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Supplementary Materials
Supplementary Methods.

Herd selection for Global Positioning System collaring study of cattle
We selected herds using a four-stage selection process:

1. Selection of resource areas: Six replicate grazing areas were randomly selected from a
list of the largest 18 shared grazing areas in Serengeti District. All selected grazing areas
were <1 km from at least one major watering point (Fig. 1, main text).

2. Selection of villages: For each selected grazing area, all villages that grazed in the area
(n = 26) were included in the study.

3. Selection of herds: In each village, one large and one small herd were selected
randomly for Global Positioning System (GPS) collar deployment from the list of all bomas,
on condition that each boma was >1 km apart. The number of cattle in each herd was
classified by size based on community perceptions as follows: large herds (=90 cattle) and
small herds (<90). Within villages, pairwise distances between bomas ranged from 1-5 km.

4. Selection of cattle for collaring: One healthy cow per herd was considered sufficient to
track collective group movements '.

GPS data retrieval and processing

Each sampled boma with collared cattle was visited every four weeks to retrieve data
from the GPS devices. Owners were asked weekly if collared animals had remained with
the herd to ensure the GPS data were representative of the herd’s movement.
Occasionally, collared cattle were sold, in which case another collar was deployed on a
comparable individual within the same herd.

Collar data were pre-processed by excluding unrealistically high movements speeds (>20
km/hour) 23, These errors occurred infrequently and likely related to GPS satellite
coverage, or possibly transport of collars within a moving vehicle.



Supplementary Figures

Figure S1. Pictures showing the components of Global Positioning System collars used in
the study to track movements of individual cattle in a herd. Complete units were mounted
on cattle using locally-produced collars.



Collared cow A Collared cow B

Figure S2. A schematic used to define contact of two herds A and B (black and black and
white cattle, respectively). The blue circle is the spatial scale, which in this case has a
buffer size of 200 meters in diameter (double arrow). The buffer size indicates the
proximity of a contact, which in this case was defined as two GPS fixes from two different
herds with location less than 200 metres apart within one hour. The figure also shows
that, although the distance between the two collared cattle in their herds was 200
meters, other cattle from both herds were likely to be in the path (less than 200 m) of
collared cattle A and B.
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Figure S3. Distribution of the overall livestock herd mobility across herd sizes during the
study period: (a) total distance moved daily and (b) maximum distance displaced from the
home boma. Boxplots represent median and interquartile range (IQR). Herds were
classified as: large (>90), medium (30-90) and small (<30).



204

15+

104

wos

0-
20 A

15 _
Time

—— hour
10 A

wooc

— day

— week

Percentage of contacts

04
204

15+

10

woos

012 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23
Time of day (am/pm)
Figure S4. The proportion of contacts that occurred for each hour in the day. The spatial

window (contact distance) was set at 50m, 200m and 500m. The temporal window
(duration of contact) ranged from one hour to one week.
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Figure S5. Pairwise contact rates across all spatiotemporal definitions of contacts decline
with distance (km) between pairs of cattle’s bomas. The contact rate between a pair of
collared cattle was measured as the proportion of time they were in contact given a
contact definition. The black fitted line is the regression line. The dashed reference line
shows the distance beyond which collared cattle had no contact based on all contact
defintions.
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Figure S6. Mean standardised contact rates of cattle increase with spatiotemporal
windows (i.e. buffer size and lagged time). Error bars are the standard error of the mean.
The spatial window (contact distance or buffer size) was set at 50, 100, 200, 500 and 1000
m. The temporal window (lagged time interval) ranged from 1 to 168 hours (i.e. one hour
to one week). The reference line at 200 meters indicates the assumed close contact
distance. Herds from home bomas located within 5, 10 and 15 km comprise an area of
19.6, 78.5, 176.7 km?, respectively.



Supplementary Tables

Table S1. Details of the binomial regression models (i.e. contact spatial window of 50
metres and temporal windows of 1 hour to 1 week), which examined factors that affect
the probability of herd contacts relative to resource areas that was measured across a
range of spatiotemporal proximities. Models were tested inividually and continuous

variables were scaled to mean zero and one standard deviation (SD).

Model

Fixed effects of final
model

Model summary

Spatiotemporal
proximity of 50
metres in one
hour

Distance to boma and
Herd size.

Most contacts between herds occurred
away from their bomas and among small
herd types. Odds ratio increased by 1.5
times (Cl: 1.40 - 1.61) per one standard
deviation (SD) increase in distance to
bomas. The probability of encounter
between herds decreased by 2.09 times
with one SD increase in herd size.

Spatiotemporal
proximity of 50
metres in one
day

Distance to boma,
Rainfall, Distance to
the grazing, dipping
points, and
interaction terms of
Distance to boma and
Herd size.

A higher proportion of contacts occurred
away from the bomas depending on herd
size. Larger herds had higher contacts
away from bomas, while the reverse was
the case for smaller herd sizes as
contact probability decreased by 0.81
(CI: 0.68 - 0.96) with one SD increase in
herd size. Higher proportion of contacts
occurred close to grazing areas (OR:
0.84; Cl: 0.71- 0.99) and around dipping
points (OR: 0.84; Cl: 0.72 - 0.99).

Spatiotemporal
proximity of 50
meters in one
week

Distance to boma,
Rainfall, Distance to
watering and dipping
points, Herd size and
interaction terms of
Rainfall and Distance
to grazing.

The probability of contact was 2.58 (Cl:
2.31 - 2.88) times higher with one SD
increase in distance to bomas. Herd
encounters were lowest with increased
distance to watering and dipping
locations. Although contacts were
highest when rainfall level was lowest,
higher contacts were observed away
from grazing areas with increased
rainfall.




Table S2. Details of the binomial regression modes (i.e. contact spatial window of 200
metres and temporal windows of 1 hour to 1 week), which examined factors that affect
the probability of herd contacts relative to resource areas that was measured across a
range of spatiotemporal proximities. Models were tested inividually and continuous

variables were scaled to mean zero and one standard deviation (SD).

Model

Fixed effects of
final model

Model summary

Spatiotemporal
proximity of 200
metres in one
hour

Distance to boma,
Herd size, Rainfall,
Distance to watering
point, and the
interaction terms of
Rainfall and Distance
to watering point

Most contacts between herds occurred
away from their bomas. Odds ratio
increased by 2.83 times (Cl: 2.36 - 3.40)
per one standard deviation (SD)
increase in distance. The probability of
encounter between herds decreased by
0.88 with one SD increase in herd size.
Contacts reduced significantly with
increased distance to watering points,
which decreased further with higher
precipitation levels.

Spatiotemporal
proximity of 200
metres in one
day

Distance to boma,
Herd size, Rainfall,
Distance to grazing
area and dipping
point.

A higher proportion of contacts
occurred away from the bomas. Odds
ratio increased by 2.63 times (Cl: 2.40 -
2.88) per one standard deviation (SD)
increase in distance. Probability of
encounters was higher for small herds
compared to large. Contacts reduced
significantly with increased distance to
watering and dipping points .

Spatiotemporal
proximity of 200
meters in one
week

Distance to boma,
Herd size, Rainfall,
and Distance to
grazing, watering and
dipping points and
their interaction
terms.

A higher proportion of contacts
occurred away from the bomas, which
depended on herd size. Larger herds
had higher contacts away from bomas,
while the reverse was the case for
smaller herd sizes as contact
probability decreased by 0.80 (Cl: 0.78
- 0.82) with one SD increase in herd
size. Higher proportion of contacts
occurred away from watering locations
but close to dipping points and around
grazing areas, mostly when
precipitation levels were low.
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Table S3. Details of the binomial regression models (i.e. contact spatial window of 500
metres and temporal windows of 1 hour to 1 week), which examined factors that affect
the probability of herd contacts relative to resource areas that was measured across a
range of spatiotemporal proximities. Models were tested inividually and continuous

variables were scaled to mean zero and one standard deviation (SD).

Model

Fixed effects of
final model

Model summary

Spatiotemporal
proximity of 500
metres in one
hour

Distance to boma,
Herd size, Rainfall,
and Distance to
grazing, watering and
dipping points and
their interaction
terms

Most contacts between herds occurred
away from their bomas. Odds ratio
increased by 1.99 times (Cl: 1.79 - 2.21)
per one standard deviation (SD) increase
in distance. Probability of encounters
was higher for small herds compared to
large. Contacts reduced significantly
with increased rainfall, and increase
distance to dipping points and watering
points, but higher encounters were
observed away from grazing locations
which increased further with higher
precipitation levels.

Spatiotemporal
proximity of 500
metres in one
day

Distance to boma,
Rainfall, Distance to
grazing, watering and
dipping points and
their interaction
terms

The probability of contact was 2.61
times (Cl: 2.47 - 2.75) per one standard
deviation (SD) increase in distance to
bomas, especially for large herd types.
Herd encounters reduced with
increasing distance to grazing location
(OR: 0.86; Cl: 0.82 - 0.90) and dipping
(OR: 0.47; CI: 0.41- 0.52), but increased
with increasing distance to watering
points, especially during high
precipitation levels.

Spatiotemporal
proximity of 500
meters in one
week

Distance to boma,
Rainfall, Herd size,
Distance to grazing,
watering and dipping
points, and their
interaction terms

The probability of contact was 2.89
times (Cl: 2.78 - 3.00) per one standard
deviation (SD) increase in distance to
bomas, especially for large herd types.
Herd encounters reduced with
increasing distance to grazing location
(OR: 0.92; CI: 0.90 - 0.95) and dipping
(OR: 0.39; CI: 0.36- 0.42), but increased
with increasing distance to watering
points, especially during high
precipitation levels. Probability of
encounters was higher for small herds
compared to large.
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