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ABSTRACT

Context. It is common practice to manage red deer on highly digestible easily harvested forage
during winter on New Zealand deer farms, particularly in areas that experience low or no
pasture growth during this period. However, not all individuals within these production systems
perform equally. Aims. To investigate foraging behaviour of young red deer and liveweight gain
of young red deer and wapiti crossbred sire lines when offered two contrasting winter forage
diets.Methods. One hundred and sixty-three rising 1-year-old female red deer and red deer wapiti
crossbreds representing five red deer and two wapiti sires, were split into two management groups
balanced by sire and liveweight and managed on either an easily harvested highly digestible diet
(forage kale) or a harder-to-harvest more poorly digestible diet (pasture) for a 6-week period
during winter. Foraging behaviour was monitored on 95 red deer yearlings by using GPS collars
over a 2-week period. Liveweights were recorded at the start and end of the 6-week period.
Key results. Progeny managed on the kale treatment exhibited an extended activity period during
the dawn period and a suppressed activity period during the middle of the day. Progeny managed on
the pasture treatment exhibited frequent shorter activity periods from dawn to dusk. Time spent
foraging and the number of foraging bouts greater than 5 min in duration were different among
progeny of different sires. These differences in behaviour did not affect liveweight gain. Liveweight
gain over the 6-week trial period was significantly higher for progeny from one wapiti sire than for all
red deer sire progeny while being managed on the kale diet (P< 0.001), but there were no differences
among progeny on the pasture diet. Conclusion. Foraging behaviour varied considerably between
sire lines and appeared to vary between forage type, but there were no correlations between
behaviour and liveweight gain in this trial. Implications. Forage type offered to young red deer
may alter their foraging behaviour.Offering an easier to harvest high digestible forage dietmay increase
liveweight gain of progeny that have a higher genetic potential to grow during the winter period.

Keywords: diurnal activity, foraging behaviour, GPS, liveweight gain, NewZealand, red deer, wapiti,
winter forage.

Introduction

Southern New Zealand experiences extended periods of low or no pastoral growth during 
winter (Radcliffe 1974; Round-Turner et al. 1976; McNamara 1992; Dalley and Geddes 
2012), which presents as a challenge for all pasture wintering systems. Consequently, 
many farm systems, including deer systems, utilise brassica crops that are sown in summer, 
to provide appropriate quantity and quality feed during the winter period. Brassica crops 
are generally grown as a monoculture, with animals being supplemented with conserved 
forage. However, not all animals perform equally on brassica crop systems, with large 
variations in average daily intakes experienced within and across years (Reid et al. 1994; 
Leanne Dillard et al. 2018). Among-year variation can occur due to differences in dry matter, 
plant secondary compound concentrations and climatic conditions affecting utilisation. 
Determining the reasons for within-year and herd variation is more difficult. 
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In a pasture foraging situation, ruminants are faced with a 
diet resource that is diverse in structure and composition 
(Thorhallsdottir 1990) in both horizontal and vertical planes 
(Casey et al. 1993; Edwards et al. 1996), due to a mixed variety 
of species and morphological components. This diversity 
allows for individuals to select a range of plant components 
that differ in their harvestability and nutritive value and 
allows for variation in preferences to be expressed. Having 
a forage resource that is diverse can increase feed intake 
(Lagrange and Villalba 2019) and has been attributed to 
improved animal welfare (Beck and Gregorini 2020). In a 
monoculture system such as a brassica crop, there is a 
limited ability to select a diverse diet and therefore this could 
potentially have detrimental impacts on some individuals. 
The addition of supplementary feed provides some diversity 
in diet choice; however, the placement and concentration of 
this feed resource can create a competitive foraging situation 
where dominant individuals may restrict access of others 
(Schmidt and Hoi 1999; Ceacero et al. 2012). 

Behaviour and diet choice are important drivers of 
liveweight gain and are controlled by the complex interaction 
of genetics and environmental factors. Bailey et al. (2010) 
demonstrated that both genetics and early learning affect 
the expression of foraging behaviour equally. Several genetic 
markers have been found that explained up to 24% of the 
phenotypic variation in terrain use by cattle (Bailey et al. 
2015) and foraging behaviour has consistently been shown 
to differ among breeds within a species (Bailey et al. 2001; 
Russell et al. 2010; Aharoni et al. 2013; Dolev et al. 2014; 
Nyamuryekung’e et al. 2021) and among individuals within 
a population of the same breed (Michelena et al. 2009; 
Sibbald et al. 2009; di Virgilio and Morales 2016). The 
variation in foraging behaviour in red deer has not been 
investigated in any detail; however, Wall et al. (2019) demon-
strated that different individuals utilised different vegetation 
zones within a large herd of farmed red deer, indicating that 
variation in resource utilisation does occur. 

The objective of this research was to determine whether 
behaviour of farmed red deer and liveweight gain of red 
deer and wapiti crossbred sire lines differed during winter 
when offered two contrasting feed resources in an intensive 
farming situation. It is hypothesised that variation in 
foraging behaviour and liveweight gain will occur between 
sire lines and among individuals within the herd and that 
foraging behaviour will have an impact on liveweight gain. 

Materials and methods

Experimental overview

An experiment to investigate variation in foraging behaviour 
and liveweight gain of rising 1-year-old female deer fed on 
two contrasting winter feed options was undertaken at Invermay 

Agricultural Research Centre, (Mosgiel, New Zealand 45°58 0S, 
170°04 0E) during July and August 2020. 

All experimental procedures had prior approval from the 
AgResearch Invermay Animal Ethics committee (PRJ0121969), 
as required in New Zealand by the Animal Welfare Act 1999. 

Animals and nutritional management

A cohort of 163 female red deer and wapiti crossbreds was 
selected from a larger group that had been bred using 
artificial insemination utilising semen from five red deer 
sires and two wapiti sires. Progeny were randomly assigned 
while balancing for the seven sire lines from weaning at 
3 months of age, and managed on pasture in two groups 
(81 and 82 individuals). During the winter period, the groups 
were randomly designated to one of two winter feeding 
regimes, an autumn conserved perennial ryegrass (Lolium 
perenne)-dominant pasture or a monoculture crop of kale 
(Brassica oleracea cv ‘Kestrel’). Both feeding regimes were 
supplemented with ad libitum pasture baleage that was 
replenished on eating. The kale regime group was transitioned 
onto the diet over a 2-week period following industry standard 
practice prior to trial commencement. Once transitioned onto 
their diets the groups were managed for the following 6 weeks 
on a paddock basis (1–3 ha) with no strip grazing. This allowed 
natural foraging behaviour to be expressed and enough feed to 
meet growth requirements of at least 140 g/day, which is a 
higher growth rate than is commonly achieved by female 
rising 1-year-old red and wapiti crossbred deer during winter. 

Animal liveweight was recorded at the start and finish of 
the 6-week trial period (excluding the 2-week transition period) 
to the nearest 0.5 kg by using Tru-test load cells (Datamars, 
Auckland, New Zealand) attached to a Prattley (Prattley 
Industries, Temuka, New Zealand) auto drafter and controlled with 
a Gallagher Tsi2 head unit (Gallagher, Hamilton, New Zealand). 

Feed quality was assessed at the start of the 6-week trial 
period from both treatments pre-grazing. Representative 
samples were collected, harvesting both pasture and kale to 
ground level, and drying in a fan-forced oven at 65°C until 
a constant weight was reached. Samples were sent to Hills 
Laboratories, Hamilton, New Zealand, for analysis for crude 
protein, neutral detergent fibre, acid detergent fibre, lipid, 
soluble sugars and starch, and metabolisable energy by 
near-infrared spectrometry. 

GPS technology and setup

Foraging behaviour was captured using GPS units over a 2-
week period at the start of the 6-week trial period on all 
progeny from four red deer sire lines, except for twin progeny. 
The selected progeny were from two pairs of sires that had 
similar 12-month liveweight estimated breeding values. Due 
to a limited number of GPS units, they were not attached to 
progeny from wapiti crossbred sires and one red deer sire 
(unmatched for 12-month liveweight estimated breeding 
values). The units were developed by DataCarter Ltd (Palmerston 
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North, New Zealand) and comprised a printed circuit board with 
a microcontroller, a u-blox NEO-M8Q GPS receiver and a SD 
card holder and were powered by a 3.6 V 19 Ah lithium 
thionyl chloride battery giving a recording duration of 
between 14 and 17 days. Units were housed in an injection 
moulded hard plastic casing (12 cm × 6.5 cm × 5 cm) 
weighing approximately 265 g and attached to adjustable 
nylon webbing that is fitted to the animal’s neck by using 
side-release clip buckles. Each collar was adjusted to optimally 
fit the individual animal by ensuring four fingers could fit 
comfortably behind the strap. The GPS units were programmed 
to record a location when the animal had moved more than 5 m 
from the previous location, or if the animal was stationary the 
location was recorded every 30 s. Locations were not recorded 
if the animal was moving at a greater speed than 20 m/s, 
because these were considered to be spurious GPS locations. 

Behavioural-data classification

Deer foraging behaviour was estimated using two 
methodologies. The first method used GPS data location to 
calculate daily distance travelled and to inform diurnal activity 
patterns. The second method used a classifier algorithm that 
used data from a previous currently unpublished validation 
study (subsequently referred to as the validation study) for 
classifier training. The validation study recorded both GPS 
and accelerometer data at one observation per second. To 
create training data comparable to the current study, the 
GPS data in the validation study were downsampled to 
match the sampling scheme for the collars in this study 
(Winter GPS data). A multivariate, non-parametric changepoint 
algorithm (James and Matteson 2014; James et al. 2019) was  
applied to the downsampled validation study GPS data, so as 
to break the data into intervals on the basis of timestep, 
distance, speed, and  turning angle. Within  each interval,  a  
confidence ellipse was  fitted to the GPS locations, and the 
radii of the major and minor axes were recorded. These were 
used to calculate features for each interval, including a measure 
of (inverse) tortuosity (ratio of minor axis to major axis), a 
measure of area covered (area of the ellipse), and a measure of 
rate of area covered (area divided by duration of the interval). 
Average speed over the interval was also used as a feature. 

Observational data from the validation study were used 
alongside this validation study feature data to train a decision 
tree (Ripley 2021), allowing each interval to be classified as 
‘Foraging’, ‘Walking’, or  ‘Resting’. 

The same changepoint algorithm and feature engineering 
steps were applied to the Winter GPS data, and the trained 
decision tree was applied to obtain predicted behaviours. 

Counting of bouts is sensitive to the choice of minimum 
bout length, without which there is a risk that classification 
errors or transient behaviours will inflate the count. In this 
study, we counted ‘sustained bouts’, by applying a smoothing 
filter to our classification output. The filter replaces the 
classification of bouts, which are shorter than the minimum 

length with the most recent sustained behaviour. The filter 
was run with both a 5-min and a 15-min threshold, to get a 
sense of the sensitivity of the analysis to the chosen 
threshold for a sustained bout. 

Behaviour and performance analysis

Linear mixed models (Bates et al. 2015) were fit with the 
response variables, including daily distance, number of 
foraging bouts, foraging bout duration, foraging bout speed, 
and foraging bout distance. For the foraging bout 
responses, models were fitted using values calculated with 
both the 5-min and 15-min bout cut-off. All of these models 
used treatment, sire, and their interaction as fixed effects, 
as well as a fixed contrast for the two pasture paddocks 
used. Random effects for animal, for day, and for treatment 
nested within day were included. For one model (number 
of foraging bouts with 5 min cut-off) the random effect for 
day was removed to achieve numerical convergence. 

Liveweight data were used to calculate growth rates for the 
6-week mid-winter period (23 June – 7 August) after the 
2-week transition period. Growth rates were analysed with a 
linear model for each winter forage, with sire line and starting 
winter liveweight as covariates. Starting and ending winter 
liveweights were also compared among sire lines with linear 
models. 

Growth rates were compared to behaviours. Per-animal 
means were calculated for daily distance travelled, and 
foraging bout number, duration, speed, and distance (with 
both the 5-min and 15-min cut-off) for a total of nine 
behaviour variables. For each behaviour variable, a linear 
model was fit, with growth rate as response and behaviour, 
winter forage, sire, and all interactions as covariates. None 
of these nine regressions was significant, with P-values from 
F-test ranging from 0.14 to 0.74, so they have not been 
presented in the results section. 

All analyses was performed in R 4.2.1 (R Core Team 2022). 
ANOVA was performed using the car package (Fox and 
Weisberg 2019), marginal means and their standard errors 
were calculated using the emmeans package (Lenth 2022), 
and post hoc comparisons among groups used the multcomp 
package (Hothorn et al. 2008). 

Results

In total, 95 deer, 46 and 49 in the kale and pasture treatment 
groups respectively, from four red deer sire lines were fitted 
with GPS collars to capture foraging behaviour. Successful 
deployment with retrievable datasets occurred for 37 and 
49 animals respectively for the kale and pasture treatment 
groups, representing 80% and 100% success rates. Due to 
paddock shifting of the pasture group and an unplanned 
disturbance of the kale group, data worth of 4 days were 
excluded from analysis, resulting in a 9-day data set for 
analysis. 
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GPS location data

The average daily distance travelled as estimated using the 
GPS location on the kale treatment was 6119 m/day 
(±283.2 m), and 6699 m/day (±278.4 m) for the pasture 
treatment (Table 1). The diurnal pattern of the kale treatment 
group indicated two activity peaks during daylight hours at 10 
h and 18 h after midnight (Fig. 1). The morning activity peak 
was extended over a 3-h period, with a peak of over 600 m 
travelled in a single hour on average per day. The evening 
peak was shorter but had a higher peak of travel at over 
800 m per hour on average. The pasture treatment group 
had four activity peaks during daylight hours at 8, 12, 14, 

and 18 h after midnight (Fig. 1). The activity periods lasted 
approximately an hour on average each day, except for the 
midday peak, which had a 2-h average duration. The average 
hourly distances per day travelled during these activity 
periods were under 500 m, each except for the evening 
activity period which peaked at close to 800 m. 

Behaviour classifier

The kale and pasture treatment groups were predicted to have 
5.99 (±0.148) and 6.69 (±0.141) 15-min or longer foraging 
bouts respectively, per 24-h period (Table 1). These bouts 
had an average length of 95 (±3.6) and 86 (±3.4) min each 

Table 1. Average daily distance travelled as measured by GPS and predicted foraging number, duration, speed and distance for bouts over >5 min
and >15 min duration as classified using the classifier algorithm for red deer progeny managed on either a kale or pasture during winter.

Treatment Sire Daily distance Foraging bout Foraging bout Foraging bout Foraging bout
travelled (m) number duration (min) speed (km/h) distance (m)

5 15 5 15 5 15 5 15

Kale Red 1 6443a 11.63ab 5.98c 45.99a 91.29ab 1.79a 2.03a 320.8a 681.6a

Kale Red 2 6093a 10.72ab 5.89c 55.86a 103.6a 1.60a 1.95a 362.6a 730.3a

Kale Red 4 5986a 11.01ab 6.02bc 50.36a 91.08ab 1.59a 2.02a 331.1a 652.9a

Kale Red 5 5954a 11.10ab 6.08abc 51.59a 94.45ab 1.64a 1.94a 331.0a 651.8a

Kale Average 6119 11.12 5.99 50.95 95.09 1.65 1.98 336.4 679.1

Pasture Red 1 6818a 11.48ab 6.80a 50.49a 82.50b 1.80a 2.04a 350.4a 598.4a

Pasture Red 2 6662a 11.40ab 6.53abc 53.84a 92.64ab 1.69a 1.99a 353.4a 650.4a

Pasture Red 4 6532a 11.35b 6.66abc 51.38a 86.56ab 1.48a 1.96a 336.7a 614.3a

Pasture Red 5 6785a 12.31a 6.76ab 46.3a 84.02ab 1.65a 1.95a 319.9a 618.6a

Pasture Average 6699 11.63 6.69 50.5 86.43 1.65 1.99 340.1 620.4

Means within columns followed by the same letter are not significantly different (at P = 0.05).

Fig. 1. Average hourly distance travelled (±s.e.) as measured by GPS by two groups of farmed red
deer managed on either kale (Brassica oleracea) or pasture forage over a 2-week period in winter.
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for the kale and pasture group respectively, equating to total 
foraging time of 570.5 and 620.7 min per 24-h period. The 
distances travelled during these 15-min or longer bouts 
were 679 (±54.0) and 620 (±53.0) m respectively, for the 
kale and pasture groups per foraging bout with an average 
foraging speed of 1.9 km/h. Average daily foraging distances 
calculated using the classifier data were 3741 and 3955 m for 
5-min sustained bouts and 4068 and 4150 m for 15-min 
sustained bouts for the kale and pasture groups respectively. 

Foraging bout duration was different among sires for bouts 
greater than 5 min (P = 0.025, Fig. 2) and 15 min (P = 0.024), 
with the Red 1 progeny having the shortest duration (48.2 and 
86.9 min respectively) and Red 2 progeny the longest 
duration (54.8 and 98.1 min respectively). The number of 
foraging bouts were also different among sires for foraging 
bouts greater than 5 min (P = 0.016) in duration but there 
were no differences for foraging bouts greater than 15 min. 
There were no other sire effects detected in predicted foraging 
behaviours. 

Liveweight and liveweight gain

A total of 161 deer had complete liveweight records that could 
be used for liveweight analysis. Starting liveweights averaged 
79.7 (±1.1) and 80.7 (±1.1) kg respectively, for the kale and 
pasture groups. End-of-trial weights averaged 83.0 (±1.2) and 
82.6 (±1.2) kg respectively, for kale and pasture groups, 

equating to an average group daily growth rates of 72.4 (± 
6.5) and 41.7 (±6.5) g/day respectively. 

Starting liveweight was different among the sire lines 
(P < 0.001), with Wapiti 1 progeny being (P < 0.05) heavier 
than any other sire progeny, with an average weight of 94.2 kg 
(Table 2). Red 2 progeny were the lightest, with an average of 
73.9 kg, but were not significantly different from other red 
deer sire progeny. 

Liveweight gain over the 6-week trial period was higher for 
the Wapiti 1 (171.5 g/day) progeny than for the red deer sire 
progeny (≤67 g/day) on the kale treatment (P < 0.001) but 
not on the pasture treatment (P = 0.074; Table 2, Fig. 3). 
Starting and finishing liveweights were higher for the Wapiti 1 
sire progeny (94.2 and 99.0 kg respectively) than for all red 
deer sire progenies (average 76.92 and 78.82 kg, respectively), 
but did not differ from those for Wapiti 2 sire progeny (81.8 and 
86.2 kg respectively). 

Feed quality of the kale crop averaged 13.3 MJME pre-
grazing, compared with an average of 10.5 MJME of the 
pasture pre-grazing. 

Discussion

This research investigated the variation in foraging behaviour 
and performance of red deer and wapiti crossbred progeny 
bred from seven sire lines and managed on two feeding 

Fig. 2. Average foraging duration of individual progeny from four different red deer sires for foraging bouts
longer than 5 min in duration.

Table 2. Average liveweight and modelled growth rate based on starting liveweight of seven sires for a 45-day period during winter.

Sire Wapiti 1 Wapiti 2 Red 1 Red 2 Red 3 Red 4 Red 5

Start weight (kg) 94.2a 81.8b 75.8bc 73.9c 79.9bc 76.7bc 78.3bc

Finish weight (kg) 99.0a 86.2b 76.8c 75.6c 82.8bc 78.5c 80.4bc

Kale growth rate (g/day) 171.5a 130.4ab 23.9c 50.4c 67.0bc 35.9c 49.8c

Pasture growth rate (g/day) 71.5a 55.7a 15.3a 13.6a 63.5a 38.8a 40.0a

Means within rows followed by the same letter are not significantly different (at P = 0.05).
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Fig. 3. Mid-winter (23 June – 7 August) growth rate (g/day) of progeny from seven sire lines grazing either kale crop or pasture compared
against start of period (23 June) liveweight.

treatments to determine whether foraging behaviour was 
related to liveweight gain. The two groups were managed 
over a 6-week period in winter. It was hypothesised that 
different sire lines would display variation in their foraging 
behaviour and performance on each of the feed resources 
offered and that behaviour would influence liveweight gain. 
This research proved the central hypothesis of consistent 
variation in foraging behaviour among sire lines but did not 
prove the hypothesis that behaviour influences liveweight gain. 

All animals on both treatments experienced dawn and dusk 
peaks in activity, as previously demonstrated in red deer 
(Hester et al. 1996; Pépin et al. 2006; Ensing et al. 2014; 
Wall et al. 2019). However, the diurnal pattern of activity 
appears to be different for the two groups, with the kale group 
having an extended morning activity period, followed by a 
distinct lack of activity until the evening period. This 
contrasts markedly with the pasture group who had regular 
activity periods throughout the day. Due to the lack of 
replication in feeding treatments, it is impossible to say whether 
the difference between the two groups is an effect of the feed 
type utilised or environmental factors. It is important to note 
that both areas were of similar elevation (180 vs 380 m amsl) 
and close in proximity but were on opposing aspects (kale on 
north-westerly and pasture south-easterly), although both 
had similar sheltering from prevailing weather. There were 
no significant weather events during the 2-week behaviour 

monitoring period. Given these similarities and the 
proximity of locations, we have ventured into some possible 
reasons on the differences in daily activity patterns between 
the two groups. The extended morning foraging bout of the 
individuals on the kale treatment most likely influenced 
their activity during the middle of the day by providing 
nutritional satiety reducing the need to return to an active 
foraging state until later in the day. Previous research investi-
gating the intake of kale by dairy cows indicated that 92% of 
their daily intake was consumed in 3 h in a daily allocation 
system (Thompson and Stevens 2012), demonstrating the 
ability of ruminants to alter their feeding frequency when fed 
on high-quality and abundant feed. This effect would explain 
the activity patterns demonstrated in this trial but in the 
absence of feed intake-rate data, it cannot be confirmed. 

No differences were detected between treatments in the 
overall average time spent foraging; however, time spent 
foraging did differ among sires, particularly when managed 
on the kale treatment, with progeny from Red 2 sire foraging 
on average for 64 min longer each 24-h period than progeny 
from the Red 1 sire. The difference on the pasture treatment 
between progeny from the same sires was 31 min. Foraging 
time in ruminants is influenced by many factors involving 
animal, plant, and landscape characteristics with the end goal 
of the individual being to attain a positive nutrient balance 
(Gordon and Lascano 1993). Progenies from both sires 
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were of similar liveweight at the start of the trial period and 
should have been under the same physiological demands for 
nutrients and face the same environmental conditions. The 
difference that was measured is likely to be an effect of a 
different foraging strategies that were employed by progenies 
of different sires, demonstrating a consistent variation in 
foraging behaviour among sire lines. The total time spent 
foraging per day in this trial was similar to that of elk (Clark 
et al. 2017) but lower than the 13 h measured by Pépin et al. 
(2006) on confined red deer. It is important to note that the 
individuals measured in this trial were rising 1-year-old red 
deer and not adults and, consequently, will have a different 
nutritional driver that may alter foraging strategies. 

GPS recording frequency can affect the accuracy of 
predicted daily distances travelled, with lower recording 
frequencies resulting in an underestimation of distance 
travelled (McGranahan et al. 2018), and higher recording 
frequencies resulting in overestimation of distances travelled 
due to GPS measurement errors (Ranacher et al. 2016; Noonan 
et al. 2019). The high frequencies (every 30 s) used in this trial 
may have resulted in an overestimation of the distance 
travelled; however, the relative differences among sires and 
between treatments can be considered valid, because all 
units will have experienced the same drift and GPS-accuracy 
issues. The distances travelled during foraging events as 
calculated using the behaviour classifier will also suffer from 
the same GPS-accuracy issues as well as underestimation and 
overestimation through the loss of data during the smoothing 
process to generate 5-min and 15-min sustained activity bouts 
as mentioned in the methods section. Relativities among sires 
should be valid. 

The animal growth rates achieved in this trial on the 
pasture treatment were similar to the records from the 
same sire lines in previous research on pasture at Invermay 
(Thompson et al. 2020). The increased growth rates by the 
wapiti sires on the kale treatments are most likely related to 
the increased energy content of the kale and the increased 
quantity of feed on offer. The winter pasture used in this trial 
did not appear to support the genetic potential to grow of the 
wapiti progeny, but did appear to meet the requirements for 
the red sire progeny. Behavioural differences between wapiti 
and red deer progeny were not monitored because GPS collars 
were fitted only to progeny from four red deer sires; so it is not 
known whether this growth rate difference was an effect of 
foraging behaviour. 

As noted in the methodology section, there were no signifi-
cant correlations between foraging behaviours that were 
measured and liveweight gain in this study. 

This research has demonstrated that there is variation in 
foraging behaviour of rising 1-year-old female red deer when 
managed on both pasture and kale during the winter period. 
It has demonstrated that there is consistent variation among 
genetic lines of animals, which creates an opportunity to 
select for favourable foraging behaviour. In this research, 
liveweight gain was not affected by differences in foraging 

behaviour over the 6-week period of monitoring. This 
research also demonstrated that the progeny of the wapiti 
crossbred sires used in this research grew faster than did 
the red deer sire progeny when offered the kale treatment 
that gave them the opportunity to express their genetic 
potential to grow during this period. Further research will 
investigate foraging behaviours further, to determine whether 
the variation in behaviours demonstrated in this research are 
consistent across both spatial and temporal contexts. 
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