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Abstract

There are limited data on the methane output of pasture-grazed farmed red deer (Cervus elaphus) in New Zealand. Identification
and validation of methane-mitigation strategies for farmed deer requires a technology that can be deployed under grazing
conditions. The GreenFeed automated emissions monitoring system (GAEM) integrated with an automated concentrate feeder has
been successfully used to determine methane output from cattle but has not been tested with deer. The objective of this study was
to evaluate large and small ruminant GAEM units with rising-yearling red deer, to determine if they would access the feed lure,
and remain for sufficient duration in the hood of the unit to collect representative measurements of methane outputs. Groups of
14 mixed-sex red deer were used in three trials during spring of 2020. In each trial, approximately a third of individuals accessed
the GAEM units after being habituated to the lucerne pellet lure, more than 85% of visits were < 2 min. With further refinement
of deer-training protocols and configuration of the GAEM, pasture-based methane outputs should be able to be measured for a

proportion of any mob with access to the unit.
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Introduction

New Zealand’s agricultural sector is estimated to
contribute to 47.8% of the country's total gross emissions
(MfE 2020). The main source (74.1%) of agricultural
emissions is methane (CH,) produced from enteric
fermentation in grazing ruminant livestock, making up
35.4% of New Zealand’s gross emissions (MfE 2020).
Obligations to mitigate emissions and meet the Kyoto
and Paris Agreement targets require regular greenhouse
gas inventories to accurately estimate the methane output
of the ruminant livestock classes farmed in New Zealand
(Climate Change Response (Zero Carbon) Amendment Act
2019).

There has been a large amount of data collected on the
methane production of dairy cattle, beef cattle and sheep,
but there is little methane-production data for farmed deer.
A few comparable methods used to measure the methane
output from ruminant livestock include respiration
chambers (RC), the sulphur hexafluoride tracer technique
(SF,) and the GreenFeed automated-emissions-monitoring
system (C-Lock Inc., Rapid City, USA). The development
of these tools and methods to measure ruminant methane
production have been focussed on cattle and sheep but
might not be directly applicable to deer due to behavioural
differences among livestock classes.

Respiration chambers are the most accurate method
for directly measuring the total methane emissions of an
individual. This method requires animals to be placed in a
closed chamber, therefore removing them from the grazing
environment. A long period of deer training is required
before they can be measured in chambers (Pérez-Barberia
et al. 2020) and this system cannot simulate the grazing
situation. Swainson (2004) and Swainson et al. (2007)
successfully used the SF, tracer technique to measure the
methane output of young deer, both indoors and grazing

pasture. This was an expensive and labour-intensive
method, requiring training of animals to wear specialised
measurement equipment. The GreenFeed emissions-
monitoring system is a portable, stand-alone unit used
to measure multiple short-term (up to about 5 minutes)
emissions of methane from animals in confinement or at
pasture. An automated feeder system uses a small lure of
pelleted feed to attract animals to a hood where airflow
drawn past the animal's head during feeding is sampled,
described further by Hammond et al (2015a) and Waghorn
et al (2016). When used at pasture GAEM are not labour
intensive and require minimal human-animal interaction
to collect data. This makes it potentially applicable for use
with deer. The GreenFeed system has been extensively
used with cattle, and in a limited number of studies with
sheep, but has never been validated for deer.

There are GAEM units designed for small and large
ruminants (see Fig. 1). The small-ruminant GAEM unit
has a greater sensitivity to capture emissions from animals
with low feed intake and methane emission (<150g/day)
as is the case for deer, however, the hood designed for a
sheep may be too small for a deer head, due to their larger
ears and pedicles (males). The large-ruminant GAEM has
a large hood suitable for cattle and, therefore, it may be
more suitable for capturing methane production in deer. To
generate accurate methane-production estimates, animals
need to visit the GAEM at least 20 times (i.e., spot-samples)
of a minimum of 2 min in duration and at least one visit per
day. The aim of this trial was to test the feasibility of both
the large and small ruminant GAEM to capture methane
emissions from red deer, and to evaluate how they interact
and visit the novel GAEM unit at pasture.

Materials and methods
A series of three deer pilot trials (1a, 1b and 2) were
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performed at two different locations at the AgResearch
Invermay Agricultural Research Centre (Mosgiel, New
Zealand 45°58'S, 170°04'E) between August and December
2020. The animal experiments conducted adhered to the
guidelines of the AgResearch Code of Ethical Conduct
and were approved by the AgResearch Animal Ethics
committee (approval number 15104).

A total of 28 mixed-sex rising yearling (R1) red deer
(Cervus elaphus) between 8 and 12 months of age were used
in the trials. The deer were randomly selected from a larger
group of 56 and stratified by sex into two groups consisting
of 14 animals each (seven females and seven males). On 26
August 2020, the 28 trial animals were weighed and drafted
into Group 1 (n=14) and Group 2 (n=14).

In consecutive periods, these two groups were
introduced to the large-ruminant GAEM and had visitation
monitored (Trial 1a). The trial period went for 21 days
for Group 1 and five days for Group 2. The most frequent
visitors to the GAEM were then combined to form a new
group of 14 animals (four female and ten males) and
methane emission measurements were performed over a
period of nine days using the large-ruminant GAEM (Trial
1b), followed by a period (18 days) of measurements using
the small ruminant GAEM (Trial 2).

Equipment setup and configuration

Trials 1a, 1b and 2 were carried out in paddocks of 0.7
to 1.7 ha on both the flat and rolling hill area of Invermay
farm. After finishing with Group 1 in Trial 1a, the GAEM
unit was moved to a less-disturbed area of the farm for
the remainder of Trial 1a with Group 2, and the following
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trials;1b and 2. No formal measurement of pasture quality
and quantity was undertaken. The feed available to the
animals was growing spring pasture, the visually estimated
pre-grazing pasture cover offered was between 2,500 and
3,500 kg DM/ha in all paddocks, and pastures were not
grazed below 1800 kg DM/ha which suggests that animal
feed requirements were not limited. The pasture sward in
these paddocks was perennial ryegrass (Lolium perenne)
dominant and included other species such as white clover
(Trifolium repens), cocksfoot (Dactylis glomerata), sweet
vernal (Anthoxanthum odoratum) and Yorkshire fog
(Holcus lanatus).

Detailed implementation of the large-ruminant GAEM
unit with grazing dairy cows has been described previously
by Jonker et al. (2019) and Waghorn et al. (2016). The small
ruminant GAEM uses the same measurement system (but
has a smaller pipe and lower airflow rate to enable capture
of low methane emissions) and was setup and deployed in
the same way. The GAEM were powered by mains power.
Deer were excluded from all but the feed hood of the
GAEM using deer gates (Fig. 1). Carbon dioxide recovery
and gas calibration tests were performed at the start of
each trial. The auto-chime (audio cue before a feed lure
is dispensed) and auto-fan (switches on when head enters
feeder) function were initially used then turned off for all
trials. The fan was either turned off or left continuously
running (when performing gas emission measurements).
The large-ruminant GAEM unit was initially configured to
drop lucerne pellets at 15 s intervals and five drops per visit
(~35g/drop) with a waiting time of 2 h between visits before
the same animal could receive another feed drop. The small

Figure 1 The large-ruminant (left) and small-ruminant (right) Greenfeed automated emissions-monitoring systems (GAEM)

set up in Trial 1a and 2, respectively.
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ruminant GAEM used the same initial settings, except that
number of feed drops was increased to 10 drops per visit
(~9 g/drop). In an attempt to increase animal visitation
time, the number of feeds drops per visit and interval time
were altered for individual animals using the C-Lock web
interface during the course of Trial 2.

Data collected by the GAEM system included the
number of animal visits (electronic tag reads), number of
feed drops, time and duration of each individual’s feeding
bout and the proximity of the head in the feeder hood,
to be used as an informative monitoring tool during the
trials. The CH, and CO, concentrations of each visit were
sampled when the fan system in the unit was turned on (i.e.,
Trials 1b and 2).

Animals

Animal groups were weighed before being introduced
to the GAEM in each trial. The average live weight of
animals was 69.8+11.9 kg and 78.3+11.2 kg in Trial la
(Group 1 and 2, respectively), 82.9+13.8 kg in Trial 1b and
98.6+14.0 kg in Trial 2.

The large mob of 56 animals was acclimated to lucerne
pellets trailed along the pasture daily for seven days prior
to the start of Trial 1a. This was maintained for both groups
of animals during Trial 1, in which the pellet trail was fed
incrementally closer to the GAEM at a similar time of day
until the trail met the feeder face.

Animals were observed immediately after they were
released into the paddock with the GAEM and at least once
a day for the following 14 days. After that, observations
were kept to a minimum to reduce disturbance to the
animals.

No formal statistical analysis was carried out because
this was a pilot study without treatment comparisons.

Results
Training deer to use the large and small ruminant GAEM
Initial observations of Group 1 in the paddock with
the large-ruminant GAEM showed signs that animals were
unsettled and disturbed by the novel object in the paddock.
Three animals in the group exhibited stress by excessively
pacing the fence line, causing the remainder of the group to
be in a constantly alert state. Animals would cease grazing
and mob together after any disturbance such as noise from
aircraft, heavy machinery and human/vehicle activity
near the paddock. All animals in the group consumed
pellets trailed onto the ground during the initial five days
but would not graze within 15 m of the GAEM. The first
animal visit occurred on Day 5 for a few seconds and it
was assumed the automated chime and start-up of the fan
frightened the animal as it did not return within 48 h. The
auto-chime function was then switched off for the duration
of Trial 1a to prevent the issue re-occurring. Pellets were
eventually trailed out from the feeder face and by Day 9
some animals in the group were eating them within a metre
of the GAEM feeder. The second animal tag read was on
the Day 10 for a brief visit and this animal returned the next

day for a longer period (four feed drops). A new animal
tag read was recorded on Day 11, however, its head did
not enter the hood far enough to trigger a feed drop. The
feeding of pellets around the GAEM was stopped on Day
14 to see if inquisitive animals would search at the feeder.
Feeder use increased in the following week (Week 3),
with the original animal visiting the feeder multiple times
for extended periods of time and on Day 18 received its
maximum number (n=30) of feed drops in a day. A new
animal received five feed drops and another one drop
during this period. A previous animal again registered a tag
read, but did not trigger a feed drop so the head proximity
setting of the GAEM was altered (to dispense pellets when
the head was further out of the hood). An adjacent paddock
to the paddock with the GAEM was opened towards the end
of Week 3 to increase pasture availability, which reduced
animal GAEM visits/feed drops, however, one animal still
returned to the unit regularly. In the final week of the Trial
la, two animals were regularly receiving feed drops and
another animal’s tag was read, but did not receive a feed
drop.

For the second group of animals of Trial la, the
GAEM was moved to a new location in a less-disturbed
area of the farm. Rolling topography allowed the animals
to hide from disturbances as they chose, which was mainly
passing vehicles and nearby stock movements. Group 2
was introduced to the paddock with the GAEM and the unit
was turned off to avoid frightening animals. Pellets were
trailed on the ground around the feeder and in the feeder
hood to encourage new animals of Group 2. On Day 2 the
animals seemed at ease and bolder animals approached the
GAEM during human presence while calibrating the unit.
The pellets around the unit and in the hood had been eaten
while the unit was turned off. The GAEM was activated
and pellets were trailed out for a further three days, on Day
3 the pellets had all been eaten but no tag reads had been
registered. Feeder activity can be remotely monitored on a
web-based interface, which helped to identify an issue with
pellets jamming in the feeder opening. On the following day
(Day 4) two animals had recorded tag reads and received
pellet drops. The same two animals regularly returned to
the feeder receiving multiple feed drops until the end of
Trial 1a; a further two tags were read during this period but
the animals didn’t receive feed drops.

Trial 1b commenced with the recorded visitors (n=8)
to the GAEM from Group 1 and 2 combined into a single
group totalling 14 animals, with six other animals randomly
selected from Group 2, that had not visited the GAEM.
For this trial, the gas-sampling system (fan) of the large-
ruminant GAEM was activated to enable methane emission
measurements. Competition at the feeder meant there were
only short individual methane measurements and frequently
with multiple animals at once. One animal had over 100 tag
reads in one day and was present at every visit by other
animals in the group. Wooden wings were installed on the
hood of the unit and a race (designed for cattle) leading
up to the feeder was attached to restrict access to a single
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Table 1 The number, duration (minute:second) and between-visit coefficient of variation (CV) of visits by individual rising-
yearling red deer to the large-ruminant and small-ruminant Greenfeed automated emissions-monitoring system (GAEM) by

the same four deer in Trial 1b and 2, respectively.

Visit duration (mm:ss)

Animal Total visits Visits/day Total visits > 2 min Average CV (%) Max Min
Trial 1b, large-ruminant GreenFeed (9 measurement days)

INV164 13 1.4 0 00.25 74 01.19 00.10
INV404 34 3.8 1 00.41 83 02.46 00.11
INV4388 5 0.6 0 00.42 33 01.00 00.27
INV530 23 2.6 1 00.26 131 03.02 00.10
Trial 2, small-ruminant GreenFeed (18 measurement days)

INV164 3 0.2 0 00.17 26 00.22 00.14
INV404 8 0.4 0 00.40 50 01.07 00.14
INV4388 108 6.0 4 00.39 100 04.03 00.10
INV530 158 8.8 33 01.18 106 06.16 00.10

animal at a time (Garnett 2012). Following this, no animals
accessed the feeder for 24 hours, and so only the wings
were removed. Only one animal accessed the feeder with
the race attachment in the following three days, until two
new animals accessed the large-ruminant GAEM in the
final two days of Trial 1b.

Commencing on 16 November 2021, Trial 2 used the
same 14 animals and paddock from Trial 1b with the small-
ruminant GAEM (see Fig. 1). By Day 2, three animals
that had previously visited the large-ruminant GAEM in
Trial 1b were regularly visiting and receiving pellets drops
from the small-ruminant GAEM. Initial feeding periods of
individual animals occurred without interruption from other
animals, so feed-drop number and interval were adjusted
for two of the animals in an attempt to achieve longer
feeding bouts (>2 mins). One frequent-visiting animal from
Trial 1b did not receive feed drops in Trial 2: this animal
was large and had growing antler (velvet). After Day 5,
animals were visiting the feeder at the same time with
multiple animals competing for the feed. No animals fed
for significant periods (>2 mins) before being interrupted
by another individual.

Animal visitation of the large and small ruminant GAEM

In Trial 1a, the total number of animals registering tag
reads by the large-ruminant GAEM was eight out of the
28 animals (29%), four deer from Group 1 and four from
Group 2. Only four out of the 28 animals (14%) regularly
visited the feeder for multiple feed drops, two deer from
Group 1 and two from Group 2.

During Trial 1b and 2, the average number of daily
visits to the GAEM by frequent users (i.e., four animals)
were 2.1 and 3.9 visits/day respectively. Only two animals
visited the small-ruminant GAEM more frequently in Trial
2. One (INV488) increased from 0.6 to 6 visits per day and
the other (INV530) increased from 2.6 to 8.8 visits per day
(Table 1). The duration (minute:second) of all visits ranged
between 00:10 and 06:16, with a mean duration of 00:34 in
Trial 1b compared to 00:43 in Trial 2. Approximately 13%
of visits to the small-ruminant GAEM in Trial 2 were > 2
minutes (Table 1).

Table 2 Effect of retaining only visitation lengths of 0.5
and 2.9 minutes on the methane output (grams/day) and
between-visit coefficient of variation (CV (%)) of rising-
yearling red deer with the large-ruminant and small-
ruminant Greenfeed automated emissions-monitoring
system (GAEM) in Trial 1b and 2, respectively.

Visit duration Number of visits ~ Mean (g/d) CV (%)
Trial 1b, large-ruminant GreenFeed (9 measurement days)

All 77 72.1 93.9
> 0.5 min 28 54.4 73.6
> 1 min 11 41.0 54.3
Trial 2, small-ruminant GreenFeed (18 measurement days)

All 324 61.1 81.7
> 0.5 min 176 59.8 61.9
> 1 min 90 55.9 41.8
> 1.5 min 57 53.1 273
> 2 min 41 52.1 26.5
>3 min 25 53.3 233

Methane emissions of large and small ruminant
Greenfeed

The mean methane output estimate of deer in Trial
1b was 72.1 g/d (n=77) compared to 61.1 g/d (n=324) in
Trial 2. The coefficient of variation (CV) and CH, output
estimates in Trial 1b and 2 decreased with increasing
duration of animal visits (Fig. 2). This was most notable in
Trial 2, excluding all data shorter than 1.5 mins stabilised
the CV and CH, production estimate (Table 2). The average
CH, output from deer visiting the feeder for longer than 1.5
minutes was 53.1 g/d. There were only three visits longer
than 1.5 minutes in Trial 1b, so methane estimates from this
trial are not discussed further.

Discussion

The main finding of the current pilot trials was that
it is possible to get direct methane measurements from
deer at pasture using both the large- and small-ruminant
GAEM. Animals that accessed the feeder and returned
regularly for multiple feed drops did so when high-quality
pasture was available. However, only a small proportion
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Figure 2 Relationship between sampling duration (minutes) and estimated methane outputs (grams/day) in rising-yearling
deer visiting the small-ruminant Greenfeed automated emissions-monitoring system (GAEM) in Trial 2.
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(15%) of the mob used the feeder regularly enough to
get reliable measurements, described by Hammond et al.
(2015) as multiple daily visits by an individual animal. The
daily animal visitations during Trial 1b and 2 by frequent
visitors were in a similar range to that reported for cattle
(Hammond et al. 2016) and suitable for accurate methane
estimates. Overall GAEM use by deer at pasture was lower
than reported results (50-72%) in dairy cattle (Waghorn et
al. 2016; Garnett 2012). Unlike typical deer-production
systems, dairy cattle are exposed to yarding, disturbances,
and novel objects daily, which may explain higher
visitation rates in dairy cattle. Further trials with a larger
group of deer and multiple feeders to reduce competition
and improve animal GAEM access opportunities may
increase the total animal visitation. Garnett (2012) showed
targeted training of non-user dairy cattle to the feeder in
confinement can increase individual animal visitation
to the GAEM. Pre-training animals to use the system in
confinement before pasture is recommended by GAEM
manufacturers (Zimmerman 2020) to improve animal
visitation. However, Gunter and Beck (2018) found this
could take between 4-8 weeks in beef cattle in extensive
grazing systems. Pre-training to increase GAEM visitation
could be investigated with deer, but this may require
cohorts of regularly handled, bold deer that are habituated
to disturbances. The increased time and labour associated
with training may limit the GAEM use to measure methane
outputs of deer on a larger scale.

Determining the best GAEM configuration to keep
animals at the feeder for adequate lengths of time proved
difficult in Trial 2. Without the race attached, competition
interrupted animal feed bouts, resulting in >85% of
visits being shorter than 2 minutes. Arthur et al. (2017)

found the accuracy of the Greenfeed system to estimate
CH, production of cattle was significantly lower when
visit duration records of <2 min were included. The CH,
estimate results in Trial 2 (Table 2) reflect this, hence, these
data (visits <2 min) are usually excluded before analysis by
C-Lock (Mike Billars, C-Lock Inc; pers. comm.). The race
attachment is key to capturing accurate data and should
be attached when animals are habituated to the GAEM,
restricting access to the hood to a single animal at any
one time. Modifying the GAEM hood of either size unit
with a design for deer may also help improve the methane
measurements (i.e., the small-ruminant GAEM hood was
too small and limited feeder access for larger animals or
those growing antler).

The methane-output estimate for visits longer than
1.5 min was approximately 53 g/d, slightly higher than
estimates in NZ farmed deer using the SF, tracer technique
(24.2 to 40.1 g/d with increasing age from 4.5 to 11.5
months) (Swainson et al. 2007). In forage-fed cattle the
SF, technique was found to result in lower CH, emission
estimates than measurements made with respiration
chambers and GAEM (Jonker et al. 2020). However, when
expressed per unit of body weight (BW), CH, production
was approximately 0.51 g/kg BW in the current study,
which is in a similar range (0.48 to 0.56 g/kg BW) to that
found by Swainson et al. (2007).

Implementing the GreenFeed system with pasture-
grazing deer in the future may require longer training
periods with animals initially in confinement, feeder-hood
modification, and the use of multiple GAEM units in a
paddock to produce increased animal visits and provide
more accurate estimates of methane output.
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