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ABSTRACT 

A senes of grazmg and indoor experiments were conducted to invest igate 

i nteractions bet ween internal paras it ism and different forage species affect ing farmed 

deer growth, carcass production, voluntary feed intake (VFI) and nutrient d igest ion. 

These studies have provided information into aspects of internal parasit ism in  farmed red 

(Cervus elaphus) and hybrid (0.75 red:0.25 e lk) deer. These studies have also 

invest igated the potential of forage crops with a d ifferent plant morpho logy to perennial 

ryegrass/wh ite c lover (PRG/WC), such as ch icory ( Cichorium intvbus), and those 

contain ing condensed tannins ( CT) such as sul la (Hedysarum coronarium) and birdsfoot 

t refo i l  (Lotus corniculatus), as natural aids in the control of internal paras ites of farmed 

deer. U se of such forage crops could enhance sustainable management systems f<.1r deer 

production w ith minimal anthelmint ic input .  This is consistent w ith the New Zealand 

Deer I ndustry ' s  strategy for clean, green, natural products produced u sing n1in i mal 

chemical  inputs. 

During 1 994, a grazing trial was conducted to evaluate the use of sulla (cv Necton), a 

new forage legume for deer production. Growth and carcass product ion from weaning to 

o ne year of age on su l la was compared w ith that on chicory (cv Grasslands Puna) and 

PRG (Lolium perenne, cv Nui)/WC (Trifolium repens cv Hu ia) pasture, with all deer 

receiving three-week ly oral anthelmintic treatment. VFI of deer grazing su l la was greater 

than for deer grazing chicory in autu mn, w ith pasture being intermediate.  Autumn L WG, 

final l ivewe ight and carcass weight of deer grazing su l la was greater than for deer 

grazing either pasture or ch icory. The proportion of deer reaching 50-65kg carcass 

weight by o ne year of age was l 00% for sul la and 89% fi:Jr pasture and chicory. The 

increased growth and carcass weight of young deer grazing su lla was due to its h igher 

feeding value, particularly during autumn, inc luding increased uti l isat ion of digested 

nutrients associated w ith the h igh  CT concentration of sul la (5. 1 -8.4%). 

Concurrent ly, another grazing t rial showed that grazing deer on chicory reduced the 

deve lopment of internal paras it ism and hence increased deer growth and carcass 

production, compared with grazing PRG/WC pasture. Deer o n  the two forages were 

either treated with anthelmint ic three-weekly to control internal parasites, or anthelmintic 

w as w ithheld unti l  pre-determined trigger-treatment criteria to min imise the welfare risk 

to the animal were reached. Chicory and PRG/WC pasture were grazed at the same 

herbage a l lowance per animal, but the forages d iffered in morpho logy and sward 

structure, w ith the broad- leaved chicory sward being tal ler and more open. Both forages 

were maintained in the vegetative state, were of h igh in-vitro d igest ibi l ity and contained 



only t races of CT ( <0.3% ) . Untreated deer grazing pasture rapidly developed clin ical 

lungworm infect ions during the aut umn period and required anthelmint ic  t reatment . In  

contrast, t he untreated chicory group requ ired no anthelm int ic treatment during the 

autumn period when grazing chicory, bu t requ ired treatment 26 days after transfer to 

pastu re during winter. VFI and LWG of untreated deer grazing pasture in autumn was 

reduced, contribu t i ng to lower carcass weights, but anthelmint ic t reatment had no effect 

upon t he productivity of deer grazing ch icory. This experiment  also demonstrated 

l imitat ions of current tools for diagnoses of sub-cli n ical and clin ical internal parasite 

infect ions i n  farmed deer, particularly during the early stages of infect ion and indicated 

that further research is needed to invest igate the epidemiology, pathogenic i ty and 

d iagnosis of internal parasite infect ions. Further research is also needed to part i t ion the 

effects of plant morphology and plant chemical composit ion on development of internal 

parasi t ism in deer grazing d ifferent forage spec ies. 

S u bsequently, a model for sub-clin ical parasite infect ion in deer was established, in a 

controlled envi ronment, using i nd ividually housed deer fed lucerne hay, upon which 

furt her  evaluat ion of forage species could be based, allowing ind ividual animal 

measurement of factors such as VFI, d igest ion, growth and aspects of parasitology.  The 

i n it ial model i nvest igated the effec t  of three sub-cli n ical dose rates of deer-orig i n  lung 

(Dictyocaulus viviparus) and gastrointest inal (GI) parasite larvae by t rickle- infect ion, 

relat ive to an u ninfected control group, on deer VFI, l iveweight, faecal egg counts (FEC), 

faecal larval counts (FLC), haematology, serum b iochemistry, apparent digest ibil ity, 

n i t rogen (N) retent ion and d igesta N flow at the abomasum and terminal ileum and worm 

counts at euthanasia .  Sub-clin ical parasit ism reduced liveweight, VFl and serum albumin 

concentration, elevated serum pepsinogen, gastrin and globulin concentrations and 

elevated per ipheral eosinophil counts, and caused slight haemoconcent ration, despite low 

nematode counts. Reductions i n  l iveweight, N-retention and tlow of N at the terminal 

ileum were shown to be largely due to the reduct ion in VFI, with no effect of parasite 

i nfec t ion on apparent digest ib il i ty .  This experiment also showed that suc h  studies could 

be conducted using anthelmint ic-treated deer from natural rearing systems as well as 

art if ic ially-reared deer, thus reduc ing cost. 

F inally, the model was used to i nvest igate the effect of feeding  forage legumes 

containing d ifferent concentrations of CT on apparent establishment of lung and GI 

nematodes, VFI, l iveweight, FEC, FLC, haematology and serum biochemistry. Fresh, 

vegetat ive lucerne (Medicago sativa; 0 . 1 o/o CT), birds foot trefoil ( 1 . 9% CT) and sulla 

( 3 .5% CT) were compared. This experiment showed a signif icant negat ive l inear 
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relat ionship between dietary CT concentration and apparent establishment  of abomasal 

nematodes, p articularly T.axei. Deer fed sulla had reduced FLC, h igher liveweight  gain, 

carcass weight, dressing-out percentage, serum total protein and albumin concentrat ion 

and lower serum gastrin  concentrat ion, compared with lucerne-fed deer. There were no 

signif icant differences in mean VFI between treatment groups dur ing the period of 

infect io n, suggesting that the increased l iveweight gain of deer fed CT-containing forages 

was due to an increased eff iciency of u t il isat ion of digested nutrients, probably cal.\,<>ed by 

act ion of CT counteracting protein losses normally associated with parasite infect ions. It 

is proposed that t he reduced establishment  of abomasal nematodes and reduced faecal 

lungworm larval count in deer fed sulla containing a h igh concentration of CT may be 

due to a direct  effec t  of free CT inac t ivat ing nematodes in the GI tract. 

This study is the f irst to report and quant ify significant  reductions m YFI, 

l iveweight  gain, N-retention and carcass production in young, farmed deer sub-cl in ically 

infected with internal parasites, with most of the reduct ions being attributable to reduced 

VFI. Indices for diagnosis of i nternal parasi t ism in farmed deer have also been 

evaluated. Feeding forages containing  CT has been shown to reduce apparent 

establishment of GI nematodes, FLC and increase l iveweight g ain  of parasit ised deer. 

Grazing c hicory, a crop of differ ing plant morphology and sward structure to PRG/WC 

pasture has also been shown to reduce t he development of internal parasit ism in farmed 

deer. The grazing and indoor studies together h ighl ight the potent ial use of forage crops 

to increase growth of farmed deer w h ile min imising anthelmint ic  input .  The studies 

presented i n  t h is thesis have great potent ial s ignif icance to the New Zealand Deer 

Industry. The working model of internal parasit ism for deer developed here can now be 

used to  develop further knowledge of deer parasi t ism and alternat ive methods of parasite 

c ontrol that are more ecologically sustainable than regular chernical treatment .  
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Plate 4.2. S picules of Spiculopteragia assymetrica from the abomasum.  1 !8 .  

Plate 4.3. S picules of  Skrjabinagiu kolchida from the abomasum. 124. 

Plate 4.4. S picules of Ostertagia leptospicularis (a morph of S.kolchida) 
from the abomasum. 1 24. 

Plate 4.5. S picules of Ostertagia circumcincta from the abomasum. 1 25 .  

Plate 4.6. Spicules of Cooperia punctata from the small intestine 1 25 .  
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LIST OF ABBREVIATIONS AND CODES 

$ New Zealand dol lars et al., and others 

% percentage Exp. experiment 

oc degrees Celsius Eqn. equation 

I (!g) per ( per gram) FEC faecal egg count /g faeces 

AA amino acids FCT fibre-bound CT 

ADF acid detergent fibre Fig . figure 

ANOVA analysis of variance FLC faecal lungworm larval 

count /g faeces 

BCT bound CT FO faecal output 

B birdsfoot trefoi l  FrCT free CT 

B W  body weight FV feeding value 

c. Cooperia g gram 

c chicory GE gross energy 

C m  centimetre GI gastro-intestinal 

CP crude protein GIB Game Industry Board 

C r  chromium GR soft tissue depth over ! 2th 

rib at a point 1 6cm from 

carcass midline 

CT condensed tannin GT grazing time 

cw carcass weight h head (animal) 

D. Dic(vocaulus H. Haemonchus 

D digestibility hr (s)  hour (s)  

d day Ha hectare 

DLWG daily liveweight gain Hb haemoglobin (g/l) 

DM dry matter HI high 

DMI dry matter intake HT hydrolysable tannins 

DSP deer slaughter premises IB intake per bite 

EAA essential amino acids iu (IU) international units 

ECT extractable CT Kf efficiency of utilization of 

ME for fattening 

epg eggs per gram faeces Kg efficiency of utilization of 

ME for growth 

XII 



Kt efficiency of utilization of NS not statistically significant at 

ME for lactation p<0.05 

Km efficiency of utilization of  NV nutritive value 

ME for maintenance 

kg kilograms NZ New Zealand 

KJ kilo joule 0. Ostertagia 

L litres Oe. Oesophagostomum 

L3 third stage larvae ( infective OM organic matter 

stage) 

lpg larvae per gram faeces OMD organic matter digestibility 

Ltd Limited OMI o rganic matter intake 

L lucerne (Medicago sativa) p probability statistic 

LW liveweight pers. comm. personal communication 

LWG liveweight gain PCT protein-bound CT 

m metres PCV packed cell volume (Ill) 

ME metabolizable energy PEG polyethylene glycol 

MED ( med) medium PRG perennial ryegrass 

MEg ME for growth R red clover 

MEI ME intake RB rate of biting 

M Em ME for maintenance RBC p red blood cell count ( 1 0  -/!) 

mg mil ligram RFC readily fermentable 

carbohydrate 

MJ megajoule rpm revo lutions per minute 

ml millilitres S AA sulphur AA 

mm millimetres SE standard error 

MRT rumen mean retention time S I  small intestine 

mU milli-international enzyme tonne 

unit 

MW molecular weight T. Trichostrongylus 

N nitrogen TCT total CT 

NAN non-ammonia nitrogen STP serum total protein (g/1) 

nd not determined �g Imcrogram 

NDF neutral detergent fibre UK United Kingdom 

Xlll 



�-tl 

USA 

VFA 

micro litre 

United States of America 

volatile fatty acids 

VFI 

WBC 

WC 

XIV 

voluntary feed intake 

white blood cell count 

( 1 09/1) 
white clover 


