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e of dict selection by farmed deerin their nutrient
‘and species selection, and the consequences for
anagement of forages, is considered. In commeon
heep and cattle, sward surface heipht (SSH} is the
nfiuential sward physical factor on the ability of
o meet their daily nutrient demand from grazed
ire, and a SSH of 10cm is required for maximum
ke-and performance. Deer discriminate among
uie species, generalty preferring legumes and hetbs
rasses. The grass dominance and low proportion of
er in typical permanent pasture grazed by deer
flects their selection for clover and avoidance of grass,
s:dominance of grass and the difficulty deer face in
cting for alternative species that are presentonly ina
ropottion may constrain intake even when sward
ht is not Yimiting. Summer-growing forage species
- as red clover {Trifolium pratense), white clover
ifolium  repens), hirdsfoot trefoil {Lotus
wicwlatus), sulla (Hedysarum coronariun) and
ory (Cichorium intvbus) have high nutritive value,
resujt in high liveweight gains by deer when
ovided as specialist swards at critical feeding times.
ecent studies indicate that ruminants prefer to eat
ed dicts, and management systerns that enable mixed
s-clover pastures with a high proportion of legume
= sustained under selective grazing by deer would
vide high nuiritive vaiue and maintain a balance
veen winter and summer in the seasonal distribution
‘pasture dry matter production.

eyvwords: Cervidae, deer, diet seléction, forage,
azing behaviour, nutrient intake, preference

ntroduction

Riuminants in generat have evolved many complex
watomical and behavioural adaptations, suiting thent for
ilising a wide range of natural grassland and shrub
nd rescurces. They have adjusted readily over
omparatively short periods to intensive grazing
stems, which in NZ are based on a narrow range of
rcdmmnantiy temperate grasses and legumes, The
ceessful dransition of deer to domestication reflects
e adaptability of the species and the skill of early
ntreprenseurs who facifitated such changes.

The high levels of productivity, longevity, and health
f intensively farmed animals compared to their feral
ounterparts indicates that the benefits of intensive
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pastoral systems far outweigh any delrimental aspects.
However, in imposing intensive pasture-based
imanagement systems on ruminants, the expression of
evolved feeding bebaviours may be constrained in ways
that are poorty understood. This paper will firstly
consider the red deer (for which there is comparatively
little information derived under intensive grazed pasture
systerns) in the context of a broader understanding of
other rominant species, mainly sheep add catile, Having
establishied the scope and limitations for extrapolation
among spaeies, the specific aspects of deer grazing
behaviour are considered, Using recent examples,
potential constraints to autrient intake by the
management systems imposed are considered along
with the gpportunities that may arise to improve the
nutrition of grazing deer.

The pragmatic view is taken that diet selection is one
aspect contributing 1o an apimal’s nutrient inake, the
purpose being to influence the total nutrient intake or the
balance of nutrients edten, and to regulate or even avoid
the intake of negative or antiquality factors. Studies of
grazing behaviour, diet selectionand preference are at
titnes seen as esoteric, with little direet relevance for the
nuirition of farmed animals. Perhaps this can be ax teast
partly expiained by the emphasis in New Zealand on
maximising per hectare productivity, with high stécking
rates and high utilisation of forage favoured, often at the
cost of restricted animal productivity. However, we will
argue that even where management systems aim for high
levels of forage utilisation, diet selection has both short-
ferm and long-term consequences for animals and for
the pastures they graze.

Diet selection and nutrient intake

Selective prazing may endble an animal to increase the
nutrient density of its diet above that in the food supply
offered. However, selection also influences the
composition of the herbage on offer by removing
preferred species and plant parts and leaving the less
preferred. In grazed pastures, the balance between
removal of plant parts by grazing and replacement by
plant growth determines the longer-term effects on
pasture, and therefore, diet composition. Where it is 2
greater priority to achieve high per animal productivity
than high per hectare a productivity, the nutrient density
of the forage available, and more importantly-the scope
for deer to increase the nutrient density of their diet
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gbiove that of the forage offered by selection, both affect
intgke and productivity. It follows that constrainis on
selection might restrict animal performance.

Morpholugicai\ attributes of deer that affect
selection and nutrient intake

Ruminants in general have a wide varicty of ingestive
and digestive strategies, which interact as compensating
mechanisms enabling them to expleit a variety of
feeding opportunities. The size of individal bites and
she rate of biting and chewing, the particular parts of
plants and species selected, the time spent grazing and
ruminating, are all inter-related. The animal is capable of
considerable flexibility in the way it reguiases these
aspects of grazing and constraints on any one 0ay be
sompensated by adiustment of others.

The-wide range of genera and species of deer, and the

wide variation in mature body size makes it difficult to
generalise with respect to the aliometric relationships
among body mass, metabolic rase and requirements, size
of mouthparts and digestive capacity, und the
jmplications for feeding behaviour. Red deer (Cervis
élaphus L.}, the most common of NZ farmed species,
are regarded as intermediate feaders, equally able to
browse woody vegetation or graze grasslands, although
the genus Cervidac cnCoMpAsses concentrate selectors
through generalist herbivores (Kay & Staines 1981).
The mouth siruchue of deer enables themto graze short
swards and to graze selectively. Thicir higher metabelic
rate and energy requirements for maintenance,
corapated to sheep, may placethemata disadvantage on
short swards, and they may he mote simitar to cattle than
sheep in their requirement for talter swards for
makimum productivity. Deer have smatler mouths than
sheep in relation o body mass, and smaller intake per
pite (Mitchell ef ol 1991). This probably explaing why
they graze for longer than sheep on similar swards
{Colguhoun, cited by Kay & Staipes 1981), but their
narrow incisor breadth gives them a comparative
aitvantage over sheep and cattle for s¢lection.

Studics on feral deer on the 1sle of Rhum, Scotland,
showed that deer grazed prcdnminzmtiy on areas of
Agrostis/Festuca grassland which were short bt of
high nutritive vatue, and only moved out to graze the
taller, but lower nutritive value heath communities i the
winter, when the Agrostis gresns were grazed
particularly shoft {Churles ¢! al. 1977; Gordon
1984a,b). Because oftheir smaller size, hinds were more
able 16 meet their nutrient requirements from the
Agrostis greens than were the larger stags, and remained
on the high guality arazing for longer. Also, usage of
high quality grass communities by deer isreduced when
there is competition from sheep {Osborne 1984).
Simifar patterns of behaviour are apparent for the native

antelope on the catend arcas in the Serengeti (Jarmati
Ginclair 1979), which focus their attention on sh
2rass communities in the wet SeAsO. only moviig
taller vegetation s growth on the preferred ar
declines in the dry season.

Sward factors affecting selection
Aga generalisation, curminans species of a wide rang
body sizes (2. oats, sheep, cattle) prefer to eatd mi
dict, generally with preferential selection for leg
compared witlh grasses. Limited data and anec
evidence indicates that this is true for deer. For exam
lactating red deer hinds, veurling red stags and
deer offered an array of forage species pre
legumes compared with geasses. and in particula
sestrogen red clover compared with other gl
(Hunt & Hay 1090). Preferential selection forle
particularly when they comprise only a low pro P
in a pasture, forces animals to make a trade-ofl b
{he gains from selective grazing (ie. a diet with:
autrient density} and the costs of locating and:
preferred items. This may reduge the overal
insake and compromise total nutrient intake, Boots
al. (1990) showed that young deer continuous!
on a mixed ryegriss-white clover pastures
limited selection for white clover, despite the
clover foliage was located tower in the swar
than the foliage of the predominant ryegrass.
Sward characteristics affect many aspects of
pehaviour, The principles govern
interrelationships among sward factors sucl
surface height, bulk density. leaf and stem d
within the canopy, and animal factors, s
dimensions (bite area, bite depth), rate of inta
piting, intake per bite), have been horough
mainly asing sheep and cattle as animal modeis
Demment 19867 Ungar 1096). Sward sur}
mcasured from the soil surface to the hig
undisturbed leaves, ugually has an overrid
on rate of intake, and 18 the basis for b
management guidelines of 6em and 10em;
productivity of continnously stocked she
respectively (Parsons 1984; Hodgsol
There have been comparatively few stud
the optimum sward surface height for deg
indications that deer are affecte
characteristics in a similat manner to she
al. 1991). In that study comparing she
ved hinds, sward height had the large
depth, and it follows, on intake per bit
with sward height in a curvilinear mann
{he tallest swards tested. However, th 3
intake does not necessarity translate;1¢
intake. This is because: farger bite
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ing:in terms of gathering and chewing, partially
ng the advantage of large individual bites, and
animals may increase the time spent grazing to
nisate for restricted rate of intdke. Mitchetl (1995)
dthat the highest rate of intake for both sheep and
s achieved on swards that were [Gem tall
i the faster rate of biting offset the smaller
wal bites. The way deer made-off rate of intake
¢ spent grazing is riof as well understood as it is
ep and cattle. However, the sward surface height
minended above is consistent with ficld stadies
g maximum herbage intake and performance of
razing on swards of 10cm (Ataju ef af. 1992;
ilton ef af. 19953, a value much closer to that for
(8-10cm) than for sheep (4-Gem) (Hodgson &
5 1999}, This height is adequate for lactating
and for fast-growing weaners where a high
tintake is required, buta sward height of Scimis
reneral adequate for mature, non-lactating antmals.
e-ability for flexible combinations of rate of intake
1mc spent grazing would suggest deer may satisfy
aily nutrient intake requirerents across a limited
noe-of sward heights. While meeting the sward height
idelines described above is genevally desirable for
mising intzke, there are other factors that need to be
1 into account when managing pastures, There may
mes of the vear when it is appropriate or even
-able to set different targets for sward surface
ght. For example, when restricting intake in order to
sumuiale pasture for feeding in times of deficii, or
ien keeping pastures shorter (0 maintain forage
ality by prevending the accumulation of under-utilised
ss, stemn or dead material. Similarly, maintaining
orter swards by more frequent or inlensive grazing,
ecially during spring. reduces the competitive effects
ryegrass against white clover and helps lo keep a
igher proportion of white clover present in the sward
rock & Hay 2001).

‘Iant attributes affecting selection

iel selection imnplies an opportunity for cholce ameng
fferent food iterns. There are many attributes of the
rage species commonly wsed n New Zealand that
Fect nutrient intake of grazing deer (Barry et al. 1999),
en whicn they are provided as sole diets and the animal
1ag Jimited opportunity (o setect. Outlined in this section
ire some of the nutrients and secondary compounds in
e commonly used temperate forage grasses and
cgumes, which affect the nutrition of deer.

Nutritional thdraceristicss Forage provides ferment-
Able substrate {soluble and structural carbohydraies,
protein) for rumen microflora and microfauna: ttis the
by-products of this microbial digestion that supplies most
of the nurrients for the animal, cither by absorption

directly from the rumen or following enzymatic digestion
of the microbial mass in the lower digestive tract.
Structural fibre (e.g. celifose, hemiceilulose) is important
for maintaining effective rumen function, however its
slow breakdown and clearance from the rumen may Hmit
daily infake, Lepumes {e.g. white clover, red clover) and
herbs (c.g. chicory), have high concentratfons of readily
fermentable nutrients (sotuble sugars, starch, proteins)
but low concenirations of structural fibre compared with
grasses. This promotes faster breakdown and clearance
from the ramen {Kusmartono & Barry 1997), allowing
higher daiiy.dry matter and nutrient intake, and deer fed
these forages gain weight faster than on grasses
{Freudenberger er al. 1994; Kusmartono et al. 19%0).
Endophyte alkaloids: While the alternative forage
species described above offer many desirable nutritional
characteristics for use s specialist pasture, we stil rely
heavily on traditional pasture mixtures, often composed
of a high proportion of perennial ryegrass. Perennial
ryegrass commonly cortains an endophytic fungus,
which produces alkaloids that negatively affect animals
grazing ryegrass dominanit pastures during summer and
autumn (Fletcher ef af. 1999). Lolitrem B, a neurotoxin,
causes rycgrass staggers, and ergovaline is a
vasoconsirictor and causes heat stress, These alkaloids
may also suppress dry matter intake, Production of these
alkaloids tends to be greatest during summer and autamn,
and grazing animais are. most exposed to the effects of
these allcatoids doring this period. Grazing selectively
for nbiernative species that do not contain alkaloids, such
as white ¢lover, may Hmit the ingestion of alkalotds, and
reduce the severity of effects on animals (Cosgrove ¢r ol
1996). However, the grass dominanee typical of deer-
grazed pastures mesns that deer generally have limited
scope to avoid intake of alkaloids by selecting ulternative
foods. A recent study, conducted with sheep, clearly
demaenstrated their reluctance fo reduce dry matter intake
as a way of avoiding ingesting alkaloids when there was
limited scope for selecting alternative species (Cosgrove
et al, 200123, This helps t explain the susceptibility of
deer to ryegrass staggers when faced with grass-dominant
pastures. Ways 1o alleviate the intake of alkainids inchude
maintaining a higher proportion of clover in pasture or
providing other forages thai do not confain endophytic
fungi. The novel endophyte, AR1, retains the beneficial
protective effects oF one alkaleid, peramine, againstinsect
predation while eliminating the toxic effects of lofitrem
and ergovatine for grazing animals (Easton ef al, 2001).
AR has recently been released in a range of perennial
ryeprass ceultivars. These ryegrass-endophyte assoctations
should be selecied when zowing new perennial ryegrass-
based pastures in most regions of New Zealand. There
are exceptions 1o this recommendation, These include
the higher rainfall arcas where argentine stem weevil
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damage to ryegrass prowth and persistency is not a
problém (e.g. Snutli Island West Coast), and the northern
regions of the North [sland where the selecied endophyte
AR !'does not provide the same protection against black
beetle (Heteronychus aratory as does the ARG strain
(marketed as Endosafe) or the wild-type strain (Popay &
Baltus 2001).

Condensed Taming: The condensed fannins present
in some forage species improve the nuiritive vaiue by
protecting plant proteins from microbial degradation in
the rumen, largely to ammonia which then has to be
excreted, allowing a greater flow of amino acids to the
small intestine. The benefits of a higher proportion of
plant protein reaching the lower digestive tract of
anifmals feeding on forages such as birdstoot trefoil,
sulla and sainfoin, translates io improvements in many
aspects of production such as liveweight gain, milk
production, and wool growth (Waghom et af, 1998).
Furthermore, taniins may also atleviate the effects of
gastrointestinal parasites, direcily through distupting
tarval growth and development within the digestive
tract, or indirectly by increasing the protein supply to the
lower gut of parasitised animals to offset the protein
leakage cansed by larval damage tothie gut wall. This is
a further soarce of benefit to animals although there is
currently less evidence of their benefits for deer than for
sheep or cattle. Deer grazing chicory are less affected by
parasites and require fewer anthelmintic drenches
(Hoskin et al. 1999). This may in part be due to the low
concentration of CT in chicory, which in laboratory
assays has inhibited larval viability (Schreurs et al.
2002). The presence of €T at moderate concentrations
{e.8. 2-4% of dry matlter) may enhance preference, butat
high concentrations (e.g. 6-8%) thiey can deter feeding
(Poli 1998) and suppress intake and absorption of
armino acids (Waghorn ef al. 1998). Doryenium rectum
is a browse shrub, and although it contains CT at
approximately 20% of dry matter, may have potential tor
deer, provided it is fed with other non-CT forages
(Waghern & Molan 2001). However, the tannin-
containing plants currently available do not grow or
persist well when sown as mixtures with other species
especially grasses, have short growing scasons, and
require intermnittent grazing (e.2. rorational grazing) to
ensure productivity and persistence. For these teasons
they perform hest when grown alone as specialist
pastares, although this limits their usefulness to
particular classes of animals and certain times of the

yenr.

Oestrogens: Oestrogenic compounds present in some
ved clovers, lacerne and subterranean clovers can affect
fertility, at least i sheep, when they form a high
proportion of the diet, In addition, these compounds
may deter feeding, as indicated by the strong preference

deer showed for low-oestrogen red clover (Hunt & Hay
1990).

Nutritional and behavioural aspects of selection
The strong préference that grazing ruminants have for
legumes, but more importantly for 2 mixed diet, has
implications for thie way we foed animais. Conventional
mixed pastures that have a low proporiion of clover may
constrain nutrient intake, even when critetia such as
optimum sward height for maximum performance @ :
met. Selective grazing for a preferred food item
continually suppresses its praportion, while conversely
one that is less preferred or avoided, ultimately dom inat
swards and diet. The low preference of deer for ryegra
yet the ryegrass dominance in deer grazed swards;
evidence to support this principle. Recent studies w
sheep (Cosgrove ef al. 2001, 2002) and dabry ¢
(Maroiti e gl, 2001) have demonstraied the possibil
for a novel management system of growing gra
clover separately instead of as an intermingled mix,
giving them the epportunity fo frecly choose, To
knowledge thishas not been tricd withdeer, but provi
the opportunity for them fo easily combine
praference for a mixed diet and a high prapor
clover, with a high total daily intake, might be
performance just as it.does for sheep and cattle.
Providing opportunity for animals 1o satisfy pre
by novel forage arrangements such as outlined 4
are immediate, practical solutions. In the longer-te
solutions niight arse from knowing the hasis 1
preference. A small reduction in selection f
component might relieve the competitive pressu
and, paradoxically, vesult in more of that compi
the sward and in the diet (Parsons ef al. 199]
nutritionally compiementary food items are gr
mixtures. There may be physical and/ot nut
reasons why ruminants prefer legumes such
claver. Sheep fed simple diets indoors sclect fo
{erude protein), and as their need for nitrogen.¢ha
so will selection (Kyriazakis & Oldham 1993)
clover has a higher concentration of nitrogent :
and this may be one reason why they prefer it H
increasing the concentration of nitrogen inrye
the same concentration as in white clover does
sheep to reduce their preference for clover (€
al. 2002}, Similarly, animals prefer to-eat
with high rather than low concentrations
carbohydrate, but tests of the specific role of
indicate that it does not explain preferenc
Studies such as these, and parailel studie
with apparent feeding delerrents {alkaloid
the ryegrass-endophyte association),:
decisions an selection or avoidange are ba
constituent only under certain conditions {
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002). Animals may prefer faods with relatively fiigh
entration of aitrogen or carbobydrate, and low
neentration of alkaloid, but select the preferred and
d.the alternatives onfy when a particuldr nutrient or
inis the only difference between the food items (e.g.
5 with high or low N grass with high or nil
dophyte). There are many differences between grass
leves that influence selection, and preference for
Tis strongly defended against many experimentally
uced variations in the grass component. The reasons
y-animals prefer clover are vet to be resolved.

critical digestive adaptation of all ruminants i the
lity to regurgitate and re-chew {rumination) ingested
¢ to enhance the breakdown of fibre, enabling them
lihise the relatively low nutrient density, fibrous feeds,
_pical of prassland and shrubland vegetation they
: urally exploit. Associated with this is the need for a
rnimum level of intake of fibre to'ensure effective rumen
ction. In the context ef evolved natural behaviours,
iere are femporal as well as spatial aspects to diet
election. Temporal scales of selection may range from a
ew- hours (e.g. scléction of different plant parts or
ifferent species at different times of the day) to seasons
hin years {e.g. selection of different feeding
indscapes), or even between years (O°Regain &
chwartz 1995}, Often these are associated with naturat
veles in plant physielogy, morphology and growth,
lanagement systems we impose on farmed animals may
“Juee the need but more importantly the opportanity for
xpression of selective behaviours by controlling the
vailability and composition of forage provided.
gwever, sofné aspects of selective behaviour may be
onstrained by the systems we impose. For example, the
iod of most active grazing for sheep is during the late
fternoon. The diurnal peak inconcentration of dry matter
d soluble carbohydrate in grasses at this tims of the
ay (Smith 1973}, and the intake of fibre for subsiquent
imination during the night, have been proposed as
ypotheses to explain this bebaviour (Newman er al.
995). Stmilarly, early in the moming eating clover would.
e the fastest way to ingest nutrients, because clover can
e cdten faster than grasses (Penning ef af, 1991) because
requires less chewing, and it has a higher nutrient
ensity (Ulyatt er al. 1988), It is not clear if deer have

able 1
Barry ef al. 1999),

similar inherent patterns of selection, but such patterns
are seldom observed in infensive, managed grazing
systems, not because behavioural traits such as these no
longer exist in highly selected farmed species, but because
the management sysiems we use constrain their
expression. Developing alternative management systems
that allows expression of these behavioural traits and
requirements may further improve the productivity of
our grazing systems.

Management and integration of forages for deer
production systems

A major limitation to the productive performance of
grazing deer lies in the imbalance between seasonal
variations in forage supply and demand arising as a
consequence of the late spring calving scason {Figure
13 This creates particular difficulties in meeting the high
demands of lactating hinds during the summer, when the
production and nutritive value of traditional ryegrass/
white clover pastures are limited, particulatly so if the

Figure 1  Seasonal variations in pasture production
and animal requirements in deer
production systems in perennial ryegrass/
white clover pastures (Hodgson &
Brookes 1999).
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propartion of white claver in pastures is low. A range of
special purpose summer-active annual and peremial
forage crops have been evaluated and their high
production and high nutritive value. successfully meets
the needs of high producing animals at that time of the
year (Niezen ef al. 1993; Semiadi ef al. 1993; Soetrisno
et al. 1994: Kusmartono ef al. 1996; Adu ef al. 1997;
Min et gl 1997 see Table 1). However, all of these
crops have low. winter production compared with
perennial ryegrass-based pasture. The affect of this low
winter production on the overall seasonal distribution of
feed supply-on the farm will depend oo the type of system
and when peak feed demands occur (&.g. finishing,
breeding). Restricting the proportien of the total farm
area sown to summer-active forages, or using winter-
active forages (c.z. hybrid or annual ryegrasses) or
conserved forages are two ways to maintain 2 balance of
forage suppty in winter and in surmer.

Conclusions
Deer are adapted to selective browsing and grazing.
Feeding systoms in New Zealand rely heavily on pastures
grazed in-situ, and maintaining a sward surface height of
8-10cm for growing or Tactating deer ensures daily intake
isiot limited by low avaiiability, one of the most common
restrictions fo produciion from pasture-based systems.
Of the range of forage species available for use in New
Zealand pastora! systems, deer show strong preferences
for legumes and herbs over grasses. Ryegrass/white
clover pastures form the base of many deer feeding
systems in New Zealand, and while deer are capable of
arazing selectively for white clover, its proportion in
pastures is generally insufficient for them to satisfy their
preference and intake requirements for this high nutritive
value component, In a whole-farm systems context,
major constraints centre on the imbalance between the
profile of annual fecd requirements of deer and the
seasonal distribution of pastare growth, This is the case
particularly for lactating hinds, which have high
requirements during late spring and summer, a time when
quality and quaniity of typical ryegrass-based pastures
are declining, but also for growing weaners during winter
when pasture growth rate is low. Deer nutrition and deer
mandgement systems can be greatly improved by the use
of special purpose forages that often have the dual
advantages of high nutritive value, and higher grewth
rates in summer than ryégrass or white clover. However,
the benefit of using these special-purpose forages for
providing more feed in some scasons is offset by low
growth rates in other seasons. Mixed ryegrass-white
clover pastures still provide a reasonable balance of
production and quality throughout the year; particularly
if an adequate proportion of white cfover can be
maintained. For the future, devising management systems

that provide opportunity for animals to express their
natural preferences (for example by providing preferred
forages) may frther improve productivity and efﬁc;ency
of intensive grazing systems for deer.
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