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Simple Summary

The interaction of sheep with waterways has the potential to impact water quality, partic-
ularly during summer when sheep are likely to have greater motivation to drink. There
is little information available on the behaviour of sheep around a natural waterway and
whether there is any association with the provision of a reticulated trough. When access
to the water trough was restricted, there was an observed increase in the amount of time
ewes spent grazing and drinking in the stream zone (3 m buffer around the stream). Access
to the trough, however, had little impact on the concentrations of nutrients, except for
ammonium-N, in the waterway. Stream loads of E. coli, ammonium-N, and total P at the
outflow monitoring site were higher compared to the inflow site, regardless of whether
ewes had access to the water trough. Paddock slope, the location of the trough, and stream
crossings influenced the movement of sheep within the paddock. Sheep were observed
within the stream zone most commonly during daylight hours and least at night. The
results of the current study provide evidence that sheep interacted with the stream zone
and that this had an impact on some measures of water quality.

Abstract

The behaviour of ewes within the vicinity of a natural stream and the impact on stream
water quality in New Zealand hill country in summer has not been studied previously.
Adult ewes (n = 40) were managed in a 1.7 ha paddock. Ewes were given access to a
reticulated water trough for one week, then the trough was covered in the second week,
resulting in the stream being the only source of free water available to the ewes. Ewe
behaviour was monitored by video surveillance, GPS and Accelerometers. Ewes spent
more time grazing and drinking within the stream zone (3 m buffer around the stream)
during the restricted vs. unrestricted period (p < 0.05). Restricting water trough access
had little impact on nutrient concentrations, except for ammonium-N, which increased
(p < 0.05). Increased stream loads of E. coli, ammonium-N, and TP in the outflow from the
paddock were evident. The spatial distribution of ewes was influenced by the slope and
location of the trough and stream crossings. Ewes were least observed near the stream at
night, with the highest activity in daylight. Ewes travelled greater distances as the slope
increased, except at very steep slopes. While water trough access had no effect on the time
ewes spent within the stream zone, there was a high density of ewe location fixes near the
trough that was not seen when access was restricted. The water quality results suggest that
the presence of sheep in the paddock had some impact on ammonium-N and E. coli.
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1. Introduction

In hot environments where sheep are managed under extensive conditions, they
appear to prefer to graze close to water sources and therefore spend most of their time
near watering points [1,2]. The duration that sheep spend grazing, however, depends on a
number of factors, including the availability of feed, hours of daylight, and flock size [3,4].
Sheep have been reported to spend approximately eight to nine hours per day grazing,
which can increase to up to 13 h per day if the feed supply is limited [3].

In New Zealand during summer (maximum daytime air temperatures of ~20-28 °C),
the moisture contained within pastures can be up to 50% compared to 80% in spring
(maximum daytime air temperatures of ~15-20 °C) [2,5-7]. The moisture content of pasture
can directly influence how much sheep drink [8-10]. The dry matter intake of sheep is
positively related to water consumption [11,12]. Therefore, during summer in New Zealand,
the higher dry matter content of pasture and increased air temperatures suggest that sheep
will likely require more free water to drink than in other seasons. Typically, in New Zealand,
sheep can access drinking water from reticulated water troughs or natural sources such as
streams. If water trough access is restricted in summer, sheep may be more motivated to
drink from streams than in other seasons.

Farming activities in New Zealand can affect water quality via losses of phosphorus
(P), nitrogen (N), and faecal matter to waterways, which can make water unsafe to swim
in and can lead to unwanted biological growth such as algae [13-17]. In particular, cattle
can have a significant influence on the water quality of streams and rivers [18,19]. Cattle
crossing waterways have been reported to cause water contamination due to the deposition
of urine and faeces directly into the water [20]. Bagshaw [21] reported that beef cattle spent
up to 6.7% of their day in or within 2 m of a stream and deposited 4% of their faeces in
these areas, which then impacted water quality. However, our understanding of how sheep
behave around natural waterways and how this influences water quality is very limited.

Previously, access to a water trough in winter was found to have no effect on the
proportion of time that ewes were observed to graze, walk, rest, or drink within 3 m of the
stream [22]. In winter, ewes showed minimal interaction with the stream, which was partly
explained by the high moisture content of the pasture (77%). In winter, when trough access
was restricted, there were higher concentrations of total P in the stream but no difference in
nitrate-N and E. coli compared to when the trough was accessible. There is currently no
data available to determine if the same trends occur during summer weather conditions.

The current study aims to investigate ewe behaviour and interaction around a natural
waterway during summer to determine any potential impacts on water quality. In addition,
the impact of providing access to a reticulated water trough on sheep behaviour was also
investigated. It was hypothesised that the absence of a reticulated water source would
result in greater sheep interaction with the natural waterway, which would negatively
influence the concentration and load of nutrients and pathogens in the waterway.

2. Materials and Methods

Procedures in this study were carried out with the approval of the Massey University
Animal Ethics Committee (MUAEC 19/102, approved on 18 October 2019). This study was
conducted over two weeks from 15 February (D1) to 28 February 2020 (D14) at Massey
University’s Tuapaka farm, located approximately 15 km north-east of Palmerston North,
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New Zealand (40.3345° S, 175.7390° E). The two-week period was based on the battery
life of the GPS collars and was considered an adequate period to intensively monitor
animal behaviour.

2.1. Animals and Study Design

This study used mature (3 to 5 years of age, which represented farm stock ages)
Romney ewes (1 = 40). Briefly, a crossover study was conducted, whereby ewes grazed
the study paddock for one week with full access to reticulated water from a water trough,
then in the second week, the trough was covered, resulting in the stream being the only
free water access within the paddock (Figure 1). This study was undertaken in a 1.7 ha
fenced paddock (249.0 m x 249.4 m x 85.0 m x 50.2 m) that contained a natural stream,
which was 233 m in length, <30 cm deep, <1 m wide, and positioned ~3-5 m lower
than the surrounding pasture (Figure 1). The catchment area collecting water from the
surrounding landscape and contributing to the stream between the two culverts (Figure 1)
was calculated to be 4.1 ha in size using ArcGIS Pro. This paddock was a familiar part of the
ewes’ normal grazing rotation. During the study period, ewes were grazing predominantly
on perennial ryegrass pasture (Lolium perenne), with pasture masses greater than 1000 kg
DM/ha and an average moisture content of 56%. Ewes” movement within the paddock
and their interaction with the waterway were monitored using GPS, accelerometer, and
video surveillance footage, and their impact on water quality was measured.

Study site
~— Stream
Stream zone

B Trough
1 Paddock boundary
* Camera
Culverts

0.1 Kilemeters

Figure 1. Map of the study paddock showing the paddock boundary (black line), stream (blue line),
position of the trough (black dot), culverts [yellow bars (letters A and B)], camera locations with
their number (red dots), and the stream zone (3 m). A and B indicate the outflow and inflow water
sampling sites, respectively.

Sheep Behavioural Observations

Ewe behaviour was recorded 24 h/day for two weeks from D1 to D14. Fifteen motion-
activated video surveillance cameras (Moultrie® model MCG-13297, Birmingham, AL, USA
(n =7), TechView model QC8027, TechView, Kaki Bukit, Singapore (1 = 4) and Bushnell ©
model 119736, Overland Park, KS, USA (n = 4)) were used to record ewe movement and

https://doi.org/10.3390/ruminants6010014


https://doi.org/10.3390/ruminants6010014

Ruminants 2026, 6, 14

40f17

behaviour around the waterway. Cameras were located at spacings of 14 to 18 m along
the stream, and the clear recording distance was up to 15 m (Figure 1). An additional
camera was placed approximately 7 m from the reticulated water trough (Figure 1). When
ewes’ presence triggered the camera, the camera recorded for 30 s, then another 10 s of non-
recording period. If the ewe was still within the 15 m range and moving after this period,
an extra 30 s of recording took place. It was possible to record during darkness using the
camera’s infrared LED flash. Each ewe had a plastic collar labelled with a unique number,
and they also had large numbers marked on their flanks using stock spray (Sprayline,
Donaghys, Christchurch, New Zealand).

Behaviours were coded from video recordings using the ethogram described by Bun-
yaga et al. [22] and using BORIS software (version 7.8.2; Friard et al. [23]). The behaviours
recorded included grazing, walking, stationary, drinking, sniffing, walking in the stream,
and out of view.

2.2. GPS and Accelerometers

All ewes (n = 40) wore a collar, which was attached to a triaxial accelerometer weighing
19 g (WGT3X-BT, Ametris, Pensacola, FL, USA) and a custom-built GPS unit weighing
~100 g (DataCarter Ltd., Feilding, New Zealand). The GPS monitors allowed continuous
tracking of satellites, recording animal position when ewes moved distances of >5 m or if
stationary, every 60 s. GPS units used a 3.6 volt battery (Tadiran lithium Inorganic battery,
Tadiran, Lake Success, New York, USA) with a battery life under continuous operation
of 15 to 25 days. The GPS and the battery were protected by a plastic case, which was
weatherproof. GPS units recorded latitude, longitude, date and time (GMT), horizontal
dilution of precision (HDOP), and satellites detected. Excel VBA using macros calculated
from the Vincenty inverse formula for ellipsoids [24] was used to calculate the distance
between two latitude/longitude points (in numeric [decimal] degrees). Triaxial accelerom-
eters and GPS units were attached for fourteen days from D1 to D14. Sheep locations were
determined from data recorded from more than four satellites. Distance travelled and
time spent by sheep in the paddock were calculated from GPS and accelerometer data,
respectively. Time of day was classified as either early morning (0600 to 0859), day (0900 to
1659), evening (1700 to 1959), or night (2000 to 0559).

The triaxial accelerometers were programmed to record all three axes (x, y, and z) at
30 hertz. Accelerometers were attached to the collar of each ewe and to the post that each
camera was attached to. The devices attached to the ewes had the Bluetooth proximity
function set to be a beacon, and the devices attached to the camera locations were set as
a receiver. The devices had a built-in rechargeable battery that had a life cycle of 16 to
21 days. Data from the devices was downloaded using proprietary software (ActiLife 6,
Amertis, Pensacola, FL, USA). Proximity to the camera locations was estimated based on
the received signal strength indicator as described by Sohi et al. [25].

2.3. Ewe and Pasture Measures

At D1 and D14, all ewes were weighed (Tru-Test weigh scale, Tru-Test, Auckland, New
Zealand), with body condition scored by an experienced technician (scale 1-5; Jefferies [26]).
All ewes were weighed within an hour of being removed from the pasture.

The percentage of moisture contained in the pasture was determined from samples
collected at approximately 1 pm on D1, D8, and D13. Six pasture samples of approximately
50 g were collected by hand plucking the herbage present to simulate ewe grazing. Samples
were dried for 48 h at 80 °C to calculate dry matter and moisture content.
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2.4. Weather Data, Water Sampling, and Analysis

Hourly and daily weather data were obtained from a nearby (800 m) weather station.
Parameters recorded included rainfall (mm), air temperature (°C), relative humidity (%),
wind speed (m/s), and solar radiation (MJ/ mA?2).

Three replicated stream water flow measurements were taken every hour on the hour
and averaged for each hour between 8 am and 3 pm on D5, D6, D12, and D13 (Figure 2).
Measurements were taken at the exit of each of the two culverts located at the stream inflow
and the outflow of the paddock (Figure 2). Due to the low flow rate, stream flow rate was
measured manually using a 30 L bucket, a graduated jug, and a stopwatch, as per the
bucket and stopwatch method described by Othman et al. [27].
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Figure 2. Mean daily rainfall (mm, bar), relative humidity (%, solid line), minimum temperature
(°C, dotted line), and maximum temperature (°C, dashed line) during the study period. Pre-study
days D-3 to D-1 (12-14 February 2020), water trough unrestricted days D1 to D7 (15-21 February
2020), and water trough restricted days D7 to D14 (22-28 February 2020). Stream flow rate and water
samples (W) were measured on D5, D6, D12, and D13.

In addition, on D5, D6, D12, and D13, water samples were collected every hour on
the hour from 8 am to 3 pm from both the inflow and outflow culverts to determine the
concentrations of nitrate-N, ammonium-N, total P (TP), and Escherichia (E. coli). Samples
for E. coli were collected using a sterile technique to avoid sample contamination and
couriered to the laboratory on the same day. Water nutrient samples were kept cool
until they could be transported to the laboratory within 8 h. Samples to be analysed for
nitrate-N and ammonium-N were sub-sampled and filtered to <0.45 um for subsequent
analysis. A second unfiltered sub-sample was frozen for subsequent total P analysis. Due
to a laboratory error, the concentration of suspended sediment was not measured in the
current study.

The colorimetric method was used to determine nitrate-N and ammonium-N concen-
trations [28] using an autoanalyzer (Pulse International Ltd., Saskatoon, Sask., Canada).
Total P concentrations were determined by Hill Laboratory (Hamilton, New Zealand) using
the total P digestion and the automated ascorbic acid colorimetry method (APHA 4500-PH
method) and analysed via flow injection analysis [29].

E. coli concentrations were determined by Eurofins Laboratory (Wellington, New
Zealand). Samples were analysed within 24 h of collection using a membrane filtration
procedure (Standard Method APHA 9222G [29]).
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Nutrient and E. coli loads (mg/s) in inflow and outflow were calculated as per
Equations (1) and (2):

Nutrient load (mg/s) = Concentration (mg/L) x flowrate (1/5) (1)

E. coliload (cfu/s) = Concentration (cfu/100 mL) x flowrate (1/s) (2)

2.5. Statistical Analysis

GPS results were analysed using ArcGIS (ArcGIS Pro 2.2.4, 2018). An optimised
hot spot analysis (z-score) was undertaken within ArcGIS to identify ewe GPS locations,
which were spatially clustered and statistically significant. A hot spot was identified if ewe
locations were higher in contrast to the expected number under random distribution. A
cold spot was defined as an area that had a lower concentration of ewe locations compared
to the expected number, given a random distribution of ewes. In determining if ewes were
interacting with the waterway, a ‘stream zone’ was defined, which included both the stream
and a buffer of 3 m on either side.

Data on the distance travelled by ewes was cleaned and then analysed using Mi-
crosoft Excel macros. Water quality and ewe behaviour data were first checked using the
Kolmogorov-Smirnov and Shapiro-Wilk tests for normality, and the Levene’s test and
Tukey transformation were used for homogeneity of variances (Tukey’s Ladder of Powers
transformation) where appropriate [30]. The drinking, grazing, and walking analyses
were undertaken using R 3.6.0 (26 April 2019; R Core Team (2019)). The effect of water
trough access on ewe behaviour (e.g., % grazing and drinking) was analysed using a one-
factor ANOVA. Analysis of ewe behaviour association with time of day or environmental
temperature was undertaken using linear regression.

The concentration of E. coli, nitrate-N, and ammonium-N were analysed using para-
metric analysis, and that of TP using non-parametric analysis in R 3.6.0. E. coli, nitrate-N,
ammonium-N, and TP loads were analysed using one-way ANOVA, then if significant, a
post hoc test (Tukey test p < 0.05); otherwise, a non-parametric ANOVA model was used
(Kruskal-Wallis) to determine differences between mean ranks.

3. Results
3.1. Weather and Streamflow Rate

Weather data were recorded from three days prior (D-1 to D-3) to the start of the
study and during the two-week study period (D1-D14, Figure 2). Rainfall was measured
on 4 days of the study period and ranged from 0.6 to 13.8 mm/day. There were 3 and
0.6 mm/day of rainfall recorded on the water sampling days D5 and D6, respectively,
within the unrestricted water trough period. Minimum daily air temperatures ranged
from 10 to 18.6 °C, whereas maximum air temperatures varied from 17.4 to 26.6 °C. The
air relative humidity ranged from 63.9% to 87.9%. Average wind speed over the study
period was 5.0 m/s and ranged from 2.8 to 10.1 m/s, and average solar radiation was
16.5 M]/mA2 and ranged from 4.1 to 22.7 M]/mAz.

The stream flow rate measured from the inflow and outflow sites ranged from 0.05
to 1.07 L/s. Median flow rate was higher in the unrestricted water access period (0.61,
0.51-0.70 L/s) than in the restricted periods (0.18 (0.13-0.21) L/s; p < 0.05; Table 1). Flow
rate was positively correlated with both rainfall (r = 0.5, p< 0.05) and daily average humidity
(r=0.1, p< 0.05) and negatively correlated with wind speed (r = 0.1, p < 0.05). On three of
the four sampling days (D5, D12, and D13), flow rates were greater at the outflow than at
the inflow monitoring sites, while the opposite was unexpectedly measured on D5 (p < 0.05,
data not presented).
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Table 1. Arithmetic mean (SEM) of the concentration of nitrate-N (mg/L), and the median (with
interquartile range in parentheses) of E. coli (cfu/100 mL), total phosphorus (mg/L), suspended
sediment (mg/L), ammonium-N (mg/L), and flow rate (L/s) in periods of unrestricted and restricted
access to the water trough.

Parameter N Treatment Median (IQR) p-Value
NNy 5 S S00man
AN 5 G 800,
Tt ) 5 U ROMNE o
Poicum) B e e
vy § G 0050 o

3.2. Water Quality

Water analyses showed that ammonium-N concentrations were higher (p < 0.05)
during the water trough restricted period compared to the unrestricted period (Table 1).
Ammonium loads measured in the outflow were also higher than those in the inflow on D6,
D12, and D13 (p < 0.05, Figure 3D). E. coli concentrations, however, were higher (p < 0.05)
during the water trough unrestricted period compared to the water trough restricted period.
The load of E. coli in outflow water samples was higher than that in inflow samples on
D5, D12, and D13 (p < 0.05, Figure 3B). There was, however, no difference in Nitrate-N
and TP concentrations between the treatments (p > 0.05). Nitrate-N and TP loads were
higher in inflow than in outflow on D5 (p < 0.05, Figure 3A,C), which is consistent with the
higher inflow stream flow rates measured on D5. Total P loads measured in the outflow
were higher compared to the inflow on D6, D12, and D13 (p < 0.05, Figure 3C). Nitrate-N,
ammonium-N, E. coli, and TP loads did not vary across the hours of the day (p > 0.05, data
not presented) on any of the study days.

b
b B i
.
’
b
[ a : I
| : : a )
ol 1l RN S 3 . - i

day 5 day 6 day 12 day 13 day s day 6 day 12 day 13

03

«

o

~

]
»
I

°
o
w

o

°
E. coli (cfu/s x 10%)

Nitrate (mg/s)

°
[T

Unrestricted Restricted Unrestricted Restricted
Observation day Observation day

] c 03 D

0.04 Eorz T

14
3
3

b £04

a a a 3? E;z a a . ,‘,
'mlm i z:;mﬁ il ;aﬁ

day 5 day 6 day 12 day 13 day 5 day 6 day 12 day 13

Total phoshorus (mg/s)
°
5]

14
2
2

°

Unrestricted Restricted Unrestricted . Restricted
Observation day Observation day

Figure 3. Mean (+SEM) loads of (A) nitrate-N (mg/s), (B) E. coli (cfu/s x 10%), (C) total phosphorus
(mg/s), and (D) ammonium-N (mg/s) measured from the stream inflow (grey bars) and outflow
(black bars) on study days D5 and D6 (unrestricted access to trough) and D12 and D13 (restricted
access to trough). Bars with differing letters within each day were significantly different (p < 0.05).
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Restriction period
Gi_Bin based on Z-score

3.3. Pasture, Ewe Liveweight, Animal Density, and Spatial Distribution

The average moisture content of pasture during the study period was 56%. The ewes
in this study had a mean live weight (£SEM) of 63.5 £ 1.4 kg and a BCS of 2.9 £ 0.1.

Significant spatial clustering of ewe GPS location fixes when ewes had restricted access
to the water trough was identified using the optimised hot spot analysis i (Figure 4A).
When water trough access was restricted, a hot spot was measured (p < 0.05) in the eastern
corner of the paddock, and this area measured 46% of all ewe GPS fixes. When the
trough was unrestricted, there were two hot spot areas in the northern and eastern areas,
which contained 61% of location fixes (Figure 4B). The northern hot spot identified in
the unrestricted period was located close to the water trough, which was not seen in the
restricted period. Cold spots in both treatment periods were identified in the mid-portion
of the paddock and along the stream zone (Figure 4A,B).

Non-restriction period
Gi_Bin based on Z-score

¥ Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence

¥ Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence

Not Significant

I Culverts
[ Paddock
Stream

Restriction period
Gi_Bin based on Z-score

Not Significant

I Culverts
[ Paddock
Stream

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
W Hot Spot - 99% Confidence

I Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
I Hot Spot - 99% Confidence

Not Significant
Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
¥ Hot Spot - 99% Confidence
Culverts
[ Paddock
Stream
« Trough

0.1 Kilometers

Non-restriction period

Gi_Bin based on Z-score

I Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant
Hot Spot - 90% Confidence
Hot Spot - 95% Confidence

W Hot Spot - 99% Confidence

L Culverts

[ Paddock

Stream

0.1 Kilometers

Figure 4. Optimised hot spot analysis showing the distribution (magnitude per unit area) of ewes
in the study paddock (A,B) and stream zone ((C,D), within 3 m of the stream) during the period of
restricted (A,C) and unrestricted water trough access (B,D). Low ewe density (coldspot) is represented
in blue, while high ewe density (hotspot) is represented in red. Hot spots represent significant
(p < 0.05) clusters of high values (larger positive z-score), while cold spots represent significant
(p < 0.05) clusters of low values (smaller negative z-score), and white indicates no spatial clustering.
The yellow bars numbered 1 and 2 indicate the outflow and inflow water sampling sites respectively.

Of the ewe GPS locations identified in the study paddock, although the stream zone
represented only 9% of the study paddock area, it contained 4.3 and 4.6% of fixes during
restricted and unrestricted water trough access, respectively. When the hot spot analysis
was conducted for the stream zone in isolation, during the restricted period, there were
seven statistically significant hot spots (p < 0.05, Figure 4C), which contained 40% of
all the GPS fixes within the stream zone. During the unrestricted period, there were
six significant hot spots (p < 0.05, Figure 4D), which contained 42% of all ewe fixes. During
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both the unrestricted and restricted periods, there were three cold spots identified within
the stream zone.

3.4. Effect of Slope

During the entire study period, 32% of sheep locations were measured where slopes
were <15° (flat to rolling, Table 2). The majority of GPS fixes were recorded where slopes
were between 16° and 35° (strong rolling to steep, 65.8% in the water trough restricted
period and 65.9% in the unrestricted period, Table 2). In both the restricted and unrestricted
periods, few GPS fixes were detected in very steep areas with a slope > 35°. The area that
each slope class contributed to the study site and the number of included location fixes that
were recorded within each slope class in summer are shown in Table 2.

Table 2. The mean number (=SEM) and percentage (%) of ewe GPS location fixes within each slope
class when the water trough was restricted and unrestricted.

GPS Location Fix Number (:=SEM)

n o/o

Slope Class (Degrees) Unrestricted Restricted Unrestricted  Restricted
Flat (0-3) 1438 4 11 2 1786 4+ 13 2 43 42
Undulating (4-7) 3295 4 27 abe 4282 + 34 abc 9.8 10.1
Rolling (8-15) 6121 =+ 42 bed 77543 + 52 bed 18.2 17.9
Strong rolling (16-20) 6545 + 48 <d 8159 + 58 <d 19.5 19.3
Moderately steep (21-25) 6993 + 51 <d 8715 + 62 <d 20.8 20.7
Steep (26-35) 8576 + 67 d 10880 + 80 4 25.6 25.8
Very steep (36-75) 594+ 67 831+87 1.8 2.0

b, ¢ d Different letters represent means which are significantly different (p < 0.05) within a treatment group.

3.5. Distance Travelled

The mean total distance travelled (m) varied throughout the day (Figure 5). Peaks in
the distances travelled were observed at 0800, 1000, and between 1700 and 2000 h. Ewes
travelled negligible distances in the late evening (2100 to 2300) and early morning hours
(0300 to 0500). During the study period, ewes travelled less (p < 0.05) during the night
(5 £ 2.7 m) than either evening (20 & 2.5 m), early morning (17 £ 10.3 m), or day (9 £ 3.7 m).
Furthermore, ewes travelled greater distances during the evening than during the day. No
differences were observed in the distance travelled between morning and day (p < 0.05) or
morning and evening (p < 0.05). Ewes tended to travel greater distances (p = 0.72) during
the water trough restricted period (10.4 = 3.7 m) than during the unrestricted period
(9.3 £ 2.4 m; Figure 5).

Paddock slope classes influenced ewe hourly distance travelled (m/h), with greater
distances travelled as the slope increased up to steep slopes, with a decrease for very steep
slopes. The hourly distance travelled by sheep in each slope class did not differ between
the treatment periods (p > 0.05; Table 3).
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Figure 5. Mean total distance (m) travelled per ewe (mean + SEM) throughout the day that water
trough access was restricted (black bars) or unrestricted (grey bars).

Table 3. Total distance (m) ewes travelled (mean + SE) in each slope class showing the number of
data points (n) when water trough access was unrestricted or restricted.

Slope Class (Degrees) n Distance Travelled (m)

Unrestricted Restricted

Flat (0-3°) 3086 57 +124°2 7.3 +1.782b
Undulating (4-7°) 3281 132 +£3.10" 18.0 + 4.93 be
Rolling (8-15°) 1945 26.3 +4.96 33.1 4+ 7.66 <4
Strong rolling (16-20°) 1030 26.8 £ 5.56 ¢ 34.46 + 8.37 <4
Moderately steep (21-25°) 868 284 +5.97°¢ 36.6 +8.90 4
Steep (26-35°) 1288 343 +790°¢ 445+ 11514

Very steep (35-90°) 2272 254+0.672 3.6+1.182

a b ¢ d Different letters represent means which are significantly different (p < 0.05), within a treatment group.
N represents the number of location fixes (mean) that were recorded within each slope class.

3.6. Time Spent in the Stream Zones

During the study period, the duration ewes were detected within 3 m of each camera
differed based on camera location (p = 0.001, Table 4). Ewes preferred spending more
time near camera 11 (47.6 = 6.0 min/ewe/day) and spent the least time near camera
6 (10.0 & 1.6 min/ewe/day; Table 4, Figure 5).

The duration that ewes’ proximity was estimated to be within 3 m of each cam-
era differed between time-of-day (p < 0.05; Table 5). Higher durations were de-
tected during daylight periods (22.7 £ 1.0 min/ewe/day), followed by the evening
(17.3 & 1.4 min/ewe/day) and night (6.6 = 1.1 min/ewe/day; Table 5). Time spent within
3 m of any camera location did not differ (p = 0.81) between the period the trough was
restricted (13.3 & 4.4 min/ewe/day) and unrestricted (10.3 & 2.0 min/ewe/day).
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Table 4. The daily mean number of ewes (min and max in parentheses) within 3 m of each camera
location and the daily median and interquartile range (IQR) in parentheses of the total duration
(min) each ewe spent within 3 m of each camera per day when water trough access was unrestricted
or restricted.

Unrestricted Restricted

Camera Daily Duration Daily Duration

Number n (min) n (min)
1 35 (28-38) 27.1 (16.3-31.4) 35 (33-39) 26.3 (15.7-31.0)
2 32 (16-39) 27 (13.7-31.6) 30 (10-35) 22.1 (9.0-27.8)
3 33 (18-39) 20.1 (15.1-26.0) 31 (16-37) 20.3 (14.0-24.5)
4 31 (14-39) 16.6 (14.5-23.9) 29 (5-37) 18.1 (11.4-22.08)
5 28 (13-36) 14.5 (11.9-15.7) 32 (28-35) 15.1 (7.9-19.4)
6 24 (9-33) 8.9 (5.4-13.7) 22 (1-30) 9.1 (4.6-15.3)
7 18 (6-27) 11.7 (8.0-27.1) 18 (0-27) 9.2 (8.0-32.3)
8 25 (9-36) 13.5 (7.7-25.3) 31 (22-39) 16.1 (10.9-38.2)
9 24 (10-36) 12.5 (7.0-18.5) 25 (4-35) 10.6 (7.7-14.9)
10 27 (14-35) 10.7 (3.7-16.6) 27 (13-36) 10.6 (8.0-23.7)
11 35 (18-40) 48.0 (20.0-70.8) 33 (17-39) 53.4 (31.9-58.0)
12 25 (8-38) 17.2 (4.1-27.0) 23 (4-37) 14.2 (3.6-17.5)
13 25 (7-36) 11.2 (3.0-19.1) 21 (2-34) 18.7 (6.0-24.6)
14 25 (7-36) 13.7 (3.5-14.4) 21 (4-37) 10.5 (2.1-28.4)

See Figure 1 for camera positions.

Table 5. The duration (min/ewe/day mean + SEM) ewes spent within 3 m of a camera location with
respect to time-of-day class.

Time of the Day Class n Duration (min/ewe/day)
Night 126 6.6 +1.112
Morning 84 11.84+0.90P
Day 70 227 +1.024
Evening 56 173 +1.38°¢

b ¢ d Different letters represent means which are significantly different (p < 0.05). Night = 2000 to 0559 h, morning
= 0600 to 0859, daylight = 0900 to 1659, and evening = 1700 to 1959.

3.7. Behaviour Within the Stream Zone

Ewes were observed to spend more time drinking and grazing when water trough
access was restricted compared to when it was unrestricted (p < 0.05, Figure 6). There
was no difference (p > 0.05) in the frequency of stationary and walking behaviours when
the water trough was restricted or unrestricted. Camera footage showed that ewes spent
41.9% of their time grazing (n = 2304 of 5496 occasions), 26.9% stationary (n = 1476),
21.0% walking (n = 1152), and 7.2% drinking from the stream (n = 396) when they were
within the stream zone. Ewes also sniffed the water on 72 occasions (1.3%) and walked in
the stream on 12 occasions (0.2%).
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Figure 6. The average time (seconds & SE) that ewes were stationary, grazing, walking, or drinking
within the stream zone when access to the water trough was restricted (black bars) or unrestricted
(grey bars). Different letters represent means which are significantly different (p < 0.05) within
each behaviour.

4. Discussion

Ewes were more frequently observed to graze and drink in the stream zone during
the water trough restricted period compared to unrestricted access, in contrast to previous
findings in the same study area in winter. In this summer study, ewes spent 41.9% of
the time in the stream zone grazing. This finding was in agreement with that of Filip¢ik
et al. [31], who reported that the dominant behaviour of sheep at pasture was grazing
(49.5% of their observed time). While in the stream zone, ewes were observed to spend
7.2% of the time drinking from the stream, which was contrary to the finding of Paranhos da
Costa et al. [32], who reported that ewes spent 0.2-0.3% drinking. This greater percentage of
time spent drinking in the current study was likely due to the difference in the behavioural
observations between the studies. In the current study, behavioural observations were only
made while ewes were within the stream zone, so it cannot be taken as a reflection of the
animals’ behaviour in the remainder of the paddock.

In the current study, although there was no difference in the time ewes spent in the
stream zone during the period of unrestricted access to the water trough, a hot spot near the
trough was identified, which was not observed during the restricted period (Figure 4A,B).
This suggests that the ewes utilised the water trough when it was accessible. Pasture in the
current study had a moisture content of 56%, which was likely to necessitate sheep to seek
sources of free water. Macfarlane et al. [9] demonstrated that when pasture contained a
minimum of 60 to 70% water, sheep water requirements could be met through the pasture
consumed, and thus, there was no need to drink water.

Water quality analyses showed that ammonium-N concentrations were higher during
the water trough restricted period, compared to the unrestricted period. Ammonium-N
loads were also higher in samples collected at the outflow than at the inflow sampling
sites on D6, D12, and D13. The presence of ammonium-N is indicative of urine deposition
from grazing animals, suggesting that an increase in ewes in the stream zone when water
trough access was restricted may have been the source of this increased ammonium-N. The
mean ammonium-N concentration in the current study was 0.56 mg/L, which exceeded the
recommended concentration guidelines for cool wet hill waterways of 0.006 mg/L [33]. The
current study’s findings support previous research showing higher ammonium-N concen-
trations and greater exceedances during the summer months in streams and rivers [34,35].
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Total P loads were higher in the outflow than in the inflow water samples collected on
D6, D12, and D13, suggesting that ewes grazing within the stream zone may have mobilised
sediment containing P. The mean TP concentration measured in the current study was
0.04 mg/L, which exceeds the guidelines of 0.016 mg/L for cool wet hill waterways [33].
In general, the concentrations of TP were similar to those reported previously in winter
from the same site by Bunyaga et al. [22]. Due to a laboratory error, the concentration of
suspended sediment was not measured in the current study, which might have helped
explain TP concentrations.

E. coli concentrations were higher during the water trough unrestricted period com-
pared to the water trough restricted period. The majority of these higher concentrations of
E. coli were observed on D5 and D6 when rain was recorded. The likely source of the E.
coli was from sheep faeces that were washed into the stream from the stream zone or from
elsewhere in the paddock by overland flow as a result of the rainfall [36]. Sheep as a source
of E. coli was supported in the current study, which showed that more than 74% of ewe GPS
fixes in the stream zone were measured in the hot spot areas (Figure 4C,D). The E. coli loads
in outflow water samples were higher than those in inflow samples on D5, D12, and D13,
further supporting that the source of E. coli was from within the paddock. Interestingly, the
E. coli concentrations measured in summer were higher than the concentrations previously
measured [22]; however, this could be explained by the lower stream flows over summer
and less opportunity for dilution.

The spatial distribution of ewes in the current study was affected by paddock features
such as the location of the trough and paddock slope. The northern hot spot (statistically
significant spatial clusters of high values for ewes) was close to the trough during the
periods of unrestricted access to the water trough, indicating a greater spatial preference
for this location. In warmer months (22-35 °C), Arnold and Bush [37] reported that there
is usually a greater frequency of crowding and urine patches in sheep and cattle closer to
the water trough [37-39]. Similarly, Betteridge et al. [40] reported that urine patches were
concentrated in areas where sheep camp, which suggests that the trough may be an area of
preference in the current study.

In summer, ewes showed a preference for strong rolling to steep areas (16 to 35°) rather
than the flat to rolling areas (0 to 15°) that were preferred in winter and spring. A number
of studies have reported that sheep prefer to graze areas with slopes of <25° [41-43]. It is
unclear the reason for this difference between seasons, as it is thought that sheep prefer
flatter areas due to the greater pasture mass in these areas [44]. Flatter areas generally have
higher soil fertility [44], which retains water longer in drought conditions [45].

In the current study, an increase in the slope of the paddock resulted in an increase
in the distance travelled. This is in agreement with the findings of Loridas et al. [46], who
reported that in lowland pastures, sheep travelled shorter distances than on mountainous
pastures. It is possible that the steeper areas of the paddock had less nutrients and lower
pasture mass [47,48], thus requiring ewes in these areas to move greater distances to access
enough pasture. In the current study, ewes may have moved shorter distances in lowlands
as a result of spending more time feeding due to greater pasture mass as a result of increased
soil moisture content [49].

The pattern of activity of the ewes in the current study was similar to that reported
by McGranahan et al. [50] and Filip¢ik et al. [31], with peaks in distance travelled at 0800,
1000, and between 1700 and 2000 h, and little movement during the night. Ehrlenbruch
et al. [51] reported that grazing behaviour was greater in the early morning and evening
than during daylight hours. This is not surprising as sheep have been observed to travel
long distances when feeding or searching for water [52,53].
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In summer, the duration ewes spent near any camera position was higher during
periods of daylight than evening, and lowest at night. Based on previous findings, fewer
ewes were expected to be observed in daylight hours since sheep are generally less active
and avoid grazing during the hottest times of the day [54,55]. This finding was contrary to
that of McGranahan et al. [50] and Filip¢ik et al. [31], who found most of the activities in
the mid-day and evening. In the current study, maximum daily temperatures were lower
than reported by McGranahan et al. [50] and Filip¢ik et al. [31], ranging from 10 to 26.6 °C,
which may explain the lack of influence of daylight periods on the grazing behaviour of
sheep. The night results in the current study were in agreement with those of Penning
et al. [56], who reported little night-time grazing for sheep at pasture.

The short period of animal behaviour and water quality monitoring was a limitation in
this study. With the advent of solar-powered GPS collars, future studies could be run over
a longer period of time and utilise high-frequency stream flow monitoring and flow-based
water quality sampling to improve our understanding of the diurnal and seasonal impact
of animal behaviour on stream water quality. The small amount of rainfall that occurred on
the water sampling days 5 and 6 during the water trough restricted period may have also
influenced the results of this study, and again, longer-term monitoring would provide a
more reliable assessment of weather-related impacts on water quality.

5. Conclusions

Ewes spent more time grazing and drinking in the stream zone when they were unable
to access a water trough in summer; however, in general, this had minimal impact on
water quality, with ammonium-N concentrations, likely derived from urine deposits, being
the only parameter to clearly increase in response to water trough restriction. There was
stronger evidence, however, that the presence of ewes grazing in the paddock, regardless
of water trough access, increased the stream loads of E. coli, ammonium-N, and TP leaving
the paddock. From a management perspective, these results suggest that minimising sheep
interaction with streams in summer will improve water quality, but that, in general, sheep
interaction with these hill country streams was minimal. GPS data indicated that the ewes
showed a spatial preference for strong rolling to steep slopes (between 16° and 35°) of the
paddock, with greater distances travelled by sheep as the slope increased, except at very
steep slopes. Further long-term studies are required to verify these results.
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