may be evident later in life and that grouping animals in terms of parity might encourage affiliative interactions.
Cows did not associate according to milk yield, SCC, or lactation stage. There was no significant association
between milk production or SCC and the total time spent in social contact with other cows, the mean time spent
with the four closest herd mates, or the number of closest herd mates of the same parity. We suggest that further
research on positive social environments for dairy cattle is warranted in the interests of improving welfare and
enabling a more robust assessment of the putative effects on production and health parameters

1. Introduction instability can precipitate stress and disease (Proudfoot and Habing,

2015; Proudfoot et al., 2012). Grouping of cows by their stage of

The social environment of animals impacts on their health and
welfare (Mellor, 2015). For example, positive social experiences in
livestock can reduce stress (Laister et al., 2011; Takeda et al., 2003) and
animals with calm temperaments may have enhanced immunity
(Dimitrov et al., 2005). Conversely, crowding, isolation, and social
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lactation (number of days since calving) allows more precise feeding to
meet nutritional requirements (Sowerby and Polan, 1978a), though
moving animals between groups can be a source of social stress in dairy
cows (Proudfoot and Habing, 2015). Industry-wide trends for larger
herds (AHDB Dairy, 2019a) may exacerbate this problem as larger herds
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usually require more management groups and the subsequent increased
movement of cows between groups can cause social instability. The
trend towards higher milk yields (AHDB Dairy, 2019b; Pryce and
Veerkamp, 2001) has resulted in the need for more intensive manage-
ment of cattle, often indoors, to meet their nutritional demands
(Charlton et al., 2011). On some farms this might lead to overstocking
(Krawczel et al., 2012) and concerns regarding their ability to perform
natural behaviours (Arnott et al., 2016; Beaver et al., 2020).

Historically, animal welfare principles were aimed at avoiding
negative states, i.e. the freedom from fear, distress and hunger (Farm
Animal Welfare Council, 1979) and social stressors have been associated
with reduced milk yield in cows, sheep and goats (Hasegawa et al., 1997,
Miranda-de la Lama and Mattiello, 2010; Sevi et al., 2001) and reduced
weight gain in pigs (Hyun et al., 1998). More recently, studies have
focussed on measuring positive welfare outcomes (Boissy et al., 2007;
Mellor and Beausoleil, 2015). Affiliative behaviours such as social
licking in cattle have been shown to instil calmness (Laister et al., 2011)
and to be positively correlated with the milk yield of the cow receiving
the grooming (Sato et al., 1991; Wood, 1977). Being involved in
grooming between cows (both receiving and performing) was associated
with higher milk yields in one study (Sato et al., 1991), although no such
relationship was found in a larger study (Wood, 1977). Milk yield was
positively correlated with a principle component representing 24 % of
the variance that included allogrooming and eating, suggesting that the
two activities are correlated and may contribute to the mechanism
increasing milk yield (Fukasawa and Tsukada, 2010). Two studies
investigated the strength of social associations at automatic milking
systems (AMS) (Marumo et al., 2022; Ozella et al., 2023). Neither
showed a statistically significant association with milk yield, suggesting
that observing interactions only at the AMS may not adequately repre-
sent the broader social environment of dairy cows. Yet Marumo et al.
found a significant relationship with milk quality (protein and fat con-
tent). Additionally, milk quality has been shown to be better in calm
sheep (Sart et al., 2004). Although the relationship between social fac-
tors and milk yield has been the subject of several studies (Table S1), few
to date have investigated the impact of social factors on the somatic cell
count of milk (SCC), which can be an indicator of infection in the
mammary gland should counts exceed 200,000 cells/ml (Dohoo and
Leslie, 1991). Regrouping of cows and transportation has also been
associated with increased SCCs, possibly via a stress response and
enhanced migration of peripheral blood leucocytes into the mammary
duct vessels or movement into milk via leaky tight junctions (Kay et al.,
1977; Yagi et al., 2004). However, the relationship between social in-
teractions, stress and SCC is complex and two other studies found no
relationship between SCC and dominance rank (Arave and Albright,
1976) or SCC and traditional cow regrouping (i.e. cows moved between
groups based on their stage of lactation; Silva et al., 2013). We
hypothesise that if negative social interactions putatively increase SCC,
then more positive interactions may be associated with lower SCCs.

Contacts amongst cattle recorded by proximity devices worn on neck
collars have been shown to be a biologically and statistically significant
predictor of affiliative rather than agonistic interactions (Boyland et al.,
2016), perhaps due to the positioning of the sensor near the head and
neck, where most grooming interactions occur (Tresoldi et al., 2015;
Val-Laillet et al., 2009). Pairs of animals in close proximity were more
likely to engage in allogrooming than agonistic interactions (Tresoldi
et al., 2015) and proximity was positively correlated with licking be-
haviours (Pinheiro Machado et al., 2020). Proximity devices are able to
monitor interactions continuously, generating near-complete data on
cow-cow interactions (Chen et al., 2014), rather than short snapshots
collected by direct observations or data gathered only at milking.

In this study, we used cattle proximity as a proxy for a positive social
interaction and continuously recorded interactions among dairy cows
for one week in three herds in south-west England. Through network
analyses, we examined the social interactions of animals relative to their
parity, lactation stage, milk yield, and SCC, whilst accounting for aspects
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of cow physiology and farm management that we also expect to influ-
ence these responses. We specifically tested if certain patterns of in-
teractions were associated with milk yield and SCC. Better
understanding of the social preferences of cows might inform cattle
management and grouping structures that create a more positive social
environment and allow animals to achieve their production potential
(Rault, 2012).

2. Methods
2.1. Farm management

The milking groups of three commercial dairy herds (two Holstein-
Friesian herds — ‘HF1’ and ‘HF2’, and one Ayrshire herd - ‘Ayrshire’)
in Cornwall, England were studied for one week between August and
November 2018 (Table 1). The spatial and temporal characteristics of
the social networks of these herds during this period have been previ-
ously described (Fielding et al., 2021). All herds calved all year round,
kept cows in separate milking and dry groups, and were milked twice
daily in a parlour. Animals in HF1 were the low-yielding cows of that
herd and were housed in cubicle stalls with a feed passage running along
one side of the pen throughout the study period, owing to lack of grazing
due to hot weather. Cows in HF2 and Ayrshire were on rotational
grazing where the paddock was changed after every milking.

2.2. Equipment and proximity data

Nylon cattle collars with a plastic clasp (Suevia Haiges, Germany)
were fitted with proximity devices based on a design by the OpenBeacon
project (http://www.openbeacon.org/) and the SocioPatterns collabo-
ration consortium (http://www.sociopatterns.org/). The devices use
radio frequency identification detection (RFID) technology to exchange
low-power radio packets in a peer-to-peer fashion, using the difference
in signal strength as a proxy for distance between devices (Cattuto et al.,
2010). We defined contacts based on a spatial threshold of 1-1.5 m to
capture close contacts, assessed by validation analyses (Fielding et al.,
2021). We only included contacts in our analysis that lasted over
20 seconds in duration, aiming to avoid detecting ‘walk-by’ type in-
teractions and instead to record more significant behaviours such as
allogrooming events, which are reported in observation studies to last
37-39 seconds on average (Sato, 1984; Tresoldi et al., 2015). Contacts
are maintained if signals are transferred between devices at least once
every 20 seconds, therefore contact time was measured in 20 second
blocks. We removed contacts recorded during milking times reported by
farmers as these represent times when animals were restricted in space
and affiliative behaviours are less likely to occur during this period
(Wood, 1977).

2.3. Social parameters

We constructed networks based on contact data described above,
where cows were nodes and the edges were weighted according to the
total duration of contact between them over the study period. We
calculated the assortativity of cows by stage of lactation and parity
(Ayrshire: n = 44, HF1: n = 71, HF2: n = 95), and SCC and milk yield
(Ayrshire: n = 39, HF1: n = 71, HF2: n = 87) in the R (R Core Team
Version 3.5.3, 2019a) package ‘igraph’ (Csardi and Nepusz, 2006).
Assortativity measured the tendency of cows to interact more with
similar cows based on a particular characteristic, with a value of +1
indicating preferential association between cows with similar charac-
teristics, and —1 indicating preferential association between cows with
different characteristics. As the networks were densely connected, we
calculated assortativity on networks filtered by edge weights to focus on
the effect of increasingly ‘strong’ ties. We achieved this by removing
edges below the 50th, 75th and 90th percentiles of edge weights to
create F50, F75 and F90 networks respectively. We constructed null
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Table 1

Details of three study dairy farms and study periods providing information on farm management, group size and proximity data collected, including mean production indicators obtained from the nearest milk recording

date to the study period. Proximity data includes the mean minutes in contact with other cows, mean minutes in contact with their top 4 contacts and the number of those cows with the same parity.

Cows with
in milk (SD) SCC >
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graphs with the same number of nodes and edges as the observed
network where each edge has an equal, fixed probability of being pre-
sent or absent based on the Erdés-Rényi model (Erdos and Rényi, 1959).
We randomly allocated observed edge weights to the edges of the new
random networks (n = 4999). We removed edges from random graphs
below filtering thresholds (F50, F75, and F90) after constructing the
randomised graphs from the original networks. Assortativity values of
our observed networks were deemed to be statistically significantly
different to those on random networks when the observed value lay
outside 95 % of randomised values.

We calculated the mean association strength, i.e. the time each cow
spent with all other cows in the network divided by the number of cows
it could have potentially contacted (n-1). Individuals that spend longer
amounts of time in contact with other cows may be considered to be
more gregarious, however the definition of social bonds is complex and
this metric does not reveal whether this time is distributed equally
among many herd mates, or whether an individual has just a few part-
ners with which they spend a lot of time (Shultz and Dunbar, 2010). It
has been estimated that cows might be most comfortable with two to
four individuals (Takeda et al., 2000); therefore, to estimate a cow’s
tendency to form stronger social bonds, we took the mean of the time
each cow spent with its longest four contacts (mean top four contacts)
and in order to explore the effect of a cow spending time with more
familiar cows, we recorded the number of top four contacts in the same
parity as the selected cow.

2.4. Statistical modelling

We assessed the relationship between the previously described social
factors and milk yield and SCC using two similar Bayesian mixed effects
models with daily milk yield (measured by kg weight; Model 1) and SCC
(thousand cells per ml; Model 2) as response variables. Farm was
included as a random effect in both models to account for farm-level
differences in nutrition, husbandry, and breed. Mean association
strength, ‘mean top 4 contacts’, and the number of top 4 contacts in the
same parity, parity (categorical), stage of lactation (categorical), and
SCC (in Model 1 only) and milk yield (in Model 2 only) were included as
fixed covariates (Table S2). We accessed the last calving date and parity
of all cows in HF1 and a subset of cows in Ayrshire and HF2 from the
National Milk Records and Cattle Information Service databases. Milk
yields and SCCs are recorded monthly and the nearest recorded values
were used for the study (HF1 = 7 days after study period, HF2 = 1 day
before study period, and Ayrshire = 11 days after study period; Table 1).
To check if this single value would approximate to values over the study
period, we additionally obtained daily milk yields during the study
period for HF1, and milk yield and SCC data from a second recording 16
days before the study period for the Ayrshire group. Mean daily milk
yield in HF1 was highly correlated with the single milk recording value
(r=0.9, P < 0.001; Fig. S1). For the Ayrshire group, the two values for
milk yield and SCC from milk recording days were moderately corre-
lated (r =0.59, P < 0.001 and r = 0.67, P < 0.001 respectively; Fig. S1).
Correlations were based on Pearson’s product moment correlation co-
efficient in R. We also ran a model similar to Model 1 using HF1 average
daily milk yields as a response variable instead of the single milk yield
value, and outcomes were similar to those identified in Model 1.

Parity represents the number of full-term pregnancies a cow has had,
and therefore typically correlates with age. On our study farms, animals
were home-bred, and therefore parity might also be a proxy for time
spent together as calves and time spent in the milking herd. This was
classed as a categorical variable with the final level corresponding to 5
or more. Parity has a non-linear relationship with milk yield, which is
lowest in a heifer’s first lactation, rising in the 2nd and 3rd lactation and
then decreasing as cows mature (Vijayakumar et al., 2017). Parity also
mediates the relationships between stage of lactation and milk yield
(cows in their 2nd and 3rd lactations tend to reach peak yield more
quickly (Vijayakumar et al., 2017), and SCC and milk yield, where
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higher milk losses occur in older cows (Hand et al., 2012).

Days in milk was the number of days between the most recent calving
date and the milk recording date when SCC and milk yield were
measured. Multiparous cows (two or more lactations) with a similar
number of days in milk are likely to have been re-introduced back into
the milking group at a similar time and grouped together in the pre-
ceding dry period. The relationship between days in milk and milk yield
is described by the lactation curve, the profile of which changes with
parity. Therefore, we grouped this variable into four stages of lactation;
1-70 days, 71-170 days, 171-270 days and >271 days in milk
(Vijayakumar et al., 2017) to allow for variation in the relationship.

To acknowledge these effects, we ran Model 1 with an interaction
between parity and lactation stage, and between parity and SCC. We
tested Model 2 with an interaction between parity and milk yield.
Including the interaction terms in either model did not appreciably alter
model fit (measured by the leave-one-out cross-validation information
criterion ‘LOOIC’; (Vehtari et al., 2017) and did not alter the interpre-
tation of our social variables, therefore we present the models without
interactions. To reduce bias, we did not perform variable selection
except for the interaction terms (Harrell, 2001). Regression parameters
of fixed effects were given improper flat priors and random effects were
given non-standardised half Student-t priors based on the standard de-
viation of the random effect with 3 degrees of freedom and a scale
parameter (Carpenter et al., 2017). Predictive posterior distributions
showed good model fit (Figs. S2 and S3) and good model convergence is
demonstrated by Gelman-Rubin R values of 1.00 and large effective
sample sizes (Table S2). Effect sizes of continuous variables were scaled
by the 10th and 90th percentiles of raw data so that they could be
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interpreted relative to the spread of raw data values (Fig. 2 and
Table S2). The effect size thus represents the change in the response
variable associated with an increase in the explanatory variable from the
10th percentile of the data to the 90th percentile. All data analysis was
performed in R (R Core Team Version 3.5.3, 2019b), with models con-
structed in ‘brms’ (Biirkner, 2017) and networks constructed in ‘igraph’
(Csardi and Nepusz, 2006).

3. Results

After accounting for hardware and software performance of the
proximity devices, data on contacts, parity and lactation stage were
available for 85 % (Ayrshire = 44/52), 64 % (HF1 = 71/111), and 54 %
(HF2 = 95/177) of animals in the study herds (Table 1) for use in
calculating network parameters. Milk yield and SCC data were available
for all 71 cows in HF1 and for only a subset of the Ayrshire (n = 39/44)
and HF2 (n = 87/95) herds and were used in our statistical models (total
n =197; Table S2). Over all groups, the mean total contact time per pair
of cows was 12.6 minutes per week-long study period (standard devia-
tion (SD) = 6.6 minutes). The cumulative mean time spent by a cow with
any one of their top four longest contacts was 62.0 minutes (SD =
33.0 minutes). For 73.6 % of cows, at least one individual in their top
four contacts was of the same parity but only 2.0 % of cows shared the
same parity with all four (Table S2). There were similar numbers of cows
in each parity (mean = 39, SD = 5) and the largest proportion of cows
(40.1 %) were between 171 and 270 days in milk (Table S2). The overall
mean milk yield per cow was 25.6 kg per day over two milkings (SD =
8.4 kg). SCCs were low for most cows, but 20 % had cell counts above

a) Parity b) Stage of lactation
—0— A —
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Fig. 1. Assortativity values from observed and random networks of cattle from three study groups (n = 193). Triangles represent observed assortativity values
outside 95 % of random network values, crosses represent observed values within 95 % of random network values, and boxplots represent the distribution of random
values. Assortativity indicates the tendency of cows to interact preferentially, based on similarities in a) parity and b) stage of lactation (Ayrshire n = 44, HF1 n = 71,
HF2 n = 95), ¢) milk yield and d) SCC (Ayrshire n = 39, HF1 n = 71, HF2 n = 87). Assortativity was calculated on undirected, weighted networks that were not-
filtered (NT - brown), and networks with 50th (F50 — gold), 75th (F75 - light blue), and 90th (F90 — dark green) percentiles of edge weights removed. The dashed line
at zero represents the assortativity value where interactions are unrelated to characteristics of each cow. Cows tend to interact preferentially with cows of a similar
parity (a), but they did not tend to interact preferentially based on their stage of lactation (b), milk yield (c) or SCC (d).
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200,000 cells/ml, suggestive of mastitis (Dohoo and Leslie, 1991).

Cows in all groups showed a statistically significant tendency to
associate preferentially with others of the same parity on all filtered
networks compared to random networks (Fig. 1), though not to a great
extent (<0.15). For other measures, assortativity was no different to that
expected on random networks in all cases apart from on the F75 network
for stage of lactation (Fig. 1d), though due to the lack of other statisti-
cally significant effects in other herd’s networks for this variable, we
expect this may be a Type I error.

We detected no statistically significant associations between mean
association strength, spending longer times with certain cows and those
cows being in the same lactation and either milk yield or SCC (Fig. 2 and
Table S2). As expected, there was a statistically significant relationship
between parity and milk yield in Model 1, with the lowest yields in first
lactation heifers and higher milk yield thereafter (Fig. 2 and Table S2).
There was a positive relationship between milk yield and lactation stage
in the first 70 days of lactation in Model 1 and then this decreased
through all subsequent stages of lactation, demonstrating the expected
long tail of the lactation curve. In Model 1, there was no statistically
significant association between SCC and milk yield, or vice versa in
Model 2 (Fig. 2 and Table S2). Model 2 demonstrated increasing SCC
with the number of days in milk and a higher SCC was associated with
cows in their 5th or higher lactation (Fig. 2).

4. Discussion

In this study we showed that in multiple herds, cows preferentially
associate with animals in the same parity. Similar parity in the herds
where animals are home-bred (as in this study), is likely to mean that
cows may have been reared as calves in the same cohort, entered the
milking herd at a similar time and are of a similar age. By recording
proximity among cattle in a commercial dairy herd, Boyland et al.
(Boyland et al., 2016) also found that UK cows preferred to interact more
with cows with the same parity and Marina et al. (Marina et al., 2023)
found interactions were greater and more consistent between Swedish
cows of the same parity and those that were born within 7 days on the
same farm. By recording grooming behaviour between a herd made up
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of twin cows grouped since they were 4-7 days old, Wood (1977) found
that cows preferred grooming other cows in their own age group. These
findings reinforce the theory that early bonding is influential in the
formation and maintenance of social bonds, even later in life (Reinhardt
and Reinhardt, 1975), although this has not been seen in all studies
(Chopra et al., 2020). In contrast, the lactation stage of cows (i.e. number
of days in milk) represented shorter-term familiarity (i.e., being more
recently in a group of dry cows together) and was not associated with
preferred associations in the present study, similar to previous findings
(Gutmann et al., 2015; Marina et al., 2023).

Although we found that cows preferred to interact with others of the
same parity, we found no evidence that having more cows of the same
parity in their top four closest contacts, time spent with other cows, or
closeness of relationship with certain cows (the time spent with their top
four contacts) was associated with a statistically or biologically signifi-
cant change in milk yields or SCC. This is similar to results of some
previous studies where milk yield and social associations at automatic
milking systems were investigated and no relationship was found
(Marumo et al., 2022; Ozella et al., 2023), but contrasts with other
studies which found significant relationships between affiliative be-
haviours and milk yield in both indoor and outdoor housed cows
(Fukasawa and Tsukada, 2010; Sato et al., 1991; Wood, 1977). Studies
that identified a positive significant relationship with milk yield directly
measured allogrooming behaviours over short time periods, whereas
studies using proximity as a proxy measure for affiliative behaviour did
not. Proximity is typically measured continuously, and whilst being
correlated with affiliative behaviours (Boyland et al., 2016), this mea-
sure may also include other behaviours that dilute the relationship be-
tween solely affiliative behaviours and production parameters, making
it more difficult to identify. In more extensive systems, such as rotational
grazing, we expected proximity to be governed largely by preference,
however, in the indoor group (HF1) and groups with restricted grazing
(Ayrshire) proximity may be less tied to cow choice and better under-
stood by competition for resources. Future studies could examine
spatio-temporal proximity in relation to food provision, where that data
is available. HF1 cows were low yielding cows likely to have a lower feed
intake than comparable higher yielding cows, which may reduce the
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Fig. 2. Results of Bayesian mixed effects models with the response variables of (a) Model 1: milk yield and (b) Model 2: SCC showing effect sizes and 95 % credible
intervals. Studies included 193 cattle from three Cornish dairy herds. Fixed effects in the models were mean association strength, mean time spent with four closest
herd mates, number of those closest herd mates of the same parity, parity, stage of lactation, and SCC (Model 1) and milk yield (Model 2). Farm is included as a
random effect in both models. Continuous variables are scaled to represent the effect size associated with a change in the explanatory variable from the 10th to the
90th percentile of the raw data. Points show effect sizes and whiskers represent 95 % credible intervals (see Table S2 for values).
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impact of any competition for resources. There were significant man-
agement differences between our groups and whilst this reduces the
ability to compare between the groups, it does suggest the findings of
our study are applicable to a wide range of commercial dairy herds.

The baseline milk yield of each cow is likely to influence the
magnitude of any association with social parameters (Jezierski and
Podluzny, 1984). Cows already achieving close to their physiological
potential are likely to have less opportunity for further increases in
production as a result of positive social experiences, whilst being more
susceptible to decreases in yield due to negative experiences. Negative
social experiences may be therefore more easily detected and perhaps
contributes to why studies have previously been more focussed on
negative, rather than positive social experiences (Ellen et al., 2014).

Introduction of new animals and regrouping animals is a common
management practice in modern dairy herds, and occurred on all farms
in our study, mainly due to cows that had recently calved entering the
lactating group, cows entering the low-lactation group or leaving the
group at the end of a lactation. Negative associations between
regrouping and milk production have been identified in the short (1-5
days after regrouping; (Brakel and Leis, 1976; Jezierski and Podluzny,
1984; von Keyserlingk et al., 2008) and longer-term (7-14 days after
regrouping; (Arave and Albright, 1976; Hasegawa et al., 1997; Phillips
and Rind, 2002). Removal of cows that contribute positively to the
group (e.g. ‘social groomers’) might be particularly detrimental to herd
milk yield (Wood, 1977) and the magnitude of the impact of removing
animals from the group may depend on the sociality of the cow
(Jezierski and Podluzny, 1984). It has also been suggested that such
social stresses of group mixing may decrease with age and experience
within the herd and may affect younger cows to a greater degree
(Sowerby and Polan, 1978b). These additional factors may contribute to
some other studies not recognising a significant relationship between
regrouping and milk yield (Clark et al., 1977; Collis et al., 1979; Silva
et al., 2013; Sowerby and Polan, 1978b; Zwald and Shaver, 2012). Cow
movements may have affected the social environment and thus milk
yield of cows in the present study, however these were not recorded,
which would be beneficial in future studies.

We found no significant relationship between the tested social fac-
tors and SCC, consistent with two larger studies (n = 103 and 567) that
showed no SCC difference between control (stable groups) and treat-
ment (new animals introduced) groups (Clark et al., 1977; Silva et al.,
2013). SCC may either be unrelated to social interactions or primarily
influenced by negative social factors (Kay et al., 1977; Yagi et al., 2004)
rather than the positive interactions tested here.

Both milk yield and SCC vary widely amongst individual cows,
within a lactation and over the lifetime of an individual, yet due to
technological limitations, the present study only collected data for one
week. Detecting impacts of positive social experiences in future studies
would benefit from longer and multiple observations of the same cows
over several lactations to better understand patterns of variation in
physiology and social behaviour over time. Larger sample sizes are
preferred to have sufficient power to detect small effects, as even modest
changes in daily milk yields could have large financial impacts when
scaled up over several herd years.

5. Conclusions

In the three herds we studied, we identified a preference for cows to
interact with conspecifics of the same parity, consistent with evidence
for social preference according to long-standing familiarity in cattle. The
sociality of cows was not significantly associated with milk yield or SCC
and we detected no production or health benefit to cows being closely
associated with those of the same parity. Previous literature suggests
that the social environment of cattle at least partly influences cattle
welfare and production, therefore with technological advances that
facilitate longer periods of study, further research on this topic may
elucidate a better understanding of this complex relationship, beneficial
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to cow welfare and farm finances.
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