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ABSTRACT

The ingestive behaviour of Red deer and/or Romney sheep was examined in relation to two major
components of sward structure, height (HT) and bulk density (DEN), by measuring the depth, area
and rate of biting on a series of artificial swards.

HT and DEN effects were examined in a series of four short-term indoor grazing experiments
using two novel mini-sward techniques, developed to minimise confounding of HT with DEN and
other differences in tiller structure. The first experiment used the deep, leafy horizon Qf tall
vegetative sorghum swards, whereas the next three experiments used seedling wheat swards. A
fifth experiment using both ryegrass and wheat swards built upon the previous four experiments
(examining HT and DEN eflects), by measuring the bite dimensions of sheep in relation to changes
in tiller structure down the sward profile.

Wheat seedlings grew on seed reserves and achieved a high degree of separation of HT and
DEN variation, enabling the description and conceptualisation of how bite parameters respond to
independent HT and/or DEN variation. However, when compared to natural grass swards these
secdling swards, with 100% green matter and low shear strength, resulted in large bite volumes and
high bite rates.

Bite depth increased rapidly and linearly with increasing HT, and at a slightly greater rate the
sparser the sward, although on very short swards (<3-4 cm) bite depth was insensitive to even large
changes in DEN. High levels of dead matter had no influence upon the bite depth of sheep grazing
ryegrass swards. Similarly, the tops of the pseudostems had little if any influence upon the bite
depth of decr or sheep grazing wheat or ryegrass swards. However, sheep avoided penetrating the
tough rigid pseudostem at the base of ryegrass swards when leaf-like immature pseudostem was
available in the overlying strata. Bite depth averaged 70% of HT on the sorghum and seedling
wheat swards, appreciably deeper than that typical for natural grass swards.

As the HT of wheat swards increased from minimum grazable levels, bite area increased rapidly

as increasing tiller length enabled greater horizontal displacement of tillers. However, the rate of



increase soon declined and bite area plateaued as mouth dimensions rather than HT (tiller length)
constrained the area of herbage which animals could efficiently prehend per bite. As DEN
increased, animals reduced bite area so that HT became less of a constraint; consequently, bite area
plateaued at lower maxima on shorter swards.

The rate of increase in bite area was low relative to the rate of decline in DEN (or tiller shear
strength), probably in part reflecting the way mouth dimensions limit the ability of animals to adjust
bite area upwards as DEN or tiller strength decline to low levels. Further, there was evidence that
the forces required to sever a bite differed considerably across sward treatments.

The potential influences of bite depth, HT and mouth dimensions upon the efficiency of tiller
capture per bite, were examined in simple models. These indicated that by penetrating to around
40-50% of HT, as is commonly the case, animals appear to optimise grazing efficiency in terms of
the number, length and quality of tillers captured, per unit of grazing effort.

Bite weight increased linearly in relation to HT and DEN, but HT had the dominant influence,
because bite volume increased with HT but declined with DEN. However, bite weight still
increased rapidly with DEN, because the rate of reduction in bite volume was much lower than the
rate of increase in DEN.

Bite rate declined linearly in relation to increasing HT and DEN, pnmanly because of their
influence upon bite weight. However, bite rate was slightly more sensitive to increases in bite
weight due to HT than DEN, evidently because bites of dense herbage required less gathering, while
bites of long herbage required extra jaw movements to draw them into the mouth and/or reduce
particle size.

_ Rate of intake increased at a declining rate with HT. The effects of HT and DEN were
interactive on short swards but became largely independent and additive as HT increased.

Deer and sheep grazed the sorghum and wheat swards representing a very wide range of HT
and DEN vanation to a similar depth. However, sheep were able to graze 1 cm swards, whereas

the minimum HT grazed by deer was 2 cm. Further, not only did sheep have larger mouths in



relation to body size, they also appeared to be superior at prehending short swards compared to
deer. However, the bite area of deer increased more rapidly with HT, and to higher peak levels in
line with their larger mouth dimensions. Reflecting these differences, bite weight per kg LW'® was
much higher for sheep than deer on short swards, but the proportional difference declined with
increasing HT. Practical implications are that deer would require more HT than sheep to obtain
equivalent intakes.

The results are considered in relation to evidence on the foraging strategy of free grazing

ruminants.
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ABBREVIATIONS

AHD
BA
BD
BR
BV
BW
DEN
DHI
dwt
fwt
ha
HM
HT
IAW
IHT
LC
LL
LW

TPHD

Actual horizontal displacement (cm)
Bite area (cm?)

Bite depth (cm)

Bite rate (bites min™)

Bite volume (cm’)

Bite weight (mg DM)

Herbage bulk density (mg DM cm™)
Daily herbage intake (mg DM day™)
Dry weight (mg)

Fresh weight (mg)

Hectare (10 000 m?)

Herbage mass (mg DM cm?)
Sward height (cm)

Incisor arcade width (cm)

Incisor height (cm)

Tiller length captured (cm)

Tiller length lost (cm)

Liveweight (kg)

Mean tiller length captured (cm)
Newtons (kg x m sec?)

Maximum potential bite area for a given bite depth and height (cm?)
Potential horizontal displacement of tiller (cm)
Height of grazed residual (cm)

Rate of intake (mg DM min-1)
Tonne (1000 kg)

Treatment (eg. T1 = treatment one)

Total potential horizontal displacement of tillers (cm)



CONTENTS
Page
ADSEFACE ...t teeseeaesesteeesseesesae s enesaeseseessssesssnsssasesssssessessestessesnesnesnessesesenass i
ACKNOWIEABEIMENLS .............ooooeeeeeeeeeeeeeteeeeee et eeeseeee e sessesessssesesssssesessenssssssssessssessnssssnessansssassans iv
ADDIeVIQHONS ...t tsessaststesstetes et s ses s s s ssasss st ssssasssessssssesnsnsesesesesesesenens v
List of Figures...... AN g e o+ AN EERASEEEI - 00+ 0045004+ 57 EREEEETERNHVSEETTRREY xii
List of Tables R e nea e enn ST .. IO, xiii
Chapter1 INTRODUCTION oA TS Ay 255 S5 18 1
Chapter 2 ' THESIS OUTLINE AND STRUCTURE eamones S L - - o me R . 3
2.1  Thesis....ooorcieeeenenenenes aoncan TR s nan s+ naasanae S T AR R s 3
2.2  Thestructure of the chapters describing the experiments (Chapters 5-8) ......... 3
Chapter 3 ILLUSTRATIONS OF EXPERIMENTAL CONDITIONS.............cccceveeeenne. 5
3.1  Experimental teChniqQues................ccooooioioeeereereeeneeeeerenrreseseseeesesesesesesenessesssssssanas S
Chapter4 GENERAL LITERATURE REVIEW..............cooinneenceerceeeneeeeae 11
4.1 INtROAUCHION ...t teaeeaeeeee e ne st aeseeseeesesaesaesassnesessessssnssnssnssnennes 11
4.2 Ingestive behaviour............. . T s s c s « o o555 < SRR 14
4.2.1 The grazing process DU ee— 14
4.2.2  The spatial dimensions Of the Dite.........ccocccececrcrueerrnccrcnnsnrccnccncacccenenee 14
423 Bite weight QR+ o0 s vons s e+ SERRREE  RRRKKRRERRR -+ +++++++ - NN : 16
424 Biterate - . ceeeareneens . creearennenas 17
4.2.5 Rate of intake and daily herbage intake..........cceceeeeeveeereecneeneeneeeeseeneenenes 19
4.3  Diet selection ................c...u....... S A - 21
4.4  Animal factors affecting herbage intake and ingestive behaviour .................... 23
44.1 Reddeerand sheep......ccccevueeereeeeeererucnnes SO I W .25

4.5 L0001 Le 11 10 1 DRSS RRRRRRR 27



Chapter 5

5.1
5.2

53

54

5.5

5.6

Chapter 6

6.1
6.2

6.3

PAPER L...ttetenncenctestesstsstsssssssssestssssssssssssssssesssssessssssonees

THE EFFECT OF VARYING LEAFY SWARD HEIGHT AND
BULK DENSITY ON THE INGESTIVE BEHAVIOUR OF
YOUNG RED DEER AND ROMNEY SHEEP

Abstract B e s el
INEROAUCHON ... ceececeeeeceeceeeeesereasenasesaseesasesnsesnssssasesnsesnssssasesases
Materials and Methods...............ooeieiieeeeeeeeeeceneeceeeeceeneesaeeseeasenenes
5.3.1 Design. e . ... e nnmusaes e s s uma o~ S S
532 ANMALS ...ttt se e e e e saesn e sae e sesaese s
5.3.3  SWADAS ettt s sae s ae s een
5.3.4 Measurement ProCEAUTE..........ccccereeeeereenrerereseesneeeesasessaseesaseseesssessesasessesnees
5.3.5 Ungrazed sward deSCrIPUON........ccceececeecenrecercescescercescescsscesescsessssacsnsces
5.3.6  Calculation Of bit€ PAramELErs........cceeeeerreeeeeeeeneeeeneeneeseeneenseseseeseessesaesens
5.3.7  StatiStiCal ANALYSES......ccoeeceuemcececenteiniecaeceeenceeeeeeenceseentensensensensensensansaneas
RESUILS........eeeeeeeeeeeeceeceeceeceeceeaeeaeesaseeaesessasessasessasessnsssssssessasesnsessassnns
5.4.1 Ungrazed sward desCripUioN..........ccccececeuceuceucsucencencencensesscesescsesscensescences
5.4.2  General relationships between bite parameters and

sward height and bulk density ..........cccceeereereeeeeereesereeseereeseeseeseesnesseeeens
5.4.3 Bite weight corrected for confounded increases in

bulk density with height.........cccouieeeeiieeeieieeereereereeeneeeeeeeeeeeesaesnaesananens
DHSCUSSION.........oneeecieerccieeeieeeeeniesaeeneeneeseeeeeeeeeaenesssasesssssasssssesssesasesssenasesssassaenes
5.5.1  SWArd fACLOTS .....eooeieeceieieneeenceeeeeeeceneeeesaseeesasesesaseseessseseasasssesssssnsans
5.5.2  Deer and sheep e L o IERp————
5.58 Bilg depthussssuscsaammmeiiin. . s, . S0 iemssusssssssemmsuassssssess.
T T S & T (= SRR
5.5.5 Bite WEIBHL.....ee et s an e nes
Conclusions........................ W,
PAPER 2.ttt et cessee e s saese s seeaensesassaensassansssssansensasansenens

THE INGESTIVE BEHAVIOUR OF RED DEER AND ROMNEY
SHEEP. 1) IN RELATION TO HEIGHT AND HERBAGE BULK
DENSITY IN ARTIFICIAL SWARDS




6.4

6.5

6.6

Chapter 7

7.1
7.2

7.3

7.4

6.3.2  Animals.......coooeeeerececeececnenes e TOUTT S St 47
6.3.3  SWards....ccoceecereecee e a8 ssa ST TN SOV s 48
6.3.4  MEASUMCMENLS.......c.ceeeereeereeeeeeneseeeenesseeesesessessessaseessassasenesssssnsansansnses 49
6.3.5  SWard deSCrIPUON .....c.ceveveueueeeeeneeneeneeeeeaeeeeeeseeeeeensensensanseasssnssensansansns 50
6.3.6  Statistical ANAlySiS..........cccecereereeeerereeereereeneseeseenesnesaestesnesnesaesnesssessesssssasnes 50
Results vasssssessanssnssessrasoresanssiSEEEEs (NN RATSUS RV AUS RS TUANSAUS RNV SRV SN YSENIE Sl
6.4.1  SWard SITUCLULE........covemeneeeeeeneeeenereeeneeeeteseeaeecsassenssnessensssssassssssssssssssnens 51
6.4.2  Sward height by density effects on bite parameters..........ccccceveeeereereeneanene. 52
6.4.3  Speciesdifferences in bite Parameters ...........ccoeeeeeecereereereeseeseeseeseesanns 55
DESCUSSION..........ceeeeeeeceeeeeeeee e cee e esetecseseesessesesesessessessessassessessassasesensessessassansans 60
6.5.1  Sward ParameLers ...........ccoeeeuereeeereereseeceseeseeneesesaeessessesssssseseessesessassasnsans 60
6.5.2  Bite dEPth.....ceeeceeeeeceeeeeeeeecee ettt sesee e s e st s et esaeannes 61
6.5.3 Bl @ICa...uucceeeccecireencc ettt e s es e e e aeneeaens 62
6.5.4  Bite weight SO p————— 64
6.5.5 Biterate. . 8.« YOSV S RE SR R SR SRR o 4o s oo svesesonso) 65
6.5.6 Rate of intake..........cc......... B III—————.—~ 65
CONCIUSIONS ..........cooieeieeceeeeeeeeceeeeeeeaeeee e seeseeeseeeseecsessesasasesassssenes 12O
PAPER3............... SOUDON0 . ST s s e s s 0Y. 69
THE INGESTIVE BEHAVIOUR OF RED DEER AND ROMNEY

SHEEP. II. INFLUENCE OF HEIGHT AND BULK DENSITY IN

ARTIFICIAL SWARDS MANAGED TO CONTROL

PSEUDOSTEM HEIGHT

SUIMMANY ... saeeeesaesasenesssssnes s s s e sassassssesassssessesasssssssassan 69
INEROAUCHON ...ttt ce e aen st e sae e asnesaeseen 70
MeEthods.............n o e ce e e e see e e e e e sas e s saesaeas e e s asensanes 71
T3l DESIZN ettt eeeeectesee e s nesseseesessssnsssase s sesneseeseeseesaesessnenseneans 71
7.3.2 ANIMALS ...t s etste st n et ere e see e ae e sa e e ne e sasanans 71
733  SWANAS ettt e ce e et e s sae s anns 72
7.3.4  Grazing MEASUTCIMIENLS .......cccccemeeeercecatrrceceneasescensacesessessessassessasessesssenssses 72
7.3.5 Sward description ......c..ccceeeeeeeeeeeeeeecennens 72
RESUILS.........eeee ettt ettt et e e st s ettt esaemeas 73
T4.1  SWATd SIUCLUTE .....ooeeeecee et eceeecece e seeeenece e e e sessasaesae st e e s saeaesnns 73
7.4.2  Sward height by bulk density effects on bite parameters...........c.ccceeueueee... 73
7.4.3  Species differences in bite parameters......... cereesensnens .78



7.5

7.6

Chapter 8

8.1
82

8.3

8.4

85

Chapter 9

9.1

DHSCUSSION .......coeeeeeeieienraececeneceeeteseeenestenetenssseneseaessesssessessasessassasensnensansssessnns 78
7.5.1  Sward tEChMIQUES .......cccoveeeueeeueueneenenencsesnenenenenesesesenssssessssassssssssssssnensases 78
7.5.2  Sheep-deer differences .........cocoeeeeeeereceeeeneeeenereeneeeeeseseeseeeseesseasssssseneaes 79
7.5.3  The spatial dimensions Of the bite..........ceceeeeerenrecrsrecreeeeeeececeeeceaenens 81
7.5.3.1 Bite depth in relation to height ......ccccooceeoieeoeeieiieeeereeeeeeceeereeeeeeenennes 81
7.5.3.2 Bite area in relation to height and bite depth.. 82
7.5.4 Biterate, bite weight and rate of intake..........cccccceueeceecceceerncreceserceccncns 87
7.5.5  Generalised TESPONSE......cc.ceueeeeeeererereraeaerasaneeneenesaesnesassnssnsaassassassassnsaseesaans 88
Conclusions................. EEFFEEEEE T R T e SR PR R SRR SRS 88
PAPER ...t eteteseee s e nssnesssse s sesasassasnssassssassesassssnessssessassans 90

THE BITE DIMENSIONS OF SHEEP ON SWARDS DIFFERING
IN LEAF:PSEUDOSTEM RATIO, DEAD MATTER CONTENT
AND/OR TILLER SHEAR STRENGTH

ADSETACE ...t ee et e s sscesesae s e et s s nesas e aesaas s ssansssnsans 90
INtroduction ...t caeaens SR TS— 91
Materials and Methods................comiiiininiiiiiicctccsecncscncncnsacanenees 91
8.3.1  Sward treatments and experimental design ........cc.cceeueerecrcceceneecrccecencee. 91

8.3. 1.1 Type 1 SWardS......cccecemiienirccenceecescetrceeaeeeneeeeseeeeeeasaenneens 92

8.3.1.2 Type 2 SWAIDS......coceuiieecnicneccntncnenctenencsescessesssssasesenssscanes 93

8.3.1.3 Type 3 SWards......c.coeerrineeiiecninnrcnrcsnscscansescscssescsssescsens 93

8.3.1.4 Type 4 SWards........ccocieunururmrrinininiiininencecessescesescsssesssssessnsas 93

8.3.1.5 Type 5 swards.......coeuvvueccncrcnnnnene MYSEEDRE: - I - S 94
8.3.2  AMIMALS ...ttt et ae e nsaees 94
8.3.3  Feeding and measurement proCedure............coceeeveecrucrucracenercrscescenesceceneas 94
8.3.4  Statistical ANAlYSIS........ccceeeeeeeeerereereenteeeeneeneeteseesneeaeeeeteeaesenensessnensenanans 95
Results and DiSCUSSION ..o screse e e s ce s eeenenan 96
8.4.1 Bite depth and leaf:pseudoStem ratio .........cccceeceeeeceerrerecrescesceacescraceanan. 96
8.4.2  Bite area and lead:pseudoStem ratio........ccoceeeececceneeureceecrecescecsncencencacencns 101
8.4.3  Bite depth and area in relation to dead matter content............ccecceeeeeneee.. 102
CONCIUSIONS ...t eetece s seee et senee e e ese e e e aseasassasassnenesasenes 103
GENERAL DISCUSSION .......ooireeceeeeceteceneccescensseasseesesasssensscsnses 105
TECRNIQUES ..ottt s ee et ese e s s en e e e s e e seemsensnees 105

0.1.1  MINI-SWANAS ..oeeieeeeeeeeeeeeeeceeeeeeeeeeeeceseseesseessssssssssssssssssssssssssssmessssssssssses 105



9.2

93

94

9.5

9.6

9.1.2  The use of tNMMEd SWALAS .......cccoeeeuercecenrceneeeceaenecanenseecsaeneeenensaees 107
9.1.2.1 Number of grazed hOTIZONS.........ccceoeeemeeeereeseereerreeeneeeesaesaeseesaesaeseesaesaenes 108
9.1.3  ANIMAl fACLOTS ..eueemeeeeceeecenieeeetesee st eete e neeeeeae s ae e s seenae e enesaesannesneas 108
9.1.3.1 Hunger and fasting effects on ingestive behaviour ..........ccccecceceeeecivcenencns 109
9.1.3.2 Length of grazing period and background diet..........ccccoceeveeeenreerereeennnene 109
9.1.3.3 Experience and leaming...........ccceeeeeereeeeeeeeeeeeeeseesseneenensnsssssessenssnanens 111
9.1.4 Conclusions s S ER R R STTEV SRS + {55 112
Bite depth = — e —— - — 112
9.2.1 Bite depth on wheat and sorghum swards .........ccccccecereeeeevereveeceereenennnen. 112
9.2.2  Height and bulk density effects ..........cceeieeeeeecerneereeieeeereereereeseeeneeneennens 114
9.2.2.1 Bite depthand bulk density.................. 115
9.2.3  Bite depth On ShOIt SWards..........ccceeeeeeerreeeeeeerreeeeerneeneseeseeseesssesessnenenes 115
9.24 Bite depth as a proportion of height.........cceeeeeeveeiveeneenereeereerereeceeceeenene 116
9.2.5 Effects of pseudostem and dead matter content..........ccceeecencececeneecencnnnc 119
9.26 Conclusions i s ma A SRR AT ST S mne <+ (S FEEES AN ARG USSR 121
Bite area . . S—— T .7
9.3.1 Bite area and height R, S — 122
9.3.1.1 Bite areain relation to bulk density on wheat swards..........cccceoeeuerrunnce. 123
9.3.2  Deer-sheep diffEerences...........ceeeeeeeeeceeeeeeenesceeeneeesesseesessesesessesessessnsssnes 128
9.3.3  Bite depth and sward height constrain bite area..........ccceceeeevereenerescenns 126
9.3.3.1 Gape restricts bite area responses to changes in bulk density .................. 129
9.3.3.2 Body size and prehensive teChnique..........c.eeeveeereeeneeeeeeneererenessessaesennnns 129
9.3.4  Bulk density, tiller strength and biting effort .........ccccoveeieeerveeenvnernene. 130
9.3.4.1 Height, bulk density and biting effort .........ccceeereeeeeeeeeereeeeeeeeeeeeeeee 131
9.3.5 The efficiency Of tiller CAPLULE..........ceeueeeeeeeeereeerrereeneneeneeraeaesensssenessesasnens 132
9.3.60  CONCIUSIONS......cououeurneneeeccaeaeeaeaeneaeessssssasssassasssssnssssassesessessassssssssnns 138
Bite WEIBhL. ...ttt ettt sc e e s et ns 139
9.4.1 Height and bulk density effects............cccceeeuremerviecnnennsncnecrcececencnene 139
9.4.2  Deer-sheep diff €rencCes.......ccoceeeceeeeeeceeerereereeeeeceeneeeeeeseeeeseeseesceseenenees 142
9.4.3  CONCIUSIONS.........coeeereenianeeneneeeeeeeeeesaesaentenseasasesssnssessaetessssassssessasas 144
BIte FAte ...t st s e e e e e s e et e 144
9.5.1  CONCIUSIONS......ocuceeemrencaceecaceneccenseesceneasencaasnsacsasesnsssenensssasessansnsasens 147
Rate of intake, and practical implications...............ccccooenereirvieverencenereceencne. 147
9.6.1 Height and bulk density effects on rate of intake..........ccccceeveeerveereerrennnne 147
9.6.2  Sward type affects rate of INtake.........cccecevceueeenerserenerreescncrscesceneeeeeeenenes 147
9.6.3  Overestimation of rate of intake.........cccceueeereeeenerocecerrescnrceseeceeeeecrenes 148
9.6.4  Scaling to metaboliC FEQUIrEMENLS.......ccceoeurecmcrrcecrmemcencaceneneenereecensececnes 151
9.6.5 Practical IMPICALONS ........cooceueemrceerceencencenrieceeceeceneeeeerneceneeseeeeaenes 151
9.6.5.1 Sward height requirements for deer and sheep........cccccceevveeeeeeerceecennennee. 151
9.6.5.2 Mixed grazing aaccagare=-+~nesmar - smnmapas «nan S e o IS 0o s 152
9.6.5.3 Implications for plant breeding and pasture management..........c.ccceceueueee 153

9.6.5.4 CONCIUSIONS........ooeeeeeeeeeeeeeeeee e e eee e eeeereeamee e seseaneaemaeeaaseeeameenens 155



9.7

9.8

Generalised PeSPONSe..............cccociioieieieeeeeeeeeteeeee ettt se s enenene 155
Concluding SWITIMATY .........cccoiruemiieieteneetereenrteeeetetese e steeenesee e tesessseeneeencsenns 158
REFERENCES ..........o ettt ceetee ettt et ee s s e ne s sae st et s e s aessnnns 161
APPENDICES ........otetetceeeeeeececseeesectcttttetetetesesessssssseasasasaeas 175

Appendix 1 Table showing the effects of bite depth, sward height and tiller
density upon the lengths captured from tllers.........cocoeieeieveeieceneereeeeeeeenee. 175

Appendix 2 Aid to visualising the effects of bite depth and sward height on the

efficiency Of tIlEr CAPIUTE...........eueeeeeeeceeeieet ittt se e enas 176
Appendix 3 Means and standard errors for Chapter Sdata ..........ccocoeceennanneee. 177
Appendix 4 Means and standard errors for Chapter 6 data ...........ccccevcucunnnec. 178
Appendix 5 Means and standard errors for Chapter 7 data ............cccoceeerucccnncne 180



LIST OF TABLES
Page

Table 5.1 Description of ungrazed sorghum swards..........cocececeeceeeceecrceceencenscescesescecencenes 33
Table5.2  Correlations between bite parameters of deer and sheep, and

SOrghum SWard PATAMELETS .........ccceeeeererreneesessenerseeasesseseesesesssessessaseansansssassassensans 34
Table 5.3  Regression equations relating bite parameters of deer and

sheep to sward height and bulk density..........ccceceveeeeeereereeseeseeseeereeeneeeeeeeeeeeseeenaes 37
Table 6.1 Range and mean values for bite parameters of deer and sheep and,

Wheatl SWard PATAMELETS........cocecemrercecenruracecearrenecenecsnscensseenssesssessscsnsnessasesssnssses 53
Table6.2  Correlations between bite parameters of deer and sheep and,

Wheat SWard PATAMELETS.............coveeveeeerereeeneeseessessessessessessessessessesssssssessessesssessessseses 54
Table 6.3  Regression equations relating bite parameters of deer and/or

sheep to sward height and bulk density.........ccccceoeeeeeoceeoceenreesreceneecenneceseecens .56
Table 6.4  The relative changes in sward height or bulk density required

to alter bite parameters by a given amount. AU 59
Table 7.1 Range and mean values for bite parameters of deer and sheep and,

wheat sward parameters cessasscsseas SEmniie B e S ) 74
Table7.2  Correlations between bite parameters of deer and sheep and,

wheat sward parameters en e e s e o -« e e R RO SRS 75
Table 7.3 Regression equation relating bite parameters of deer and/or

sheep to sward height and bulk density T T .76
Table 8.1 Description of ungrazed ryegrass and wheat swards differing in

leafl:pseudostem ratio and dead matter content and, the bite depth

and bite area of sheep on those swards...........ccceoieeeierieseerieseeeeseeeceee e eeceeneene 98
Table 9.1 A comparison of the potential bite area which sheep should be able

to achicve at a given height and bite depth with the actual bite areas

they achieved, on 2-8 cm wheat SWards..........ccoceueverceeereecceeeseentreceeneeseeensesnenes 128



LIST OF FIGURES
Page

Figure 5.1 Bite depths, bite areas, bite volumes and bite weights of deer and sheep

in relation to leaf height (3-21 cm) and bulk density

(0.18-0.75 mg DM cm™) 0N SOrghum SWards............cceeeeeneeemremsemsecsnsesssesssessessseees 35
Figure 5.2 Bite weight of sheep in relation to sward height and bulk density,

on sorghum compared to hand-constructed ryegrass swards..........cccceeceeeeeceecencee. 36
Figure 6.1 Bite parameters of deer and/or sheep in relation to sward height

(3-7 or 4-13 cm) and bulk density (0.33-4.00 or 0.63-3.25 mg

DM cm™) on wheat swards.. : enmeeeseessmasessmasessananseses 57-58
Figure 7.1 Bite parameters of deer and/or sheep in relation to sward

height (1-8 cm) and bulk density (0.65-2.90 mg DM cm™)

on wheat swards ......... meeemEETsTTTSETE e s - 77
Figure 7.2 The potential influence of bite depth and height upon bite area...............ccccoucuee.... 84
Figure 8.1 The bite depth and bite area of sheep grazing swards differing

in leaf:pseudostem ratio and dead matter CONtent ........cccceeeeceeeeeecceeceeceeceeaceencen 97
Figure 9.1 The bite area (scaled to incisor arcade width) of deer and sheep

when grazing 4-13 cm sparse through dense wheat swards..........cccccceceeceeecencece. 124
Figure 9.2 The effects of bite depth and sward height on the lengths captured from

peripheral tillers 135
Figure 9.3 The effects of bite depth and sward height on the mean length of tillers

captured per bite.......ccoeceeceiececncerecenncenecenecenanes T —— 136
Figure 9.4 The BW kg LW of deer compared to sheep on sparse and dense

wheat swards..... o s R 143
Figure 9.5 The measured mean rates of intake of sheep in relation to sward

height (4-13 cm) and bulk density (0.63-3.25 mg DM cm”) ............................... 150





