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Simple Summary: In recent years, an increasing interest in virtual fencing systems for flexible animal enclosure
management has been achieved. However, implementing such systems requires significant investment due to
the need for individual collars, hindering large-scale adoption. This study examines the spatial distribution of a
cow herd using GPS locations from the Nofence® system, aiming to identify patterns in positions and ranks to
derive a hierarchy. Despite expectations, no distinct pattern emerged, suggesting future studies should focus on

individual interactions rather than viewing the herd as a single unit.

Abstract: The interest in virtual fencing, as opposed to traditional physical barriers, has increased since it makes
it easier to move the boundaries of animal enclosures for agricultural and rewilding purposes. Despite this, the
implementation of virtual fence systems, such as the Nofence® system, requires large financial investments. The
necessity of individual collars also makes it more difficult to implement this system on a larger scale. If a herd of
cattle tend to maintain cohesive social groups around dominant individuals, it might be possible to use fewer
collars thereby making the system more cost efficient. This study investigates the pattern in spatial distribution
in a herd of 17 Angus cows on Fane in Denmark with GPS locations, using a Nofence® system. The aim of this
paper is to determine how individuals position themselves in a herd, spatially, and identify a pattern in ranks. The
method used in this study examines the distances between an individual to the rest of the herd mates using nearest
neighbour and distribution plots. Contrary to the expectations, this study did not show a distinct pattern in herd
distribution. While some tendencies in spatial distribution patterns were observed, only a low concordance could
be found (W = 0.15, p = 3.02¢—16). Therefore, interactions among individuals should be considered in future
studies, rather than only investigating the herd as one unit. A cumulative curves of the ranks estimated over the
entire periods allowed however a rough estimation of the hierarchy and allowed the identification of the highest
ranked cows. Therefore it might be possible to use fewer collars if the high ranked cows are discovered, but the
estimation of the hierarchy will require a period of observation overall several days as the hierarchical positions

are fluctuating too much from days to days. Therefore the cumulative rank curves seems to be a valid solution.

Keywords: cattle; virtual fencing; Nofence®; GPS based system

1. Introduction

Within the last century, humans have drastically accelerated the loss and alteration of biodiver-
sity across the globe, due to overexploitation of biological resources and the destruction of natural

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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habitats [1,2]. Rewilding projects have been initiated throughout Europe, which is in line with the EU
Biodiversity Strategy for 2030, aiming to protect and restore nature [2,3]. The aim of rewilding is to
manage ecological succession with the objective of restoring ecosystems and ecological dynamics, thus
enhancing biodiversity [1,4]. This can be achieved by reintroducing key grazers such as cattle, sheep,
or horses to areas with high habitat homogeneity [1,4]. In areas of rewilding, barriers are needed to
keep the large grazers in an enclosure to prevent conflicts between humans and animals [5,6]. These
barriers are often physical, such as electric fences or sisal ropes, which can be an obstacle for the local
wildlife as it restricts their migration and is not fit for quick alterations [5,7-9].

As an alternative, virtual fences provide a solution that does not affect wildlife. By establishing
borders that can be easily moved, virtual fences also reduce the risk of an area being overgrazed
[10,11]. There are several types of virtual fence [8,10]. One of them is Nofence®. The Nofence® system
works by equipping each animal with a collar. The collar is connected to a GPS based system, and can
issue auditory warning cues or electric impulses to keep the animals within a designated area. The
system is primarily used on cattle and sheep, which have shown the ability to respond to the audio
warnings issued by the collars, and the system has thereby proven to be successful at keeping the
animals enclosed [12-17]. Therefore, Nofence® can also be beneficial for agricultural use, as it allows
farmers to contain and move animals within certain areas more easily [10,13]. However, implementing
the Nofence® system, might be considered costly and requires large financial investments from farmers
to enclose their livestock [17]. The initial investment have the potential of keeping potential buyers
away, even though it would be cheaper in the long run, as most farmers already have their cattle
enclosed in a traditional physical fencing [10]. Also, a collar for every cow could make it financially
difficult for farmers to use the Nofence® technology on a large scale [10,18]. In order to lower costs, it
may be possible to reduce the number of collars, if the herd maintains a cohesive social group around
dominant individuals.

Previous studies show how cattle exhibit a tendency to form and maintain cohesive social groups
as part of their normal behaviour [19-21]. All cows within the herd may not require collars if they
are organized in social groups around one or several dominant individuals [19,22]. It could then be
sufficient to place a collar on the dominant individuals as the rest of the herd might follow these
individuals. According to Arave & Albright [19] the dominant individuals occupy the middle whereas
Sarova et al. [22] conclude that the dominant individuals occupy the front. The results from Sarova et al.
[22] furthermore shows that an increase in dominance leads to a greater influence on herd movement.
Despite their different conclusions, both studies suggest a pattern in the spatial distribution. Studies
such as those by Kondo et al. [23,24] and Sarova et al. [22] investigate behaviour to describe such
hierarchies and individual positional preferences based on the location of the herd and observation of
individuals. However, this method is time consuming and difficult to implement on a large scale [18].
Therefore, another method is needed to determine how the herd positions itself, and whether the herd
follows one or more dominant cows.

The aim of this paper is to determine how individuals within a herd position themselves in
relation to each other, solely by looking at distances between individuals within a Nofence® system.
This may allow farmers to reduce costs by only collaring dominant cows. This was achieved by
studying a herd of 17 Angus cows (Bos taurus) using GPS locations provided by the Nofence® collars.
It is expected to find an established pattern within the herd, with individuals maintaining a consistent
position in relation to herd mates over the course of a given time period. The pattern is expected to
show few individuals with high or low ranks while the remaining cattle varies within the middle rank
values [19,22]. The ranks are based on the distances between individuals. Identifying such patterns
could provide a deeper understanding of spatial distribution and thereby hierarchy when using a
Nofence® system. To investigate if any pattern appears, this paper examines the distances between an
individual to the rest of the herd mates using nearest neighbour and distribution plots.
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2. Materials and Methods

2.1. Location and Animals

The study was conducted on a herd of domestic cattle in an area called Gasehullerne on the island
Fane in Denmark (Figure 1). The cattle were located on the western part of the island in an area of
coastal moorland and dune landscapes with grass and heath vegetation. The cattle had access to both
lakes and dry areas covering a total of 160 hectares.

A

0 250

Figure 1. Map illustrating the study area Gasehullerne on Fane where the cattle were located during
the period of observation. The orange lines mark the virtual fence borders and enclose an area of 160
ha [25]

The herd was introduced to the area in May 2023. Data collection for this study took place between
15th of August and 15th of October 2023 during which the borders remained unchanged, and the cattle
were well habituated to the area and the borders prior to data collection. The herd consisted of 17
Angus cattle (B. taurus), (16 heifers aged 10-17 months and a single cow aged 11 years and 3 months).
Throughout this paper, these animals will be referred to as cows.

2.2. The Nofence® System

All animals wore a Nofence® collar, each with a unique serial number, used to identify each
individual (Appendix C). Off 17 animals, 16 wore the same collars throughout the entire experiment.
One collar lost connection and was replaced after three days, and therefore one animal had two serial
numbers (Appendix C). The Nofence® collars were equipped with a battery, two solar panels and an
integrated GPS receiver. The collars issued three kinds of messages: A poll message, a client warning,
and a client zap. All the messages consisted of a timestamp, a serial number, and longitude and
latitude. The poll messages were issued every 15 minutes. The client warnings were issued with the
auditory warning whenever an individual drew near the virtual border. The warning was a rising
tone at 82 decibels lasting between 5-20 seconds, depending on whether the animal turned around
or continued being at risk of crossing the virtual border. The client zap messages were issued if an
individual crossed the border despite the warning. The signal was paired with an electric shock of
0.2 J for one second. An individual can be given up to three electric shocks, thus sending three client
zap signals before the shock warning is disabled.
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2.3. Data Collection

The timing of the poll messages was not aligned, meaning the poll signals came at a different
time point for each individual in the herd. Therefore, it was necessary to arrange the data in 15-minute
intervals. Each day started with the interval at 00:00 - 00:15 UTC. The GPS signals from the client
warnings and the client zaps were included in the data set. If several signals were issued from one
cow within the 15-minute interval, a median of longitude and latitude were taken. Some days were
excluded from the data collection due to malfunctioning collars. 16 days (August 22nd to August 29th,
September 1st to September 3rd, and September 24th to September 28th) were removed from the data
set since less than 17 cows were registered. This could be due to the collars losing power or connection.

All data was sorted, and the statistical analysis done in R version 4.3.2 [26].

2.4. Statistical Analysis

Non-parametric methods were used for the statistical analyses, as the data did not follow a normal
distribution.

The distance between the cattle were investigated by running a nearest neighbour analysis. For
each 15-minute interval, a distance between each individual was calculated resulting in 16 distances
per cow. This was done by using GPS positions derived from the different messages. Based on the
16 distances, a median was derived and used to determine the cow’s median distance to the rest of
the herd. Each median value was ranked from the shortest (Rank 1) to the longest distance (Rank
17). For each day in the study period, a median was again calculated by grouping all ranks for every
15-minute interval. This resulted in one single value representing how a cow ranked each day. The use
of a median based method was chosen on the basis of the amount of data being inconsistent between
each cow throughout the study period, as the collars regularly lost signal shortly.

To see how ranks were distributed between the cattle during the time period, a boxplot and a
density plot was made. Both plots contain the rank for each individual each day. In addition, a time
series graph was used to visualize if any pattern in ranks occurred during the period, thus determining
whether the cows maintained the same rank on a daily basis. A cumulative graph of ranks for each
cow was also made and assessed as another way to visualize a possible pattern. Kendall’s Coefficient
of Concordance (W) was calculated to test if such a pattern was significant.

3. Results

The ranking distribution for each cow throughout the entire period lies within a minimum 3 and
maximum 16 (Figure 2). The medians range between 7 and 10 (Figure 2).
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Figure 2. Boxplot of individual ranks based on median values for each of the 17 cows during the 48-day
study period. Each data point represents a the rank a cow had on a specific day, while the different
boxplots represent a cow. The plot shows min, Q1, median, Q3 and max. Outliers are shown for Cow01,
Cow06, Cow08, Cow12, Cow15 and Cow17.

As none of the cows maintained the same rank during the study period, the time series shows
crossings and overlaps of the ranks between different individuals (Figure 3, Appendix A). Kendall’s
Coefficient of Concordance shows a concordance in rank between the days (p = 3.02¢—16). However,
the concordance shows only a slight agreement (W = 0.15), meaning that the ranks varied between
days.
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Figure 3. Times series of ranks for the 17 cows based on medians within the herd throughout the 45-day
study period. Each colour represents an individual cow in the herd. The period of study started on
August 15th and was concluded on the 15th of October. The grey marked areas show the excluded
dates, resulting from signal issues.

When assessing the cumulative rank of each cow it shows an almost parallel course where the lines
crosses and overlap (Figure 4). A separation begins around day number 20 which increases slightly
throughout the rest of the study period. By the end the highest cumulative rank is 449, indicating the
individual how had the overall lowest computed rank in the study period, and the lowest is 334.
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Figure 4. Cumulative rank for each cow in the 45-day study period. Each colour represents an
individual in the herd. The Cow ID is sorted in ascending order from lowest to highest cumulative
rank. A low cumulative rank indicates an overall high rank. Cow 01, Cow 05 and Cow 06 showed the
lowest cumulative ranks and could therefore be considered the best candidates.

The distribution of ranks for each cow is compared to visualize how frequently the cows have a
certain rank (Figure 5, Appendix B). All cows exhibit a broad span of ranks lying between 3 and 16,
with peaks between 6 and 10 on all graphs (Table 1).
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Figure 5. Density plot of ranks based on median values for each of the 17 cows during the 45-day

study period. Density is represented with percentages illustrating the amount of times an individual is

observed in a specific rank. Each colour represents an individual in the herd.

The graphs have peaks between rank 6-11, the skewness values range between —0.33 and 1.33,
and the kurtosis values range between 1.91 and 5.09 (Table 1). 4 cows exhibit a kurtosis value above
3, while 13 cows exhibit a kurtosis value below 3. Spearman Rank Correlation shows a moderate
negative correlation (0 = —0.53) between peak x-value and skewness (Table 1).

Table 1. Skewness, kurtosis, and peak values, calculated and extracted from Figure 5.

Skewness | Kurtosis | Peak x-value | Peak y-value
(rank) (%)
Cow(1 1.33 5.09 6.12 24.22
Cow02 0.31 222 8.73 19.67
Cow03 0.25 2.97 7.55 23.33
Cow(04 -0.29 2.44 8.23 17.25
Cow05 0.09 2.07 6.50 16.07
Cow06 1.07 5.09 6.86 24.81
Cow(7 0.67 2.56 6.84 20.35
Cow08 0.57 2.77 8.88 21.86
Cow09 -0.33 2.33 10.30 17.86
Cowl10 0.27 2.46 8.44 19.50
Cowll -0.21 2.16 10.30 19.50
Cowl2 0.68 3.92 8.66 23.13
Cowl3 -0.05 2.95 8.51 18.35
Cowl4 0.58 2.60 7.55 17.33
Cowl5 0.99 4.53 8.13 18.78
Cowlé -0.12 1.91 10.71 16.34
Cowl17 0.30 2.92 8.55 19.18
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4. Discussion

In order to determine whether any pattern is evident in the spatial distribution, correlations of
ranks throughout the study period were calculated. This included nearest neighbour analysis and
the distribution of the ranks based on the distances. The results suggest that the rank of the cattle
generally varies for all the individuals throughout the period.

4.1. Pattern in Spatial Distribution

The expectation was to see a pattern that shows few individuals with high or low rank, with
the remaining cattle varying within the middle rank values during the period. The expectation was
based on the placement of the dominant individuals as a herd moves freely [19,22]. However, this
study does not show a pattern in the spatial distribution and therefore no obvious hierarchy was
found within the herd, due to the method used. The time series (Figure 3) shows great variation in the
computed ranks throughout the study period. This means none of the cows remained in the same rank
though the time period, which is contrary to expatiation. The great variation is supported by Kendall’s
Coefficient of Concordance (W = 0.15), which shows a low concordance and and thereby indicate a
considerable variation in ranking across the days. In addition, the p-value from Kendall’s Coefficient
of Concordance (p < 3.02¢ — 16) indicates that the low concordance is significant. Because the rank
varies so widely, no pattern can be derived that allows us to deduce anything about the hierarchy.

The expected pattern, of distribution of rank, in this study is supported by Kondo et al. [24],
which investigates the spatial and social behaviour in a herd of beef cattle on grazing pasture and in a
dry-lot. This study showed that changes in the surroundings had no influence on individuals who
were assigned overall low or high rank. This may indicate that the hierarchy is quite stable, which
is supported by the results in Arave & Albright [19], suggesting social status can be stable over a
period of several years in an established herd. Additionally, Tibbetts et al. [27] state that hierarchies are
commonly maintained over long periods of time. This is due to individuals saving time and energy,
while also minimizing the risk of injuries by respecting an established hierarchy [27].

The density plots (Figure 5) indicate that the cattle generally have more ranks centered around the
middle values and rarely have high and low ranks. This can be seen on the rank-values ranging from
3 to 16, and with graph peak values lying between 6 and 11 (Table 1). This is also supported by the
boxplots (Figure 2), where the median for each individual is relatively close to each other with values
between 7 and 10. Despite the low concordance shown in the Kendall’s Coefficient of Concordance,
few of the density plots (Figure 5) indicate skewness and thereby a tendency to either higher or lower
ranks. Calculating the skewness (Table 1) confirms that some cows are right skewed, while no clear
left skewness is shown for any of the cattle. The kurtosis of the density plots (Table 1) shows several
values close to 3, which indicate that a lot of the values are centred around the mean. Therefore, the
cattle fall between the middle ranks. There are also a few individuals who show a kurtosis value above
3, which suggests that their values may be located closer to the tails of the density plots (Figure 5).
Individuals, showing a high kurtosis, also show an extreme right skewness, indicating a tendency of
having higher ranks. This is supported by the moderate correlation between the peak x-values and
skewness (p = —0.53). The cumulative graph some clustering around the end 4. This might indicate an
underlying pattern in the computed rank that could indicate a hierarchy. The cluster with the lowest
cumulative rank, indicating the highest rank throughout the days, consists of Cow01, Cow05 and
Cow06. When comparing results of the cumulative graph to the other analyses conducted in this study,
it is still unclear if this pattern is concludable. A possible improvement would be to extend the study
period as the clustering might become more visible and also clear in the other analyses.

Though this study shows tendencies suggesting a hierarchy, no clear pattern can be extracted
when looking at the data collectively. A pattern in hierarchy and spatial distribution was also absent
in Gabrieli & Malkinson [28]. They examined a herd of 130 cows by monitoring agonistic behaviour,
measuring distances between the cows during rest and grazing, and calculating their fitness in order to
find a correlation between dominance and fitness. They did not find a pattern in dominant behaviour,
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and concluded that no cow consistently ranked first, middle, or last. Furthermore, no pattern could
be found in individual positioning [28]. This is consistent with the results of this study. The lack
of consistency in the spatial distribution of the cattle in this study may be due to the median based
method, which may not be optimal to examine spatial distribution.

4.2. Method Considerations

The method in this study uses median values, meaning a cow is less likely to have an overall
low or high rank. The expected pattern of few individuals with high ranks and few individuals with
low ranks were therefore not seen. Another way to process the data could be by using sum, mean or
geometric mean instead of medians. However, this requires no loss of signal in the data collection.
Since this system has several periods without data, it will not be possible to use this method in this
study. Another way to improve the method could be by increasing the message frequency. In this
study, a message was given for every 15 minutes. However, the messages were not aligned between
individuals, resulting in the use of median. While the improvement of signals might better the method
in this study, other methods might also be important to take into consideration. Noteworthy, the
cumulative ranks curves show a more clear pattern with three distinct hierarchical groups, low rank,
middle rank and high rank. This suggest that in order to discover the high ranked cows (which could
bear the collars alone) it is necessary to estimate the hierarchical position over several days, in order to
reduce the effect of the inter-days fluctuations in hierarchical positions.

4.3. Alternative Methods

According to Tzanidakis et al. [18], the first step in making a model to study the behaviour of
livestock, is by making observations. It might be possible to prevent the signal failure issues in this
study, or similar GPS technology studies, through physical observation. Multiple studies use physical
observation to calculate a win:loss ratio and uses this as a dominance value instead of only basing it on
distances [19,24,28]. The win:loss ratio is based on observed agonistic encounters, where the number
of interactions (such as threats and pushing) won is compared to the number of interactions lost. The
cattle are then ranked by dominance based on these values [24,28]. Physical observations also have
some disadvantages, as it is time consuming thus demanding additional labor and financial resources
[29]. Additionally, physical observations may be more inaccurate due to risk of missing important cues
[30]. Instead of using physical observations to investigate behaviour in cattle, Tzanidakis et al. [18]
suggest that GPS-GIS technology could be used in future studies. In order to conduct a comprehensive
analysis of cattle hierarchy dynamics within a virtual fence system, it may be necessary to combine
several of these methods so the system can be implemented for agricultural use as well as in rewilding
projects. In this study, only the physical positions of individuals in relation to the herd were taken into
account. Including the use of an individual-level approach might have been able to reveal patterns
between individuals, thereby finding a pattern within the herd.

5. Conclusion

In conclusion, this study shows no clear pattern of hierarchy, in a virtual fence system, when only
investigating distances between individual herd members. While some tendencies could be discerned,
only a low concordance between the days could be found. The method used in this study may have
been affected by timing differences between collar messages leading to the use of median values which
might be inadequate to describe herd positioning. Future studies could take into account interpersonal
interaction, thereby incorporating individual personalities and not just analysing the herd as one unit.
Another possibility is to extend the study period as clearer indication of a pattern might arise. As
a result of this study, it has not been possible to identify a pattern that would allow only a limited
number of collars to be applied to a specific number of cows. More studies are necessary to investigate
whether it is possible to reduce the expenses of a virtual fence system, and make it more applicable for
farming on a large scale and rewilding projects.
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Appendix A

Cow01 Cow02
164 164
151 151
14 4 14 4
134 131
12 4 121
114 111
104 10 1
94 94
8 4 8
71 71
01 01
51 51
41 41
34 31

aug 15 sep 01 sep 15 okt 01 okt 15 aug 15 sep 01 sep 15 okt 01 okt 15

Cow03 Cow04
164 16 4
151 151
14 4 14 4
134 131
12 4 12 4
2 117 11+
é lg- Ig-
o 84 8
71 71
61 67
51 51
41 4
34 31

aug 15 sep 01 sep 15 okt 01 okt 15 aug 15 sep 01 sep 15 okt 01 okt 15

Cow05 Cow06
164 16 1
154 151
14 4 14 4
134 13
12 4 12 4
114 11+
10 4 10 4
9 1 9 1
8 8
71 71
61 64
51 5
4 1 41
34 31

aug15  sepOl  sep15  oktOl okt15 augl5  sepOl sep15  oktOl okt 15
Date
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Cow(7 Cow08
16 4 16 1
15 1 151
14 1 14 1
13 1 13 1
12 1 12 1
111 111
10 1 10 1
94 94
8 8 1
74 74
64 64
54 54
44 44
3 34

aug 15 sepOl  sep15  oktOl okt15 aug15  sepOl sep15  oktOl okt 15

Cow09 Cow10
16 1 16 1
15 1 151
14 1 14 1
13 1 131
12 1 12 1
117 111
é 10 4 10 1
94 94
m 8 1 84
74 74
64 64
54 54
44 44
31 34

aug 15 sep 01 sep 15 okt 01 okt 15 augl5 sep 01 sep 15 okt 01 okt 15

Cowll Cowl2
16 1 16 1
15 1 151
14 1 14 1
13 1 13 1
12 1 121
114 114
10 1 10 1
94 94
8 1 81
74 74
6 64
54 54
44 44
3 3

aug15  sep0l  sep15  oktOl okt15 aug15  sepOl sep15  oktO1 okt 15
Date



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 April 2024 do0i:10.20944/preprints202404.0064.v1

14 of 18

Cowl3 Cowl4

16 4 16 1

151 151

14 4 14 1

13 4 131 A
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10 1 "\ 10 1 \
94 94
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34 3

aug 15 sep0l  sepl5  oktOl okt15 augl5  sepOl sep15  oktOl okt 13

Cowl5 Cowl6

16 16

154 151

14+ 14+

13 4 131

12 4 12 4
s 117 11+
g 10 A 10 A

94 9 1
o 8 8

7 71

61 61

5 5

4 1 41

31 31

aug 15 sep 01 sep 15 okt 01 okt 15 augl5 sep 01 sep 15 okt 01 okt 15
Cowl7

164

151

14 4

134

12 4

11+

10 A

9-

8_

7-

6-

5-

4-

3-

aug 15 sep0l  sep15  oktO1 okt 15
Date

Figure A1. Times series of ranks based on medians within the herd throughout the 45-day study period.
Each colour represents each individual cow in the herd. The period of study started on August 15th
and was concluded on the 15th of October. The grey marked areas show the excluded dates, resulting
from signal issues.
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Appendix B
Cow01 Cow(2
25% 25% A
20% - 20% A
15% 4 15% A
10% 10% A
5% 5%
0%-IIIIIIIIII 0% ‘- +—————r—1—"—1"—1"1117
123456 101112]314151617 12345673891011121314151617
Cow03 Cow(4
25% 25%
20% A 209% A
15% 15% A
10% A 10% A
5% A 5% A
% - 0P
12345 8 91011121314151617 12345673891011121314151617
Cow05 Cow06
25% 25% A
3\20%- 20% A
‘7 15% A 15% A
5 10%- /\ 10% 1
A 59- 5%
0%'.................0%'..........
1234567891011121314151617 1234567 1011]21314]516]7
Cow07 Cow08
25% A 25% A
20% A 20% A
15% 15% A
10% 10% A
5% 4 5% 4
0%'.................0%'.................
123456789I1011121314151617 123 67 8 91011121314151617
Cow09 Cowl0
25% A 25% A
20% - 20% A
15% - 15% A
10% H 10% A
5% 5%
0% 0%
1234567891011121314151617 1234567 891011121314151617
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Cowll Cowl2
25% A 25% -
20% A 20% A
15% 15% A
10% 4 10% A
5% A 5%
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1234567 891011121314151617 1234567 891011121314151617
Cowl3 Cowl4
25% A 25% A
20% A 20% A
15% A 15% 4
10% 10% A
5% 4 5% 4
>~,0%'.......... 0% =
E 1234567 1011121?14151617 1234567 891011121314151617
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A 25% A 25Y% A
20% A 20% 4
15% 15% A
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10%
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0%t
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Rank

Figure A2. Density plot of ranks based on median values for each cow during the 45-day study period.
Density is represented with percentages illustrating the amount of times an individual is observed in a
specific rank. Each colour represents an individual in the herd.
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Appendix C

Table Al. The serial number from the Nofenceo collars, and their reference name in this study. One
collar lost connection and was replaced after three days, which resulted in Cow01 having two serial

numbers.

Reference Colilar

serial number

73798
Cow 01 90894
Cow 02 73882
Cow 03 73957
Cow 04 73985
Cow 05 74042
Cow 06 82461
Cow 07 82463
Cow 08 82513
Cow 09 82573
Cow 10 82587
Cow 11 84878
Cow 12 89446
Cow 13 89481
Cow 14 89495
Cow 15 90747
Cow 16 90754
Cow 17 90876
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