GPS MONITORING OF CATTLE LOCATION NEAR
WATER FEATURES IN SOUTH FLORIDA
V. Pandey, G. A. Kiker, K. L. Campbell, M. J. Williams, S. W. Coleman
ABSTRACT. A study was conducted to quantify the amount of time spent by grazing cattle near or in water locations (wetlands,
ditches, and water troughs) across seasons in a cow‐calf production ranch in south Florida. Prolonged hot summers in these
regions can cause physiological heat stress in cattle and drive them into water‐filled ditches and wetlands in order to cool
down. Because of the numerous ranches in the region, it is perceived that this activity is contributing towards the phosphorus
loading into the receiving water body, Lake Okeechobee. Cattle position data was monitored continuously using GPS collars.
Data was recorded every 15 min during a 5‐day period in spring (March), summer (June), fall (late August), and winter
(November or December) from 2001 to 2003. The average percentage of daily time spent by cattle near/in water locations
(water trough, wetland, and ditch) during the warm season (summer + fall) was 11.45 ± 0.39% and 6.09 ± 0.69% during
the cool season (winter + spring). Overall, the cattle utilized water‐filled features somewhat more during warm seasons, with
some exceptions under higher temperatures found in southern Florida winters. Temporal, sub‐daily analysis of the use of
water troughs revealed very little usage during early morning and night and increased use as the day progressed. Similar
analysis of wetlands use showed greater utilization during late morning and nights in the cool season. Utilization of ditches
was fairly consistent throughout all years; more during warm seasons and less during cool. Current hydrological modeling
systems that are actively used to represent the nutrient‐enriched agricultural enterprises in south Florida lack the ability to
comprehensively represent the dynamics of the animal‐plant‐soil system. This study will provide crucial information for model
developers who may utilize these results to develop more detailed hydrological and nutrient loading models.
Keywords. Beef cattle, Animal production, GPS animal tracking, Livestock behavior, Water quality, Nonpoint source
pollution, Temporal analysis.

B

eef cattle can utilize the water sources in south
Florida to graze, to drink water, and to keep cool.
Urination and defecation can occur during grazing
and other activities which may result in direct con‐
tamination of watered locations. Nonpoint source pollution
from animal production operations is a matter of concern in
Florida, where cattle and calf inventory is 1.69 million head
(USDA, 2006). The majority of these cattle are located in
south and central Florida, especially in the Lake Okeechobee
watershed, where cow‐calf operations and dairy farming are
major agricultural activities. This region is characterized by
flat topography with sandy soils that consist of mixtures of
pastureland and wetlands that are connected and drained by
shallow ditches. These networks collect runoff from this wa‐
tershed and eventually drain into Lake Okeechobee.
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Lake Okeechobee is the second largest freshwater body
located wholly within the continental United States and
covers 1891 km2. Located in south‐central Florida, this large,
shallow (average depth 2.68 m) eutrophic lake has a drainage
basin of more than 11,913 km2. The lake has been threatened
by large inputs of nutrients, especially phosphorus (P) from
the agro‐ecosystems north of lake that have adversely
impacted its water quality (SFWMD, 1999). One of the key
sources of high‐P loads in the watershed is suspected to be
runoff from dairy farms and direct ditch access by large
numbers of beef cattle from improved pastures (Graetz and
Nair, 1995; FCA, 1999). The Florida Department of Environ‐
mental Protection, as part of the federal Clean Water Act, has
enforced permitting regulation for dairy farms, specifically
the National Pollution Discharge Elimination System
(NPDES). The NPDES regulation pertaining to dairy farms
in south Florida became known commonly as the Dairy Rule
[Chapter 62‐670, Florida Administrative Code (F.A.C.)],
which required construction of waste treatment systems and
Best Management Practices (BMP) for barn wastewater and
runoff from high‐intensity milk herd holding areas. The
regulation also required that all dairy cattle be fenced away
from all watercourses or drainage ditches with a drainage
area of 0.40 km2 or more.
Unlike dairy farms, beef cattle ranches are not yet treated
as sources of point source pollution due to lower animal
stocking rates associated with cow‐calf production systems.
Therefore, these ranches are not currently subject to any
regulations from state and federal agencies. The prevailing,
yet untested, perception is that these ranches are contributing
considerably towards the P loading into Lake Okeechobee
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(SFWMD, 1999). To achieve P‐load reductions for the lake,
state agencies have theorized that specific management
practices need to be developed and implemented by the
ranchers in this region. A step in this direction has resulted in
development of “Water Quality Best Management Practices
for Cow‐Calf Operations in Florida” by the Florida Cattle‐
men's Association (FCA, 1999). The BMPs included in the
manual include a variety of structural (e.g. fencing) as well
as managerial (e.g. nutrient management) BMPs. Conse‐
quently, a “voluntary” BMP implementation program was
established for beef cattle ranches. However, due to limited
research on the effectiveness of all the individual BMPs it has
become a challenge for the extension and outreach personnel
in the industry to convince the ranchers to enroll in the
program. It is important to quantify the time spent by cattle
near/in waters so that an informative decision can be made
regarding water quality BMPs for ranches in the region of
south Florida.
OBJECTIVE
The specific objective of this study was to quantify the
amount of time spent by grazing cattle near or in water
locations (wetland, ditch and water trough) across seasons
under a typical ranching operation. Accordingly, this article
is divided into five sections: a literature review of cattle
grazing studies pertaining to water quality, a description of
the study site, the methodology utilized to quantify the time
spent by cattle near/in water locations, analysis and discus‐
sion, and finally, some conclusions from the analysis. This
study was part of a larger research project that involves
development of an add‐on component to a hydrological/wa‐
ter quality modeling system, ACRU2000 (Kiker et al., 2006;
Martinez, 2006; Yang, 2006; Martinez et al., 2008), that will
represent cattle movement and behavior in order to provide
a more integrated picture of the ranch ecosystem. Informa‐
tion and results from this study will be utilized to conceptual‐
ize model design and eventually validate the effectiveness of
the model.
LITERATURE REVIEW
Cattle display a strong affinity to riparian zones (Kauf‐
fman and Krueger, 1984); therefore, cattle ranches that have
operations with streams, invoke concern of direct organic
enrichment within the stream and significant impact on water
quality. Zuo (2001) has termed cattle as ”thermolabile
animals with thermoregulatory behavior” often spending
disproportionate amounts of time in the riparian areas (Gillen
et al., 1985; Smith et al., 1992). Considerable research
pertaining to water quality impacts of grazing systems have
been well documented in the western states of United States
(Buckhouse and Gifford, 1976; Gary et al., 1983; Miner et al.,
1992; Nader et al., 1998; Belsky, et al., 1999). Many studies
have been concentrated on improving cattle distribution with
respect to breed (Bailey et al., 2001), pasture utilization
(Marlow and Pogacnik, 1985; Sneft et al., 1985; Owens et al.,
1991; Hirata et al., 2002), slope (Bailey et al., 2004), shade
(McIvan and Shoop, 1971; Widowski, 2001), fencing
(Bryant, 1982; Line et al., 2000), cognition (Bailey et al.,
1989), and even social behavior (Sowell et al., 1999).
Agouridis et al. (2005) conducted a thorough review on
grazing impacts on stream water quality in the southern
region of United States. The authors credited the plentiful
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grazing studies of the western and mid‐western United
States; but, also acknowledged that the differences between
the arid west and the southern humid region prohibit the
universal transfer of research results. Models and concepts
developed elsewhere cannot be applied to the unique
agro‐ecosystems of the south‐east (Platt and Peet, 1998) such
as south Florida. A limited number of grazing studies in the
southern humid regions (Tanner et al., 1984; Zuo, 2001) have
provided valuable, yet incomplete information with regard to
the extent, if any, of water quality degradation by the grazing
beef cattle in the southeastern United States.
If it becomes necessary to implement BMPs for wa‐
tersheds of beef cattle ranches in south Florida to improve
water quality, it is imperative to develop an understanding of
cattle's usage of water locations, so that comprehensive
grazing management strategies can be developed. This often
involves observation of cattle movement in a pasture setting.
Earlier studies involved extensive field observations and in
most cases observations were limited to daylight only
(Tanner et al., 1984). Research involving visual observations
of the cattle's position and their actions are prone to error as
the observer can alter cattle behavior and make visual errors.
Observation periods in such studies are generally short due
to its labor intensity and concerns over observer fatigue.
Night time observations in subtropical regions such as south
Florida can be critical because cattle exhibit bimodal grazing
patterns (early morning and evening) with less adapted
breeds of cattle spending a greater portion of the night
grazing as compared to day time (Hammond and Olson,
1994; Bowers et al., 1995; Chase et al., 1999). Global
Positioning System (GPS) and Geographic Information
System (GIS) technology allow livestock grazing behavior
and management to be evaluated with greater spatial and
temporal resolution (Turner et al., 2000; Ganskopp, 2001;
Ungar et al., 2005). Animals can be tracked on a 24‐h basis
using GPS receivers incorporated into collars worn by the
animals. Agouridis et al. (2004) evaluated GPS collars under
static (open field, under trees, and near fence) and dynamic
conditions to determine their accuracy for applications
pertaining to animal tracking in grazed watersheds. Their
results indicated that the collars were accurate within 4 to
5 m, deemed acceptable for most cattle operational areas.

MATERIAL AND METHODS
SITE DESCRIPTION
The MacArthur Agro‐ecology Research Center
(MAERC) at Buck Island Ranch (BIR), Lake Placid, Florida
(27°09'N, 81°12'W) (fig. 1) is representative of the agro‐
ecosystem that exists in the Okeechobee watershed. BIR
(4,168 ha) is a full‐scale commercial cattle ranch that is
located in the central portion of the Indian Prairie/Harney
Pond Basin, one of five major tributary basins of the Lake
Okeechobee watershed.
The ecology of this ranch is composed of a mosaic of
habitats that includes open grasslands, forests, and wetlands
which support a diverse and productive community of
wildlife and plants (Arthington et al., 2007; Swain et al.,
2007). This ranch is representative of much of south Florida
which was once a native, subtropical, wet‐prairie ecosystem.
The BIR has been mostly drained and converted to improved
pasture; however, some patchy wetland areas still exist. The
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Figure 1. Location of Buck Island Ranch and the experimental pastures.

ranch has been a platform of comprehensive interdisciplinary
agro‐ecological research for more than 10 years (MAERC,
2005; Arthington et al., 2007; Capece et al., 2007; Swain
et al., 2007). The key goals of ongoing research efforts are to
quantify the effects of various management practices on
surface water quality and protection of the natural biodivers‐
ity of ranches while maintaining the economic viability of the
ranching industry in central Florida.
BIR is primarily a commercial ranch and therefore ranch
operation management is designed to support animal perfor‐
mance while optimizing the amount of beef production per
unit area of land. Cattle are rotated among the pastures in
order to maximize the available forage for grazing cattle.
Cattle are stocked for longer periods in the improved pastures
(typically during summer season, May through October) and
shorter periods in semi‐native pastures (typically during
winter season, November through April). There are several
reasons for this management strategy: firstly, summer
pastures are fertilized (NH4NO3 – 56 Kg N/ha) (Arthington
et al., 2007) in spring and, therefore, have better forage
quantity and quality compared to winter pastures which have
never been fertilized (Swain et al., 2007). Secondly, bahia‐
grass (Paspalum notatum), the dominant forage grass in
summer pastures does not grow well in the winter season,
whereas productivity of native grasses in the winter pastures
can be substantial, particularly following prescribed burning.
Finally, winter pastures are less intensively drained and as a
result are regularly flooded during the rainy season in
summer. Rotation to winter pastures provides time for the
summer pastures to recover from active grazing.
Study Area and Pasture Plots
Representative summer and winter pastures were instru‐
mented in order to conduct various management, ecological,
nutrient and hydrological studies (Arthington et al., 2007;
Capece et al., 2007; Swain et al., 2007). Detailed description
of the presence of pasture and wetland vegetation species has
already been reported by Swain et al. (2007); whereas, soil
information has been reported by Capece et al. (2007). The
cattle are Brahman crossbred with age range of 4 to 9 years
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(Arthington et al., 2007). All pasture, wetland, and ditch
coverages were digitized from aerial photography by the
Archbold Biological Station GIS laboratory. The wetland
coverage was ground‐truthed extensively in 2004 based
primarily on presence of hydric vegetation which integrates
the variation of hydrology over time. The edge of the
wetland‐upland ecotone is quite well defined on the aerial
photography. The extents of the ditches were also digitized
from aerial photography. The ditch coverage was ground‐
truthed extensively in 2005‐2006 and is within 1‐m accuracy.
In addition, wetland areas and ditch lengths were determined
using the accurate GIS coverages for these features.
Summer experimental pastures (fig. 2) consist of eight
(S1‐S8), of approximately 20‐ha fields (range = 19.0 to
22.1 ha) with bahiagrass as the dominant forage species.

Figure 2. Map displaying wetlands, ditches, and water troughs in summer
pastures.
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These pastures are located on soil types that, for the area, are
considered relatively well‐drained. Pastures S1 and S8 serve
as control fields for a greater water quality study and hence
they were not stocked (Swain et al., 2007).
The drainage ditch network in these pastures is comprised
of two orders of ditches: deep ditches (0.6 m deep) that run
north‐south and receive flow from feeder ditches (0.3 m
deep) that run east‐west approximately every 30 m. All
summer pastures drain from north to south. In the stocked
pastures, the average total length of the ditch network is
6175 m (range = 5793.5 to 6864.8 m) and the average area of
wetlands is 0.90 ha (range = 0.20 to 1.57 ha). Water troughs
were located at the north end of all stocked pastures (fig. 2).
The troughs were 750‐gal circular plastic water tanks with
automatic stop valves fed by an electric groundwater pump.
Winter experimental pastures (fig. 3) also consisted of
eight fields (W1‐W8) that were slightly larger, averaging
32.2 ha (range = 30.3 to 34.1 ha). These fields consisted of
mixture of forage species but were predominantly bahia‐
grass, and located on soil types that were considered poorly
drained for the area. All winter pastures were stocked during
the period of study except W4 and W7 which served as
controls for the water quality study (Swain et al., 2007).
Winter pastures were drained from south to north by a
shallow ditch network similar to the summer pastures. In
addition, W8 had an additional order (0.9 m deep) of ditch.
In the stocked winter pastures, the average total length of the
ditch network was 4437 m (range = 6618.2 to 2535.6 m) and
the average area of wetlands was 3.28 ha (range = 1.58 to
5.66 ha).
A summary of individual pastures, ditches, and wetlands
is provided in table 1. Runoff from summer and winter
pastures drained in a collection ditch and was then conveyed
into the Harney Pond Canal which discharges directly into
the Lake Okeechobee.

Figure 3. Map displaying wetlands, ditches, and water troughs in winter
pastures.

INSTRUMENTATION
Cattle position data was monitored continuously using
GPS collars (GPS_2200, Lotek Wireless Inc., Newmarket,
Ontario, Canada). These collars are relatively lightweight
(950 g) and primarily designed for use on animals such as
cattle, deer, wolves, and bears. Collared cows were cross‐
bred (Bos taurus X Bos indicus) mature (>3 yr old) females.
The collar manufacturer reports that with differential correc‐
tion applied, horizontal accuracies of position readings have
errors that are less than 5 m. The GPS collars were
differentially corrected using data from a Continuously
Operating Reference Station (CORS) in Pinellas County,
Florida. The distance to this station was within the manufac‐
turer recommendations for adequate measurement. In

Table 1. Percent area (ha) of wetlands and ditches in Summer and Winter pastures.

[a]
[b]

Summer
Pastures

Area
(ha)

Animal
Units

Ditch Length
(m)

Wetland Area
(ha)

% Area of
Wetland

S1[b]
S2
S3
S4
S5
S6
S7
S8[b]

22.04
19.01
20.42
20.49
20.95
19.49
19.22
20.3

0
20
35
15
35
15
20
0

4511.65
5878.47
6382.36
5598.73
6864.82
6202.32
5893.76
3463.35

4.52
1.57
1.20
1.33
0.20
0.48
0.67
2.95

20.51
8.26
5.88
6.49
0.95
2.46
3.49
14.53

Winter
Pastures

Area
(ha)

Animal
Units

Ditch Length
(m)

Wetland Area
(ha)

% Area of
Wetland

W1
W2
W3
W4[b]
W5
W6
W7[b]
W8

33.23
31.3
33.64
34.12
32.31
32.08
30.24
30.27

15
20
35
0
35
15
0
20

2535.59
2843.65
4118.76
5243.47
4848.63
5656.41
6217.83
6618.18

5.66
2.46
3.80
0.90
3.35
1.58
1.86
2.85

17.03
7.86
11.30
2.64
10.37
4.93
6.15
9.42

% Area of
Buffered
Wetland[a]

% Area of
Buffered Ditch[a]

11.47
8.47
8.83
1.53
3.49
5.15

12.37
12.50
10.93
13.11
12.73
12.27

% Area of
Buffered
Wetland[a]

% Area of
Buffered Ditch[a]

21.28
10.38
14.48

3.05
3.63
4.90

13.59
6.92

6.00
7.05

13.41

8.75

Assumes a 5‐m buffer around wetlands and a 2‐m buffer around ditches.
Control pastures (not stocked).

554

APPLIED ENGINEERING IN AGRICULTURE

addition, the USDA‐ARS and MAERC‐Buck Island Ranch
scientific staff vetted the GPS and GIS measurements. For the
purpose of this study, data was recorded every 15 min during
a 5‐day period in spring (March), summer (June), fall (late
August), and winter (November or December) of each year.
These periods were selected to be representative of environ‐
mental extremes or expected seasonal differences in forage
quality and to fit in the standard animal handling routine of
the ranch. Data collected included: collar identification,
latitude, longitude, and date/time.
ANALYSIS OF DATA
To analyze the data collected from the GPS collars, the
ArcViewR (ESRI, Redlands, Calif.) software package was
utilized. As simplistic, cattle‐nutrient loading models often
assume a random population distribution over a pasture, the
first step in the analysis was to ascertain that the GPS location
data pattern was not random. The Nearest Neighbor Analysis
was performed to determine the spatial spread of data.
Developed by Clark and Evans (1954) for work in the field
of botany, Nearest Neighbor method computes the ratio (R)
of distance between nearest points and distances that would
be expected on the basis of chance. The Animal Movement
extension (Hooge and Eichenlaub, 1997), a freely available
software extension to ArcViewR, was utilized to perform
this statistical technique.
The cattle location analysis was conducted by converting
all the fix data (latitude, longitude format) to UTM Cartesian
coordinates (NAD 83, Zone 17N) to overlay with other
features. The buffer distance that was utilized for the features
were: wetland = 5 m, ditch = 2 m, and water trough = 20 m.
The extensive network of the ditches is a unique feature in
these pastures as they occupy a considerable area of the
pastures. The buffer distance was assumed to be 2 m on each
side of the line coverage to represent the narrow nature (2 m
width) of this shallow ditch system. A more flexible (5 m)
buffer was utilized for the wetlands in order to capture the
presence of cattle in the transitional (ecotone) areas of the
wetlands which can be wet or dry depending upon moisture
conditions. Cattle do not spend much time in actually
drinking water (Wagon, 1963). Therefore, in order to capture
their presence near the trough the buffer for water trough was
set to be at 20 m.
While shade structures (7.6 × 7.6 m) were present at the
north end of all stocked summer pastures, these were not
systematically maintained during the study and provided
virtually no functional shade. Apart from the shade structures
and few patchy trees in SP5, there was complete absence of

natural shade. Winter pastures did not contain any shade
structures as most of them had natural shade from trees.
Shade or cattle preference for shade was not included in the
data analysis.
The data points that existed within the buffer zone were
compared with total data points for a day (typically 96).
Consequently the data were converted into a percentage of
time for a given day. Temporal dynamics with regards to the
utilization of water features were identified by categorizing
hours of the day into four time zones: (a) Early Morning
(12:00 a.m. to 6:00 a.m.); (b) Late Morning (6:00 a.m. to
12:00 p.m.); (c) Afternoon (12:00 p.m. to 6:00 pm); and
(d) Night (6:00 p.m. to 12:00 p.m.). Statistical analysis for
comparison of mean percentage of time was performed using
JMP Statistical Software (SAS Institute, Inc., 2005). Tukey‐
Kramer's Honest Significant Difference (Tukey's HSD) test
was performed. An alpha level of 0.05 was accepted as a
nominal level of significance and results were considered
statistically significant when a P < 0.05 was obtained.
HYDROLOGIC DATA
On‐site climatological data and groundwater elevation
data were collected for both summer and winter fields as part
of the ongoing water quality study (Capece et al., 2007). All
experimental pastures were bermed so that surface water
runoff from each pasture exited through a single trapezoidal
flume. Climatological information (table 2) was measured
on‐site to distinguish seasons and measuring wells were
present in each pasture to record groundwater level data
(Capece et al., 2007; Swain et al., 2007). Given the flat
topography of the pastures and the linked surface/groundwa‐
ter hydrology of the ranch (Capece et al., 2007; Swain et al,
2007; Martinez et al., 2008), groundwater levels were used
to determine the presence of water in both wetlands and
ditches. An example of the measured groundwater level and
field elevation is provided in figure 4.
Using the measured ground water data and comparison to
flume data, the following rules were formulated to determine
the presence of surface water available for cattle:
S A water table depth of 0.3 to 0.6 m was deemed to inundate
wetlands, shallow and deep ditches
S A water table depth of 0.6 to 0.9 m was deemed to inundate
wetlands, and deep ditches
S A water table depth of 0.9 to 1.2 m was deemed to inundate
wetlands
S A water table depth of below 1.2 m was deemed to inun‐
date no features

Table 2. Summary of climatological data during the study period.
Start
Date

End
Date

Av Temp
(°C)

Min Temp
(°C)

Max Temp
(°C)

Rainfall During
Study Period (cm)

Summer_2001
Fall_2001
Winter_2001

6/11/2001
8/27/2001
12/3/2001

6/15/2001
8/31/2001
12/7/2001

25.4
26.3
20.2

15.5
17.0
9.0

37.5
37.0
33.5

1.80
0.66
0.20

Spring_2002
Summer_2002
Fall_2002
Winter_2002

3/4/2002
6/10/2002
8/26/2002
11/25/2002

3/8/2002
6/14/2002
8/30/2002
11/29/2002

15.5
25.1
24.6
15.8

3.0
12.5
19.0
3.3

33.5
36.5
35.5
26.5

0.03
5.46
8.35
‐

Spring_2003
Summer_2003

3/3/2003
6/9/2003

3/7/2003
6/13/2003

23.2
26.6

17.0
22.0

31.4
32.8

‐
0.25

Period
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Figure 4. Example of rainfall and groundwater level data in summer pasture 3 for the year 2002.

Figure 4 provides a useful example of matching ground‐
water data to estimated surface water features, groundwater
level (red line, fig. 4) of 0.7 m is indicative of the depth below
average ground elevation (dotted blue line) where groundwa‐
ter has been recorded. A water table depth of 0.7 m will
inundate wetlands and deep ditches only. Since, shallow
ditches are 0.3 m in depth a groundwater level of 0.7 m is not
likely to inundate the shallow ditches and consequently they
can be assumed to be dry.

RESULTS AND DISCUSSION
This study was conducted over three years from 2001 to
2003 at the BIR. A summary of the quantity of GPS data is
provided in table 3.
Figure 5 shows typical GPS collar data on summer
pasture 2 collected on 11 June 2001. The GPS point data have
been joined by a line to illustrate the cattle's sequential
movement. The data illustrates that the collared cow spent
early morning in the center of the pasture plot with some
movement. During late morning and most of afternoon, the
cow stayed in the vicinity of water trough in the northern part
of the pasture. At night, the cow moved back towards the

Table 3. Summary of GPS collar data in the pastures.[a]
Summer
Pastures

Summer
2001

S1[b]
S2
S3
S4
S5
S6
S7
S8[b]

4 (92)
4 (91)
4 (91)
2 (94)
3 (91)
3 (92)

Winter
Pastures

Winter
2001

W1
W2
W3
W4[b]
W5
W6
W7[b]
W8

3 (95)
2 (96)
2 (96)

Fall
2001

1 (95)
2 (94)
1 (95)
3 (84)

Spring
2002

Summer
2002

Fall
2002

2 (87)
3 (85)
4 (91)
3 (95)
1 (96)

1 (95)
2 (95)
1 (93)

1 (96)
1 (96)
1 (89)
1 (81)
1 (96)
2 (84)

1 (96)

Winter
2002

1 (96)
1 (95)
1 (96)

Summer
2003

2 (96)
1 (96)
1 (94)
1 (94)

Spring
2003

3 (95)
2 (73)

2 (95)

1 (96)

1 (95)

[a]

The number before the parenthesis is the number of collars used within a pasture and number within parenthesis is the
average daily fixes during 5 day collection period in each season. (Ideally number of daily fixes should be 96.)
[b] Control pastures (not stocked).
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the mean random distance, suggesting that the spread of data
is random. However, R values < 1.0 imply that the observed
distance is smaller than the mean random distance, suggest‐
ing that data is clustered. The R value was computed for all
collared cows (individually) on daily basis. The average R
value during summer was 0.51 (range = 0.80 to 0.13) and the
average winter R value was 0.47 (range = 0.74 to 0.11),
suggesting that the data was non‐random and the GPS fixes
displayed more clustering during winter than summer
months. This result provides a useful, first step in establishing
that cattle are not always randomly distributed across a
landscape. This step is required for the later development of
P loading models that move away from simplistic assump‐
tions of equal and random cattle distribution.
Groundwater level data (fig. 4) was utilized to make
hydrologic judgments regarding the presence and level of
water in ditches and wetlands. This information was
especially useful when making judgments regarding the
presence of water in shallow or deep ditches. Table 4
summarizes the estimated presence and location of water
during different time periods of the study.
Temperatures in summer and fall are often similar
(table 2) and therefore these two seasons were grouped into
one category of warm period (with the exception of Warm
2003 including summer only). Similarly, spring and winter
was combined into a cool period category. Average percent‐
age of daily time spent by cattle near/in all possible water
locations (water trough, wetland and ditch) was relatively
low (<15% of 24‐h period) compared to the remainder of the
pasture area, but was higher (P<0.01) during the warm than
the cool period (11.45±0.39%[(mean ± s.e.; n = 215] vs.
6.09±0.69% [mean ± s.e.; n = 160], respectively). Wetland
and ditches had similar, higher cattle presence compared to
troughs (4.41±0.35 and 5.29±0.38 % vs. 1.97±0.18%,
respectively) across periods (table 5).
More cattle presence in wetland and ditches was expected
because wetlands and ditches buffer areas (approx. 20% of
average pasture area) were much larger than the buffer area
of water troughs which were essentially a single point
(approx. 1.57% of the average pasture area including the
20‐m buffer). Although not conclusive, utilization of the
water sources differed within periods. Cattle utilization of the
different water features remained fairly consistent with the
exception of the ditch feature which showed higher use in
warm periods and lower use in cool periods for all years
except 2001. The lower than expected ditch utilization in
Table 4. Locations that are assumed to have presence of water.[a]

Figure 5. An illustrative example of typical cattle movement in summer
pasture 2 on 11 June 2001.

southern portion of the pasture and eventually rested in the
center of the pasture where it had started during early
morning. Figure 5 represents a small portion of the large data
set that was collected over the entire study period (27,924 to‐
tal GPS location fixes).
The test of nearest neighbor analysis for complete spatial
randomness was performed for all data. Values close to R =
1.0 indicate that the observed average distance is the same as
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Period

Start Date

End Date

Water Presence[b]

Summer
Fall
Winter

6/11/2001
8/27/2001
12/3/2001

6/15/2001
8/31/2001
12/7/2001

W,DD
W,DD

Spring
Summer
Fall
Winter

3/4/2002
6/10/2002
8/26/2002
11/25/2002

3/8/2002
6/14/2002
8/30/2002
11/29/2002

W
W
W,D
W,DD

Spring
Summer

3/3/2003
6/9/2003

3/7/2003
6/13/2003

W,DD
W,D

[a]
[b]

Trough always contained water.
W = Wetland, D = Both Shallow and Deep ditch, DD = Deep Ditches
only.
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Table 5. Mean percentage of daily time spent by cattle near water locations (Mean ± Std Error; n = days).
Period[a]

Water Trough [b]

Wetland

Ditch

Period Mean

Warm 2001
Cool 2001‐02
Warm 2002
Cool 2002‐03
Warm 2003

2.79 ± 0.34; n = 130 a A
0.64 ± 0.15; n = 130 b C
3.66 ± 0.70; n = 60 a B
0.24 ± 0.09; n = 30 b B
2.67 ± 0.86; n = 25 a, b B

4.12 ± 0.98; n = 35 b A
3.49 ± 0.32; n = 130 b A
3.13 ± 0.42; n = 60 b B
4.04 ± 0.69; n = 30 b A
8.25 ± 2.11; n = 25 a A

3.83 ± 0.76; n = 35 b A
2.42 ± 0.34; n = 65 b B
9.93 ± 1.04; n = 35 a A
4.33 ± 0.55; n = 30 b A
9.44 ± 1.09; n = 25 a A

7.90 ± 0.68 c
5.51 ± 0.42 c
13.16 ± 1.16 b
8.61 ± 0.90 c
20.59 ± 2.19 a

Feature Mean

1.97 ± 0.18 B

4.41 ± 0.35 A

5.29 ± 0.38 A

[a]
[b]

Warm = Summer + Fall; Cool = Winter + Spring.
a b c Means within columns sharing a common letter are not significantly different (P > 0.05).
A B C Means within rows sharing a common letter are not significantly different (P > 0.05).

warm 2001 may have been related to the drier conditions that
occurred during the summer sampling period that year
(table 4). During the summer sampling period in 2001, all
ditch classes and wetland areas were dry. The observation of
lower ditch utilization in warm 2001 supports the hypothesis
that cattle utilize water in ditch features for cooling in
addition to possibly for drinking or feed sources.
Water trough use was consistently higher in the warm
periods than in the cool periods (table 5). Since troughs could
only be used for drinking water, this observation supports
what has been observed in other studies (Kelly et al., 1955;
Miner et al., 1992; Goodwin and Miner, 1996; Sheffield et al.,
1997) that cattle will preferentially use alternate and clean
sources of water for drinking. In contrast, the use of
water‐filled wetlands was fairly consistent regardless of
periods and did not differ, with the exception of an almost
doubling of average utilization of wetlands in warm 2003
(8.25% ± 2.11, table 5). The high wetland utilization during
warm 2003 can be explained by a single cow's strong affinity
towards wetland. During the warm 2003 period, data were
collected only from five collared cows during the summer
season (no data were collected in fall, table 3). Amongst the
five cattle, one displayed very high affinity towards wetland
and ditches. Average percent of time spent by this specific
cow in the wetlands was 24.95%, which is substantially
higher than any other collared cow in any period. This
individual cow entered the wetland every day (all five
observed days) during 8 a.m. to 9 a.m. in the morning and
remained in the wetland until 5 p.m. to 6 p.m. Differences in
individual cattle behavior, even if environmental factors are
similar, have been previously reported as well (Bailey et al.,
2004). If the data from this individual cow are excluded, the
average time spent in wetlands for the period of warm 2003
becomes 4.08%, which is similar to percent utilization in
other periods.

There were two periods (spring 2002 and winter 2002)
when cattle were stocked in summer pastures instead of
winter (table 3). This occurred because of prescribed burning
of the winter pastures during spring 2002 and accidental
burning during winter 2002. The rotation of cattle due to fire
events did allow the determination of whether cattle
proximity to water location was influenced by differences in
summer versus winter pastures (size, average depth of water,
forage differences, etc.) or driven by temperature. Spring
2002 and winter 2002 experienced 5.46% and 5.09%
utilization of all water features respectively. This result was
consistent with cool season utilization of water features by
cattle and demonstrated that water usage in pastures was
independent of pasture composition and forage quality.
The amount of time cattle spent near each water feature
during a 24‐h period was investigated to identify any
temporal dynamics associated with the use of these features.
Water troughs were generally not utilized during early
mornings and night time regardless of periods (table 6).
Water trough usage was highest during afternoon times of
all periods with the exception of warm 2001. In warm 2001,
cattle utilized the trough more during late mornings than the
afternoon. Warm 2001 had the highest maximum daily
temperatures of the whole trial (37.5°C, table 2), and it has
been acknowledged that increased water consumption is a
major response to thermal stress (Johnson and Yeck., 1964;
McDowell, 1972). Drinking water may have a direct
comforting effect by cooling the reticulum as well as by
reducing the thermal load (Beede and Collier, 1986). Hence,
it is possible that in periods of hot conditions such as Warm
2001 the cattle utilized the trough earlier in order to mitigate
their thermal stress. Data from late morning as well as
afternoon of remaining periods reveals that there was always
higher presence of cattle at the water troughs during warm

Table 6. Mean percentage of daily time spent by cattle near water trough (Mean ± Std Error).
Water Trough
Period[a]
Warm 2001
Cool 2001‐02
Warm 2002
Cool 2002‐03
Warm 2003
Time Mean
[a]
[b]

Early Morning
(12 a.m. ‐ 6 a.m.)[b]

Late Morning
(6 a.m. ‐ 12 p.m.)

Afternoon
(12 p.m. ‐ 6 p.m.)

Night
(6 p.m. ‐ 12 p.m.)

0.00 ± 0.00 b C
0.10 ± 0.03 a A
0.00 ± 0.00 a, b B
0.00 ± 0.00 a, b A
0.00 ± 0.00 a, b B

1.81 ± 0.25 a A
0.11 ± 0.04 b A
1.48 ± 0.34 a A
0.10 ± 0.05 b A
0.88 ± 0.32 a, b A, B

0.95 ± 0.15 b, c B
0.32 ± 0.11 c A
2.17 ± 0.44 a A
0.13 ± 0.08 c A
2.00 ± 0.61 a, b A

0.01 ± 0.01 a C
0.11 ± 0.04 a A
0.00 ± 0.00 a B
0.00 ± 0.00 a A
0.00 ± 0.00 a B

0.03 ± 0.01 B

0.97 ± 0.11 A

0.93 ± 0.11 A

0.04 ± 0.01 B

Warm = Summer + Fall; Cool = Winter + Spring.
a b c: means within columns sharing a common letter are not significantly different (P > 0.05).
A B C: means within rows sharing a common letter are not significantly different (P > 0.05).
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periods as compared to cool periods. This observation is in
agreement with a previous study in which it was observed that
in hot climates most water is consumed by cattle during two
4‐h periods: 7 a.m. to 11 a.m. and 4 p.m. to 8 p.m., which were
also the times when cattle grazed (Ittner et al., 1951). Earlier
studies conducted by various researchers had established that
water intake of cattle is a function of forage consumption and
ambient temperature (Ritzman and Benedict, 1924; Leitch
and Thompson, 1944; Winchester and Morris, 1956). During
warm periods, cattle utilized water troughs more during their
two grazing bouts.
Unlike cattle's utilization of water troughs, the presence
of cattle in wetlands appeared to be similar across cool and
warm periods (table 5) but was variably distributed across
times within periods (table 7).
Wetland utilization was consistently lowest (0.15±0.04,
P<0.05) in the early morning hours and highest (1.59±0.18,
P<0.05) in the afternoon hours regardless of period. Late
morning and night presence in wetlands was similar and
intermediate to the other two times of day, although there is
a suggestion that period of year influenced the time of the day
the cattle started utilizing wetlands. Cattle presence was not
recorded during late mornings in the two of the warm periods;
whereas, the data showed consistent utilization of wetlands
during the same time in the cool periods. The extraordinary
use of wetlands during warm 2003 has been explained in the
previous section by the exorbitant use of wetland by one cow.
Late morning is assumed to be a period when grazing activity
normally occurs in Florida (Hammond and Olson, 1994;
Bowers et al., 1995; Chase et al., 1999) as temperatures are
relatively cooler. The data suggests that cattle were using
wetlands for grazing during the cool period but not during the
warm period. Additionally, presence of cattle in wetlands
during warm period afternoon hours, when grazing does not

normally occur (Hammond and Olson, 1994; Bowers et al.,
1995; Chase et al., 1999), also suggests that wetlands were
used for cooling and not grazing during the summer period.
Wetlands can be expected to be the deepest water containing
feature in the landscape and therefore it is reasonable to
expect that the cattle would use it for cooling. Presence of
cattle during the afternoon period in the cool season probably
represents a continuation of the morning grazing bout into the
afternoon period due to lower forage availability resulting
from slower forage growth.
Cattle were present in the ditches during all times of the
day and they exhibited somewhat consistent patterns of
higher use during the warm periods and lower use in the cool
periods (table 8).
The exception to this pattern was early and late mornings
of the 2001 warm period, when cattle presence was similar
during warm and cool periods. Cattle can utilize the ditches
for water as well as for higher quality of forage along the
periphery of the deeper ditches. Generally, lower presence of
cattle in ditches during the cool period may reflect differ‐
ences in growth patterns of the forage species found in the
ditches. Bahiagrass and bermudagrass were the dominate
forage species in the ditch areas and as warm season grasses,
their growth rate would be lower in the cool periods of the
year. Lower growth rate and hence less forage availability of
these grasses in the cool season would explain both, lower
cattle presence in the ditches and higher cattle presence in the
wetland areas, which contained more native forage species.
Unlike wetlands, there was no consistent pattern for time of
day within warm or cool periods. This suggests that cattle
presence may not have been related to forage availability or
the need to regulate body temperature, and may simply
reflect an artifact of pasture design and the ubiquity of ditches
in the landscape.

Table 7. Mean percentage of daily time spent by cattle in wetland (Mean ± Std Error).
Wetland
Period
Warm 2001
Cool 2001‐02
Warm 2002
Cool 2002‐03
Warm 2003
Time Mean
[a]

Early Morning
(12 a.m. ‐ 6 a.m.)[a]

Late Morning
(6 a.m. ‐ 12 p.m.)

Afternoon
(12 p.m. ‐ 6 p.m.)

Night
(6 p.m. ‐ 12 p.m.)

0.03 ± 0.03 a B
0.15 ± 0.06 a B
0.24 ± 0.13 a B
0.00 ± 0.00 a B
0.33 ± 0.15 a B

0.00 ± 0.00 b B
1.08 ± 0.16 a A
0.00 ± 0.00 b B
1.30 ± 0.33 a A
1.94 ± 0.80 a A, B

1.65 ± 0.67 b A
1.07 ± 0.14 b A
1.36 ± 0.26 b A
1.47 ± 0.38 b A
4.93 ± 1.38 a A

0.63 ± 0.17 a A, B
0.73 ± 0.11 a A
0.32 ± 0.09 a B
0.87 ± 0.41 a A, B
0.33 ± 0.21 a B

0.15 ± 0.04 C

0.81 ± 0.11 B

1.59 ± 0.18 A

0.61 ± 0.07 B

a b c: means within columns sharing a common letter are not significantly different (P > 0.05).
A B C: means within rows sharing a common letter are not significantly different (P > 0.05).
Table 8. Mean percentage of daily time spent by cattle in ditch (Mean ± Std Error).
Ditch

Period
Warm 2001
Cool 2001‐02
Warm 2002
Cool 2002‐03
Warm 2003
Time Mean
[a]

Early Morning
(12 a.m. ‐ 6 a.m.)[a]

Late Morning
(6 a.m. ‐ 12 p.m.)

Afternoon
(12 p.m. ‐ 6 p.m.)

Night
(6 p.m. ‐ 12 p.m.)

0.17 ± 0.09 b C
0.25 ± 0.07 b B
2.23 ± 0.41 a A
0.56 ± 0.18 b B
2.95 ± 0.47 a A

0.33 ± 0.17 c B, C
0.67 ± 0.13 c A, B
2.18 ± 0.35 a, b A
1.28 ± 0.27 b, c A, B
2.44 ± 0.43 a A

1.76 ± 0.58 a, b A
0.93 ± 0.14 b A
2.86 ± 0.38 a A
1.61 ± 0.31 a, b A
2.02 ± 0.31 a, b A

1.55 ± 0.30 a, b, c A, B
0.56 ± 0.18 c A, B
2.65 ± 0.44 a A
0.87 ± 0.20 b, c A, B
2.02 ± 0.30 a, b A

1.01 ± 0.13 B

1.21 ± 0.12 A, B

1.69 ± 0.15 A

1.37 ± 0.13 A, B

a b c: means within columns sharing a common letter are not significantly different (P > 0.05).
A B C: means within rows sharing a common letter are not significantly different (P > 0.05).
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CONCLUSION
Beef cattle activity in animal production operations in
south Florida may result in direct nutrient loading of
important water resource locations. If BMPs are needed to
minimize the impact of beef cattle production on water
bodies in south Florida, a better understanding of beef cattle
utilization of natural (wetland) and artificial (ditches and
water trough) water sources is necessary. This research study
attempted to quantify the amount of time spent by grazing
cattle near or in water locations by the use of GPS collars.
These collars were used to measure the amount of time spent
near water‐filled location in the pasture landscape. Climato‐
logical information was used in conjunction with observed
groundwater level data in order to make hydrologic judgment
regarding the presence and level of water in ditches and
wetlands.
The data illustrated that there was some indication of
higher presence of cattle near water locations during warm
periods than in cool periods (11.45±0.39% vs. 6.09±
0.69%). On a daily basis, cattle utilization of all water sources
(as determined by % time present) was relatively low (<15%
in a 24‐h period). Cattle seemed to utilize water troughs in a
fairly consistent manner, going to water troughs earlier (late
morning) and staying in the area longer during warm periods,
compared to cool periods when they went later (afternoon) in
the day and for shorter periods of time. The presence of cattle
in the wetlands was generally well distributed across all
warm and cool periods as well as all times of day (approx. 4%
in a 24‐h period). Unlike water trough utilization, cattle
utilized wetlands considerably in the cool periods as well.
Higher utilization of wetlands during the cool period may
suggest that wetlands in Florida are used for different
purposes at different times of the year. During cooler periods,
cattle were present in wetlands when grazing would be
expected to occur (late morning), indicating the need for feed
might be the driving factor. In contrast, during the warm
periods, cattle were present when grazing was not an
expected occurrence (afternoon), suggesting that cooling
may be the reason the cattle were in the wetlands. Other
motivations are possible including the consumption of
preferential, wetland grasses, although there is no direct
evidence of this possibility. Cooler months in southern
Florida can be quite warm as shown in the reported
temperature data and as such confounds simplistic, seasonal
assumptions. Presence of cattle in ditches was generally
higher in the warm periods than the cool periods, although
there was no consistent pattern for time of day within warm
or cool periods. The inconsistency in utilization of ditches
during a day suggests that cattle presence in ditch areas may
not have been related to forage availability or the need to
regulate body temperature, but simply reflect an artifact of
pasture design.
There was another important factor identified through this
study, that there can be substantial variability in individual
cattle behavior. Exceptionally high presence of cattle in
wetlands during the 2003 warm period was due to one
animal's affinity towards wetland areas. It is perceived that
during this period, the cow utilized wetland not only to drink
water but to cool itself by staying in water for extended hours.
It is suggested that future studies deploy multiple GPS collars
on cattle in order to account for variability in the population
distributions.
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The findings may be useful from a ranch management
perspective. Knowledge regarding cattle's preference of
water location will be useful in developing a comprehensive
understanding of the pasture utilization. Information from
this study is not however, sufficient to design appropriate
management strategies to achieve targeted P‐load reduc‐
tions. Nevertheless, this study does provide useful informa‐
tion regarding cattle utilization of water features in
sub‐tropical‐humid pastoral environments of south Florida.
From BMP implementation perspective, information from
this study can be utilized in conjunction with other studies in
order to suggest pertinent structural or managerial BMPs for
this region. For the BMPs to be successful in the unique
settings of subtropical agro‐ecosystems of south Florida, they
should be strategically tailored to be site specific, effective,
and cost efficient.
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