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Nutritional status of the Patagonian huemul corroborates health problems in this refugee species
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The endangered Patagonian huemul (Hippocamelus bisulcus) may be the only cervid species confined year-round to its historic summer range in the
mountains. Oncemigratory, humanencroachment of the lower valleys turned this species into anAndean refugee;1 this loss ofmigratory behavior has
potentially contributed to trace mineral deficiencies and associated health problems, considering many minerals are depleted at these higher
altitudes. Se and Iodine have been hypothesized to explain the reported prevalence of osteopathologies and tooth-loss syndrome,2,3 which can
impact foraging efficiency and predator avoidance behavior, leading to the observed low average longevity and lack of population recovery. To
evaluate the nutritional status of huemuls, we analyzed blood from wild and captive individuals (2021 to 2025) at Shoonem Protected Park for
concentrations of vitamins and trace minerals. Selenium (Se) was also measured in hair samples collected from wild animals (n = 16) from
1993–2020. Given non-established nutrient requirements for this species, we evaluate our results based on recommendations for other
ruminants.4–10 We found severe deficiencies in hormone T3 and Vitamin D3 for all sampled individuals (n = 6 and 10, respectively; Fig. 1). For
Se (n = 9) in blood, both wild cases were low in Se, but once at breeding center under a supplemental feeding program, samples from only two
individuals (H & I) rose to marginal levels (Fig. 1). Se content in hair samples of 16 wild individuals (Fig. 2) showed only 19% with adequate
levels. For Zn (n = 9), 77.8% were deficient and 22.2% at borderline deficiency (Fig. 1). For Mn (n = 6), five were considered deficient and one
at lowest level of adequacy; for Mo (n = 5), three individuals showed deficiency, while two cases were at the lowest adequacy levels; for
Vitamin B12 (n = 4), all had inadequate levels with two deficient and two at marginal levels. For Cu (n = 10), three had marginal levels with
all remaining cases at adequate levels. Only Co (n = 6) had adequate levels for all samples. An ongoing supplemental program for this species
using adaptive management strategies and a conservation project to reintroduce them to historically optimal habitats, which incorporates this
new information, will be discussed.
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Fig. 2. Liveweight gain of stags and hinds under two nutritional treatments: ‘H’ (HIGH: medium quality diverse
sward and baleage with multiple forages) or ‘L’ (LOW: low-quality ryegrass-white clover swards and baleage)
during autumn, winter, and early spring.
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Patterns of methane production and intensity modelled for growing red deer stags
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Enteric CH4 from domestic ruminants is an important component of greenhouse gas emissions in agricultural regions. Mitigation can be
implemented in several ways, but those which are presently practical are based on dietary modification. However some methods, such as
using tanniniferous forages, have limited applicability on a whole-farm and/or all-seasons basis. CH4 inhibitors such as 3-nitrooxypropanol
(3-NOP) and bromoform in Asparagopsis seaweed offer effective control (e.g. 20–30% reduction by 3-NOP1) if they can be given in
appropriate dosages. This is best done when animals are fed in controlled conditions, e.g. lot-fed or given a supplement during milking.
Intake of an effective dose of a CH4 inhibitor by grazing animals can not be assumed due to variability in free-choice supplement consumption.

This workmodelled the possible responses of deer fed pasture alone or given a concentrate supplement (used as a carrier for a CH4 inhibitor)
to investigate whether CH4 production or CH4 intensity (CH4 emissions relative to animal production levels) would best indicate how to develop
methods of reducing CH4 emissions on farms.

CH4 production was estimated for weaner/yearling red stags grazing a mixed Rhodes grass (Cynodon dactylon)/kikuyu (Pennisetum
clandestinum) pasture in south-east Queensland, Australia. Forage nutritive values and deer target weights and growth rates were based on
data from Fulkerson et al., Heuzé et al. and Tuckwell.2–4 3-NOP was used as the CH4 inhibitor, giving a 25% reduction in CH4 output.1

Feed dry matter (DM) intake was calculated from deer growth rates and pasture nutritive value. Intake of the barley grain supplement/
3-NOP carrier was set at 150 g (as-fed)/day. Substitution of barley grain for pasture by the grazing stags was calculated from the data of
Hmeidan5 and was negative in winter when pasture M/D < 9.0 MJ/kg DM (i.e. pasture intake increased by 0.21 kg/kg of supplement
eaten) and positive in the other seasons (pasture intake was reduced by 0.2 kg/kg supplement). Stag nutrient requirements were those in
Dryden.6 CH4 production was calculated from DM intake and feed NDF content data using the relationship of Benaouda et al.7

The growth rate of pasture-fed stags is shown in Fig. 1(a). These values were calculated from a polynomial equation (R2 = 0.9999) fitted to
the data points shown as red dots in the figure. Growth rates were from 0.09 to 0.17 kg/day in winter and 0.16 to 0.25 kg/day in spring and
summer. Predicted DM intakes are in Fig. 1(b). Mean ± s.d. whole-year DM intakes for animals grazing pasture alone and pasture + supplement
were 2.26± 0.323 and 2.39± 0.314 kg/day, equivalent to 2.86± 0.518 and 2.97± 0.545% liveweight per day. CH4 production (Fig. 2) reflects
seasonal changes in pasture nutritive value and DM intake, which is to be expected given the way in which it was calculated. However, CH4
intensity values show peaks in autumn which do not correspond to the pattern of total CH4 production (Fig. 2). Predicted CH4 production for
deer grazing pasture alone was about 40% greater than values reported by Swainson et al.8 This is probably related to the lower DM intakes and
higher forage NDF contents between young stags eating perennial ryegrass and Rhodes grass/kikuyu.

CH4 production does not vary much during spring and summer when DM intake remains fairly uniform and the stags’ higher growth rate is
supported by higher pasture ME contents. Intensity increases markedly towards the end of summer when it is strongly influenced by the stags’
declining growth rate, and it peaks in autumn when pasture quality and growth both decline but feed intake remains relatively high. Although
CH4 production by stags grazing pasture alone is similar to that of stags given a grain supplement, the improvement in growth rate of the
supplemented stags means that CH4 intensity differs between these two treatments. This argues strongly for year-round concentrate
supplementation of grazing deer, especially those fed tropical grass pastures.

For a farmer wanting to mitigate CH4 emissions, these data suggest that it would be best to concentrate on improving CH4 intensity rather
than on reducing CH4 production. Techniques which would reduce the cost of using a CH4 inhibitor include limiting its use in spring and
summer when growth rates and pasture quality are both high and thus lead to reduced CH4 intensity. Early slaughter in October/
November will also reduce CH4 intensity but at the cost of lost production and possibly reduced value of venison.
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