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S tud ies  were c ar r i ed o u t  on a s pec t s  of t h e  

t r e a t m e n t  and c o n t r o l  of g a s t r o i n t e s t i n a l  n e m a tode s and 

D.  v i v i parus i n  r ed deer , under New Ze a l and f arm ing 

cond i t i on s . In add i t ion , t he r e l a t i on s h i p  be tween f aec a l  

egg coun t and g a s t r o i n t e s t i n a l  worm coun t was 

i n v e s t ig a t ed . 

In t he f i r s t  s tudy an a n t h e l m i n t i c - i m pregn a t ed 

suppl e m e n t ary f e ed t r e a t m e n t  r eg i me i ncorpor a t ing 2 0 0 mg 

a l bend a z o l e  per kg of d e er n u t s  ( med i c a t ed n u t s ) ,  fed 

to  give S mg a l benda z o l e  per kg liv eweig h t  d a i l y  for 

three 1 0 -day t r e a t me n t s  wi t h  21 day i n terv a l s  be tween 

t r e a t men t s , was g i v e n  to  eigh t we aner deer i n  the autumn . 

This  t r e a t m e n t  was  compared w i t h  3 -wee k l y  s i n g l e  o r a l  

adm i n i s t r a t i on  of a lbend a z o l e  ( l Omg / kg ) to e i g h t  s i m i l ar 

deer under t h e  s ame cond i t i o n s  ( s e t -s to c k ed i n  s m a l l  

pasture  p l o t s  and g i v en 2 kg conc e n t r a t e  feed per h e ad , 

pe r day ) and a s i m i l a r l y  t r e a ted group r o t a t i on ally g r a z ed 

on pas ture a l on e . Redu c t i o ns  i n  f a e c a l  egg and l ar v a l  

counts  wer e t h e  s a m e  f o r  a l l  t hr e e  groups , bu t 

r e i n fes t a t i on  i n  s pr i ng was  more  r a pid i n  the  pas t ur e -

fed deer . Livewe i g h t s  wer e t h e  same  for a l l  groups 

th r oughout the e x per i me n t a l  per i od from March to  Nov e mber . 

As a n  ad j unc t to  t h i s  t r i a l , med i c a ted nu t s  were fed a t  

the  same  do s e - r a te t o  16 adu lt h i nds . Al l f ae c a l  egg and 

l ar v a l  coun ts  were r educed t o  zero wi t h i n  10 d ays . Thu s , 

a n t h e l m i n t i c - i m pregn a t ed concen t r a t e  feed i s  a n  e f f ec t i v e 



way o f  con tro l l i ng g a s t r o i n t es t i n a l  and l ung n e m a todes 

i n  deer . 

i i i  

Th e above t r i a l  a n d  ano ther on  a commerc i a l proper t y  

sh owed t h a t  h i gh f aec a l  l a rv a l  coun t s  m a y  b e  found i n  

weaner deer wh ere deer a r e  se t -s t ocked from  before 

c a l v ing u p  to  weaning , or if  par a s i t e  control  progr ammes  

are del ayed un t i l  six  wee k s  a f t er weaning i n  March . A 

s i n g l e  o r a l  dose  o f  a l bend a z o l e  a t  l O mg /kg was f ound t o  

reduc e D .  v i v i parus f a e c a l  l ar v a l  c o u n t s  and 

gas troi n t e s t i n a l  nema t ode f a e c a l  egg cou n t s  by 

appr o x i m a t e l y  9 9% s e v e n  days a f t er t r e a t m e n t . Faec a l  

l a r v a l  a n d  egg cou n t s  were us u a l l y  s l igh t l y  e l e v a t ed 2 1  

days  a f t er t r e a t men t , s ugge s t i ng e i t h e r  a rapid  

r e i n f e s t a t i on  a nd short  pr e p a t e n t  per i od o f  t h e  par a s i tes  

i n  deer and/or  a n  e f f i c a c y  o f  a lbend a z o l e  o f  less  than  

l O O% ag a i ns t i m m a ture s tages o f  t h e  g u t  and lung nema t odes . 

In  a t h i r d  s tudy , c u t a n eous a pp l i c a t ion  o f  l e v am i s o l e  

( 2 0% W /V ) a t  a dose - r a te o f  l O mg l e v a m i s o l e  per k g  was 

found to  be i n e f f ec t i v e  i n  reduc i ng f a e c a l  egg or l a r v a l  

coun ts  i n  a group o f  2 3  red deer under two y e a r s  o f  age . 

The f our t h  s tudy i n v o l v ed c o l l ec t i on of abom a s a  and 

i n t e s t i n e s  o f  4 6  deer s e n t  to  a deer s l augh t er pr emi s e s . 

A faec a l  egg count  was per formed and t h e  g a s t r o i n t e s t i n a l  

nema todes were iden t i f i ed and coun ted . Th e l a rg e s t  gu t 

paras i t e  burdens were o f  Tr i c h o s trongylus  a x e i  wi t h  cou n t s  

up  to  1 2 , 9 0 0 . F i v e  deer - s pec i f i c  s pec i e s  o f  t h e  tr ibe 

Os t er t ag i ea , S p i cu l o p t er ag i a  s pi c u l o p t er a , Spicu l o p t e r a g i a  

a s y mm e tr i c a , Os t er t ag i a  l e p t o s p i cu l a r i s, Skr j ab i n a g i a  

k o l c h i da a nd Skr j ab i n ag i a  l yr a t i fo r m i s  were a l s o  common 

( coun t s  up  t o  2 4 7 0 ) .  Few o t h er  par a s i tes  wer e f ound and 

numbers  were l ow ( 0  to  9 0 ) .  The r e l a t i o n s h i p  between wo r m  

coun t a n d  faec a l  egg coun t w a s  descr i bed by t h e  

re l a t i o n s h i p : To t a l  W o r m  Cou n t  = 1 8 . 8  ( Fa e c a l  Egg Coun t ) 

- 3 4 1 . Howev er , t h e r e  were f ew deer wi t h  h i g h  wor m and 

egg coun t s  and t h i s  r e l a t i on s h i p  mus t therefore  be 

reg arded as t e n tat i v e  un t i l  more  wor k can be c arr i ed out  

i n  deer with  h igh wor m  burden s . 
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CHAPTER 1 

REV I E W  O F  THE L I TERATURE 

LUNG  AND GASTRO I NTESTI NAL NEMATODES OF DEER . 

1 . 1  Lungworm : Di c t yoc aulus v i v i p a rus . 

1 . 1 . 1 occ u r renc e .  

D .  v iv i pa rus h as been rec o rd ed f rom a l l  d eer s p ec i es 

i n  New Ze a l and exc ep t  Sambur ( t able  1 . 1 ) .  

Di c t yoc au li asi s was be li ev ed t o  be t h e  mos t i mp o r t an t  

p a rasi ti c di s e a s e  o f  f a rmed d e e r  i n  New Ze a l and , 

( Ch a r l e s t on , 1 9 80 ; M a s on , l 9 7 9b , l 9 8lb ) and Bri tai n 

( Mc Di a rmi d , 1 9 7 5 ) . Thi s was  c on fi rmed i n  New Ze a l and by 

a d e e r  p opu l a ti on and h e a l th s u rv ey ( Gladd en , l 9 8 1 ) .  

Di c t yoc au li as i s  was r a t ed by  d ee r  f a rme rs as  t h e  mos t 

freque n t l y  occur r i ng deer  h e a l t h  problem ( 2 8% o f  a l l  

prob l e ms ) and b y  v e t e ri n a ri an s  a s  th e s ec ond mos t f requen t 

p rob lem ( 21 %  o f  a l l  p rob lems ) .  

Th e p a rasi t e  i n  d e e r  c an n o t  be di s t i ng ui s h ed 

morph o l og i c a l ly f ro m  D .  v i v i p a rus t h a t  i n f ec t s c a t t l e , an d 

c ross -t r an s mi s s i on t o  v a ri ous de e r  spec i es f rom c a ttle  

i s  p os s i b l e ( Presiden t e  e t � ' 1 9 7 2 ;  B l a x t e r  e t  a l , 1 9 74 ;  

Co r ri g a l l  e t � ' 1 9 80 ; Mas on , 1 9 8 lb ) . Howev e r , t h e re i s  

ev i d enc e th a t  a dee r-adapted s ubspec i es e xi s t s ( Gup t a  and 

Gi bbs , 1 9 71 ;  Pres i d en t e  et a l , 1 9 7 2 ;  Pre s i d en t e  e t  a l , 

1 9 7 3 ) .  

Dee r  appea r to  t o l e ra t e  l a rg e  burdens  of � v i v i pa rus 

whi le  s h owi ng on l y  mi ld or no c li ni c a l  sign s ( Mc Di a rmi d , 

1 9 7 5 ;  Corri g a l l  e t � ' 1 9 80 ) .  Thi s h as c a used s ome  

a u t h o rs t o  s pec u l a t e th a t  D .  v i v i pa rus d ev e loped as a 

p a rasi t e  o f  d e e r  whi c h  h as s i n c e bec ome es t abli s h ed i n  

c a t t l e ( Pres i d en t e  e t � , 1 9 73 ;  Mc Di a rmi d , 1 9 7 5 ) . 
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Tab l e  1 . 1  

Spec i e s  Of Nem a tode Ga s t r o i n t es t i n a l  And Lung P a r a s i t e s  

Repor ted In  V a r i ous Spec ies  Of De er  In New Ze a l and , And 

Reference I nd i c a t ed By Th e Numer a l . 

LUNGWORM 

Di c t yocaulus  v i v i parus  
GA S TROI NTES TI NA L  

Abomasum 
Apt e r agi a odoco i l e i  
Apterag i a  quadr i s picu l a t a 
Haemonc hus con tor tus 
Os ter t agi a c i rcumc i n t a  
Os t e r t agi a l eptospi c u l a r i s  
Os ter t agi a o s t e r t agi 
Os ter t agi a t r i f urca t a  
Rinad i a  m a t h e v os s i a n i  
Skrjabinagi a  k o l c h i d a  
Spi c u l o pteragi a  asymme t r i c a  
Spicu l o pter a g i a  s pi cu l o p t e r a  
Tr i c h o s trongy lus  a x e i  

Sma l l  I n t e s t i n e  
Capi l l a r i a  bo v i s  
Capi l l ar i a  s pe c i e s  
Cooper i a  cu r t i c e i  
Cooper i a  mc m a s t e r i  
Cooper i a  onco pho r a  
Cooper i a  pec t i n a t a  

La rge In t e s t i n e  
Oe s oph ago s t o mum 
Tr i c hu r i s  o v i s  

* = E x per imen t a l  i n f e c t i on  o n l y . 

RE FERENCES 

R W 
E A 
D p 

I 
T 
I 

W F S R S 
H A I U A 
I L K S M 
T L A A B 
E 0 U 

T 
A 
I 
L 

w R 

Re ference  

2 2 2 3 8 8 

2 2 
2 
2 2 
2 2 
7 

2 

5 5 
5 5 
1 

6 

6 
6 

6 
6 

2 

6 2 2 
6 2 

6 
6 

2 6 6 2 4 
2 

6 

( 1 ) McKenna e t  a l . ,  ( 1 9 8 1 ) 
( 3 )  Ch a r l es ton TI9 8 0 ) 

( 2 )  Andrews ( 1 96 4 ) 

( 5 ) Mason ( 1 9 8 l a ) 
( 7 )  Anon ( 1 9 7 9 a ) 
( 9 )  J ohns ton  ( 1 9 8 2 ) 

( 3 )  P r e s iden t e  ( 1 9 7 9 a ) 
( 6 ) Andrews ( 1 9 7 3 ) 
( 8 ) W i l s o n  & Col l i er ( 1 9 8 1 ) 
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1 . 1 . 2  Epidem i o l og y . 

There  a r e  d i f f e r e n c e s  i n  susce p t i bi l i ty t o  

d i c tyocau l i as i s  r e por ted be tween t h e  deer s pe c i e s . 

Mc Di a r m i d  ( 1 9 7 5 ) s t a t ed t h a t  f a l l ow and s i k a  deer wer e  

r e l a t i v e l y  r es i s t a n t  t o  i n fec t i o n , r o e  deer  wer e  v er y  

suscept i b l e  and r ed d e e r  w e r e  freque n t l y  i n f ec ted bu t d o  

no t o f te n  s how c l i n i c a l  s ig n s . There i s  however , no  

e x per i me n t a l  o r  s t a t i s t i c a l  d a t a  t o  c o n f i r m  t h i s  

sugge s t i on . Ch ar l es t o n  ( 1 9 8 0 ) r e por t ed t h a t  some  

pr a c t i s i ng v e t er i n ar i a n s  i n  New Ze a l a nd cons ider ed t h a t  

l u ngwor m  m a y  b e  a s  s e r ious  a prob l e m  t o  f a l l ow d e e r  as  i t  

i s  to  red  deer . Char l e s ton  ( 1 9 8 0 ) r e por t ed f i nd i ng l arge  

numbers o f  l u ngworm  at  pos t -mor t e m , a nd c l i n i c a l  

obs erv a t i o ns o f  l arge burdens i n  f a l l ow deer . 

D .  v i v i parus  i n  deer h a s  a d i r e c t  l i f e  c y c l e  wh i c h  

i s  as sumed to  be t h e  s a me as  i n  c a t t l e . Ver y  l i t t l e  i s  

k nown s p ec i f i c a l l y  abo u t  t h e  epidemio l ogy o f  D .  v i v i parus  

i n  deer . I t  appears t h a t  t h e  pr epa t e n t  per i od i n  red deer 

can be as  s ho r t  a s  20  days ( Co r r i g a l l  e t � - .  1 9 8 0 ; 

Mason , 1 9 8 l b ) , t h ough i n  bl a c k - t a i led  deer i t  wa s record ed 

as  3 0  d a y s  ( P r e s iden t e  e t � - .  1 9 7 3 ) .  

A s s u m i ng t h e  l i f e  c y c l e  i n  deer i s  s i m i l ar to  t h a t  

i n  c a t tle , i n fec t i v e  t h ird s t age l ar v a e  a r e  i nge s t ed 

by t h e  deer , e x s h e a th in t h e  s m a l l  i n t e s t i n e  and pene t r a te 

the  i n t e s t i n a l  w a l l .  They m i g r a t e  t o  t h e  lungs i n  one  to  

seven  days  wh i l s t  mou l t i ng t o  four t h  s t age  l a r v a e . 

Shor t l y a f ter , t h e y  mou l t  to  i mm a ture  adu l t s , move  i n t o  

t h e  br o nc h i o l e s a n d  m a ture  to  adu l t s . Fe m a l es s t a r t  

l a y ing eggs �nd t h e s e  a r e  pas sed u p  t h e  t r ac h e a  and 

swa l l owed . Th e egg s h a t c h  to  f i r s t s t age l a r v a e  be fore  

be i ng pas s ed o u t  i n  t h e  f a eces . Th ey t h e n  de v e l o p  to  

second and e n s h e a thed third s t age l a r v ae on  the  pas ture  

( Ma s o n , 1 9 7 9 a ) .  Th e time  needed to  becom e  th ird  s t age  

l a r v a e  a f t er depos i t i o n  o n  t h e  pas ture i s  t e mper a ture  

depe nde n t ; l ar v a e  o f  bov i n e  o r i g i n  h av e  been r epor t ed 

to  become i nf e c t i v e  i n  2 6  days  a t  5°c bu t i n  o n l y  3 d a y s  

a t  2 5°C ( Ro s e , 1 9 5 6 ) .  
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The numbers of D .  v i v i parus l arv a e  on the  pas tures  

a r e  bel i e v ed t o  bu i l d  u p  t o  a pe ak  in  t h e  au tumn s i m i l ar 

t o  th a t  s een wi t h  D .  v i v i parus l ar v a e  on  c a t t l e  pastures  

( Ba c i n s k y , 1 9 6 9 ) .  Li t t l e  i s  k n own o f  t h e  f l u c t u a t i on s  of 

D .  v i v i p arus l a rv a l  number s on  c a t t l e  pas tures i n  New 

Ze a l and bu t i t  i s  thoug h t  t h a t  l ow number s of l a r v a e  are  

on t h e  pas tures i n  s p r i n g  and t h e s e  infect  t h e  n ew-born 

c a l v e s . Th i s  l e ads  t o  a bui ld -up o f  l a r v a l  numbers f rom 

e a r l y  summer t o  a pe a k  in au tumn ( Brunsdon and Ada m , 1 9 7 5 ) . 

However , a s  r ed deer c a l v e s  a r e  bor n  l a t er i n  t h e  year 

than  bov i n e  c a l v e s  a d i f f e r e n t  p a t tern  o f  .l ar v a l  bu i ld -

up i s  l i k e l y . However , d es p i t e  t h e  probabl e  l a t e r  bu i ld ­

u p  o f  l ar v ae on  pasture , t h e  i nc i dence of d i c tyocau l i a s i s  

i n  deer  i n  New Ze a l and h a s  a l s o  been obser v ed to  peak  i n  

au tumn ( Anon . , 1 9 7 9b ; 1 9 8 0 ; Wi l s on and Co l l i er , 1 9 8 1 ) .  

Th i s  s ame  s e a s o n a l  i n c idence h a s  been obs er v ed i n  deer 

ov e r s e a s  ( Ba c i n s k y , 1 9 6 9 ) .  We a th e r  cond i t i o n s  c a n  h a v e  

a mar ked e f f e c t on  l a r v a l  surv i v a l  ( Duncan  e t  a l . ,  1 9 7 9 ) 

a l t hough t h e  m i croc l i m a t e  i s  t h e  mos t i m por t a n t  fac tor  

a f f e c t i ng l ar v a l  s ur v i v a l  ( Ro s e , 1 9 5 6 ) .  Th i s  may  e x pl a i n  

why Jorgensen  ( 1 9 8 1 ) f ou nd t h a t  ov erwi n t er surv i v a l  o f  

l ar v ae was  i n c on s i s t e n t  bo t h  wi t h i n  a nd between d i s t r i c t s . 

De er h a v e  been r e po r t ed t o  e xcre te l ungworm  l a r v ae as  

ear l y  a s  three  mon t h s  o f  age in  Ma rch  ( Mason , 1 9 8 l b ) and 

t h i s  i n f e c t i o n  is cons idered t o  h a v e  o r i g i n a t ed from  t h e  

h i nds  ( Wi l s on , pers . comm . ) .  

Adu l t  deer  f r equen t l y  c a r r y  l ungworm  ( Kummer e j e ,  

1 9 7 7 ; W i l s on , 1 9 8 1 ) and a r e  a p o t e n t i a l  s ource o f  

con t a m i n a t i on o f  pastures . Ano t h e r  pos s ib l e  s ource o f  

l ar v a l  c o n t a m i n a t ion  o f  t h e  pas ture  i n  s pr i ng i s  t h e  

con t i nued dev e l o pme n t  o f  a r r e s ted e a r l y  f i f t h s t age  l ar v a e  

c a r r i ed b y  t h e  pr e v i ou s  y e a r s  weaner s . Th ese  h a v e  been 

observed i n  c a t t l e  ( Oa k l ey , 1 9 7 7 ; Jorgens e n , 1 9 8 1 ) and i t  

i s  s ugge s t ed t h a t  t h e y  m a y  a l s o  occur i n  deer ( Mason , 

1 9 7 9 a ; Mc Al lum , 1 9 7 9 ) .  Ku mme r e j e  ( 1 9 7 7 ) cons idered t h e  

re sumpt ion  o f  d e v e l o pm e n t  o f  i n h ibi t ed l ar v a e  i n  s pr i ng 

t o  be r e s pon s ib l e  for c l i n i c a l  d i c tyocau l i a s i s  s e en i n  

r e i ndeer  i n  Norway . 
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A n o t her pos s ib l e  s ource  o f  i n fec t i v e  l ar v a e  for 

c a l v e s  is l a r v ae w h i c h  h a v e  o v erwi n t ered on  the pa s tur e . 

Bo v i n e-or igin  D .  v i v i parus l a r v a e  are  k nown to  ov erwi n t e r  

( Ro s e , 1 9 56 ; B l a x t er a n d  A l l a n , 1 9 7 7 ; Oak l ey , 1 9 7 7 ; 

Ne l s on , 1 9 7 7 ; Dunc a n  e t � - ,  1 9 7 9 ) .  Lar v a e  are  thoug h t  

to  surv i v e  i n  f a e c a l  p a t s  ( Oa k l e y , 1 9 7 7 ; Du ncan  e t � - ,  

1 9 7 9 ) ,  and h a v e  a l s o  been r e c o v ered from  t h e  s o i l 

( Ma s o n , 1 9 7 7 ) . Pas t u r e s  h a v e  been f ound to  rema i n  

i n f ec t i v e  wi t h  c e r v i n e - o r i g i n  D .  v i v i parus l ar v a e  for a t  

l e as t t h r e e  m o n t h s  o v e r  summer ( Pr e s i den t e  e t  a l . ,  1 973 ) .  

I t  appears  t h a t  deer dev e l o p  a r e s i s t an c e  to  

D .  v i v i parus ( Mason , 1 9 8 l b ) , t hough Char l e s ton  ( 1 9 8 0 ) 

sugge s ted tha t t h e y  m a y  h a v e  more  d i f f i c u l t y  i n  do i ng 

s o  t h a n  c a t t l e . I t  h a s  been s ugge s t ed t h a t  res i s t a nce 

is age - r e l a ted and not dependent  on  prior e x po sure to t h e  

paras i te ( Co r r i ga l l  e t � - ,  1 9 8 0 ) . Th e s e  a u th ors were 

unable t o  es t ab l i s h  a p a t e n t  i n fec t i o n  in two 1 3-mo n t h-o l d  

paras i to l ogi c a l l y  n aiv e d e e r  dosed wi t h  1 8 0  i n f e c t i v e  

l�r v ae p e r  kg . ,  o r  i n  two s i m i l ar 2 0-mo n t h-o l d  deer wi t h  

4 2 0  i n fec t i v e  l ar v ae per k g . Howev er , pa t e n t  i n f e c t i o ns 

were e s t ab l i s h ed i n  younger a n i m a l s . Mas o n  ( 1 9 8 l b ) 

r e po r t ed t h a t  some  red deer c a l ves  s h owed s i gns  o f  

r e s i s t a n c e  to  D .  v i v i parus  a t  s e v e n  mo n t h s  o f  age a f t e r  

n a tu r a l  e x posur e . Mo s t  f ar med adu l t  d e e r  c a r r y  l ow 

l ungworm burdens  ( Wi l s o n , 1 9 8 1 ) s o  i t  appears  t h a t  

r e s i s t a n c e  h a s  i t s e f f e c t  i n  l i m i t i ng t h e  s i z e  o f  a 

l u ngworm  burden r a t h e r  t h a n  pr even t i ng t h e  es t ab l i s h m e n t  

o f  a burden p e r  s e . ( Wi l s o n , pers . comm . ) . 

1 . 1 . 3  P a thoge n i c i ty . 

Th ere i s  l i t t l e  i n for m a t i o n  on  t h e  e f f e c t o f  v a r i ous 

l ungwor m  numbers in deer . De er wh i c h  h a v e  d i ed o f  

d i c tyocau l i a s i s  norma l l y  h a v e  very l arge  numbers o f  

l ungworms i n  a f r o thy  e xud a t e  i n  t h e  ph aryn x , l ar y n x , 

t r a c h e a  and l ower br onc h i a l  tree  ( W i l s o n , 1 9 7 9 a ; Cor r i g a l l  

e t  a l . ,  1 9 8 0 ) .  Co r r i g a l l  e t �- ,  ( 1 9 8 0 ) r e por ted a 

c h r o n i c  gr adua l weigh t l os s  i n  a s e v e n-mo n t h-o ld deer 

w i t h  l ungworm found in  the l a r yn x , t r ac h e a  a nd bronch i 
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a t  pos t -mortem . In  a n i n e-mo n t h- o l d  deer on  t h e  s ame  

·prope r t y  a burden o f  1 0 0 0  wor m s  r e s u l t ed i n  no  c l i n i c a l  

s ig n s  a n d  on l y  a depr e s s ed weigh t g a i n . Kummer e j e  ( 1 9 7 7 ) 

r epor t ed a n  acu t e  s yndr ome i n  r e i ndeer i n  w h i c h  over l O O  

d e a t h s  occurred i n  two h erds i n  Norway becaus e o f  a 

concurren t i n f e c t i on o f  D .  v i v i parus and Pas t eur e l l a  

mu l toc id a . D .  v i v i parus i n f e s t a t ion  m a y  pred i s po s e  t h e  

deer t o  i n fec t i o n  wi t h  P .  mul tocida . 

No r e l a t i on s h i p  h a s  been es t ab l i s h ed between t h e  

number o f  adu l t  l u ngwo r m  a nd f a e c a l  l a r v a l  cou n t  ( F LC ) . 

Wi l s on ( 1 9 8 1 ) r e por t ed a FLC o f  6 9  l a r v ae per gr am  wi t h  a 

D .  v i v i parus burden o f  3 5 0 0 - 4 0 0 0  i n  one i nd i v i du a l , bu t 

t h e  per c e n t ag e  o f  imma ture wor m s  was  n o t  es t abl i s hed . 

The FLC a t  w h i c h  t r e a t m e n t  s hould  be i n i t i a t ed h a s  

n o t  y e t  been e s t ab l i s h e d . Mason ( 1 9 7 7 ) cons idered t h a t  

s i nce k n owledge o f  t h e  pat hogenes i s  o f  D .  v i v i parus i s  

l a c k i ng , t r e a t m e n t  of d e e r  wi t h  e v en a l ow FLC  i s  

des i r abl e . 

e x p l a i ned . 

W h a t  cons t i t u t e s  a "low " coun t was no t 

1 . 1 . 4 C l i n i c a l  S igns  and Di agno s i s . 

Di agn os i s  o f  l ungworm i n f e c t i o n s  i s  usua l l y based o n  

a combi n a t ion o f  f a ec a l  e x am i n a t i o n  for  l ungworm l ar v a e , 

c l i n i c a l  s ig n s  a nd h i s tory , bu t m a y  be a ided by pos t­

mortem  e xami n a t i on  o f  s e vere  c a s e s . 

Di s e a s e and d e a t h  due t o  D .  v i v i parus is mos t 

commo n l y  seen  i n  young a n i ma l s  be tween 3 and 1 8  mon t h s  o f  

a g e  par t i c u l a r l y  dur i ng t h e  au tumn and w i n ter ( W i lson , 

1 9 7 9 a; Ch a r l e s ton , 1 9 8 0 ; Wi l s on and Co l l i er , 1 9 8 1 ) .  I t  

appears t h a t  t h e  more  s e r i ou s  prob l e m s  are  gener a l l y 

a s s oc i a ted wi t h  i n te n s i v e  f a r m ing  cond i t i ons  a nd h i g h  

s tock  dens i t i e s . Di s e a s e  may  a l s o  be seen  i n  newly 

c a ptured s toc k o f  any age , pr esumably  because o f  a poor 

r e s i s t ance  due to l i m i t ed pr i o r  e x posure to t h e  par a s i t e  

a n d  t h e  s tr e s s  o f  c a pture  ( W i l s on and Co l l ier , 1 9 8 1 ) .  

Cor r ig a l l  e t  a l . ,  ( 1 9 8 0 ) and P r e s i d e n t e  e t  a l . ,  --

a l s o  sugge s t ed t h a t  s t r e s s  was i m por t a n t  i n  t h e  

es t abl i s hment  o f  D .  v i v i parus i n  deer . 

( 1 9 7 3 ) 
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C l i n i c a l  s igns  r e c orded i n c l ude l o s s  o f  condi t i on , 

r e t arded growth  r a t e s , roug h e n ed c o a t s  and a n  oc c a s i o n a l  

s o f t  bronc h i a l  cough ( Wi l s on , 1 9 7 9 a ) . Pr es iden t e  e t � - , 

( 1 9 7 3 ) recorded l o s s  of condi t i o n , hype r pnoea  and coug h i n g  

i n  b l a c k - t a i led d e e r  c a l v es  wi th  n a tu r a l  i n f e c t i o n s , and 

Corr ig a l l  et a l . ,  ( 1 9 8 0 ) no t ed l o s s  of condi t i o n , a nd 

occ a s i o n a l  coughi ng and dyspnoea i n  red  deer . He a l s o  

no ted t h a t  t h e  typi c a l  paro xysma l c ough i ng s e e n  i n  bov i ne 

c a l v e s  wi t h  d i c tyocau l i a s i s  w a s  n o t  s e en i n  deer w i t h  

h e a v y  l u ngwor m  burdens . Thus c l i n i c a l  s igns  o f t en ar e 

n o t  par t i cu l a r l y  n o t i c eabl e s o  t h e  f i r s t  s ign  o f  a se vere  

i n f ec t i on  i s  some t i m es  the  sudden d e a t h  of an a n i m a l  

( Wi l s on , 1 9 7 9 a; Char l e s ton , 1 9 8 0 ) .  

1 . 1 . 5  Tr e a tm e n t  and Co n t ro l . 

I t  i s  cons idered t h a t  once  D .  v ivi parus i s  

es t ab l i s h ed o n  a prope r ty i t  i s  i m pos s ib l e  t o  e r ad i c a t e  

( Mason , 1 9 7 9 a ) . Recommend a t i o n s  f o r  t h e  c o n t r o l  o f  

lungworm v ary . Ma son  ( 1 9 7 9 a ) recommended drench i ng a t  

we a n i ng , mov ing t o  " c l e a n " pas t ure , and then  3- wee k l y  

drenc h i ng u n t i l  w i n t e r , i f  r o t a t i on a l l y g r a zed , or un t i l  

one  y e a r  o f  age i f  t h e  deer wer e  s e t - s tocked . Mc A l l um 

( 1 9 7 9 ) recommend ed dr e n c h i ng y oung s t o c k  f r o m  wean i ng to  

15  mon t h s  of age at  3 -week l y  i n t er v a l s , wi t h  a move  t o  

"c l e a n " p a s t u r e  a f ter  each  t r e a t men t .  The adv i s abi l i t y  

o f  mov ing we a n e r s  a f t er drenc h i ng t o  m i n i m i s e  r e i nfec t i on  

r a t es  w a s  emph a s i s ed by Char l e s ton  ( 1 9 8 0 ) .  Wi l s on ( 1 9 8 1 ) 

sugges ted t h a t  t h e  i n t e r v a l  be tween drench i ng s hould  be 

d e t er m i ned by t h e  e f f i c acy of t h e  drench  ag a i n s t  t h e  

v a r i ous s t ages o f  t h e  pa r a s i t e  i n  t h e  ho s t . If  t h e  drench 

was  e f fec t i v e  aga i n s t  a l l  s t ages  then a 21  day  i n t erv a l  

s h ould b e  s u f f i c i e n t . However , i f  i t  was n o t  ef fec t i v e  

ag a i ns t imma ture  s t ag e s  then  a shor t er drenc h i ng i n t e r v a l  

s hould b e  u s ed . 

To try  to  l i m i t  t h e  i n i t i a l  i n f e c t i o n o f  c a l ves  

W i l s o n  ( 1 9 8 1 ) recommend ed pr e - c a l v i ng drenc h i ng o f  t h e  

h i n d s . Howev er , t h e  v a l ue o f  t h i s  h a s  n o t  been proved , 

n o r  i s  t h e  pr a c t i c e  u n i v er s a l l y accep ted . Mor e  rec e n t  

da t a  s ugg e s t s  t h a t  t h i s  m a y  b e  o f  l i t t l e  u s e  ( W i l s on , 
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per s . comm . ) .  Mason ( 1 9 7 9a ) c o n s i dered t h a t  adu l t  deer 

do no t need drenc h i ng becau s e  o f  t h e i r  l ow l a r v a l  ou t pu t . 

Few , i f  any , con tr o l l ed t r i a l s  on  drench  e f f i c acy 

aga i n s t  D .  v i v i parus i nv o l v i ng s l augh ter of deer h a v e  

been c a r r i ed o u t . I n f o rm a t i o n  o n  e f f i c acy i s  therefore  

e i ther f rom c l i n i c a l  obser v a t i o n s  or  faec a l  l ar v a l  ou t pu t  

suppr e s s i on t r i a l s , usua l l y wi t h ou t  c o n t r o l  groups . 

Pr e s ide n t e  e t  a l . ,  ( 1 9 7 3 ) repor t ed from  bl a c k - t a i l ed 

deer , t h a t  l ev am i s o l e  a t  1 6  mg /kg  produced o n l y  a 

t r a ns i e n t  decr e a s e  i n  l a r v a l  cou n t s  and t h a t  c a mbenda z o l e  

a t  4 0 - 5 0  mg /kg  r e moved t h e  m a ture worms bu t d i d  no t h a v e  

a s ign i f i c a n t  e f fec t o n  t h e  i m m a ture s t ages . Mc Al lum  

( 1 9 7 6 ) r e po r t ed t h e  d e a t h s  o f  two  1 0 -mon t h - o ld red deer  

c a l v e s  a t t r i bu ted to  d i c t yocau l i a s i s  an un s pec i f i ed 

t i me a f t er rece i v i ng t h r e e  drenches  of l e v a m i s o l e  a t  

1 3  mg / k g . Ot h er a n i m a l s  i n  t h e  group t h e n  r e c e i v e d  

i n tr amus c u l a r  d i e th y l c arbama z i ne c i trat e ( DEC ) a t  2 . 5  m l /  

5 0  k g  for  t h r e e  succe s s i ve days . A t  pos t- mor tem 

e x am i n a t ion  three wee k s  l a ter no  worms  wer e  seen  i n  the 

lungs  o f  these deer . W i l s on ( 1 9 7 9 a ) s t a ted t h a t  DEC was  

r e por ted t o  pr e v e n t  d e a t h s  a f t er c l i n i c a l  outbre a k s  and 

appeared t o  be e f f ec t i v e i n  the c o n t r o l  o f  l ungwor m ; i t  

was commo n l y  u s ed i n  New Zea l a nd a t  t h a t  t i me . Scott i s h  

wor k e r s  adm i n i s t er ed DEC i n t r amuscu l a r l y  a t  1 . 2  m l / 2 1  k g  

d a i l y f o r  three  days fo l l owing a n a tu r a l  i n fec t i on , and 

r ecorded a zero  F LC a f t e r  s i x  days ( Corrig a l l  et  a l . ,  

1 9 8 0 ) .  Fenbend a z o l e  was  a l s o  used and cons idered t o  be 

e f f ec t i v e  ( Co r r i g a l l  e t � - ,  1 9 8 0 ) .  Fluids , a n t ibio t i c s  

and v i t a m i n s  were g i v e n  i n  add i t i on  b y  t h e s e  wor kers  t o  

c l i n i c a l l y  a f f e c t ed a n i m a l s . 

A 1 9 8 0  survey  o f  v e t e r i n ar y  pr a c t i c e s , ( Wi l s on and 

Co l l i e r , 1 9 8 1 ) i nd i c a t ed t h a t  o x f e nd a zo l e  was the mos t 

popu l ar a n t h e l m i n t i c  for t h e  proph y l a c t i c  con t r o l  o f  

lungwor m , a n d  DEC f o r  t h e  t r e a t m e n t  o f  c l i n i c a l  outbr e a k s . 

Ot h er a n t h e l m i n t i c s  u s ed i n  order of popu l ar i ty i n c l uded 

f e nbend a zo l e , l ev ami s o l e , c ambend a zo l e , a l benda zol e , 

mebend a z o l e  and feban t e l . Many v e t e r i n a r i a n s  a l s o  gave  

su ppor t i v e  ther a py , i n c luding "Bi s o l von " ( bromhexine  

h ydr a c h l o r ide , Boehr i nger  Inge l h e i m ) ,  a n t i b i o t i c s  a nd 

h i gh energy suppl emen t ar y  feeds when t r e a t i ng c l i n i c a l  
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c a s es . A s ur v ey o f  deer f armers  ( Ma s o n  and Gl adden , 1 9 8 3 ) 

s h owed t h e  f o l lowing drenches  used i n  order o f  popul ar i ty ; 

o x fenda z o l e , a l be nd a zo l e , fe nbend a z o l e , l e v a m i s o l e , 

c ambenda z o l e , feban t e l , mebenda z o l e , t h i abend a zo l e  and DEC . 

In a r e po r t  on  t h e  i nv e s t iga t i on and t r e a t m e n t  o f  a 

f i e ld i n f e c t i o n , Wi l s o n  ( 1 9 8 1 ) recorded t h a t  a lbend a z o l e  

s i gn i f i c a n t l y  r educed F LC ' s  af ter t h r e e  days bu t s t a t ed 

t h a t  i t  m a y  we l l  no t be 1 0 0% e f f ec t i v e  agains t i mm a tu r e  

s t ages . Cambend a zo l e  ( 2 5 mg / kg ) appeared t o  be e f f ec t i v e  

ag a i ns t m a ture l ungworms  bu t i n e f f e c t i v e  aga i n s t immature  

parasi t e s . 

Mac k i n t o s h  and Mason  ( 1 9 8 3 ) r e po r ted a s l augh ter 

tr i a l  i n  which feban t e l  ( 7 . 5  mg / k g ) a nd i v er mec t i n  

( 2 0 0  mg /kg  I / M ) were g i v e n  to  groups o f  f i v e  red deer 

c a l v e s . Seven  days pos t - t r e a tmen t , feban t e l  was found 

to be 8 5 %  e f fe c t i v e  a g a i n s t i mma ture s t ages and 9 9 . 7% 

e f fec t i v e  aga i ns t  adu l t s when compared wi th  c o n t ro l s . 

I v er m ec t i n was f ound t o  be 1 0 0%  e f f ec t i v e  ag a i n s t  bo t h  

m a ture and i m m a ture  s t ag e s . 

The reasons  for t h e  appa r e n t  l ac k  o f  e f f i c acy o f  

some  a n t h e l m i n t i c s  ag a i n s t  D .  v i v i parus  i n  d e e r  are  

s pecu l a t i v e . I t  h a s  been pr o po s ed t h a t  i t  may  be due 

to  a d i f f er en t m e t hod o f  m e t abo l i s m  o f  a n t h e l m i n t i c& by 

deer ( Ch a r l e s ton , 1 9 8 0 ) .  It may be t h a t  s o me 

a n th e l m i n t i cs  are unab l e  t o  ach i e v e  e f fec t i v e  pl a s m a  

conce n tr a t i ons  for s u f f i c i e n t  t i m e  bec aus e o f  a more 

r a pid me tabo l i s m  o f  the drug by deer . Th i s  sugg e s t ion  

was suppor t ed by Mason  ( 1 9 8 2 ) who  m e a sured serum 

l e v a m i s o l e  l e v e l s  i n  deer  af t er o r a l  and subc u t an eous 

adm i n i s t r a t ion . In bo t h  c as e s  t h e  pe ak  s erum 

concen t r a t i o n s  occurred wi t h i n  1 6  m i n u t e s  ( c f .  1 - 2  hours 

in c a t t l e ) ,  and t h en d ec r e a s ed r a p id l y . A s i m i l a r 

r e s u l t was ob t a i ned wi t h  o x fenda z o l e , wi t h  bo t h  a l ower 

peak  p l a s m a  conc e n t r a t i o n  and shor t e r  dur a t ion  in the  

b l ood - s t r e a m  ( Wa t s on e t � -. 1 9 8 3 ) .  

P r i tch ard e t � - .  ( 1 9 7 8 ) s t a t ed t h a t  g i v i ng 

a n t he l m i n t i c i n  doses  on cons ecu t i v e  days  can  g r e a t l y  

i n c r e a s e  i t s e f f ec t i v en e s s  i n  s h e e p . Ch a r l e s ton  ( 1 9 8 0 ) 

sugges ted t h a t  t h i s  pr i n c i p l e  may account  for t h e  



----- ---

1 0  

a ppar e n t l y  good e f f i c ac y  o f  DEC aga i n s t D .  v i v i parus , 

s i nce t h i s  drug was g i v e n  d a i l y  for a t h r e e  day  cour s e . 

Deer  h a v e  been observed t o  con t i nue to  d i e  of 

l ungworm dur i ng c l i n i c a l  outbr e a k s  o f  d i c tyocau l i as i s  

d e s p i t e  a n t h e l m i n t ic t r e a t m en t . Wi l s o n  ( 1 9 7 9 a ) sugg e s t ed 

t h a t  t h i s  m ay be bec ause  of t h e  s e ver i ty o f  t h e  par as i t e 

burdens and f a i lure  o f  t h e  drug t o  r e ac h  t h e  par a s i t e  

r a t her t ha n  s i m ply a f a i lure  o f  t he drug t o  d e s t roy 

t h e  par a s i t e . Howev er , h e  d i d n o t e  t h a t  l i v e  adu l t s  

h a v e  been seen  i n  t h e  lungs a f t er d e a t h s  f o l l owing 

dr enc h i ng . A s i m i l ar observ a t i on  was  r e por ted 

e l s ewhere ( Anon, 1 9 7 8 ) .  It  s hould be n o t ed t h a t  

Oakley ( 1 9 8 0 ) , wor k i ng wi t h  D .  v i v i parus  i n  c a t t l e , 

obser v ed t h a t  i t  t oo k  u p  t o  36  hours  before  t h e r e  was  a 

s i g n i f i c a n t  r educ t i on  i n  l ungworm numbers f o l l owing 

t r e a t me n t  w i t h  some ben z i m id a zo l e s . Th i s  de l a y  was 

pr esumably bec a u s e  o f  the s l ow r i s e  i n  p l a s m a  

co ncen t r a t i on  o f  the  drug a n d  the  mec h a n i s m  o f  ac t i o n  o f  

t h e  a n t h e l m i n t i c . Th i s  obs er v a t io n  n e eds  to  be cons id ered 

when l i v e  wor m s  are  observed a f ter  t r e a t m e n t  w i t h  

be n z i m i d a z o l es . 

1 . 2  Ga s t r o i n t e s t i n a l  Nem a tode s . 

1 . 2 . 1 Occurrenc e . 

Twe n t y  s pe c i e s  o f  n e m a tode g a s t r o i n tes t i n a l  para s i t e s  

h a v e  been r ecorded i n  the  s pe c i es o f  d e e r  i n  New Zea l and 

( t ab l e  1 . 1 ) .  The m a j o r i ty o f  t h e s e obser v a t i o n s  have  been 

i n  red , wapi t i  and wh i t e - t a i l ed deer , bo th  f e r a l  and 

f a r m ed . There h av e  been few nema tode s pec i e s  rec orded 

from s a mbur , r u s a , s i k a  and f a l l ow d e er . Th i s  i s  proba b l y  

bec au s e  o f  t h e  s m a l l  number o f  t h e s e  d e e r  s pec i e s  e x a m i ned 

( Andrews , 1 9 7 3 ) .  Wi t h  t h e  e x c e p t i o n  o f  f a l low , t h e s e  

d e e r  s pec i es a r e  n o t  c o m m o n l y  f a r m ed a nd are  therefore  

less  l i k e l y  t o  undergo par a s i t o l og i c a l  e x a m i n a t i o n . 

Sever a l  o f  t h e  g a s t r o i n t e s t i n a l  nema todes i n  New 

Ze a l and deer  a r e  s pec i f i c to deer . Th e s e  i n c l ude 

A p t e r ag i a  spp . , Spicu l o p t e r ag i a  s pp . , Ri nad i a  
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mathev o s s ian i , S k r j abi nag ia k o l ch i da , and Os t er tag ia 

l e pt o s p i cu lar i s . Th ese  s pec i e s  w i l l  hav e been i n t roduced 

i n t o  New Zealand w i t h  deer and have become es tab l i s h ed 

h e r e  ( Andrews , 1 9 7 3 ) .  

Mas on ( l 9 8 l a ) sugge s t ed t hat t h e  geograph ical l y  

i s o lated r e l eas es  o f  d e e r  i n  New Zealand from var i ous 

s ources , and the r e lat i v e l y  l ow popu l a t i o n  den s i t i es and 

r e s t r i c t ed movemen ts  of feral deer was respon s i b l e  for 

geograph i cal d i f f erences  in  paras i t i c  fauna i n  feral deer . 

Th i s  i s  suppor ted by t h e  l ow i n i t ial i n c idence o f  l ungworm  

at Invermay , and t h e  i n i t i al r e s t r i c t i on o f  E .  c e r v i  to  

t h e  F i ord land ar ea . Howev er , i t  can now be e x pec ted t hat  

t h e s e  d i f ferences  wi l l  be r educed in  the  farmed deer 

populat i o n  as deer have been tran s po r t ed t hroug hout  t h e  

count ry . The t h i r teen  gas tr o i n t e s t i nal n ematode s pec i e s  

f ound i n  New Zealand deer wh i c h  ar e al s o  f ound i n  o t h e r  

domes t i c  rum i nan t s  i n  New Zealand wer e e i t her carr i ed i n to 

the  coun t r y  by deer , o r  t rans m i t ted from feral or dom e s t i c  

cat t l e , s heep o r  goat s ( Andr ews , 1 9 7 3 ) .  

In t h e  1 9 8 0  M . A . F .  survey  o f  t h e  deer po pu lation  

and heal t h  probl ems , gas t r o i n t e s t i nal paras i t i s m  rated 

national l y  as the t h i rd m o s t  f r equen t l y  occur r i ng an i mal 

heal t h  pr oblem r e por t ed by deer far me r s . Gas t r o i n t e s t i nal 

paras i t i s m  cau s ed 1 5% o f  al l deer heal t h  pr oblem s . 

Howev er , t h e  s ame survey  s howed t hat gas tr o i n t e s t i nal 

paras iti s m  was not among s t  the f i v e  mos t common condi t i ons  

diagn o s ed by  v e t er i nar i an s  on  deer far m s  ( Gladden , 1 9 8 1 ) .  

Th i s  s ugge s t s  t hat gas t r o i n t e s t i nal paras i t i s m  may n o t  be 

as muc h of a pr oblem  as i t  is t ho ugh t to be by deer 

farmer s .  Howe v e r , wi t h  farmers  mak i ng t h e i r  own diagnoses , 

t h e  d i agno s t i c  accuracy i s  l i k e l y  t o  be r educed . In 

add i t i o n , i t  is pos s i b l e  t hat t h e r e  was s ome confus ion  

by  t h e  survey r e ponde n t s  i n  d i s t i ngu i s h i ng between  an 

ac tual and a po t e n t ial probl em . Th i s  could  e x plain t h e  

d i s c r epancy be tween far mer be l i e f  and v e t e r i nar ians 

obser vat ions . 
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1 . 2 . 2  Epidem i o l ogy . 

There  i s  a l a c k  o f  epidem i o l og i c a l  d a t a  on  deer 

g a s t r o i n t e s t i n a l  par a s i t i s m . Un t i l  d a t a  s hows o therwi s e , 

t h e  l i f e c y c l e s  o f  a l l  g a s tro i n tes t i n a l  nema tode par a s i tes  

o f  deer  c a n  only  be as sumed t o  be t h e  s a me a s  s i m i l a r  

par a s i t e s  o f  s h e e p  a n d  c a t t l e  ( Mason , 1 9 7 7 ) .  T h e  i n f e c t i v e  

t h i rd s t ag e  l a r v a e  are  i nge s t ed wi th  pas ture  a nd e x s h e a t h  

i n  t h e  abomasum . They  mou l t  to  four t h  s t age  l ar v a e  and 

then t o  adul t s . After a v a r i able  pr e pa t e n t  per i od 

( 2 0 - 2 5  d a y s ) t hey  s t a r t  l ay i ng eggs . Th e s e  are  e x cr e t ed 

i n  t h e  f aeces and h a t c h  a s  f i r s t  s t age l ar v a e  wh i c h  

d e v e l o p  on  t h e  pas ture t o  s econd s t age a nd e n s h e a thed 

t h ird s t age l a r v a e ( Ma s o n , 1 9 7 7 ) .  

No epidem i o l og i c a l  wor k  t o  de t e r m i n e  year l y  

f l uc t u a t ions  i n  pasture  l a r v a l  numbers o n  deer pa s tures  

h a s  been  publ i s hed . Mason  ( 1 9 7 7 ) sugge s t ed t h a t  t h e  s ame  

en v i ronmen t a l  f a c t or s  a ppeared t o  c o n t r o l  pasture  l a r v a l  

numbe r s  o f  deer nema tode par a s i t e s  a s  c o n t r o l  s h e e p  

par a s i t e  l arv ae number s .  Be i ng t e m per a t ur e -dependen t ,  t h e  

r a t e o f  l a r v a l  d e v e l opmen t for  s h e e p  a nd c a t t l e  g a s tro­

i n tes t i n a l  nema todes peaks  in  m i d - s ummer and s tops when 

the mean air t e m per a tu r e  f a l l s  be l ow 1 0°C ( Vl a s s o f f , 

1 9 7 3 b ) . The t i m e  t a k e n  for eggs to  d e v e l o p  to t h i rd s t age 

l a rv ae is  10  days  t o  1 0  weeks  under New Ze a l and cond i t i ons  

( Vl as s o f f , 1 9 7 3 a ) ,  and 1 - 1 2  weeks  o v e r  t h e  s pr i ng and 

au tumn in Eng l and ( Gi bs o n , 1 9 6 5 ) .  Th e perc e n t age o f  eggs 

th a t  s ucc e s s fu l l y d e v e l o p  t o  t h i r d  s t age l a r v a e  is bo t h  

t e mper a t ure a nd m o i s ture  depende n t  a nd v ar i es f r o m  l e s s  

t h a n  1 %  t o  a m a x imum o f  2 0 - 2 5% ( V l a s s o f f , 1 9 8 2 ) .  Bec a u s e  

o f  temper a ture  a nd m o i s ture e f f e c t s ,·opt i mu m  l ar v a l  

dev e l o pmen t ( a nd h e n c e  m a x i mum pas ture  l a r v a l  number ) 

occurs o n l y  when t h e r e  i s  a posi t i v e m o i s ture  i nd e x , and 

a mean a i r  temper a tu r e  g r e a ter  t h a n  1 0°C ( Brunsdon and 

Ad a m , 1 9 7 5 ) . These  cond i t i o n s  usua l l y occur in t h e  

s p r i n g  and au tumn i n  New Zea l and . 

Th e au tumn pas ture l a r v a l  peak  tends to  occur a f t er 

t h e  f i r s t  au tumn r a i ns . Lar v ae wh i c h  h a v e  de v e l o ped o v e r  

t h e  summer a n d  e a r l y  au tumn n e ed a con t i nuous mo i s ture  



f i l m t o  e n abl e moveme n t  u p  t h e  herbage and become 

a v a i l ab l e  to  the s t oc k ( Vl a s s o f f , 1 9 7 3 a , b ) . A l t hough 
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t h e  p a t t ern  o f  l ar v a l  c o n t am i n a t i on o f  pa s tur e  m ay d i f f er 

when deer , s h e e p  or c a t t l e  a r e  g r a zed i t  cou ld be 

e x pec t ed t h a t  there  wi l l  be a re l a t i v e l y  l ow pas ture 

c o n t am i n a t i on  dur i ng summer , a high con t a m i n a t i o n  dur i ng 

autumn , a nd a d ec l i n e  o v er w i n t er . 

Enshea t h ed l ar v a e surv i v e  on  pas ture for up to f i v e  

months  i n  Eng l and ( Gibson , 1 96 5 ) and up t o  s i x  to  twe l v e  

mon t h s  i n  New Zeal and ( V l a s s o f f , 1 9 7 3 a ) .  On s h e e p  f a r m s , 

l ar v a e  w h i c h  overwi n t er are a n  i m por t an t  s ource o f  

c o n t a m i n a t i o n  for  n e w  l ambs i n  s pr i ng ( V l a s s o f f , 1 9 7 3 b ; 

1 9 76 ) .  Howev er , some wor k e r s  cons ider t h a t  aged l ar v a e  

are · l es s  abl e. t h an y oung l ar v a e  t o  e s t abl i s h  i n  a h o s t  

( Gibson , 1 96 5 ;  S turroc k , 1 96 5 ) .  In fec t i o n s  from over­

wi n t er ed l ar v ae plus the  i n f e c t ion  o r i g i n a t i ng from the  

ewe ' s  po s t - pa r tum r i s e l e ads  t o  t h e  s pr i ng peak  i n  l a r v a l  

numbers s een on  s heep f arms ( V l as s o f f , 1 9 7 3b ) . 

In deer a pos t-par tum r i s e  o f  gas t r o i ·n t e s t i n a l  egg 

ou t pu t  f r om h i nds was no t found in a s m a l l  t r i a l  ( W i l s o n , 

pe rs . comm . ) . C a l v e s  are  bor n  l a te r  i n  the  year  than  

l ambs , when  cond i t i ons  for  l a r v a l  sur v i v a l  are less  

f a v ourabl e . Thus a l t h ough t h e  c a l v e s  wi l l  po s s ib l y  be 

i n f e c t ed by l ar v ae wh i c h  h av e  overwin tered and l a r v ae 

o r i g i n a t i ng f r o m  t h e  adu l t s  i n  s pr i ng , t h e r e  may  we l l  n o t  

b e  an equi v a l e n t  o f  t h e  r i s e  i n  pa s ture  l a r v a l  numbers  

a s  seen  on  s h e e p  f arms  i n  s pr i ng , bec aus e o f  dr i er 

cond i t i ons  dur i ng t h e  equi v a l e n t  pos t n a t a l  per iod . 

Another  me t h od for pa r a s i t e surv i v a l  over  per iods  

o f  adv e r s e  c l i m a t i c  cond i t i ons  i s  the  i nh i bi t i o n  o f  

l ar v a l  dev e l o pm e n t  i n  t h e  h o s t . I n  s h e e p , i n h ibi ted 

four t h  s t age l ar v a e  are cons idered t o  be a n  i m por t an t  

me c h a n i s m  o f  o v erw i n t e r i ng f o r  H a emonchus con tor tus . I t  

i s  l e s s  i m por t a n t  for Os ter t ag i a  s pe c i es and no t 

s i gn i f i c a n t  for  T .  a x e i  ( McKenn a ,  1 9 7 3 ) .  I�hibi ted 

l a r v a e  recommence deve l o pm e n t  i n  s pr i ng a nd con t r i bu t e  

to  t h e  ewe ' s  pos t - par tum r i s e  i n  par a s i t e  numbe r s  and 

f a e c a l  egg coun t s  ( FEC ) . Bo th  H .  con tor tus and Os ter t ag i a  

s pec i e s  occur i n  deer , and i t  h a s  been sugges ted t h a t  
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i n h ibi t ed l a r v a e  may  surv i v e  dren c h i ng and then  develop  

to  m a tur i t y in  r ed deer  ( Johns ton , 1 9 8 2 ) .  

1 . 2 . 3  P a t hoge n i c i t y . 

Mason ( 1 9 7 7 ) r e por ted d e a t h s  of r ed deer c a l v es a s  

a r e s u l t o f  1 8 , 9 0 0 - 3 3 , 7 0 0  abomas a l  a n d  1 5 0 0 - 3 0 , 5 0 0  sma l l  

i n tes t i n a l  wor m s . Another  r e po r t  descr i bed t h e  d e a t h  o f  

a yea r l i ng h i nd wi t h  a " s ever e " l ungworm i n f e s t a t i on  

co i nc i d e n t a l  with  2 8 0 0  H .  con tor tu s , 2 2 0 0  0. c i r cumc i n c t a  

a n d  5 , 6 0 0  T .  a xe i  ( A non , 1 9 7 9 a ) .  Forre s t er e t � - .  ( 1 9 7 4 ) 

r e por t ed t h a t  burdens o f  3 - 5 0 0 0  S trongy l o ides i n  wh i t e­

t a i l ed deer , 2 - 3  week s  o l d , produced a n  acu t e  i l l n e s s  

wi th  d i arrhoea , abdomi n a l  c r a m ps , l i s t l e s s n e s s  a n d  de a t h 

i n  1 2 - 36 hours . 

P r e s i de n t e  ( 1 9 7 9 a ) sugges ted t h a t  S .  asymme t r i c a  and 

S . k o l c h i d a  i nduce t h e  s a m e  p a t h o l og y  a s  Os t er t ag i a  s pp . i n  

c a t t l e  a n d  she e p . De v e l oping l ar v ae o f  t h e s e  two 

paras i t e s  h a v e  been obs erved in d i l a t ed a nd i n f l amed 

g a s t r i c  g l ands i n  deer ( Pr e s i d en t e , 1 9 7 9 b ) . Th e s e  

d e v e l o p i ng l ar v a e  i nduced nodu l e  forma t i on  i n  the  abom a s a l  

muc o s a .  Ther e  were f e w  nodu l es i n  abo m a s a  o f  deer wi t h  

burdens o f  l e s s  t h a n  1 0 0 0  wor m s . Mor e  widespr e ad nodu l es 

appeared when t h e r e  were  a ppro x i m a t e l y  2 0 0 0  worms . A 

"morocco l e a t her " appe arance  was  s een wi t h  bur dens o f  

5 - 6 0 0 0  worms  i n  a f a l l ow d e e r  and 7 , 0 0 0  worms i n  a wh i te­

t a i l ed deer . Pres ide n t e  ( 1 9 7 9 ) a l s o  r epor t ed t h a t  

c l i n i c a l  par a s i t i s m  wi t h  weig h t  l o s s , rough h a i r  c o a t  and  

l o o s e  faeces  occurs  when abo m a s a l  nema t ode burdens  exceed 

5 0 0 0  worms . He r ecommended t r e a t m e n t  wh en worm burde n s  

exc eeded 2 0 0 0 . Eva and Ke l l ogg ( 1 9 7 7 ) s t a ted t h a t  when 

abom a s a l  worm burdens e xc e ed 1 5 0 0  i n  wh i t e- t a i l ed deer 

mor t a l i t y r i s k was  h i g h . Th e s e  a u t h o r s  a l s o  reported 

de a t h s  o f  wh i t e - t a i l ed deer due to  h aemonc ho s i s  w i th 

a v er age burdens o f  2 0 0 0 . Exper imen t a l  i n f e c t i on s  o f  3 0 0 0  

H .  con tor tus i n  wh i t e - t a i l ed deer resu l t ed i n  we a k ne s s , 

emaciat i o n , a n a e m i a , debi l i t a t ion  and decr eased s e rum 

pr o t e i n  ( Fo r e y t  and Tr ainer , 1 9 7 0 ) .  

The s e  burdens  are  l ow when compared t o  bu rdens 
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cons idered pathogenic  t o  s h eep . A worm burden o f  4 - 1 0 , 0 0 0  

i s  c l a s s ed o n l y  a s  "moder a t e " i n  young s h e e p  ( McKenn a , 

1 9 8 2 ) .  Th i s  m ay sugg e s t  a g r e a t e r  pa t hoge n i c i ty o f  

abomas a l  nema todes  t o  d e e r  bu t more l i k e l y  r e f l e c t s  

conser v a t i ve e s t i ma t e s  by d e e r  r e s e a r c h e r s  i n  t h e  face  

of a s pars i t y o f  data  on  t h i s  i s sue . Joh n s to n  ( 1 9 8 2 ) 

i n fec t ed r ed deer  c a l v e s  w i t h  up t o  3 0 , 0 0 0  0. c i rcumc i n c t a , 

0. os ter t ag i a  or H .  c o n t or tus l ar v a e  but growth r a tes  

dur i ng t h e  f o l l owing s e v e n  weeks  were  the  s am e  as  for  

non - i n fec t ed control  deer . The  peak  F EC was  8 7 . 5  epg 

af t er i n f e c t i o n  wi th  H .  c o n t o r tus l ar v a e . Th i s  i n f e c t i o n  

c au s ed a n  i n c r e a s e  i n  p l a s m a  pe ps i nogen  concentr a t i on  

i nd i c a t i ng some  abom a s a l  muco s a  d amage , but appare n t l y  

no t enough to  a f f e c t  growt h . H .  c o n t o r tus burdens 

suff i c i e n t  to  cause a FEC of 9 0 0 0  epg have been a s s oc i a t ed 

wi th  dec r e a sed packed c e l l  v o l ume , h a emog l ob i n  and to t a l  

serum  pr o t e i n  i n  wh i t e - t a i led deer ( Da v i d s o n  e t � - , 1 9 8 0 ) .  

1 . 2 . 4  Cl i n i c a l  Signs and Di agnos i s . 

Di agnos i s  o f  g a s t r o i n t es t i n a l  par a s i t i s m  i s  usua l l y  

based o n  a combi n a t i o n  o f  f a e c a l  e x a m i n a t i o n  for 

g a s tro i n t e s t i n a l  para s i t e eggs , c l i n i c a l  s igns  and h i s tory , 

bu t may  be a i ded by po s t - mor t e m  o f  s e v er e  c a s e s . 

Gastr o i n t e s t i n a l  par a s i t i s m  i s  mos t pronounced i n  young 

s t o c k  up t o  two y e a r s  of age a nd may r e s u l t  in l o s s  o f  

c o nd i t i o n , dec r e a s ed we i g h t  g a i n , i l l  t hr i f t , l o o s e  f aeces  

o r  scour i ng a nd m a y  t e r m i n a t e  i n  e m ac i a t i on , we a k n e s s  and 

d e a t h  ( W i l s o n , 1 9 7 9 a ) . Wi l s o n  a l s o  s t a t ed t h a t  

haemon c h o s i s  m a y  r e s u l t  i n  anaem i a, l owered pac k ed ce l l  

vo lume a nd hypopr o t e i n a e m i a ;  and l arge  abom a s a l  burdens  

m a y  c a u s e  a n  e l e v a ted plasma  pe ps i nogen l e v e l . 

Sign i f i c a n t l y  i nc r e a s ed pl a s m a  peps i nogen l e v e l s  ( 3 5 8  mu / L ,  

f r o m  1 2 5  mu / L ) a t t r ibu t ed t o  abom a s a l  t r a u m a  c a u s ed by 

par a s i t i sm h a v e  been recorded in red deer c a l v e s  a f t er 

i nocu l a t i o n  wi t h  H .  c o n t o r tus l a r v a e  ( J ohns to n , 1 9 8 2 ) .  

Ford ( 1 9 7 6 ) c o n s i dered t h a t  i n  rum i n a n t s , p l a s m a  

pe p s i nogen l e v e l s  are  a be t t er  i n d i c a tor  o f  poten t i a l  

produc t i on l o s s  due to  Os ter t ag i a  t h a n  f a e c a l  egg cou n t s. 



Wi l s o n  and P au l i  ( 1 9 8 3 ) r e por ted t h a t  t h e  m a x i mum 9 5% 

conf idence l i mit  f or p l a s m a  pepsinogen l ev e l s  i n  4 4  

c l i n i c a l l y  nor m a l  mi xed aged red deer was 2 . 0 8 I U / 1  

wi th  a m e a n  o f  0 . 9 1 I U / 1 . 
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The r e l a t i o n s h i p  be tween F E C  a n d  worm burden i s  n o t  

c l e ar . P r e s i d e n t e  ( 1 9 7 9b ) cons idered t h a t  1 e pg 

( measured by f l o a t a t i on ) ,  i nd i c a t e s  a burden of 5 0 0  worm s . 

Th i s  au thor s t a t ed t h a t  con t i nu a l  moni tor i ng o f  aboma s a l  

paras i t e  number s  w a s  a n  e s s e n t i a l  pa r t  o f  a deer f ar m  

managemen t  pr ogr amme w i t h  trea tmen t re commended w h e n  egg 

cou n t s  by f l o a t a t i on e xceeded 1 0  eggs per gram . Wi l s on 

( 1 9 8 1 ) r e po r t ed t h a t  there  a ppeared t o  be l i t t l e 

cor re l a t i o n  be tween FEC ( measured by t h e  modi f i ed 

Mc Ma s t ers  technique ) and worm burdens . However , a l l  egg 

and wor m numbe r s  in t h i s  repor t were l ow , and t h e  

s pecimens  were from  d e e r  d y i ng o f  o t h e r  cond i t i o n s . 

1 . 2 . 5  Tr e a tmen t and Co n t r o l . 

Gas t r o i n t e s t i n a l  par a s i t e  c o n t r o l  progr ammes f a l l  

i n to two c a t egor i e s : ( 1 ) t o t a l  r e l i ance  on a n t h e l m i n t i c s  

( 2 ) i n tegr a t i o n  o f  a n t h e l m i n t i c  t r e a t me n t  wi t h  pl anned 

pas ture a nd s to c k  man agemen t .  Th e l a t ter mus t be to  

segreg a t e  the  hos t f r o m  s i gni f i c a n t  numbers  o f  i n fec t i v e  

l a r v a e . P ar a s i t e  c o n t r o l  pr ogrammes o n  deer f ar m s  t end to  

be o f  t h e  former t y pe . 

1 . 2 . 5 . 1  An t h e l m i n t i c s . 

The r e  is  o n l y  l i m i t ed i n forma t i o n  on  a n t he l m i n t i c  

e f f i cacy aga i n s t  g a s t r o i n t es t i n a l  nema tode par a s i tes  

in  deer . Mc Al lum  ( 1 9 76 ) s t a t ed t h a t  g a s t r o i n t e s t i n a l  

worms wer e  e as i ly t r e a t ed wi t h  o r a l  drench  bu t d i d  n o t  

s t a t e  wh i c h  pr oduc t s  were e f f e c t i v e . Th i s  author l a t e r  

s t a ted t h a t  t h i abenda z o l e  a n d  l e v a m i s o l e  wou ld readi l y  

c o n t r o l  g a s t r o i n t e s t i n a l  nema todes when g i v en o r a l l y  

bu t g a v e  no  d a t a  t o  suppor t h i s  s t a t e ment  ( Mc A l l um , 

1 9 7 7 ) .  

B l o c k e l e r  and S egebade ( 1 9 7 7 ) r e por t ed a 9 7 - 9 8% 



r educ t i on  i n  f a e c a l  egg cou n t s  i n  f a l l ow deer a f t e r  

feedi ng conc e n t r a te f e eds con t a i n i ng 1 . 5% f enbend a z o l e  

to  g i v e  a dose o f  5 m g  a n t h e l m i n t i c / kg l i v eweig h t . 
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In a s i m i l ar s tudy , a l s o  i n v o l v i ng f a l low deer , 

t h i abend a zo l e  i n  pe l l e t ed feed a t  5 0  mg /kg  l i veweigh t 

r e su l t ed i n  a 9 6 . 5% r educ t i on  i n  f a e c a l  egg counts  

f o l l owing five  days  o f  t r e a t me n t  ( Ka l i voda  a nd Chrous t ,  

1 9 71 ) .  

Th i abend a z o l e  a t  5 0  m g / kg h a s  been u s ed s uc ce s s fu l l y  

i n  the  c o n t r o l  o f  S .  papi l l o s i s  i n  w h i t e -t a i l ed deer 

i n  con j un c t i o n  w i t h  o t her  managemen t pr ac t ices  ( Forres ter  

e t � - .  1 9 74 ) .  On  the  basis  o f  reduced wo r m  cou n t s , 

Fo rey t a nd Dr awe , ( 1 9 7 8 ) conc l uded t h a t  t h er e  was  a 

gr e a t e r  t h a n  9 9% e f f i c acy  o f  o r a l  a lbend a z o l e  ( 1 1 - 5 0  

mg /kg ) aga i n s t H .  cor tor tus , Os ter t ag i a  s pec i e s , 

T .  a s k i v a l i  and Nema todi rus odoco i l e i  i n  wh i t e - t a i l ed 

deer . 

Wi l s on  ( 1 9 7 9 a ) obs erved t h a t  t h e r e  were f ew 

a n t he l m i n t i c  e f f i c acy t r i a l s  i n  deer bu t s t a t ed t h a t  m o s t  

a n t h e l m i n t i c s  a ppeared t o  b e  e f f ec t i v e  ag a i ns t deer 

g a s t r o i n t e s t i n a l  nema todes . 

by Pr e s i d e n t e  ( 1 9 7 9b ) . 

Th i s  v i ew i s  suppo r t ed 

Under New Zeal and condi t i ons , y a rds are  normal l y  

av a i l ab l e  on  deer f a r m s  s o  o r a l  t r e a t m e n t  i s  t h e  

accepted me thod o f  adm i n i s t r a t i on . Mason and Gl adden 

( 1 9 8 3 ) r e ported t h a t  the mean number of a n t h e l m i n t i c  

drenches  g i v e n  to  c a l v e s  was 4 . 1 per y e a r  wi t h  a m a x i mu m  

o f  1 7 .  

The A n i m a l  Remed i e s  Board h a s  cur r e n t l y  l i c enced 

a l bend a z o l e , f e nbend a z o l e , f eban t e l  a nd o x f e nd a z o l e  for 

u s e  i n  deer . Th i s  impl i e s t h a t  r e s e a r c h , a l be i t  

unpubl i s hed , mus t h a v e  been conduc ted t o  prove t h e  

e f f i c acy o f  t h e s e  produc t s  s i nce  t h i s  i s  a requ i s i t e for  

reg i s t r a t i o n . 

1 . 2 . 5 . 2 In tegr a t i o n  o f  Tre a t m e n t  and  Con t r o l . 

In  a tr i a l  i nv o l v i ng t h e  t r e a t m e n t  o f  deer w i t h  

fe nbenda z o l e  a n d  t h e  s l augh t er  o f  o ne group a t  3 - 5  days 
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and a no ther  a t  3 - 4  mon t h s  pos t -tr e a t men t , Pr e s i d e n t e  

( 1 9 7 9a ) concl uded t h a t  a n t h e l m i n t i c  t r e a t m e n t  a l one o n l y  

t e mpor ar i l y  r educes  w o r m  burdens . He advi sed t h a t  i f  i t  

was  po s s ib l e  t h e  herd s hould  be moved to  c l e a n  pas ture 

af ter  t r e a t me n t  to  pr o l ong t h e  r educ t i on  in  par a s i t e 

number s . 

Mason ( 1 9 7 7 ) a l s o  recommended drench i ng c a l ves a t  

we a n i ng and mov i ng t h em t o  " c l e a n " pas ture , i . e .  a 

paddock where t h e  f awns h ad no t been t h a t  year . If  no t 

moved to  " c l e a n " pasture  t h e y  were to  be drenched aga i n  

one mon t h  l a ter . Th e s e  recommenda t i o ns a pp l i ed where t h e  

f a r mer  cons idered par a s i t i s m  to  be a pr ob l e m . In  o th e r  

areas  t h e  a n i m a l s  were to  be drenched when  nece s s ar y  

dependi ng o n  t h e  c l i ma t i c  cond i t i o n s . No i nd i c a t i o n s  

w e r e  g i v en as  t o  h ow t o  dec ide w h e n  drench i ng w a s  

nec e s s ar y , o r  how t h e  f armer  was  t o  d e t�rm i ne wh e t her or 

not p a r a s i t i s m  was  a probl em . 

W i l son  ( 1 9 7 9 a ) sugges ted t h a t  bl a nk e t  recommend a t i on s  

c o u l d  n o t  b e  m ade , bu t recommended t h a t  c o n t r o l  e f for t s  

b e  concen t r a t ed on  t h e  y oung s tock  a n d  t h a t  d e e r  s hou ld 

be r o t a t iona l ly g r a zed o n t o  " c l e an " pasture  a f ter  

t r e a tmen t . In  a publ i c a t i o n  edi ted by Brunsdon and Ad am , 

( 1 9 7 5 ) i t  was  s t a t ed t h a t, " i f  a n i m a l s  a r e  r e t urned to  

h e av i l y  i n f e c t e d  pas ture  a f ter  drench i ng much o f  the  

adv a n t ag e  o f  drenc h i ng may  be  l o s t . "  Th i s  h a s  been  

demons t r a ted with  l ambs wh ere  only  a s ma l l  increase  in  

l i v ew e i g h t  was ach i ev ed when  l a mbs were  dr enched and  not  

m o v ed compared  wi t h  a l arge increase  in  w e i g h t  when  t h e y  

w e r e  drenched and moved to  " c l e a n " pas tur e ( Brunsdon , 

1 9 7 6 ) .  Howev er , r o t a t i o n a l  gr a z i n g  o f  yopng s to c k  per 

s e  does n o t  c o n t r i bu t e  t o  par a s i t e  c o n t r o l  even w i t h  a n  

e i g h t  week r o t a t i o n , a c cord i ng to  Brunsdon and Ad am  ( 1 9 7 5 ) ,  

as  t h e  conc e n t r a t i o n  o f  s to c k  o n  a s m a l l  area  wi l l  l e ad 

to  a n  a bnor ma l l y  h ig h  l e v e l  o f  pas ture i n f e s t a t i o n  dur i ng 

f avour abl e cond i t i ons  for l ar v a l  d e v e l opme n t . Ra t her t h e  

s t ock  m o v e me n t s  mus t b e  pl anned s o  t h a t  young s to c k  m o v e  

o n t o  " c l e a n " pas ture af ter  e ac h  drench . 

The t i m e  n eeded for  t h e  pas ture  l ar v a l  popu l a t i on  t o  

dec l i ne t o  " s a f e " l ev e l s  h a s  been e s t i m a ted to  b e  two to  
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s i x  mon t h s  de pend i ng o n  t h e  c l i m a t i c  cond i t i ons  ( Brunsdon 

and Adam , 1 9 7 5 ) .  "Cl e an " pas ture i s  not  para s i t e  free 

bu t h a s  too few par a s i t e  l ar v a e  on  i t  to  be d i r e c t l y  

damag i ng t o  suscept i b l e  a n i m a l s  ( Brunsdon a nd Adam , 1 9 7 5 ) .  

Th i s  def i n i t i on i s  no t neces s ar i l y t h e  s a m e  a s  t h a t  g i v en 

by Mason  ( 1 9 7 7 ) a bove . For mo s t  o f  t h e  year "c l e a n " 

pa s tu r e  i s  t h e r e fore  i mpo s s i b l e  t o  a c h i e v e  bec ause  o f  

pas ture m a nage m e n t  requireme n t s . "Cl e a n " pa s tu r e  may  be 

produced by u s i ng hay or s i l age  a f t e r m a t h s , g r a z i ng 

f odder crops , g r a z i ng pas ture  wi t h  adu l t  or res i s t an t  

a n i m a l s  o r  by g r a z i ng a n  a l t e r n a t i v e  s pec i e s , i . e .  s h e e p  

o r  c a t t l e . Joh n s tone  ( 1 9 7 9 ) obs erved t h a t  gr a z i ng c a t t l e  

pas ture wi th  s h eep  for two mo n t h s  pr oduced a s  e f f ec t i v e  a 

decre a s e  i n  pa s ture  c o n t a m i na t i o n  as  s pe l l i ng for four 

month s . Howev er , pa r a s i te s pe c i e s  w h i c h  c a n  es t a b l i s h  i n  

bo t h  hos t s pec i e s  cou l d  b e  a prob l e m , eg . T .  a xe i  from  

sheep and c a t t l e . Mc A l l u m  ( 1 9 8 1 ) m e n t i o ned t h a t  r a n k  

pas tur e c o u l d  be c o n t r o l l ed b y  s h e e p  o r  c a t t l e  on  deer 

f a r m s  and t h a t  t h i s  may s i mul t aneou s l y  h e l p  in the con t r o l  

o f  i n t e r n a l  p a r a s i tes . Howev er , h e  d i d  warn  t h a t  there  

w a s  a r i s k  o f  t r a n s f er r i ng i n f e c t ious  d i s e a s e s  from  the  

a l t e r n a t i v e  s t o c k  t o  t h e  deer , eg . m a l i g n a n t  c a t a r r h a l  

fever  from  s h e e p . The i mpor t ance  o f  c r o s s-trans m i s s i o n  

o f  par a s i tes could  b e  r educed b y  gr a z i ng o n l y  adu l t  s h e e p  

a n d  c a t t l e . 

1 . 3  Feed Requ i r e m e n t s  And Gr owth Of Red De er . 

The f e ed r eq u i r e m e n t s  and growth  f r o m  0 - 1 2 mo n t h s  

o n l y  a r e  r e v i ewed . 

1 . 3 . 1  B i r t hwe igh t .  

M a l e s  h a v e  a higher  a v er age bir thweigh t t h a n  fema l e s . 

Gu i nn e s s  e t  a l . ,  ( 1 9 7 8 ) recorded m e a n  bir t hwe igh t s  o f  

6 . 9  kg and 6 . 4 4 k g  for m a l e s  and f e m a l e s  r e s pec t i v e l y , 

i n  t h e  Un i t ed K i ngdom and As her  e t  �. , ( 1 9 8 1 ) re corded 

9 . 4  k g  and 8 . 8  k g  r e s pec t i v e l y  i n  New Ze a l and . 

B i r t hwe i g h t was s h own to  be s i gn i f i c a n t l y  rela t ed to the  
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l i v ewe i g h t  o f  t h e  h i nd a t  t h e  r u t  ( an i ndex  o f  body s i z e ) 

( B l a x t er a nd H am i l to n , 1 9 8 0 ) .  The r e  was no e f f ec t  o f  age 

o f  the h i nd o n  c a l f  w e i g h t  t h a t  cou ld no t be e x p l a i ned by 

h i nd body we i g h t .  Mor t a l i t y was h i gher  a t  b i r thwe i g h t s  

below 5 kg . 

1 . 3 . 2  B i r t h  t o  Thr e e  Mo n t hs ( we a n i ng ) .  

Mi l k  i s  t h e  m a j o r  e nergy s ource  i n  t h e  f i r s t  n i ne 

week s . Fenne s s y  e t  � . , ( 1 9 8 1 ) d e t e r m i ned t h a t  9 0 % o f  t h e  

v a r i a t i o n  in g r o w t h  r a te t o  n i ne wee k s  o f  a g e  c an be 

a t t r i bu t ed to v ar i a t i o n s  in m i l k  g r o s s  energy i n t a k e  by 

t h e  c a l f . No more  t h an 1 0% o f  t h e  c a l f ' s  t o t a l  

me t abo l i z able  energy ( ME )  i n t a k e  to  t h i s  age i s  so l id 

f ood ( Fe n n e s s y  e t � - ,  1 9 8 1 ) .  Thus i n i t i a l  growth i s  

de t e r m i n ed l ar g e l y  by t h e  m i l k  y i e ld o f  t h e  d a m  ( Moore  and 

Brown , 1 9 7 7 ) .  Bl a x t e r  and H am i l t on  ( 1 9 8 0 ) found a 

pos i t i v e  r e l a t i o n s h i p  between t h e  we igh t o f  t h e  dam and 

the c a l f ' s  growth r a t e . Th ey a t tr i bu t ed t h i s  t o  a h i gh e r  

m i l k  y i e l d  from  h e a v i e r  h i nds . Loudon e t  a l . ,  ( 1 9 8 3 ) 

demon s t r a t ed t h a t  poor h i n d  nu t r i t i on  du r i ng l ac t a t i o n  c a n  

r e s u l t i n  s i gn i f i c a n t  r educ t i ons  i n  c a l f  l i v ew e i g h t  g a i n s  

as  a r e s u l t o f  d e p r e s s e d  m i l k  y i e lds . 

Ma l e s  g r ow f a s t e r  t h a n  f e m a l e s  ( Bl a x t e r  and Hami l t o n , 

1 9 8 0 ; A s h e r  e t  a l . ,  1 9 8 1 ) .  Da i l y  growth  r a t e s  o f  

4 0 0  g /day a nd 3 7 1 g /day  r e s pec t i v e l y , f o r  m a l e s  a nd 

f e m a l e s  were  r ecorded a t  weani ng a t  1 4  wee k s  o f  age i n  

New Ze a l a nd ( Fe n n e s s y  e t � - ,  1 9 8 1 ) .  The s e  grow t h  r a t e s  

a r e  h i gher  t h a n  3 0 5  g /day  a n d  2 7 0 g /day f o r  m a l e s  a nd 

fema l e s  r e s pec t i v e l y , r e co rded i n  Sco t l and ( Bl a x t er and 

Hami l ton , 1 9 8 0 ) .  

Due t o  t h e  demands  o f  l a c t a t i on , t h e  summer per i od i s  

t h e  t i me o f  m a x i mu m  M E  r equ i r emen t s  o f  t h e  h i nds  ( 4 7 . 4  MJ / 

ME /deer /day ) ( Fe n n e s s y  e t  a l . ,  1 9 8 1 ) .  

P a s tu r e  qua l i ty mus t n o t  be a l l owed t o  dec l i ne i f  

h i g h  we a n i ng we igh t s  a r e  t o  be ach i e ved ( Moore and Brown , 

1 9 7 7 ) .  A m i n imum o f  4 . 4  k g  DM  o f  l ea f y  p a s ture  per deer  

per  d ay mu s t  be  a v a i l ab l e  for  m a x i mu m  we a n i ng we i g h t  

( Mil l i g a n , 1 9 8 4 ) .  Su pp l em e n t a r y  f e ed i ng o f  h i nd s  m ay be 
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required i n  d r y  areas  o r  dry s e a s o n s  when pas ture grow t h  

i s  l o w  ( W i l s o n , 1 9 7 9b ) . 

1 . 3 . 3  Thr ee to  Twe l v e  Mo n th s . 

Max i mum growth  r a t e s  are  requ i r ed over  t h i s  per i od 

i f  a l l  f e m a l e s  are  t o  a c h i e v e  m a t i ng we igh ts  o f  6 5 - 7 0 k g  

a t  1 6  m o n t h s  ( W i l s on , 1 9 7 9b ) . Gr ow t h  r a t e s  u p  to  one year  

o f  age are  no t cons t a n t . Gr owth  i s  s l ow from  March  t o  

Se ptember bu t a c c e l e r a tes  f r om Sept e mber to  Dece mber 

( Moore  and Brown , 1 9 7 7 ; Drew � a l . ,  1 9 7 8 ; Asher  et a l . ,  

1 9 8 1 ; Fennes s y  � a l . ,  1 9 8 1 ) .  Av e r age growth r a t es o f  

3 0  g /d a y  over autumn  and w i n ter , 3 0 0  g /d a y  over  s pr i ng a n d  

2 0 0  g /day  over summer for  m a l e s ; and 3 0  g /day  o v e r  wi n t er , 

2 3 0  g /day  over s pr i ng a nd 1 2 0  g /d a y  over  summer for h i nds 

h a v e  been reco rded ( Fennessy  e t  a l . ,  1 9 8 1 ) .  

I n  a h a r s h  e n v i r onmen t , weaners  were o n l y  h e l d  a t  

m a i n t a i n ance o v e r  w i n t e r  ( Moore  a nd Br own , 1 9 7 7 ) whe r e a s  

i n  more m i l d  c l i ma t e s  m i n i mum grow t h  r a t e s  o f  71  g /day  

have  been recorded dur i ng t h i s  per i od ( As h er et  a l . ,  

1 9 8 1 ) .  No es t i m a t e s  o f  t h e  d i ge s t a b l e  ME  av a i l ab l e  to  

these  s t o c k  were g i v e n  s o  it  c a nn o t  be d e t e r m i ned i f  the  

d i f f e r e n t  we i g h t  gains  were. due to t h e  c l i m a t e  or feed 

a v a i l a b i l i t y . Ca l cu l a t ed ME requ i r e m e n t s  dur i ng w i n t e r  

are  1 9 . 9  a nd 1 7 . 5  M J  ME /deer /day f or m a l es a n d  f e m a l e s , 

r e s pec t i v e l y . De er h a v e  been shown t o  be l e s s  t o l e r a n t  

of c o l d  t h a n  e i t h er s h e e p  or c a t t l e  ( S i m pson e t  � - , 

1 9 7 8 ) a nd t h e r e f o r e  requ i r e  propor t i o n a l l y  mor e ME  for  

t h e r moge n e s i s  du r i ng w i n ter . 

H i g h  growth  r a te s  o f  f e m a l e s  dur i ng s pr i ng and 

summer are c r i t i c a l  if a h i g h  c a l v i ng perc e n t age is to 

be a c h i e v ed at two y e a r s  o f  ag e ( Moore  and Br own , 1 9 7 7 ) .  

The d a i l y  ME  requ i r e m e n t s  for  r i s i ng one  year  o l d  deer 

over  s pr i ng has be e n  e s t i m a t ed as  2 7 . 1  and 2 2  MJ ME /deer / 

day  for m a l e s and fema l e s , r e s pec t i v e l y . 
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CHAP TER 2 

S TUDY OF A LB ENDA Z O LE I N  A CONCENTRA TE FEED P R E P A RATI O N . 

2 . 1  I n troduc t i o n . 

An t h e l m i n t i c s  adm i n i s tered t o  deer i n  New Z e a l and 

are  usua l l y  g i v en by o r a l  drench ing . However , t h i s  

me thod o f  adm i n i s t r a t i o n  i s  no t s a t i s f a c t or y  i n  s ome 

i n s t a nc e s . 

I f  l a te ( pos t -ru t ) we a n i ng i s  prac t i s ed t h e r e  i s  

a r i s k  o f  i n j ur y  t o  t h e  c a l v e s  i f  t h e y  a r e  y arded wi th  

the  adu l t  s toc k dur i n g  the  r u t . The d i s turbance of t h e  

h i nds  a t  t h i s  t i me may  a l s o  i mpa i r  conce pt ion  r a t es . 

High  par a s i t e burdens h a v e  been obs e r v ed i n  s to c k  

younger t h an t h r e e  m o n t h s  o l d  ( s ee Chapter  3 ) .  Many 

f a rmers  feel t h a t  c a l v e s  are  too  s m a l l  to  r i s k  y arding 

f or a n th e l m i n t i c  t r e a t m e n t  a t  t h i s  t i m e . 

P ar as i t e pr ob l ems  a r e  mos t common i n  au tumn and 

e a r l y  w i n t e r . Should such  prob l e m s  d e v e l o p  i n  m a ture 

s t ags , y a rding a nd o r a l  trea t m e n t  cou ld be dangerous 

for  bo t h  a n i m a l s  and o per a tor s , s i nce s t ags a r e  

aggr e s s i v e  a t  t h i s  t i me o f  year . 

Many deer are  k e p t  where t h e r e  are  no  hand l i ng 

f ac i l i t i e s  ( " pe t "  deer and newly e s t abl i s h ed proper t i es ) .  

In t h e s e  s i tu a t i o n s  or a l  drenc h i ng i s  no t pos s i bl e . 

Th i s  m a y  a l s o  be t h e  c a s e  i n  some zoos  and g a m e -par k s . 

Some deer f ar mers  a s  a m a t t er o f  general  po l i cy 

h a n d l e  t h e i r  deer as  l i t t l e as  pos s i b l e  despi t e  h a v ing 

adeq u a t e  f a c i l i t i es . An a l t e r n a t i v e  to  o r a l  drench i ng 

may be a t tr ac t i v e  to  such  people . 

The s e  c o n s i de r a t i o n s  h a v e  pr o m p t ed the  i n v e s t ig a t ion  

of an a l t e r n a t i v e  a n t h e l m i n t i c  adm i n i s t r a t ion  technique . 

Incor por a t i o n  o f  a n t h e l m i n t i c  i n t o  s uppl emen t ary 

feeds tuf f s  was s ugges t ed as  an a l t er n a t i v e  m e t hod o f  

t r e a t m e n t  o f  f a r med d e e r  b y  Pres iden t e , ( 1 9 7 9 a , b ) . 

Th i abend a z o l e  ( 50 mg /kg /day for  f i v e  days ) and 

f e nbend a z o l e  ( 5  mg /kg /day for two days ) when m i xed wi th  

a supplement ary  f eeds t u f f  h a v e  bo t h  been  succ e s s f u l  in  
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con t r o l l i ng i n t er n a l  par a s i t e s  i n  f a l l ow deer i n  Europe 

( Ka l i v oda a nd Chrous t ,  1 9 71 ; B oc k e l er and Segebade , 1 9 7 7 ) .  

In  t h i s  s tudy t h e  u s e  o f  a l bend a zo l e  i n  a 

supp l e m e n t a r y  feed pr e pa r a t i o n  wa s i n v e s t i g a t e d  bo t h  i n  

we aner a nd adu l t  deer . 

No t e : In t h i s  t h e s i s  the  concen t r a t e  f eed 

pr epa r a t ion  i ncorpor a t i ng t h e  a n t h e l m i n t i c  is r e f er r ed 

t o  as  " m ed i c a t ed n u t s " ,  and t h e  pr epa r a t i o n  no t 

i ncorpo r a t i ng a n t h e l m i n t i c a s  " n o n - m ed i c a ted nu t s " .  

2 . 2  P a r t  1 :  We aner De er . 

Th i s  s t udy was under t ak e n  t o : 

1 .  Inve s t ig a t e  t h e  e f f e c t i v en e s s  o f  l ow concen t r a t i o n s  

o f  a l bend a z o l e  i n  a concen t r a t e  f eed prepar a t i on  

( med i c a ted nu t s ) i n  c o n t r o l l i ng i n t e r n a l  par a s i t e s  

i n  i n t ens i v e l y  f a r med r ed deer . 

2 .  Compare  t h e  e f f e c t i v en e s s  o f  m ed i c a t ed nu t s  w i t h  a 

t h r e e -week l y  o r a l  drenc h i ng progr amme  under s e t ­

s to c k ed a n d  r o t a t i o n a l  g r a z i ng s y s tems . 

3 .  S tudy t h e  e f f e c t  o f  t h e  m e d i c a ted nu t adm i n i s t r a t i o n  

pr ogramme on  t h e  l a ter  occurrence o f  i n t e r n a l  

paras i t i s m . 

4 .  Es t ab l i s h  t h e  pa l a t abi l i t y  o f  t h e  med i c a ted and non­

medica ted nu t s . 

2 . 3  Ma t er i a l s  and  Me thods . 

2 . 3 . 1  De er . 

Twe l v e  red deer ( 5  m a l e s , 7 f e m a l e s ) from  t h e  

Mas sey Un i v er s i ty Deer Un i t  a n d  1 2  m a l e  red d e e r  purc h as ed 

from  a commer c i a l  deer f a r m  were u s ed . Gr oups were 

weaned o n  Mar c h  10  and March 1 4 ,  r e s pec t i v e l y , and wer e  

combi n ed from  M a r c h  2 2 . 
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2 . 3 . 2  Suppl emen t ary  Feeds t u f f . 

The supp l e m e n t a r y  concen t r a t e  feed u s ed was 

m anuf ac tured in the f o r m  of nu t s . Th e non-med i c a ted 

nu t s  used were a commerc i a l l y a v a i l ab l e  d eer r a t ion , 
[ Farm Pr oduc t s  ( Ma n awa tu ) De er  Pe l l e t s , produc t No . 1 1 7 ] , 

wi t h  a m i n imum f eed a n a l y s i s  o f  pr o t e i n  1 4 % ,  f a t  4 . 5 % ,  

f i bre  1 2 % ,  s a l t  1 % . 

The medi c a ted n u t s  were the  s am e  produc t wi t h  

a l bend a zo l e  added to  pr ov ide 2 0 0  mg a l bend a z o l e  per kg o f  

nu t s . The pr epar a t i o n  o f  t h e  medi c a ted nu t s  was such t h a t  

a 5 0  k g  a n i m a l  w a s  requ i r ed t o  e a t  0 . 5  kg t o  ach i ev e  a 

dose  r a t e  o f  2 mg a l bend a z o l e /kg l i v eweigh t .  

2 . 3 . 3  Exper i me n t a l  De s i gn . 

Expe r i me n t a l  d e s i g n  i s  summ ar i z ed i n  f i gur e s  2 . 1  

and 2 . 2 .  

On March  2 2 , deer were r a n k ed acco rd i ng t o  l i v eweigh t . 

An i m a l s  were s y s t e m a t i c a l l y  a s s igned t o  o n e  o f  three  

groups s o  t h a t each  group was  appr o x i m a t e l y  b a l a nced by  

s e x , m e a n  l i v ewe i g h t  a nd l i v ewe i g h t  r a nge . Gr oups were 

r a ndom l y  a l loca ted to  one  of t h r e e  t r e a t m e n t s : 

Group 1 :  n=8  ( a l l oc a t ed numbe r s  1 0 1 - 1 0 8 ) .  

Th i s  group was r o t a t i on a l l y  g r a zed o n  four 0 . 5  h a  

paddocks  u nder n o r m a l  deer f ar m  gr a z i ng m an ageme n t  

wi t h  no  supp l emen t a r y  feed t hroughout  t h e  cour s e  

o f  t h e  i n v e s t ig a t i on ( s ee f igure 2 . 2 ) .  Th i s  group 

r e c e i v ed four or a l  drenches  of a lbend a zo l e  

( " V a l b a z e n " Cat t l e  and Deer dr ench , S m i th  K l i n e  and 

Fr ench  Ltd ) at  a dose  r a t e  o f  10  mg / k g  a t  three­

week i n t erv a l s  from  A pr i l  2 1 . 

Group 2 :  n = 8  ( a l l o c a ted numbe r s  2 0 1 - 2 0 8 ) .  

I t  was  neces s a r y  t o  d i v i de t h i s  group i n t o  

s ubgroups t o  a l l ow f o r  t h e  po s s ibi l i ty of a " pl o t  

e f f ec t " on  t r e a t me n t . The s e  deer were s e t - s tocked 

a t  3 2 /h a  i n  pas ture  p l o t s  o f  0 . 1 2 5  h a  ( s ee f i gu r e  

2 . 2 ) .  Th i s  g r o u p  r e c e i ved up to  2 . 0  kg 

non-med i c a t ed nuts d a i l y  from March 3 1  un t i l  
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Fi g u re 2 . 1  

DI A GRA M MA T I C  REP RES ENTA TI O N  O F  EX P ER I ME NTA L DES I G N . 

Ro t a ti on a l ly Gra z ed Pas t u re On l y  
GROUP 1 

N = 8 J, J, Ora l An t h e l mi n t i c  ( 10 mg /kg ) 

X P re - l Tre a tmen t Pe ri od I Pos t-Tre a tm en t 

GROUP 2 
+ 

N = 8 

GROUP  3 
+ 

N = 8 

X 

( Fo r  groups 1 and 2 )  

J, Or a l  An t h e lmi n ti c  ( 10  mg / kg ) 

Nu ts Fed 2 .  0 kg /d a y  

Se t -S t oc k ed 3 2 /h a .  Pas t u re App ro x . 3 0 0  g /d a y  

Medi c a t ed Nu ts Subs ti t u ted ( 0 . 5  kg /d a y ) 

��o o o�--------� 
Nu ts Fed 2 .  0 kg /d ay 

Pre - Tre a t men t Pe ri od Pos t-Tre a tmen t 

( Fo r  prou� 3 )  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

TIME  ( we e k s ) 

+ Groups 2 and 3 were s ubd i v ided i n to two groups 

to a l low for the i nv es tig a ti on of a p lo t  e f f ec t  

on tre a tmen t . ( Se e  f i g . 2 .  2 )  
x Da t a  w i t h i n  t h e s e  three  per i od s  were poo l ed for 

s t a ti s ti c a l  an a lysi s .  

No t e : The pos t-t re a t m en t p e ri od f o r  g roup 3 was s h o r t e r  

b ec ause e ac h  t r e a t m en t  occ upi ed 1 0  d a ys wi th a 2 1  

d a y  i n t e rv a l be tween t re a t m en t s , c ompared wi th 

c on s ec u tiv e 21  day i n t e rv a ls be tween o r a l  t re a t men t s  

i n  g roups 1 and 2 .  



Fi g u re 2 .  2 

P l an Of M as s ey Un i v e rs i t y  Dee r  Un i t Sh owing Loc a ti on Of 

E x pe ri men t a l Groups . 

0125/B 0125ha 0125ha 0·125ha 

..:f. ..:f. 
1 1 1 1 <:: <:: 

('\.j � 

� � 
� � 

0· 5 ha 

0-5 ha 

Not t o  sc a l e . 

-..:t-� 
('\.j 
� 
� L5 

-..:t 
:!k 
� 

� Cj 
� 

GROUP 1 
N=  B. 

O·S ha 

0-5 ha 
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Oc t ober 1 3 .  The group was g i ven  four o r a l  

drenches  o f  a l be nd a z o l e  ( 1 0  mg / k g ) a t  three- week 

i n t e r v a l s  from  Apr i l  2 1 . 

Group 3 :  n=8  ( a l l o c a t e d  numbe r s  3 0 1 - 3 0 8 ) .  

2 7  

Th i s  group was subd i v ided and m a n aged as  for group 

2 .  Th i s  group r e c e i v ed 2 . 0  kg non-med i c a ted nu t s  

d a i l y  from  March 3 1  un t i l  Oc tober 1 3 .  0 . 5  kg o f  

n o n - m ed i c a t ed nu t s  were subs t i tu ted w i t h  0 . 5  kg o f  

med i c a ted nu t s  ( 1 0 0  m g  a l benda z o l e /deer /da y ) for 

three  1 0 -d a y  per iods commenc i ng Apr i l  2 5 . There 

were 21  days be twe e n  t h e  e nd o f  one  t r e a t m e n t  and 

the  commencem e n t  o f  t h e  n e x t . 

For groups 2 a nd 3 ,  t h e  nuts  were fed on  the  ground 

wi th  a s m a l l  qu a n t i ty ( 1 0 0  g /h e ad ) o f  g ood qua l i t y me adow 

hay . A " no drench " c o n t r o l  group was n o t  pos s i b l e  

because o f  t h e  commer c i a l  i m p l i c a t i o ns  o f  the  r i s k  o f  

c l i n i c a l  par a s i t i s m  a n d  t h e  v a l u e  o f  t h e  s to c k  i nv o l v ed . 

2 . 3 . 4  Managem e n t . 

From Mar c h  2 8  group 1 was  r o t a t i o n a l l y  g r a z ed a h e ad 

o f  t h e  adu l t  s t o c k  on  t h e  un i t ,  t h er eby r e ce i v i ng the  

be s t  pas ture  a v a i l abl e ad l i b .  P a s ture  qu a l i ty was  good 

and the r e s idu a l  dry m a t ter n e v er f e l l be l ow an 

es t i m a t ed 1 2 0 0  k g  DM / h a . 

Groups 2 and 3 were c o n f i ned i n  four ad j ac e n t  

c om pound s ( s ee f igure 2 . 2 ) .  Eac h compound con t a i ned a 

water  supply  and a c c e s s  v i a  a r a c e . Th e compounds were 

o f  t empor ary  c o n s truc t i on  wi t h  l m  s heep  ne t t ing  and e i t h e r  

one o r  t w o  m a i n s -uni t e l e c t r i c  t a pes a t  t h e  h e i g h t o f  t h e  

top  o f  t h e  n e t t i ng a n d  1 5 - 2 0  c m  abo v e  i t  ( s ee f i gure 2 . 3 ) .  

Before t h e  commenc e m e n t  o f  a n t h e l m i n t i c  t r e a t men t , 

grou ps 2 a nd 3 were fed n o n - m ed i c a t ed n u t s  a t  0 . 5  kg /deer / 

day  incr e a s i ng t o  2 k g /deer /day ( 1 . 7  k g  DM ) by June  1 3  a s  

pa s ture  a v a i l ab i l i ty decreased . I t  i s  e s t i m a t ed t h a t  t h e  

m i n i mum pas ture  D M  a v a i l ab l e  wa s 0 . 3  kg / h e ad /day . Thus 

deer  recei ved a c a l c u l a ted m i n i mum o f  2 . 1  k g  DM /head /day 

o f  diges t i b l e  f e eds t u f f  t h roughou t the  course  o f  the  

s t udy . Nu t r a t i o n s  were s to pped o n  Oc tober 1 3 . 



Figure 2 . 3  

Expe r i m e n t a l  groups 2 and 3 :  De er we r e  fed deer nu t s  

a nd s e t - s t o c k ed i n  t empor ary compounds cons truc t ed 

o f  s h e e p  ne t t i ng and one  or two e l e c t r i f i ed t apes . 
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To a l low a s e s s m e n t  o f  co nsump t i o n  when  medi c a ted 

nu t s  were g i v e n , both groups 2 a nd 3 recei ved 0 . 5  kg /de er  

o f  nu t s  ( medi c a ted or non- medi c a ted ) i n  t h e  mor n i ng and 

the  b a l ance  ( 1 . 5  k g /deer ) o f  non-med i c a ted nu ts l a te in  

the  a f ternoon . 

I n  m i d  Oc tober the  three  groups wer e  combined and 

r o t a t i on a l l y  g r a z ed a r ou nd the who l e  uni t u n t i l 

ter m i n a t i on  o f  t h e  t r i a l  o n  Nov ember 3 .  

2 . 3 . 5  Obs e r v a t i o n s . 

From March 2 4  a l l  a n i m a l s  were f a ec a l  s a m p l ed per 

rec tum a nd weighed a t  we e k l y  i n t er v a l s  at a ppro x i ma te l y  

t h e  s a me t i me o f  d a y . Dur i ng t h e  1 0 -d a y  med i c a ted nut  

feeding pe r i o d s  t h e  a n i m a l s  in  group 3 were f a ec a l  

s am p l ed a t  2 - 4  d a y  i n terv a l s . 

Four g r a m s  o f  faeces  f r o m  each  s am p l e  were pl aced 

i n  a n  i nd i v idu a l  mod i f i ed Baermann appar a tus , a s  de s c r i bed 

by Henr i c k s e n , ( 1 9 6 5 ) ,  on t h e  day of co l l ec t i o n . Th e 

e x t r a c t ed l ar v a e  were iden t i f i ed and coun ted t h e  

f o l l owing morn ing a t  l O O X  m ag n i f i c a t i on wi t h  a bi nocu l a r  

m i c r o s cope us i ng a Mc M a s t e r  s l ide . 

Two g r a m s  o f  f aeces  from  each  s am p l e  we re  e x a m i n ed 

for g a s t r o i n t e s t i n a l  par a s i t e eggs on the  day  o f  

co l l ec t ion  b y  a mod i f i ed M c M a s t e r  m e thod a s  s t andard f o r  

the  Massey  Un i v er s i t y par a s i t o logy l abor a t ory . 

The e a t i n g  behav i ou r  o f  groups 2 and 3 was observed 

pe r i od i c a l l y  t hr ougho u t  t h e  t r i a l , par t i c u l a r l y  when 

m ed i c a ted nu t s  were supp l i ed . 

2 . 3 . 6  An i m a l  Hea l th . 

A l l  a n i m a l s  r e c e i ved a sen s i t i s i ng dose  o f  a 

f i v e - i n - one c l o s t r id i a l  v acc i ne , ( " Co v a x  5 " ,  IC I - Ta s m a n ) ,  

a t  weani ng , a nd a boo s ter dose  s i x  weeks  l a t er . Al l 

a n i m a l s  were g i v e n  s e l en i u m  ( 5  mg ) s ubcu t a neous l y  pr ior  

t o  t h e  s tudy . 

On e a n i m a l  ( 3 0 6 ) d e v e l o ped d i arrhoea  o f  undi agno s ed 

c a u s e  on  May 6 wh i c h  was  t r e a ted wi th s y s t e m i c  and o r a l  
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a n t i b i o t i c s , gu t pr o t e c t i v es  a nd a n  a n t h e l m i n t i c . 

Recovery  was  une v e n t fu l . A l l a n i m a l s  were v a c c i n a ted 

aga i n s t S a l m o n e l l o s i s  ( " S a l v a x i n " Wel lcome  Ltd . ) at t h a t  

t i m e  a s  a pr e c au t i o n . 

A second deer ( 3 0 3 ) deve l o ped a cough and r e s p i r a tory 

d i s t r e s s  when y a rded on  May 2 6 . It  w a s  given a t h r e e  

d a y  course  o f  a n  o xy t e t r acyc l i ne-br o m h e x i n e  HCL  m i x t u r e  

( " Bi s o l v omyc i n  Ve t " ,  Boehr i nger Ing e l h e i m  Lt d . ) .  

Recov ery was  une v e n t fu l . 

Dur i ng t h e  cour s e  o f  t h e  s tudy s ome a n i m a l s  e x h i b i ted 

a m i l d c ough or loose f a e c e s . Th e s e  occurrences were 

no t t r e a t ed and did no t per s i s t .  

On J u l y  7 s i x  a n i m a l s  s e l e c ted a t  r andom from  b o t h  

gr oups 1 a nd 3 w e r e  b l ood - s a m p l ed by j ug u l a r  punc ture 

i n t o e v a c u a ted p l a i n  tubes a nd s erum a n a l y sed for copper 

conce n tr a t i o n . On t h e  bas i s  o f  h i gh bl ood co pper 

conc e n t r a t i o ns  sodium  mo l ybd a t e ( 5 0 mg /de er /day ) and 

s od i u m  s u l ph a t e  ( 1 0 0 0  mg /deer /da y ) wa s added to t h e  

f e eds t u f f  t o  prev e n t  t o x i c i t y  prob l ems  wh i c h  are  k nown 

to occur i n  s h e ep under s i m i l a r  f e e d i ng s  s y s tems . 

On Nov ember 1 a l mos t a t  t h e  conc lus i o n  o f  t h e  tr i a l  

number 3 0 1  d i ed s udde n l y  o f  yers i n i o s i s . 

2 . 4  S t a t i s t i c a l  An a l y s i s . 

For a n a l y s i s  t h e  l a r v a l  and egg coun t and l i vewe i g h t 

d a t a  was  subd i v ided i n to " pr e - " ,  "dur i ng " and " po s t - " 

t r e a t m e n t  per i od s  for  e a c h  group ( s e e  f igure  2 . 1 ) .  

An a l y s e s  per f or m ed a r e  s umma r i z ed i n  t a b l e  2 . 1 .  

2 . 4 . 1  La r v a l  and Egg Coun t s . 

A l l  l ar v a l  a nd egg cou n t s  were t r a n s f o r m ed for 

a n a l y s i s  t o  log 1 0  a f ter  t h e  addi t i o n  o f  1 0 - S  to  overcome 

t h e  prob l e m  o f  zero  coun t s . Log t r an s f o r m a t ion  was 

c a r r i ed ou t to  n o r m a l i s e  the d a t a . The m e a n  l og d a i l y  

egg and l ar v a l  cou n t s  f o r  t h e  " pr e - " ,  "dur i ng " and " po s t ­

t r e a t m e n t "  per i ods  were c a l cu l a ted f o r  each  a n i m a l . 

Ea ch two succ e s s i v e  s am p l i ngs were a v e r aged a nd mu l t i p l i ed 
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Table  2 . 1  

Su mmary  Of S t a t i s t i c a l  An a l y s e s  Per f o r m ed On Lar v a l  And 

Egg Coun t s  And Liveweigh t s . 

Co mpar i s on  

1 )  W i t h i n  Tr i a l  Per i ods  

* 

( P r e - , Dur i ng , and Pos t -Tr e a t m e n t ) .  

Med i c a ted Nu t Tr e a t m e n t : 
* 

P l o t  1 v ' s P l o t  2 

Non - med i c a ted n u t  + Or a l  Dr enc h : 
* 

P l o t  1 v ' s P l o t  2 

Gr oup 1 ( r o t a t i on a l l y  g r a zed ) v ' s 

Gr oup 2 ( se t - s t ocked ) .  

Gr oup 2 ( or a l  a n t h e l m i n t i c ) v ' s Gr oup 3 

( med i c a t ed nu t s ) .  

Tes t  for " pl o t  e f f e c t " .  

2 ) Be tween Tr i a l  P e r i ods 

Pre- v ' s Dur i ng v ' s Pos t - t r e a t m en t : Group 

Pre- v ' s Dur i ng v ' s Pos t- trea t m e n t :  Gr oup 

Pre- V ' S Dur i ng v ' s Pos t - t r e a t m en t : Gr oup 

+A n a l y s i s  o f  v a r i a nc e . 

Tes t Used 

S t uden t ' s  t 

S t ude n t ' s  t 

S tude n t ' s  t 

Student ' s  t 

1 Anovar  + 

2 An ovar  + 

3 Anov ar + 
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b y  the  number o f  days  b e tween the • s a m p l i ngs t o  g i v e  da i l y  

mean  cou n t s . The s e  v a l ues were t h e n  summed f or each  

tr i a l  per i od and d i v ided by  t h e  number o f  days  in  t h a t  

per i od . 

Bec ause no p l o t  e f f e c t  was  e v ide n t , group 2 and 3 

subgroup d a i l y  m e a n  coun t s  were combi ned t o  produce m e a n  

log  coun t s . Group m e a n  l og cou n t s  we re  co mpared be twe e n  

groups wi t h i n  a t r i a l  per i od by Student ' s  t te s t , and 

wi t h i n  groups be tween t r i a l  periods by a n a l y s i s  o f  

v a r i ance . 

2 . 4 . 2 Liv ewei g h t s . 

I nd i v idu a l  d a i l y  m e a n  l i v ewe i g h t  ch anges we re  

c a l c u l a t ed for each  t r i a l  per iod by sub tr ac t i ng the  

f i r s t  weig h t  f r om  t h e  l a s t  we i g h t  i n  each  per i od and 

d i v i d i ng by the number o f  d ays  i n  t h a t  per i od . Ind i v idu a l  

d a i l y  m e a n  l i v eweigh t c h anges were a v er aged f o r  e ach  

subgroup . P a i r ed subg roups were a n a l y s ed for pl o t  e f f e c t s  

a t  e ac h  t r e a t m e n t  per i od b y  S tuden t • s  t t e s t . As  no p l o t  

e f f e c t w a s  e v ide n t , group 2 a n d  3 subgroups were combi ned 

to  produce group d a i l y  m e a n  l i v eweigh t c h a ng e s  for each  

pe r i od . A n a l y s i s  was per f or med be tween groups  wi t h i n  each  

t r i a l  pe r i od by S t ude n t ' s  t t e s t a nd wi t h i n  groups 

be tween tr i a l peri ods , by a n a l y s i s  o f  v a r i ance . 

2 . 5  Resul t s . 

For pres en t a t i o n  o f  d a t a , t h e  t r i a l i s  s ubd i v ided 

i n t o  " pr e - " ,  '' dur i ng " a nd " po s t- t r e a t m en t " per i ods as 

descr ibed in f i gure  2 . 1 .  

2 . 5 . 1  Faec a l  Lar v a l  Coun t s . 

Ind i v idu a l  f a ec a l  l a rv a l  coun ts  for groups 1 - 3 

are  presen ted i n  t ab l es 2 . 2 - 2 . 4 ,  r e s pec t i v e l y . 

Ar i thme t i c  m e a n  cou n t s  a r e  presen t ed i n  f i gure 2 . 4 .  

A summary o f  m e a n  l og l ar v a l  c ou n t s  f or each  

e x per i m e n t a l  per i od , and  s t a t i s t i c a l  a n a l y ses , is  
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Tab l e  2 . 2 

I nd i v i dua l Lu ngworm Lar v a l  Coun t s /g Faeces A t  Eac h 

S ampl i ng , Gr oup l .  

Numb e r  1 0 1 1 0  2 1 0 3  1 0 4  1 0  5 1 0  6 1 0  7 1 0  8 
Se x F M M M M M F M 

2 4 / 3  t 0 1 7 .  7 5  * 0 . 5 7 6 1 . 2 5  1 5 .  50 5 . 0 0  
3 0 / 3  4 8 .  0 0  0 0 * * 1 . 0 3  5 7 . 3 0 6 . 2 5 
1 4 / 4 2 9 . 0 0 2 4 . 7 5  3 0 . 2 5  * 6 9 . 0 0 1 80 . 0 0  1 3 3 . 0 0 1 3 0 . 0 0 
20 /4  7 8 . 2 5 79 . 2 5  * * 7 3 . 50 6 7 5 . 7 5  1 0  2 .  7 5  1 3 9 . 7 5 X 
2 8 /4 0 0 0 . 2 5 * 0 0 0 0 
3 0 /4 0 . 2 5 * 0 * 0 0 0 * 

4 / 5 0 0 0 0 0 0 0 * 

1 2 / 5  1 7 . 50 0 .  50  2 . 0 0 * 3 . 2 5 0 .  7 5  5 . 0 0 * X 
1 9 / 5 * 0 0 0 0 2 . 50 l .  50 0 
2 6 / 5  * 0 0 .  7 5  * * 5 . 0 0  2 . 0 0 1 . 7 5 

2 / 6  * 0 .  50 7 . 0 0  * 0 . 2 5 1 0  8 .  2 5  73 . 2 5  1 1 3 . 0 0 X 
9 / 6  0 0 0 0 0 0 .  50 0 .  50 0 .  50 

1 6 / 6 0 0 0 0 0 0 0 0 
2 3 / 6  0 0 l .  2 5  0 0 9 .  50 5 . 50 4 .  50 X 
3 0 / 6 0 0 0 0 0 0 0 0 

7 / 7  0 0 0 0 0 0 0 0 . 2 5 
1 5 / 7  2 . 0 0 0 0 . 2 5 * 0 . 2 5 1 . 0 0  5 . 0 0 3 . 0 0  
2 1  I 7 4 .  50  0 0 . 2 5 * 0 . 2 5 1 . 0 0  0 .  50 1 1 . 7 5  
2 8 / 7  * 2 . 0 0  0 .  50 * l .  7 5  3 . 0 0  5 . 2 5 1 1 . 50 

4 / 8 1 6 . 2 5 1 . 2 5 3 . 0 0  1 . 0 0  3 .  7 5  1 1 . 7 5 1 1 . 2 5 7 . 2 5 
1 1 / 8 * l .  7 5  * * l .  50 8 . 2 5 2 7 . 0 0  6 . 2 5 
1 8 / 8  7 . 50 2 .  50 1 . 0 0  3 . 0 0  2 . 0 0 1 4 . 2 5 2 1 . 50 4 .  50 
2 5 / 8  1 1 . 50 0 .  7 5  2 . 50 * 4 .  7 5  2 4 . 0 0  4 0 . 7 5  8 . 0 0  

l / 9 1 0 . 0 0 1 . 2 5 1 .  50 3 . 0 0  3 . 2 5 9 .  7 5  1 1 . 0 0 1 1 . 0 0 
9 / 9 9 .  50 7 .  7 5  1 . 0 0  * 2 . 50 6 . 0 0 1 .  50 4 .  50 

1 5 / 9  1 4 . 7 5  3 .  5 0  1 . 2 5 * 0 .  7 5  4 . 2 5 l .  50 6 . 50 
2 2 / 9  4 . 0 0  7 .  7 5  1 . 2 5 0 . 2 5 2 .  50  1 1 . 0 0 l .  2 5  2 . 0 0 
2 9 / 9 9 . 2 5 1 2 . 0 0 3 .  50 * * 2 3 . 0 0 0 1 2 . 0 0 
1 1 / 1 0  1 .  5 0  3 .  7 5  1 . 0 0  * 2 . 0 0 9 .  50 0 1 3 .  50 
1 8 / 1 0  1 .  7 5  1 1 . 2 5 1 .  7 5  * 0 .  50 8 . 50 0 6 .  50 
2 7 / 1 0  1 . 0 0  6 . 2 5 0 . 2 5 0 . 3 0 0 3 . 7 5 1 . 0 0  9 . 2 5 

3 / 1 1  1 . 2 5 1 0 . 2 5  1 .  50 * 0 8 . 0 0  0 2 .  7 5  

* No t s a mp led . 

X = Or a l  an t h e l mi n ti c  t re a t m en t . 
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Tab l e  2 . 3  

I n d i v idua l Lungworm Lar v a l  Coun t s /g Faeces A t  Each 

S ampl i ng , Gr oup 2 .  
Numb e r  20 1 20 2 20 3 20 4 20 5 20 6 20 7 20 8 
Sex  M F M F F M M M 

24 / 3  8 . 2 5 0 .  7 7  * 0 . 2 5 * 2 .  50 7 . 2 5 0 . 2 5 
3 0 / 3  * * 0 .  50  2 . 7 5  4 .  50 0 . 2 5 0 5 . 0 0 
1 4 /4 4 3 . 7 5 1 1 4 . 50  1 8 . 2 5 4 2 .  50 1 4 . 0 0  9 5 . 0 0 1 9 . 2 5 1 20 .  2 5 
20 /4  6 1 . 75  * 1 3 . 2 5 90 . 50 * * 2 8 . 50 2 3 3 . 8 9 X 
2 8 /4 0 0 0 1 . 2 5 * * 0 0 
. 4 / 5 0 0 0 0 . 2 5 0 0 0 1 . 0 0 
1 2 / 5  0 .  7 5  7 . 0 0 0 1 1 . 6 7 * 0 0 . 2 5 7 . 50 X 
1 9 / 5 * 0 .  50 0 * 0 0 0 0 
2 6 / 5  1 . 0 0  * 0 0 0 .  2 5  0 0 0 
2 8 / 5 0 . 2 5 0 .  50 0 0 . 2 5 1 . 0 0  * 0 3 . 2 5 
3 0 / 5  1 . 2 5 1 2 . 50 0 . 2 5 1 .  7 5  1 5 . 50 1 7 . 0 0  l .  20  3 6 .  0 0  

2 / 6  2 . 2 5 2 8 . 0 0 2 .  7 5  9 . 0 0  * 4 1 . 0 0  1 1 . 7 5 4 9 . 50 X 
9 / 6 0 0 0 0 0 0 0 0 

1 6 / 6  0 0 0 0 0 0 0 0 
2 3 / 6  0 0 0 0 . 2 5 1 . 0 0  0 . 2 5 0 . 2 5 0 .  7 5  X 
3 0 / 6  0 0 0 0 * 0 0 0 

7 / 7  0 0 0 0 0 0 0 0 
1 5 / 7  0 0 0 0 0 0 0 0 
2 1 / 7  0 0 0 0 0 0 0 0 
2 8 / 7  0 1 . 0 0 0 1 . 5  0 0 0 0 .  7 5  

4 / 8 0 1 . 7 5 0 1 .  7 5  0 0 .  7 5  0 2 . 0 0 
l l / 8  0 0 . 2 5 0 1 . 0 0  0 .  50 0 0 0 .  50 
1 8 / 8  0 0 .  50 0 0 0 1 . 0 0  0 0 .  50 
2 5 / 8  0 . 2 5 3 . 0 0  0 3 .  50 0 .  50 2 .  7 5  0 4 . 2 5 

1 / 9 0 .  50 l .  50 0 . 2 5 0 .  50 0 0 0 0 . 2 5 
9 / 9 0 . 2 5 0 0 0 .  50 0 0 .  50 0 . 7 5 0 

1 5 / 9 0 .  7 5  2 . 7 5  0 l .  2 5  1 . 2 5 2 . 0 0 3 . 0 0  2 . 50 
2 2 / 9  1 . 2 5 1 . 0 0  0 .  50 4 . 2 5 2 . 0 0  4 . 2 5 0 .  7 5  2 . 50 
2 9 / 9  7 . 7 5 9 .  50 1 .  50 1 2 . 2 5 1 0 . 0 0  1 . 7 5 1 . 7 5 2 .  50 
1 1 / 1 0  2 . 2 5 7 . 7 5  1 . 0 0  1 1 . 2 5 * 2 . 0 0 0 .  50 4 . 2 5 
1 8 / 1 0  2 . 50 7 . 2 5  0 .  50 1 4 . 50 l .  2 5  2 . 2 5 3 .  50 1 . 0 0  
2 7 / 1 0  4 . 2 5 1 8 . 2 5  0 .  7 5  1 1 . 7 5  1 1 . 0 0 3 . 2 5 1 . 0 0  4 .  50 

3 / 1 1  3 .  7 5  6 . 7 5 2 . 0 0 3 3 . 7 5 2 7 .  0 0  1 6 . 50 2 .  0 0  1 .  50 

* No t s am p l ed 

X = Or a l  an t h e l mi n ti c  t r e a t m en t . 
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Tab le  2 . 4  

I nd i v idual  Lungworm Lar v a l  Coun ts /g Faeces At  Each 

S ampl ing , Gr oup 3 .  

Number  3 0 1  3 0  2 3 0 3  3 0 4  3 0  5 3 0  6 3 0  7 3 0  8 
Sex  M M M F M M F M 

24 / 3  0 . 2 5 0 .  50 6 . 7 5 * 1 .  2 5  6 . 5  2 .  50 * 

3 0 / 3  0 * * * 4 . 0 0  0 .  7 5  0 .  7 6  * 

1 4 /4 1 0 . 0 0 0 .  50 0 . 2 5 * 3 . 2 5 5 6 .  7 5  * * 

20 / 4  4 2 . 2 5 5 . 50 1 6 .  50 1 8 .  50 * l 7 8 . 50 1 3 . 7 5 1 7 . 50 
2 8 /4 50 . 0 0 * * 3 0 . 0 0 1 0 . 50 2 1 2 .  7 5 * 8 5 . 7 5  - -x  
3 0 / 4  1 7 . 7 5  * 7 . 2 5 * 0 1 5 . 3 3 1 9 . 50 80 . 2 5  X 

2 / 5  4 0 . 0 0 1 0 . 2 5 6 . 2 5 2 7 . 0 0 2 .  50 1 8 4 . 2 5 1 1 . 50 6 8 .  7 5  X 
4 / 5 2 1 . 2 5  8 . 7 5  5 .  7 5  1 0 . 50 * 1 5 6 . 7 5  * 6 8 . 7 5 - .:... 
6 / 5 1 5 . 2 5 4 .  50  1 6 . 2 5 2 2 . 0 0 * 6 . 7 5 2 . 0 0 9 4 . 50 

1 2 / 5  5 . 2 5 4 .  50  8 . 50 1 5 . 50 5 . 2 5 * 0 1 3 0 . 2 5 
1 9 / 5 1 4  5 .  50 9 . 0 0 1 6 . 2 5 1 7 . 0 0 0 .  7 5  0 . 2 5 * 2 8 5 . 0 0 
2 6 / 5 10  6 .  0 0  2 4 . 50 2 . 50 4 . 0 0  2 . 0 0 1 . 0 0  0 2 2 7 . o o - x 
2 8 / 5  1 6  2 .  50 9 . 7 5 2 . 0 0 7 . 50 * 2 . 0 0 0 4 4 . 2 5 X 3 0 / 5  9 0 . 2 5  0 0 0 0 0 .  50 0 2 . 2 5 X 2 / 6  0 0 0 0 0 0 0 0 

6 / 6 0 0 0 0 0 0 0 0 
9 / 6 0 0 0 0 0 0 0 0 

1 6 / 6  0 0 0 0 0 0 0 0 
2 3 / 6 0 0 0 1 . 2 5 0 3 . 2 5 0 0 
2 5 / 6 0 .  50 0 0 0 .  50 0 1 .  50 0 0 - -x  
2 7 / 6  0 0 0 0 . 2 5 0 0 0 0 X 
3 0 / 6  0 0 0 0 0 . 2 5 0 0 0 X 

5 / 7  0 0 0 0 - -
0 0 0 0 

7 / 7  0 0 0 0 0 0 0 0 
1 5 / 7  0 0 0 0 0 0 0 0 
2 1  I 7 0 0 0 0 0 1 .  0 0  0 0 
2 8 / 7  1 . 0 0 0 0 .  7 5  0 0 6 .  50  1 . 0 0  * 

4 / 8  0 .  50 0 0 .  7 5  * 0 6 . 2 5 0 . 2 5 0 . 2 5 
1 1 / 8 0 0 1 .  50 0 0 6 .  50 0 . 2 5 0 . 2 5 
1 8 / 8 0 0 0 0 0 0 .  7 5  0 .  7 5  0 .  7 5  
2 5 / 8  0 . 2 5 * 0 .  50 0 0 . 2 5 l .  7 5  0 .  7 5  0 

1 / 9 0 0 1 . 0 0  0 0 3 . 0 0  0 .  7 5  0 
9 / 9 0 . 2 5 2 .  7 5  0 0 . 2 5 0 . 5  2 . 2 5 0 2 . 2 5 

1 5 / 9 3 . 0 0  0 0 * 0 5 . 0 0 0 .  7 5  1 . 0 0  
2 2 / 9  3 . 7 5 0 0 . 2 5 1 .  50 0 3 .  7 5  0 .  50 0 . 2 5 
2 9 / 9 3 . 2 5 * 7 .  ?. 5 6 . 2 5 0 6 . 2 5 0 .  50 1 .  2 5  
1 1 / 1 0  6 .  7 5  1 .  7 5  1 .  4 0  1 .  50 0 3 � 50 0 .  7 5  2 . 0 0  
1 8 /1 0  6 . 0 0 1 . 2 5 2 . 0 0 1 .  7 5  0 4 .  50 0 . 2 5 2 . 2 5 
2 7 / 1 0  7 . 2 5 1 .  50 3 . 0 0  2 .  50 0 5 . 50 0 .  7 5  2 . 50 

3 / 1 1  * 1 .  2 5  2 .  50 2 . 0 0 0 . 2 5 4 . 2 5 1 .  50 2 . 50 
* No t s am p led 

X 
X = Peri od o f  m edi c a t ed n u t  t re a tmen t . 
X 
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pr e s e n t ed i n  t ab l e  2 . 5 .  

From i n i t i a l  m e a n  coun t s  from  a l l  a n i m a l s  o f  8 . 1  l pg ,  

i n  l a t e  March , t h e  m e a n  l ar v a l  ou t pu t  con t i nued to  r i s e  

a t  a n  i ncreas i ng r a t e  un t i l  t h e  f i r s t  a n t h e l m i n t i c  

t r e a t me n t  w a s  g i v en on  A pr i l  2 1  ( s ee f igure 2 . 4 ) .  A t  t h i s  

t i me t h e  mean  cou n t  f r o m  a l l  a n i m a l s  w a s  1 0 3 . 9  l pg and 

l O O% o f  a n i m a l s  were excre t i ng d e t e c t ab l e  number s of 

l arvae . 

In  group 1 ( ro t a t i ona l l y gra z ed ) t h e r e  was a d r a m a t ic 

decr e a s e  i n  t h e  mean  l ar v a l  coun t f o l l owing t h e  f i r s t  

or a l  t r e a t m e n t  ( me a n  coun t s  a t  7 and 1 4  d ay s  pos t-

t r e a t m e n t  were 0 . 0 4 and zero l pg r e s pec t i v e l y ) .  Twen ty  

one d ay s  pos t - t r e a tm e n t  t h e r e  was a s m a l l  r i s e  i n  the  

m e an l ar v a l  coun t t o  4 . 8  l pg .  

Ov er the  per i od when t h r e e  fur t h e r  drenches were 

g i v en ( 1 2  May t o  1 5  J u l y ) the l a r v a l  coun ts  rema i n ed a t  

low l e v e l s . In  t h e  po s t - t r e a tmen t per i od counts  r o s e  to 

a peak ( mean  1 3 . 2  l pg ) which  then de c l i ned towards the end 

o f  the t r i a l  per i od . 

The c h anges i n  grou p  2 were s i m i l ar to  t h o s e  o f  group 

1 ( s ee f igure 2 . 4 ) .  The pr e - t r e a t m e n t  mean  count  of 

8 5 . 6 1 l pg was reduced t o  0 . 2  l pg a f t e r  s e v en days , and 

coun t s  r e m a i ned l ow dur i ng the per i od when three  further  

drenches were  g i ven . However , t h e  r i s e i n  l a r v a l  cou n t s  

s een i n  g r o u p  1 i n  t h e  pos t - t r e a t m e n t  per i od w a s  del ayed 

and s ign  i f  i c a n  t l y ( P < 0 .  0 1 ) l e s s  t h a n  t h a t  s een i n  group 

1 .  

B o t h  groups 1 and 2 h ad a n  i n c r e a s e  i n  t h e i r  mean  

l a r v a l  counts  on June 6 ,  21  d a ys a f ter  their  second 

a n t h e l m i n t i c t r e a tmen t .  

Th ere was a poor r e s po n s e  to  t h e  f i r s t  med i c a ted 

nu t t r e a t m e n t  ( group 3 ) ;  a mean coun t o f  4 1 . 8  l pg pr i o r  

to  t r e a t me n t  f e l l  to  2 3  l pg b y  t h e  e n d  o f  t h e  1 0 -day  

treatment  ( s ee f igure 2 . 4 ) .  Lar v a l  cou n t s  rose  to  5 2 . 4  

l pg by t h e  s t a r t  o f  t h e  second t r e a t me n t . The second 

1 0 -day t r e a t m e n t  was succe s s f u l  i n  r educ i ng the m e a n  

l ar v a l  count  t o  zero  wi th i n  s i x  days  of commencemen t .  

Mean l a r v a l  coun t s  i n c r e a s ed to  0 . 6  a nd 0 . 1  l pg 2 1  days 

a f t er t h e  s econd a nd t h i rd med i c a t ed nut  t r e a t m e n t s , 
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A P R  I MAY  I J UN J U L 1 A UG I SEPT 1 OCT 

+ o r a l  d renc h . 

GROUP  l .  

4 5 
Day s  f rom  the  c ommenc emen t of t h e  t ri a l  

A P R  MAY  J UN I J U L  I A U G  I SEPT  OCT 

• • 
o r a l  d renc h . 

GROUP 2 .  

l 5 1 80 2 2 5 
Days f rom  th e c om m enc emen t of t h e t ri a l  

A P R  MA Y I J UN I J UL A UG I S E P T  I OCT 

medi c a ted n ut trea t men t GRO UP 3 .  

H H H 

4 5  90  1 3 5  1 80 2 2 5  
Days f ro m  t h e  c o mm enc emen t o f  th e t ri a l  
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Tab l e  2 . 5  

Mean ( ±  St and ard Er ro r ) Of Log 1 0  Mean Dai l y  La rv a l  Coun t s  

For Pre-Tre a tmen t ,  Tre a t men t An d Pos t -Tre a t men t Pe ri od s . 

Pre -Tre a tm en t Tre a t m en t Pas t -Trea tmen t 

Group 1 Mean 1 . 5 7  - 2 .  20 6 -0 . 2 1  7 
+ +  + +  

S . E .  0 . 1 1  0 . 3 3 0 . 1 9  
* *  

Group 2 Mean 1 . 3 3 1  - 2 . 2 3 2  - 1 . 0  2 2  
++ ++ 

S . E .  0 . 1 0 .  2 0 .  2 6  

Group 3 Mean 1 .  0 7 2  - 2 . 1  7 3  - 1 . 2 9 
++ + 

S . E .  0 . 1 5  0 . 2 2 0 . 3 7  

* *  S i g n i f i c a n t  ( P < 0 .  0 1 ) d i f f erence  be tween two 

qroups by Stude n t ' s  t t e s t . 

++ S i gn i f i c a n t  ( P < 0 . 0 1 )  d i f f e r e n ce betwe e n  two 

qroups by a n a ly s i s  of v a r i a n ce . 

+ S i qn i f i c a n t  ( P < 0 .  0 5 ) d i f f erence  between two 

pe r i ods  by a n a l y s i s  of v a r i a nce . 
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r e s pe c t i v e l y , bu t t h e s e  t r e a t m e n t s  r e s u l t ed i n  zero  mean  

coun t s  w i t h i n  8 - 1 2  days  o f  commencem e n t . In  t h e  pos t ­

t r e a t m en t per i od , l a r v a l  coun ts  rose  s l owly t o  3 . 3  l pg 

by t h e  end o f  Oc tober . 

Th e o n l y  s i g n i f i c a n t  d i f ference between e x per i m e n t a l  

g r ou ps was i n  t h e  po s t - t r e a t me n t  per iod  when group 1 

h a d  s i gni f i c a n t l y  h igher  m e a n  log l a r v a l  cou n t s  t h a n  group 

2 ( P < O . O l ) ,  s e e  table 2 . 5 .  All  groups s howed a 

s i g n i f i c a n t  dec l i n e  i n  mean  log l a r v a l  count  from  pr e ­

t r e a t me n t  to  t r e a t me n t  per i ods  ( P < O . O l ) ,  a nd a s i g n i f i c a n t  

r i s e  f r o m  t r e a t m e n t  t o  pos t - t r e a t m e n t  per i ods  ( P < O . O l ) .  

2 . 5 . 2  Faec a l  Egg Coun t s . 

Ind i v idu a l  f a e c a l  egg counts  are  pr e s e n t ed i n  t a b l e s  

2 . 6 - 2 . 8 .  Ar i t hme t i c  m e a n  coun t s  are  pr e s e n t ed i n  f i gure  

2 . 5 .  A summary  o f  m e a n  log  coun t s  for  each  e x per i men t a l  

pe r i od a nd s t a t i s t i c a l  a n a l y s e s i s  presen ted i n  t a b l e  2 . 9 .  

The p a t t e r n  o f  egg coun t c h anges res embl ed t h a t  

o f  t h e  l ar v a l  c o u n t s  f o r  t h e  t h ree groups . Cou n t s  in a l l  

groups were l ow a t  t h e  i n i t i a l  s a m p l i ngs ( March ) and 

i nc r e a s ed un t i l  t r e a t m e n t  commenced on  Apr i l  2 1  ( s ee 

f i gure  2 . 5 ) .  The pr e v a l e nce o f  egg c o u n t s � 5 0  e pg over  

t h e  t h r e e  groups  w a s  6 5% i mmedi a t e ly p r i o r  to  the f i r s t  

t r e a t m e n t .  

In  group 1 ,  the  mean  egg cou n t  o f  1 3 3  epg w a s  r educed 

t o  6 . 2 5 epg s ev e n  days a f ter  the f i r s t t r e a t m e n t  and 

r e m a i ned l ow ( < 5 9  e pg ) for the r e m a i nder o f  the  t r e a t me n t  

period wi t h  i n d i v idu a l  coun t s  never e xceeding l O O  e pg . 

In  t h e  pos t - t r e a t m e n t  per iod  t h e  m e a n  egg counts  r o s e  

to  1 5 0  e pg ; h i gh e r  t h a n  b e f o r e  t r e a t me n t  ( s ee f i gure  2 . 5 ) . 

In group 2 t h e  m e a n  egg cou n t  pr i o r  t o  the  f i r s t  

t r e a t m e n t  w a s  1 4 . 3  e pg . Th i s  w a s  reduced t o  zero 1 4  days  

a f ter  the  f i r s t trea t m e n t , a nd r e m a i ned l ow ( < 1 3  e pg ) 

t h r oughou t t h e  t r e a t m e n t  per iod  w i t h  i nd i v i dual  counts  

never  exc eedi ng 50  e pg ( s e e  f i gure 2 . 5 ) . Th ere was a 

r i s e  i n  m e a n  egg count  i n  t h e  pos t - tr e a t m e n t  per iod  

bu t t h i s  was  less  than  t h a t  s e e n  in  group 1 .  

Th e m e a n  egg cou n t  o f  group 3 was 5 7  e pg pr i o r  to  
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Tab le  2 . 6  

Ind i v id u a l  Ga s t ro i n t e s t i n a l  Egg Coun t s /g Faeces A t  Each 

S a mpl i ng , Gr oup l .  

Numbe r  1 0 1 1 0  2 1 0  3 1 0 4  1 0  5 1 0  6 10  7 1 0  8 
Se x F M M M M M F M 
2 4 / 3  * � 0 * * 0 * 0 
3 0 / 3  20 0 l O O  0 * * 0 l O O  50 
1 4 /4 l O O  0 0 * 50 l O O  50 50 
20 /4  1 50 50 * * 0 2 0 0  1 50 2 50 X 
2 8 / 4 50 0 0 0 0 0 0 0 
3 0 / 4  0 * 0 * 0 0 0 * 

4 / 5 0 0 0 0 0 0 0 * 

1 2 / 5  0 0 0 * 0 0 50 * X 
1 9 / 5 * 0 0 0 0 50 0 0 
2 6 / 5 * 0 0 * * l O O  50 0 

2 / 6  * l O O  0 * 50 50 50 l O O  X 
9 / 6 0 0 50 0 0 0 0 50 

1 6 / 6  0 0 0 0 * 0 0 50 
2 3 / 6  0 0 0 0 50 0 0 0 X 
3 0 / 6  * 50 * 0 l O O  50 * 50 

7 / 7  0 0 0 * 0 0 0 l O O  
1 5 / 7  0 0 0 * 0 0 0 0 
2 1 / 7  50 0 0 * 0 0 0 0 
2 8 / 7  * 0 0 * 50 l O O  0 0 

4 / 8 0 so 0 0 0 50 0 0 
l l / 8  * 0 * * 0 0 0 0 
1 8 / 8 l O O  0 0 0 50  1 50 0 0 
2 5 / 8  50 0 0 * l O O  1. 0 0  l O O  50 

l / 9  l O O  0 0 0 0 0 0 0 
9 / 9 0 0 0 * 1 50 3 0 0  0 50 

1 5 / 9  l O O  0 0 * 2 5 0  4 5 0  2 50 0 
2 2 / 9  1 50 0 50 * 20 0 0 50 0 
2 9 / 9 1 50 0 0 * * 4 0 0  50 0 
l l / 1 0  l O O  0 0 * l O O  60 0 1 50 0 
1 8 / 1 0  0 0 50 * 50 5 50 0 0 
2 7 / 1 0  5 0  0 l O O  * 1 50 3 0 0  50 0 

3 / l l  50 0 50 * l O O  50 0 1 50 0 

* No t s am p l ed 

X = Or a l  an t h e l mi n ti c  t re a tm en t . 
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Tab l e  2 .  7 

Ind i v i du a l  Gas t r o i n t e s t i n a l  Egg Coun t s /g Faec es At Each 

S ampl i ng , Gr oup 2 .  

Numbe r  20 1 20 2 20 3 20 4 20 5 20 6 20 7 20 8 
Se x M F M F F M M M 
2 4 / 3  l O O  * * 50 * * 0 0 
3 0 / 3  * * * 0 2 50 0 5() 0 
J 4 I 4 0 50 0 0 0 * 50 0 
20 /4  50  * 0 0 * * 0 * X 
2 8 /4 0 50 0 0 0 0 50 50 

4 / 5 0 0 0 0 0 * 0 0 
1 2 / 5  0 0 0 0 * 0 0 0 X 
1 9 / 5 0 0 0 * 0 0 0 0 
2 6 / 5  0 * 0 0 0 0 0 0 
2 8 / 5 0 0 0 0 0 * 0 0 
3 0 / 5  0 0 0 0 50  0 * 0 

2 / 6  0 0 0 0 * 0 0 0 X 
9 / 6 0 0 50 0 0 0 0 50 

1 6 /6- 0 0 0 * 0 * 0 0 
2 3 / 6  0 0 0 0 0 0 0 0 X 
3 0 / 6  0 0 0 0 * 0 0 0 

7 / 7  0 0 0 0 0 0 0 0 
1 5 / 7  0 0 0 * 0 * 0 0 
2 1 / 7  0 0 l O O  50 0 0 0 0 
2 8 / 7  0 50 0 0 0 0 0 0 

4 / 8 0 0 l O O  0 0 0 0 50 
l l / 8  0 0 0 0 0 0 0 50 
1 8 / 8  0 0 0 0 0 0 0 0 
2 5 / 8  50  50 50 0 50  50  0 0 

l / 9  0 50 l O O  0 0 0 0 0 
9 / 9 0 0 1 50 0 0 50 0 0 

1 5 / 9 0 50  50  0 50 0 0 0 
2 2 / 9  0 0 50 0 0 0 0 0 
2 9 / 9  0 50 0 0 0 0 0 0 
l l / 1 0  50 0 0 0 * 50 0 0 
1 8 /1 0  0 0 50 0 0 0 0 0 
2 7 / 1 0  0 0 50  0 0 0 0 l O O  

3 / 1 1  0 0 0 0 0 0 0 0 

* Not s a mp led 

X = Ora l  an t h e lmi n t i c  t re a tmen t . 
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Tab l e  2 . 8  

Ind i v idua l Ga s t r o i n t e s t i n a l  Egg Cou n t s /g Faeces  A t  Each  

S a mpl i ng , Gr oup 3 .  

Numbe r  3 0 1  3 0  2 30 3 3 0 4  3 0 5  3 0  6 3 0  7 3 0 8  
Sex  M M M F M M F M 

2 4 / 3  1 0 0  0 0 * 50 0 50 * 

3 0 / 3 0 * * * 1 0 0  0 * * 

1 4 / 4  0 0 0 * 0 0 * * 

20 / 4  0 50 50 1 0 0  * l O O  1 0 0  0 
2 8 /4 50 0 0 1 0 0  0 1 0 0  0 50 X 
3 0 / 4  5 0  * 10 0 1 0 0  0 0 0 50 X 

2 / 5  1 50 1 0 0  50 50 50 1 50 0 50 x · 

4 / 5 1 0 0  50 200  0 * 1 50 * 10 0 - - - -
6 / 5 500  0 1 0 0  50 * 0 0 0 

1 2 / 5  1 50 0 1 0 0  0 1 0 0  0 50 50 
1 9 / 5  l O O  1 0 0  50 0 0 0 * 0 
2 6 / 5  2 50 l O O  2 50 * b 0 1 0 0  0 
2 8 / 5  0 0 0 0 * 0 0 0 X 

3 0 / 5  0 0 0 0 50 0 0 0 
X 

2 / 6  0 0 0 0 0 0 0 0 X 

6 / 6 0 0 0 0 0 0 0 0 
9 / 6 0 0 0 0 0 1 0 0  0 • 

1 6 / 6 * 0 0 0 0 50 0 0 
2 3 / 6  0 0 50 · 0 0 0 () 0 
2 5 / 6  0 0 50 0 0 50 . 50 0 

- - x-

2 7 / 6  0 0 0 50 0 0 0 0 X 
3 0 / 6  0 0 * 0 0 0 0 * X - - - -

5 / 7  0 0 0 0 0 0 0 0 
7 / 7  0 0 0 0 0 0 0 0 

1 5 / 7  0 50 0 0 0 0 0 0 
2 1 / 7  50 0 0 0 0 0 0 0 
2 8 / 7  0 0 0 0 0 0 0 * 

4 / 8 0 0 0 0 0 0 0 0 
1 1 / 8  50 0 0 0 0 0 0 0 
1 8 / 8  50 0 0 0 0 50 0 0 
2 5 / 8  10 0 * 0 50 100  0 0 50 

1 / 9 0 0 0 0 0 0 0 n 

9 / 9 0 0 0 0 0 50 0 50 
1 5 / 9  0 0 so * 0 0 0 0 
2 ? / 9  50 0 0 50 0 50 0 0 
2 9 / 9 0 * 0 0 0 0 0 0 
1 1 / 1 0  0 0 * 0 0 0 0 0 
1 8 / 1 0  0 0 0 0 0 n 0 0 
2 7 / 1 0  50 0 * 0 0 0 0 50 

3 / 1 1  * 0 * 50 0 50 0 0 

* Not s a m p l ed 
- - x -

X = Peri od of medi c a ted n u t  trea tmen t . 
X 
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Tab le  2 . 9  

+ Mean ( - St and a rd Erro r ) Of Loq 1 0  Mean Dai l y  Egg Coun t s  

For Pre -Tre a t m en t ,  Tre a t men t An d Pos t-

Tre a tmen t Pe ri ods . 

Pre -Tre a tmen t Tre a t m en t  Pos t -Tre a t men t 

Group 1 Mean - 0 . 2 8 - 2 . 6 1 - 1 . 9 3 
+ 

S . E .  0 . 8 2 0 . 3 2 0 . 5 8 

* 

Group 2 Mean - 1 . 4 5  - 3 . 6 8  - 2 .  80 

S . E .  0 . 8 5 + 0 . 0 9  0 . 3 8 
* *  

Group 3 Mean - 1 . 2 2 .,. 2 .  60 - 3 . 1 3 

S . E .  0 . 6 6 0 .  20 0 . 2 7 

( + 

* * Sig n i f i c a n t  ( P < O . O l )  d i fference  be tween two 

groups by Stude n t ' s  t t e s t . 
* Sign i f i c a n t  ( P <  0 . 0 5 )  di f f erence  be t ween two 

groups by S tud e n t ' s  t t e s t . 

+ S ig n i f i c a n t  ( P <  0 . 0 5 )  d i f f e r e n c e  be tween two 

per i ods by a n a l y s i s  o f  v a r i a nc e . 

No t e : In  grou p  3 t h e  s i gn i f i c an t  ( P < 0 .  0 5 ) d i f f erence 

i s  between the  pr e - and po s t- t r e a t m e n t  pe r i ods 

o n l y . 
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t h e  f i r s t  m ed i c a t ed nu t t r e a t m en t . By t h e  end o f  t h i s  

t r e a t m e n t  t h e  m e a n  coun t h ad r i s en t o  l O O epg . Th e m e a n  

count  was s t i l l  1 0 0  epg 2 1  days  l a ter , i m medi a t e l y  pr ior  

to  t h e  sec ond med i c a ted nu t t r e a tmen t .  W i t h i n  two days 

o f  t h e  commencement  o f  t h e  second t r e a t me n t  the  mean  egg 

count  was zero  and r e m a i ned l ow ( < 1 9  e pg ) for t h e  

r e m a i nder o f  t h e  t r e a t me n t  per iod w i t h  i n d i v idu a l  cou n t s  

n e v er exceeding l O O  epg . In  the  pos t - t r e a t m e n t  per i od 

t h e  m e a n  count  n e v e r  exc e eded 4 3  epg . 

S i gn i f ic a n t  d i f ferences  were de tec ted between t h e  

e x per i m e n t a l  groups o n l y  i n  t h e  t r e a t m e n t  per i od ( s ee 

t ab l e  2 . 9 ) .  Group 2 h ad a l ower mean  l og egg cou n t  t h a n  

e i t h er group 1 ( P < 0 . 0 5 )  or group 3 ( P < O . O l ) .  

Ana l y s i s  o f  v ar i ance r e v e a l ed a s ign i f i c a n t  ( P < 0 . 0 5 ) 

decr e a s e  i n  mean  l og egg coun t s  i n  a l l  groups a t  s o me 

s t age i n  t h e  e x per i me n t .  However , t h e  p a t tern  o f  decr e a s e  

o f  t h e  egg c o u n t s  v ar i ed be tween t h e  groups . In groups 

1 and 2 the egg coun t s  f e l l  from the pre -t rea t m e n t  to  

t r e a t m e n t  peri ods and t h e n  r o s e  from  t h e  t r e a t me n t  to 

pos t - tr e a t m e n t  periods . In gr oup 3 t h e  egg cou n t s  

co n t i nued t o  f a l l  from  t h e  pr e -t r e a t me n t  t o  t r e a t me n t  

a n d  to  pos t - t r e a t m e n t  per iods . The s t a t i s t i c a l  d i f ference  

was between  the  pre- t r e a tm e n t  t o  po s t- t r e a t m e n t  per iods 

i n  t h i s  grou p . 

2 . 5 . 3  Livewe i g h t s . 

Ind i v idu a l  l i v eweigh t s  a r e  pre s e n ted i n  t ab l e s  

2 . 1 0 - 2 . 1 2 .  Mean l i v eweigh ts  are  s h own i n  f igure 2 . 6 .  

Me an d a i l y  growth  r a t e s  for each  per i od are  pr esented 

i n  t abl e 2 . 1 3 . 

The a n i m a l s  i n  g r oups 2 and 3 s u f f er ed a dec l i ne 

i n  we igh t ( 3 1 . 4 g /day a nd 5 . 7  g /day  r e s pec t i v e l y ) for 

f i v e  wee ks wh i l s t  they became accu s tomed t o  t h e i r  s e t ­

s tocked co mpounds a n d  adapted t o  t h e  deer- nu t 

supp l e m e n t a r y  feed . On c e  t h ey wer e  e a t i ng t h e  

suppleme n t ary  feed t h e i r  l i v eweigh t g a i n  a c c e l e r a ted 

then became s i m i l a r  t o  t h a t o f  group 1 ( f igure 2 . 1 0 ) .  
Growth r a tes  were 1 2 1  g /day , 2 0 0  g /day , 1 7 7 g /day over 
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Tab l e  2 . 1 0 

Indiv i du a l  Li v ewe i g h t s  ( k.g )  A t  Ea c h  S ampl i ng 

Group 1 .  

Numbe r 1 0 1 1 0  2 1 0 3 1 0 4  1 0  5 1 0  6 10  7 1 0  8 
Sex  F M M M M M F M 

2 5 / 3  4 1 . 0  4 7 .  0 4 9 . 0  4 6 .  0 4 7 .  0 4 9 . 0  3 4 . 0  5 3 . 0  
3 1 / 3  4 2 .  0 4 7 .  5 50 . 0  4 8 .  0 4 8 .  0 4 8 .  0 3 4 . 0  5 5 . 0  
1 4 / 4 4 3 . 5  5 1 . 5  5 1 . 0  50 . 0  4 9 � 0  4 9 . 5  3 6 .  0 5 5 . 5 X 
2 8 /4 4 5 . 5 5 2 . 0  54 . 5 5 7 . 0  5 2 . 5  54 . 0  3 9 . 0  5 9 . 5  

6 / 5  4 6 .  0 5 3 . 5  5 5 . 0  5 7 . 0  5 3 . 0  5 4 . 0  3 9 . 0  60 . 0  
1 2 / 5  4 6 .  0 5 4 . 5 5 7 . 0  5 7 . 0  5 4 . 5  5 5 . 5  3 9 . 5  60 . 0  X 
1 9 / 5 4 7 .  5 5 6 . 0  5 7 . 0  5 6 . 5  5 6 . 0  5 6 . 5  4 0 . 5  6 1 . 0  
2 6 / 5  4 7 .  0 5 6 . 0  5 8 . 5 5 8 . 0  5 5 . 5  5 6 . 0  4 1 . 0  6 2 . 0  

3 / 6 4 7 .  5 5 6 . 5  5 9 . 0  5 8 . 0  5 6 . 0  5 6 . 5  4 1 . 5  6 2 . 0  X 
9 / 6 4 9 . 0  5 7 . 5 60 . 0  60 . 5 5 8 . 0  5 8 . 5  4 3 . 5  6 5 . 0  

1 6 / 6  50 . 0  5 7 .  5 60 . 5 60 . 0  5 8 . 5 5 7 .  5 4 4 . 0  6 5 . 0  X 2 6 / 6  5 2 . 0  5 9 . 0  6 2 . 5 6 2 . 0  6 1 . 0  5 9 . 5  4 5 . 5 6 6 . 5 
3 0 / 6  5 1 . 0  5 8 . 0  6 2 . 0  6 1 . 0  60 . 5 5 9 . 0  4 5 .  0 6 5 . 0  

7 / 7  5 1 . 5  5 9 . 0  6 2 . 5  6 1 . 5  6 1 . 0  5 9 . 5  4 6 .  0 6 5 . 0  
1 5 / 7  5 2 . 5  5 9 . 0  63 . 0  6 2 . 5  6 2 . 0  60 . 0  4 6 . 5 6 5 . 5  
2 1 / 7  5 2 . 5 60 . 5 6 2 . 0  60 . 0  6 3 . 5  6 1 . 0  4 8 .  0 6 7 .  0 
2 8 / 7  5 3 . 0  5 9 . 5  6 3 . 5  6 3 . 0  6 1 . 0  60 . 0  4 6 . 5 6 5 . 0  

5 / 8  5 2 . 5  60 . 0  6 3 . 5  6 2 . 0  6 3 . 0  6 1 . 0  4 7 .  r:; 6 7 .  0 
1 1 / 8 5 3 . 0  6 1 . 5  64 . 0  6 3 . 0  64 . 0  6 1 . 0  4 6 . 5  6 6 . 0  
1 8 / 8  54 . 5  6 1 . 0  6 3 . 0  6 3 . 0  64 . 0  6 3 . 0  4 9 . 0  6 8 .  0 
2 5 / 8  5 4 . 5  6 2 . 5  6 6 . 0  64 . 5 6 5 . 5 64 . 0  4 9 . 5  70 . 0  

1 / 9 5 7 . 0  64 . 0  6 5 . 5  6 7 .  0 6 7 . 5 6 5 . 0  50 . 5 70 . 0  
9 / 9 5 7 . 0  6 5 . 5  6 8 . 5  6 8 . 5  6 9 . 5  6 6 . 5  5 1 . 0  7 1 . 0  

1 6 / 9 5 9 . 0  6 8 . 5  7 2 . 0  70 . 0  70 . 5 6 8 . 0  5 2 . 5  7 2 . 5 
2 3 / 9  5 9 . 0  6 8 . 0  71 . 5 70 . 5 71 . 5 6 8 . 0  5 2 . 5  73 . 0  
2 9 / 9 60 . 0  6 9 . 5  7 2 . 5  7 1 . 0  7 3 . 0  6 9 . 0  5 3 . 5  7 3 . 0  
1 1 1 1 0  6 1 . 5  7 1 . 0  7 5 . 0  7 L1 • 0 7 5 . 0  7 1 . 0  54 . 0  7 6 . 0  
1 8 / 1 0  64 . 0  7 3 . 5 7 7 . 0  7 6 . 0  7 7 . 0  7 2 . 5  5 6 . 5  7 8 . 0  
2 7 / 1 0  6 3 . 5  74 . 0  80 . 0  7 8 . 0  7 7 . 0  7 2 . 5  5 6 . 5  79 . 0  

3 / 1 1  6 6 . 0  7 8 . 0  8 2 . 0  80 . 0  80 . 0  7 6 . 0  5 8 . 5 8 2 . 0  

X = Or a l  an t h e l mi n t i c  t re a t m en t . 
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Tab le  2 . 1 1 

I nd i v i dual  Livewe i g h t s  ( kg ) A t  Eac h Sampl i ng 

Group 2 .  

Numbe r  20 1 20 2 20 3 20 4 20 5 20  6 70 7 20 8 
Sex  M F M F F M M M 

2 5 / 3  5 8 . 0  4 8 .  0 4 7 .  5 3 3 . 0  4 7 .  0 4 7 .  0 4 6 .  0 50 . 0  
3 1 / 3  5 9 . 0  5 1 . 0  50 . 0  3 4 . 5  4 8 .  5 4 9 . 0  4 7 .  5 5 2 . 5 
1 4 / 4 5 8 . 5  4 9 . 0  50 . 0  4 2 .  5 4 8 .  0 4 9 . 0  4 8 .  0 5 2 . 0  X 2 8 /4 5 8 . 0  4 9 . 5  5 1 . 0  3 5 . 5 4 8 .  0 5 2 . 5 4 9 . 0  5 6 . 0  

6 / 5  5 6 . 0  4 9 . 5  5 2 . 0  3 4 . 5  4 7 .  5 5 1 . 0  4 8 . 5 54 . 5  
1 2 / 5  5 6 . 5  50 . 0  5 3 . 5  3 3 . 5  4 7 .  0 51 . 5  4 8 .  0 5 5 . 0  X 
1 9 / 5 5 6 . 0  50 . 0  5 3 . 5 3 1 . 5  4 6 . 5 50 . 0  4 7 .  0 54 . 0  
2 6 / 5  5 8 . 0  54 . 0  5 6 . 0  3 5 . 5 4 6 . 5 5 2 . 0  4 8 . 0 54 . 0  

3 / 6 6 2 . 5 5 4 . 5  5 7 . 5 3 5 . 5  50 . 0  5 3 . 5 4 9 . 0 5 5 . 0  X 
9 / 6  6 3 . 5  5 5 . 0  5 7 . 0  3 6 .  0 50 . 5 5 5 . 5 5 1 . 0  5 9 . 0  

1 6 / 6  6 4 . 0  5 7 . 0  5 8 . 5 3 8 .  0 5 4 . 0  5 7 . 0  5 3 . 5  5 9 . 0  X 2 6 / 6  64 . 5 5 8 . 5  5 8 . 0  3 8 . 5 54 . 5 5 9 . 0  54 . 0  5 9 . 5  
3 0 / 6  6 6 . 5  60 . 5 60 . 0  4 0 . 0  5 5 . 0  60 . 5 5 6 . 0  60 . 5 

7 / 7  6 5 . 5  5 9 . 5  60 . 5 4 1 . 5  5 7 . 5 6 2 . 5  5 7 . 0  6 2 . 5  
1 5 / 7  6 8 .  0 60 . 5  6 2 . 0  4 2 .  0 5 7 .  5 6 2 . 0  5 8 . 0  E4 . 0  
2 1  I 7 6 9 . 0  6 2 . 0  6 1 . 5  4 3 . 0  5 7 . 5 64 . 0  60 . 0  6 5 . 0  
2 8 / 7  70 . 0  6 1 . 5  6 1 . 5  4 3 . 0  5 8 . 0  6 3 . 5  5 9 . 5  64 . 0  

5 / 8 70 . 5 6 3 . 0  6 2 . 0  4 3 . 0  5 9 . 0  6 5 . 5  60 . 0  6 6 . 5  
1 1 / 8 7 3 � 0  64 . 5  6 3 . 0  4 3 . 5  60 . 0  6 7 . 0  6 1 . 0  6 7 . 5 
1 8 / 8  7 3 . 0  64 . 0  6 3 . 5  4 4 . 0  6 1 . 0  6 7 .  0 6 3 . 5  6 9 . 5  
2 5 / 8  7 3 . 0  64 . 5 6 3 . 0  4 5 .  0 6 3 . 0  6 6 . 5 64 . 0  6 9 . 0  

1 / 9 74 . 0  6 5 . 5  6 5 . 5  4 6 .  0 6 1 . 5  6 8 . 0  6 5 . 5  71 . 0  
9 / 9 7 7 . 0  6 6 . 0  6 6 . 0  4 7 .  0 6 5 . 5 70 . 5 6 7 . 5 7 2 . 5  

1 6 / 9 7 9 . 0  71 . 0  6 7 .  5 4 9 . 0  6 5 . 0  7 2 . 0  6 9 . 5  7 7 . 0  
2 3 / 9  80 . 5  6 8 . 5  6 9 . 5  4 8 . 5  6 6 . 0  74 . 5 71 . 5  7 5 . 5  
2 9 / 9 8 1 . 0  6 9 . 5  7 2 . S 4 9 . 5  6 7 .  0 7 5 . 5  74 . 0  80 . 0  
1 1 / 1 0  8 2 . 0  70 . 0  74 . 5  51 . 0  6 7 . 5 7 7 . 0  74 . 0  80 . o  
1 8 / 1 0  8 4 . 5 7 2 . 5  7 6 . 0  5 1 . 0  6 9 . 0  79 . 0  74 . 5 81 . 0  
2 7 / 1 0  8 5 . 0  7 2 . 5  7 5 . 0  5 1 . 5  6 8 . 0  7 8 . 0  7 6 . 5  8 1 . 5  

3 / 1 1  8 9 . 0  74 . 0  7 6 . 0  5 3 . 0  70 . 0  80 . 0  80 . 0  8 6 . 0  

X = Or a l  an t h e l mi n ti c  t re a t m en t . 
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Tab l e  2 . 1 2  

Ind iv idual  Livewe igh t s  ( kg )  A t  Eac h S ampl i ng 

Gro up 3 . 

Numbe r  3 0 1 . 3 0 2  3 0 3  3 0 4  3 0 5 3 0 6  3 0  7 3 0  8 
Sex  M M M F M M F M 

2 5 / 3  4 9 . 0  50 . 0  4 6 .  0 4 5 .  0 54 . 0  51 . 0  4 9 . 0  4 1 . 0  
3 1 / 3  4 9 . 0  5 2 . 5 4 8 .  0 4 6 .  0 5 5 . 5 51 . 0  50 . 0  4 1 . 5  
1 4 / 4 4 9 . 5  5 2 . 5  50 . 0  4 6 .  5 5 5 . 5 53 . 5 51 . 5  4 3 . 0  
2 8 / 4  50 . 0  5 4 . 0  5 2 . 5  4 6 .  5 5 5 . 5  5 4 . 0  5 3 . 0  4 4 . 5  X 

6 / 5  4 9 . 0  5 2 . 5  5 1 . 0  4 4 . 5  5 3 . 0  53 . 0  5 2 . 5  4 3 . 5  
1 2 / 5  4 8 . 5  5 3 . 5  51 . 0  4 5 . 5 5 3 . 5 5 5 . 0  54 . 0  4 3 . 5  
1 9 / 5  4 7 .  0 5 2 . 0  5 2 . 5 4 4 . 5  53 . 5 54 . 0  54 . 5 4 2 .  5 
2 6 / 5  4 9 . 0  53 . 5 51 . 0  4 6 .  0 5 6 . 0  5 5 . 5  5 6 . 5  4 4 . 0  X 

3 / 6 5 1 . 5  5 6 . 0  5 1 . 0  4 8 .  0 5 7 . 5 5 5 . 5  5 7 . 0  4 6 .  5 
9 / 6  5 3 . 5  5 7 . 0  4 9 . 0  53 . 0  5 9 . 5  5 8 . 0  5 7 . 0  4 9 . 5  

1 6 / 6  54 . 5 5 8 . 0  54 . 0  50 . 5 60 . 0  5 7 . 0  5 7 . 0  50 . 5 
2 6 / 6  5 7 . 5 5 9 . 0  5 5 . 0  5 1 . 5  6 1 . 5  5 8 . 5 5 8 . 0  5 1 . 0  X 
3 0 / 6  5 8 . 5 5 9 . 5  5 6 . 0  5 3 . 0  60 . s 60 . 0  5 6 . 5  5 2 . S  X - -

7 I 7 6 1 . 0  60 . 5 5 7 . 0  5 2 . 5  6 2 . 0  6 1 . 0  5 6 , 0  5 3 . 0  
1 5 / 7  6 1 . 5  6 1 . 0  5 7 . 5 5 3 . 0  fi 3  . 5 fi l  . 5 '5 8 . 5  54 . 0  
2 1 / 7  6 2 .  0 6 2 . 5  60 . 0  5 3 . 5 64 . 0  fi 2 . 0  5 9 . 0  5 5 . 0  
2 8 / 7  6 3 . 5  6 3 . 0  60 . 5 S4 , 5 6 5 . 0  6 3 . 5 60 . 0  5 6 . 5  

5 / 8  6 6 . 5  6 5 . 0  6 2 . 0  5 5 . 5  6 5 . 0  6 5 . 0  6 1 . 5  5 7 .  5 
l l / 8 6 7 .  0 6 5 . 5  6 1 . 5  5 5 . 0  6 7 .  0 6 7 .  0 60 . 0  5 8 . 5 
1 8 / 8  6 8 . 0  6 7 .  0 6 3 . 5  5 6 . 0  6 8 .  0 6 7 .  0 6 2 . 0  5 9 . 0  
2 5 / 8  6 8 .  0 6 8 .  0 6 7 .  0 5 7 . 0  6 7 . 0  6 8 .  0 6 2 . 0  60 . 0  

l / 9  70 . 5 70 . o  6 7 . 5 5 8 . 0  6 8 . 5  6 7 . 5 6 3 . 5 60 . 0  
9 / 9 7 2 . 0  7 2 . 0  6 7 . 5 5 7 . 0  6 9 . 5  6 9 . 0  64 . 5 6 2 .  0 

1 6 / 9  7 2 . 0  74 . 0  70 . 0  5 9 . 0  71 . s 71 . 0  6 7 .  0 6 4 . 0  
2 3 / 9 74 . 0  7 2 . 0  70 . 5 5 9 . 5  73 . 0  7 2 . 0  6 6 . 0  6 4 . 0  
2 9 / 9 7 5 . 0  7 5 . 5  7 2 . 5  60 . 0  74 . 0  74 . 0  6 7 .  0 6 5 . 0  
l l  / 1 0  7 8 . 0  7 8 . 0  7 5 . 5  6 1 . 5  7 5 ; 0  7 6 . 5  6 8 . 0  6 8 . 0  
1 8 / 1 0  7 8 . 0  7 9 . 0  7 6 . 5  6 5 . 0  7 6 . 5 7 8 . 5  70 . 5 6 8 . 0  
2 7 / 1 0  7 9 . 0  7 7 . 0  7 7 . 5 64 . 5 7 5 . 0  7 8 . 0  6 9 . 0  6 9 . 0  

3 / 1 1  * 8 1 . 0  8 2 . 0  6 5 . 0  80 . 0  84 . 0  71 . 0  7 2 . 0  

X = Pe ri od of medi c a t ed n u t  t re a t m en t .  
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Tab le  2 . 1 3 

Mean ( ±  S t an d a rd Error ) Of Th e Mean Dai l y  Grow th Ra t e  

( kg /d a y ) In Pre-Tre a t men t ,  Tre a tmen t An rl Pos t­

Tre a t m en t Pe ri od s . 

Group 1 Mean 

S . E .  

Group 2 Mean 

S . E .  

Group 3 Mean 

S . E .  

Pre -Tre a t men t Tre a t men t Po s t -Tre a tmen t 

0 . 1 2 2 

0 . 0 2 

0 . 1 3 1 

0 . o s  

0 . 0 9 2 

0 .  0 2 

0 . 1 1 4  

0 .  0 0  7 

0 . 1 0 3  

0 .  0 2 

0 . 1 0 9  

0 . 0 0 8  + 

0 . 1 4 9  

0 .  0 0  8 

0 . 1 5 1  

0 . 0 2 

0 . 1 6 3  

0 . 0 2  

+ S i gn i f i c a n t  ( P < 0 .  O S ) d i f ference  be tween two per i od s  

b y  a n a l y s i s  o f  v a r i ance . 
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t h e  n e x t  3 6  days  r e s pec t i v e l y  for groups 1 - 3 .  

Group 1 suffe red a dec l i ne i n  mean  l i v eweight  i n  

m i d -w i n t er ( 1 2 . 5  g /day be tween June  2 6  a n d  July  2 8 ) due 

l a rge l y  to a decr e a s e  in pas ture q u a n t i t y . The l i v ewe i gh t .  

g a i n s  o f  groups 2 and 3 c o n t i nued a t  an even  r a t e  a t  

t h i s  t i me ( 1 3 4  g /day for bo t h  groups ) u n t i l  t h e i r  mean  

l i v eweigh t s  e x c e eded t h o s e  o f  group  1 by  appro x i m a te l y  

2 kg . At  t h e  e nd o f  t h e  t r i a l  the  d i f ference  i n  mean 

l i veweigh t s  be tween the  groups ( 1 . 1  kg ) was  less  than t h e  

2 . 3 k g  d i f f erence  a t  t h e  s t a r t  o f  t h e  t r i a l . 

The m e a n  l i v ewe i g h t  g a i n s  over  t h e  e n t i r e  t r i a l  

were  1 1 6 . 6 gjday , 1 1 4 . 2  g /day and 1 1 1 . 9  g /day for group 1 ,  

2 a nd 3 ,  r e s pec t i v e l y . 

There  were no s t a t i s t i c a l ly s i gn i f i c a n t di f f erences 

in  growth r a t e s  be tween t h e  groups wi t h i n  any 

e x per i m e n t a l  per i od ( s ee t abl e 2 . 1 3 ) .  Th ere was a 

s i gn i f i c a n t  ( P < O . O S )  i n c r e a s e  i n  t h e  m e a n  d a i l y  growth  

rate  o f  group 3 in  t h e  pos t - t r e a t m e n t  per i od compared 

wi t h  t h e  t r e a t m e n t  per i od . Th i s  m a y  r epr e s e n t  a 

compens a tory  we i g h t  g a i n  i n  t h i s  group wh i c h  was mos t 

severe l y  a f fec t ed dur i ng t h e  pe r i od o f  ada p t a t i on  to  the  

e x per i me n t a l  procedu r e s  o r  be on l y  as  a r e su l t  o f  t h e i r  

poo r  growth r a t e  i n  t h e  t r e a t m e n t  pe r i od because o f  t h i s  

adapta t i o n . 

2 . 5 . 4  Acceptance  o f  Med i c a t ed Nu t s . 

Probl ems were e x pe r i enced i n i t i a l ly i n  per suading 

t h e  deer t o  a c c e p t  t h e  deer nu ts . Appro x i m a t e l y  3 0% o f  

t h e  n u t s  r e m a i ned u n e a t e n  i n  t h e  e a r l y  s t ages  of t h e  

t r i a l . The s e  prob l ems  were no t ful l y  overcome un t i l  

a f ter t h e  f i r s t  trea t m e n t  w i t h  med i c a t ed nuts . 

Obs e r v a t i o n s  o f  t h e  feed i ng beh a v i our s howed no  

d i f f erence  i n  the  pa l a t abi l i ty between t h e  med i c a t ed 

and non-med i c a t ed nu t s . Thus t h e  poor egg and l a r v a l  

coun t  r e s po n s e s  obs erved f o l l owing t h e  f i r s t  med i c a ted 

nu t t r e a t m e n t  was due  to  f a i lure  t o  adapt to  suppl eme n t a r y  

f e e d  p e r  s e . r a t h e r  t h an t h e  p a l a t ab i l i ty o f  t h e  m ed i c a ted 

nu t s . When t h e  deer  h ad adapted t o  the  fu l l  r a t i on , 
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acceptance  was t h e  same  for  med i c a ted and n o n - m ed i c a ted 

n u t s . 

Th e i nd i v idu a l  d i f f er ences  i n  supplement  i n t a k e  

may  b e  demons t r a ted b y  f ae c a l  l ar v a l  coun t s  o f  t hree 

i n d i v idu a l s  prov ided w i t h  t h e  med i c a t ed nut  r a t i on  

( s e e  f igure 2 . 7 ) .  3 0 6  h ad a h ig h  l ar v a l  count  pr ior  to  

the  f i r s t  t r e a t m e n t  ( a ppr o x i m a t e l y  2 0 0  l pg ) and t h i s  was 

reduced t o  6 . 7 5 l pg at  the  conc l u s i o n  o f  the f i r s t  

t r e a t me n t . Th i s  c ou n t  r e m a i ned l ow f or t h e  rema i nder 

of the t r e a t m e n t  per i od . Con v e r s e l y  3 0 8  h ad a h i gher 

l ar v a l  count at  the  end o f  the f i r s t  t r e a t m e n t  ( 9 4 . 5  l pg ) 

t h a n  a t  t h e  beg i nn i ng ( 6 0 l pg ) . The l ar v a l  count 

c o n t i nued to  r i s e to  a pe a k  o f  2 8 5  l pg 1 5  d ay s  a f t er the  

f i r s t  med i c a ted nut  t r e a t m e n t  f i n i s h ed . La r v a l  coun t s  for 

3 0 1  were i n t ermed i a t e  between 3 0 6  and 3 0 8 . Th e l ar v a l  

count  o f  a ppro x i m a t e l y  5 0  l pg i n  t h i s  deer a t  t h e  s t a r t  

o f  t h e  f i r s t  t r e a t m e n t  w a s  r educed t o  1 5 . 2 5 l pg b y  t h e  end 

o f  the trea tme n t . The cou n t  con t i nued t o  dec l i ne for 

ano ther week be fore  r i s i ng r a pidly  t o  a pe a k  o f  1 6 2 . 5  l pg 

by t h e  t i m e  t h e  second t r e a t m e n t  was  i n i t i a t ed . Th i s  

count was reduced t o  zero  f i v e  days a f ter commencemen t o f  

t h e  m e d i c a ted nut  cour s e . 

Th i s  v ar i abi l i t y  m a y  be due to  a v ar i ab l e  

consump t i on o f  t h e  medi c a t ed n u t s  b y  t h e  a n i m a l s , t hough 

i n d i v i du a l  consump t i o n  was no t measured . By the  s econd 

t r e a t me n t  a l l  a n i m a l s  were e a t i ng t h e i r  fu l l  r a t i on o f  

nu ts  and t h e  l ar v a l  counts  fe l l  to  zero  i n  a l l  a n i m a l s  

wi t h i n  s e v e n  days . Th e count  r e m a i ned low  for t h e  

r e m a i nder of t h e  t r e a t m e n t  per i od . 

The t em por ary r educ t i on s  i n  l ar v a l  cou n t s  by 

3 0 8  a nd 3 0 1  wer e  pos s ibly  due to a t r ans i e n t  suppr e s s i on 

i n  l ar v a l  output  by t h e  adu l t  worms due t o  the  i nges t i on 

of s ub- t h er a peu t i c  quan t i t i e s  o f  a n t h e l m i n t i c . 

i t  may h a v e  been mer e l y  s ampl i ng error . 

2 . 6  P ar t  2 :  Adu l t  De er . 

Howe ver , 

A s econd s tudy was conduc t ed to  i nv e s t i g a t e  t h e  

e f fec t i v eness  o f  m ed i c a t ed n u t s  i n  adu l t  d e e r  and u s i ng 
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a s i ng l e  t r e a t m e n t  reg i m e  o n l y . 

The s tudy was c a r r i ed o u t  i n  order to  g a i n  add i t i o n a l  

d a t a  on  t h e  effec t i v e n e s s  o f  t he produc t ,  and t o  d e t er m i ne 

i f  t h e  dose r a te o f  2 mg a l benda z o l e /kg l i vewe i g h t /day 

was suf f i c i e n t  in adu l t  deer . 

The deer used  for th i s  s t udy were accus tomed to  

deer-nut  r a t i o n s  s o  it  was  po s s i bl e  to  g a i n  data  from  a 

group wh i c h  h ad prev i ou s l y  been fed nu t s  and t h e r e fo r e  

i n  wh i c h  accep t a nc e  o f  t h e  feeds tuff  wou l d  no t i n t erfere  

wi t h  the  i nv e s t i ga t i on . 

2 . 7  Mater i a l s  a nd Me t h ods . 

2 . 7 . 1  An i m a l s . 

S i x t een  m a ture  r ed deer  h i nds  f r o m  t h e  M a s s e y  

Un i v ers i t y Deer  Un i t  w e r e  used . 

2 . 7 . 2  Exper i m e n t a l  De s ign . 

Expe r i me n t a l  des i gn i s  summar i z ed i n  f igure 2 . 8 .  

Med i c a ted n u t s  were fed a t  a r a t e  o f  1 kg per 

ani m a l  per day ( 2 0 0  mg  a l bend a zo l e /deer /day ) for ten  

consecu t i v e days  f r om May  1 0 . Add i t i o n a l  non-med i c a t ed 

nuts  and m e adow h ay were f ed a t  a s e par a t e feeding to  

pr o v ide  a m a i n t e nance r a t i o n  o f  a ppro x i m a t e l y  2 k g  DM/  

deer /day . 

Fae c a l  s am p l e s  were c o l l ec t ed per r e c t u m  pr i or t o  

t r e a t me n t  a nd a t  two to  eigh t d a y  i n terv a l s  f o r  3 7  days . 

An i m a l s  were s e t - s toc ked o n  a ppr o x i m a t e l y  0 . 2 5 hec t ares . 

No u n t r e a ted " c o n t r o l " a n i m a l s  were a v a i l able  

bec a u s e  of m a n ag e m e n t  requ i r emen t s . 

2 . 8  S t a t i s t i c a l  An a l y s i s . 

One-way a n a l y s i s  o f  v ar i ance was  per f ormed on  t h e  

egg a n d  l ar v a l  coun t d a t a  wi t h  t i m e . 
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2 . 9  Resu l t s . 

2 . 9 . 1 Faec a l  Lar v a l  Coun t s . 

Da t a  i s  pre s e n ted i n  t ab l e  2 . 1 4 .  

Pr ior  to  the  commencement  o f  t h e  t r e a t m e n t  9 2 %  

o f  t h e  a n i m a l s  s ampled  h ad f a ec a l  l a r v a l  coun t s  abo v e  

z e r o  ( me a n  2 . 1 7  l pg ) .  Th e m a x imum count  was 7 . 7 5 l pg .  

By t h e  s econd day o f  t r e a t m e n t  t h e  prev a l ence h ad been 

r educed t o  3 8 % ( me a n  0 . 2 3 l pg ) , by t h e  f our t h  day to  7% 

( me a n  0 . 0 2 l pg ) ,  and by t h e  s e v e n t h  d ay , the pr e v a l ence 

was 8%  ( me a n  0 . 0 2 l pg ) .  

No f u r t h e r  l ar v a e were d e t e c t ed from pos t - t r e a t m e n t  

d a y  f o u r  un t i l  t h e  e n d  o f  s am pl i ng o n  d a y  3 6 . 

An a l y s i s  o f  v ar i a nc e  s h owed t h e  dec r e a s e  from  t h e  

pr e - t r e a t m e n t  c o u n t s  t o  b e  s i g n i f i c a n t  ( P <  0 . 0 1 ) .  

2 . 9 . 2  Faec a l  Egg Cou n t s . 

Da t a  i s  pr e s e n ted i n  t a b l e  2 . 1 5 .  

P r i o r  to  the  commenceme n t  o f  t h e  t r e a t me n t  2 9% 

of t h e  a n i m a l s  s a m pl e d  h ad f a e c a l  egg cou n t s  o f  5 0  e pg 

or more . The m a x i mum coun t was  l O O  e pg . On the  second 

day o f  t h e  t r e a t m e n t  t h e  f a e c a l  egg coun t s  were a l l  zero , 

bu t o n  t h e  four t h  day  t h e r e  were two deer ( 1 4% )  wi t h  

egg c ou n t s  ( me a n  1 0 . 7  epg ) .  No f u r t her  egg s wer e d e t e c ted 

f r om t r e a t m e n t  day four un t i l  the  e nd o f  s am p l i ng on  day 

3 6 . 

An a l y s i s  o f  v a r i ance  s howed t h e  decr e as e  from the  pr e­

tr e a tm e n t  coun t s  t o  be s i g n i f i c a n t  ( P < 0 . 0 1 ) .  

2 . 1 0 Di scus s i o n : We aner  De er . 

2 . 1 0 . 1  Faec a l  Lar v a l  Coun t s . 

Th e f a e c a l  D . v i v i parus l ar v a l  cou n t s  a t  wean i ng 

on March  1 7  were l ow ( me a n  7 . 0 0 l pg ) , when compared w i t h 

t h o s e  i n  t h e  h erd d i s c u s s ed i n  Chapter  3 .  Howev er , coun t s  

rose  r a p i d l y  o v e r  the  f o l l owing  f i v e  w e e k s  t o  r e a c h  a 
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Tab le  2 . 1 4 

D .  v i v i parus Faec a l  Lar v a l  Cou n t s  ( l pg ) From 1 6  Adu l t  Deer 

Us ed In P a r t  2 . 

Days f rom  c o mm enc e men t of t re a t m en t . 

Numbe r  - 1  2 4 7 1 4  2 2  3 0  3 6  

1 1 . 2 5 * * * * * 0 * 
3 0 .  7 5  0 0 0 0 0 0 0 
5 1 .  7 5  * 0 0 0 0 0 0 
6 * 0 . 5  * * 0 0 0 0 

1 1  0 . 2 5 0 0 0 0 0 0 0 
1 2  0 . 2 5 0 0 0 0 0 0 0 
1 3  * * 0 0 * * 0 0 
1 4  0 0 0 0 0 0 0 0 
1 5  7 .  7 5  0 . 2 5 0 0 0 0 0 0 
1 6  5 . 0  1 . 5  0 0 . 2 5 0 0 0 0 
1 8  4 . 5  0 . 2 5 0 0 0 0 0 0 
1 9  2 . 2 5 0 0 0 0 0 0 0 
3 1  0 .  7 5  0 0 0 0 0 0 0 
3 4  1 .  5 0 0 . 2 5 * 0 0 0 0 
3 5  * 0 .  5 0 0 0 0 0 0 
3 8  * 0 0 0 * 0 0 0 

Me a n  2 . 1 7  0 . 2 3 0 . 0 2 0 . 0 2 0 0 0 0 

Rang e 0 - 0 - 0 - 0 - 0 0 0 0 
7 . 7 5  1 . 5  0 . 2 5 0 . 2 5 

Prev a lenc e 
% 9 2 % 3 9 % 7%  B%  0 %  0 %  0 %  0 %  

* No t s a mp led 
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Tab le  2 . 1 5  

Ga s tr o i n tes t i n a l P a r a s i t e Faec a l  Egg Coun t s  ( e pg )  From 1 6  

Adu l t Deer Us ed In P ar t  2 .  

Days f r om c ommenc e men t o f  t r e a t m en t . 

Number - 1  2 4 7 1 4  2 2  3 0  3 6  

1 50 * * * * * * * 
3 0 0 0 0 0 0 0 0 
5 0 * 0 0 0 0 0 0 
6 0 0 * * 0 0 0 0 

1 1  50 0 0 0 0 0 0 0 
1 2  0 0 0 0 0 0 0 0 
1 3  * * 0 0 * * 0 0 
1 4  0 0 0 0 0 0 0 0 
1 5  0 0 0 0 0 0 0 0 
1 6  0 0 0 0 0 0 0 0 
1 8  0 0 0 0 0 0 0 0 
1 9  0 0 0 0 0 0 0 0 
3 1  l O O  0 50 0 0 0 0 0 
3 4  50 0 0 * 0 0 0 0 
3 5  0 0 l O O  0 0 0 0 0 
3 8  * 0 0 0 0 0 0 0 

Me a n  1 7 . 9  0 1 0 . 7  0 0 0 0 0 

Rang e 0 - 0 0 - 0 0 0 0 0 
l O O  l O O  

Prev a lenc e 
% 2 9 %  0 %  1 4 %  0 %  0 %  0 %  0 %  0 %  

* No t s a mp l ed 
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pe a k  m e a n  cou n t  o f  1 0 4  l pg .  Had a n t h e l m i n t i c  t r e a t m e n t  

no t b e e n  i ns t iga ted a t  t h i s  t i me i t  i s  probab l e  t h a t  

c l i n i c a l  d i c tyocau l i a s i s  wou l d  h a v e  resul ted subsequen t l y . 

Wi l so n  ( 1 9 8 1 ) repor ted c l i n i c a l  d i c tyocau l i a s i s  i n  weaner  

f a rmed red deer wi th  a mean  l a rv a l  count  o f  3 3 . 8  l pg 

( r a nge 2 6 . 6  t o  1 3 3  l pg ) , t hough a l e s s  s e ns i t i v e  l a r v a l  

e x tr ac t ion  sys t e m  was  u s ed a t  t h i s  t i me . 

There was a s t a t i s t i c a l l y  s i g n i f i c a n t  reduc t i o n  i n  

m e a n  D .  v i v i parus f a e c a l  l a r v a l  coun t s  dur i ng the  

a n t h e l m i n t i c  treatment  period  i n  a l l  groups , regardl e s s  

of t r e a t m e n t  a n d  g r a z i ng m anagemen t .  Th e r e  were no 

s i gni f i c a n t  d i f ferences  be tween the three  groups i n  

e i ther t h e  pr e - t r e a t m e n t  or t r e a t m e n t  per i ods . Thus bo t h  

m e thods o f  m a n agement , ( s e t -s tock i ng o r  r o t a t i o n a l  

gr a z i ng ) a nd a n t h e l m i n t i c  adm i n i s t r a t i o n , ( o r a l  drenc h i ng 

or medi c a ted nuts ) were equa l l y  e f f e c t i v e  i n  reduc i ng the  

faecal  l ar v a l  cou n t s  dur i ng t h e  t r e a t m e n t  period . Mean 

f a e c a l  l a r v a l  cou n t s  i ncr e a s ed s ig n i f i c an t l y i n  a l l  groups 

i n  t h e  pos t - t r e a t me n t  per i od . Howev er , t h e  l ac k  o f  a 

s i gn i f i c a n t  d i f ference  be tween t h e  two s e t - s tocked grou�s  

( group 2 a nd 3 )  i n  t h i s  per i od i n d i c a tes  r e i n fec t i o n  

pa t t erns  f o l l owing bo t h  medica ted nu t a n d  o r a l  drench 

t r e a t m e n t s  wer e  the same under the  s ame manageme n t . The 

h i gh e r  D .  v i v i parus f ae c a l  l a r v a l  coun ts  in t h e  

ro t a t i o na l l y g r a z ed g r oup ( gr oup 1 )  dur i ng s pr i ng wer e  

probably  d u e  t o  a g r e a t e r  r a t e  o f  r e i n fec t i o n  w h i c h  m a y  

h a v e  been a s s oc i a t ed wi t h  a number o f  f a c tor s : 

i )  P a s tu r e  l e ng t h  i n  the  s e t -s t ocked compounds became 

very  s hor t , wh ereas  the ro t a t iona l l y g r a zed group wer e 

gr a z i ng pas ture o n  a v e r age 6 - 1 2  c m  l ong . Thus  the  

cond i t i o ns on  t h e  r o t a t i o n a l l y  g r a zed  pas ture wou ld have  

been  more  sui t ab l e  for  l ar v a l  su r v i v a l  i n  t h e  wi n t er 

cond i t ions  ( Ro s e , 1 9 5 6 ) .  

i i ) The r o t a t i o n a l l y  g r a zed deer  cons umed a n  

es t i m a ted 2 k g / h e ad /day o f  pas ture DM  compared wi th  

appro x i m a t e l y  0 . 3  k g / h e ad /day for t h e  s e t -s tocked deer . 

Thus t h e  oppo r tuni ty  for l a r v a l  i nges t i o n  was  g r e a t e r  

i n  t h e  r o t a t i o n a l l y  g r a zed d e e r . 

i i i ) The r o t a t i o n a l l y  g r a zed group were e x po s ed to  
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pa s ture  l ar v a l  c o n t a m i n a t i o n , a l bei t sma l l , from  t h e  

o t her deer on  t h e  deer uni t  wher e a s  t h e  s e t -s t ocked deer 

were no t .  

The s pr i ng i nc r e a s e  i n  f a ec a l  l a r v a l  cou n t s , a l t hough 

s t a t i s t i c a l l y s i gn i f i c an t l y  h i gher than  dur i n g  t h e  

t r e a t m e n t  per i od , w a s  no t l arge . The m a x i mum m e a n  count 

for any group was 1 3  l pg ,  ( group 1 o n  Augu s t  2 5 ) wi t h  a 

m a x i mum cou n t  o f  4 0 . 7 5  l pg for any i nd i v idual  ( 1 0 7  on  

Augu s t  2 5 ) .  Faeca l l a r v a l  cou n t s  in  a l l  a n i m a l s  t e nded to  

decr e a s e  s po n t a neous l y  from  a peak  a nd two  a n i m a l s  had  

z ero l ar v a l  counts  by t h e  e nd o f  t h e  tr i a l  on Nov e mber 3 .  

Th i s  s po n t a n eous r educ t i on  i n  l a r v a l  cou n t  i n  s pr i ng 

br i ng s  i n t o  ques t i on t h e  need to  drench  we aner deer a l l  

year  a s  h a s  been r ecomm ended e l s ewhere ( Ma s on , 1 9 7 9 ; 

Mc Al lu m , 1 9 7 9 ) .  

The s econd o r a l  drench  a ppe ared t o  be subs t an t i a l ly 

l e s s  e f f e c t i v e t h an t h e  o t her  three  a n t h e l m i n t i c 

t r e a t m en t s . Howe ver , t h i s  m ay been only  t h e  r e s u l t of 

s a m p l i ng v ar i a t i o n . If  t h e  e f f e c t  was r e a l  i t  was  mos t 

l i k e l y  because o f  a n  i n ad equ a t e  d o s e  g i v en a t  th i s  

t r e a t m e n t  s i nce  t h a t  r e s ponse  was i ncons i s t e n t  w i t h  t h a t  

o f  any o t h er u s e  o f  t h i s  a n t h e l m i n t i c  ( Wi l s o n , pe r s . 

comm . ) .  The l ow f aec a l  l ar v a l  coun t s  a t  t h e  t i m e  o f  t h e  

four t h  an t h e l m i n t i c  t r e a t m e n t  ( me a n  1 . 5  l pg over  group 

1 a nd 2 )  wou ld s ugge s t t h a t  t h i s  t r e a t m e n t  wa s n o t  

nece s s ar y . Howe ver , t h i s  and the  need for a ny subsequen t 

a n t he l m i n t i c  t r e a t me n t s , could  o n l y  be d e t e r m i ned i f  

cons t a n t  mon i tor i ng o f  f a e c a l  l arv a l  cou n t s  was  perfor med 

as  recommended by W i l s o n  ( pe r s . comm . ) .  

2 . 1 0 . 2  Faecal  Egg Cou n t s , 

The i nd i v i d u a l  f a e c a l  g a s t r o i n tes t i n a l  paras i t e 

nema tode egg c o u n t s  were more  v a r i ab l e  t h a n  t h e  l ar v a l  

cou n t s  becau s e  o f  t h e  m e t h ods  o f  f a e c a l  e x a m i n a t i on used . 

In  t h e  sys t e m  u s ed , one  egg obs erved equa ted t o  5 0  e pg o f  

f a eces , w h e r e a s  o n e  l a r v a  observed equ a t ed to  0 . 2 5 l pg 

o f  faeces . The v ar i a t i o n  was  overcome for s t a t i s t i c a l  

pur poses  by poo l i ng d a t a  w i t h i n  e x per i men t a l  groups and 



pr e - , dur i ng , a nd pos t - tr e a t m e n t  per i ods . 

Dur i ng · t h e  t r e a t m e n t  per i od group 2 h ad a 

s t a t i s t i c a l ly s i gn i f i c an t  l ower mean  f a ec a l  egg count  

t h an e i ther groups  1 o r  3 .  Th e d i f f erence between 

grou ps 1 a nd 2 was probably  due t o  m an agement  f a c t or s  

( r o t a t i o n a l l y g r a zed v ' s s e t - s toc ked ) wh i c h  i n f l u enced 

r e i n fes t a t i on , as  d i scus s ed pr e v i ous l y  ( 2 . 9 . 1 )  for  
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D .  v i v i parus l a r v a e . Th e s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f ference  i n  t h e  t r e a t m e n t  per i od be twe en groups 2 and 

3 was due e n t i r e l y  to  the poor r e s po n s e  in group 3 t o  t h e  

f i r s t  med i c a ted nu t t r e a t men t . 

A t  t h e  t i me o f  t h e  f i r s t  1 0 -day  medi c a t i o n  some  o f  

t h e  d e e r  w e r e  no t fu l l y  accus tomed t o  e a t i ng t h e  nu t s  

pr ov ided . Th i s  r e su l t ed i n  a ppro x i m a t e l y  3 0 % of the  nu t s  

r em a i n i ng u n e a t e n  w h i c h  i n  t u r n  r e s u l t ed i n  s o m e  a n i m a l s  

h a v i ng r e c e i v ed a d o s e  of a n t h e l m i n t i c l e s s  than  t h e  

des i r ed 2 mg /kg /day a n d  t h er e f ore  a l e s s  e f f ec t i v e  

depr e s s i on i n  egg and l ar v a l  coun t s . Th i s  h a s  been 

demon s t r a t ed by e x a m i n i ng t h e  f a e c a l  l ar v a l  coun t s  of 

three  i nd i v idu a l s  ( s e e  s ec t i o n  2 . 4 . 4 ) .  Th i s  pr oblem  

was  overco me before  the  s e cond med i c a t i on  per i od bu t the  

con t i nu i ng h i gh coun t s  u p  to  t h e  s econd medi c a t i o n  h ad an 

e f f ec t  on  the  mean log  egg count for the  t r e a t m e n t  pe r i od , 

by i n c r e a s i ng t h e  to t a l  f aec a l  egg count  for the  t r e a t me n t  

pe r i od . ( Th e  r educed e f f e c t i v en e s s  o f  the  f i r s t  t r e a t me n t  

d i d  no t cause  a s i g n i f i c a n t  s t a t i s t i c a l  d i f ference  i n  the  

l a rv a l  coun t d a t a , th i s  was  probab l y  because  o f  t h e  

h i gher s en s i t i v i ty o f  t h e  l a r v ae e x t r a c t i o n  me thod over 

t h e  egg e x tr a c t i o n  m e t hod ) .  Thus wh i l e  s t a t i s t i c a l l y  

t h e r e  w a s  a poorer r e s po n s e  t o  med i c a ted nu t s , t h e  r e s po n s e  

to  t h e  subsequent t w o  trea t m e n t s  a nd t h e  r e s ponse  i n  the  

adu l t  deer u s ed i n  t h i s  s tudy , i nd i c a t e  t h a t  when 

co nsum p t i on r e ac h e s  t h e  r eq u i r ed l e v e l , m e d i c a ted nuts a r e  

a per f e c t l y  adequa t e  m e thod o f  an t h e l m i n ti c  t r e a t men t . 

In bo t h  groups 1 and 2 t h ere  was  a �ign i f i c a n t  

( P < O . O S )  r educ t i o n  i n  f a e c a l  egg counts  be tw e e n  the  pr e ­

t r e a t me n t  and t r e a t m e n t  pe r i ods . Th i s  was f o l l owed by a 

non-s i gn i f i c a n t  r i s e i n  t h e  po s t - t r e a t m e n t  pe r i od . 

However , i n  group 3 ,  t h e  s i gn i f i c a n t  r educ t i o n  ( P <  0 . 0 5 )  
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was  be tween t h e  pr e- and po s t - t r e a t m e n t  per i ods w i t h  a 

con t i nu a l  dec l i ne i n  m e a n  f a e c a l  egg cou n t  over t h e  t h r e e  

per i od s . Th i s  ag a i n  i s  a r e su l t  o f  a n  i n i t i a l l y  poorer  

r e s ponse  t o  the  med i c a ted n u t s  a s  a r es u l t  o f  i ncompl e t e  

consumpt i on . How e v e r , the  v e r y  l ow po s t - t r e a tm e n t  coun t s  

wou l d  i nd i c a t e  t h a t  t h e  t r e a t m e n t  w a s  effe c t i v e  ag a i n s t  

g a s t r o i n t e s t i n a l  nema todes . 

The l e s s  compl e t e  suppr e s s i o n  o f  f a e c a l  

g a s t r o i n te s t i n a l  par a s i t e  e g g  coun t s  w h e n  compared wi t h  

f a ec a l  l ungwo r m  l a r v a l  coun t s  f o l l ow i ng t h e  t r e a t me n t s  

wi t h  m ed i c a ted nu t s , c o u l d  b e  i n  con t r as t wi t h  s t a te m e n t s  

b y  o t her  a u t h o r s  t h a t  g a s t r o i n t e s t i n a l  p a r a s i t e s  a r e  

ea s i er to  con t r o l  t h a n  D .  v i v i parus  i n  deer ( Mc A l l um , 

1 9 7 6 ; Mason , 1 9 8 l a ) .  However , t h e s e  au t h o r s  w e r e  

r e f e r r i ng t o  o r a l  drenches  a n d  n o t  medi c a t ed n u t  t r e a t m en t . 

De s pi t e  the  h i g h e r  f ae c a l  egg coun t s  i n  t h e  t r e a t m e n t  

pe r i od for  gr oup 3 a c o r r e s ponding h igher  f ae c a l  egg 

coun t i n  t h e  pos t - t r e a t me n t  per i od d i d  no t occur a nd t h e  

m e a n  count  was  n o t  s i g n i f i c a n t l y  d i f fe r e n t  form  gr oup 2 .  

There was a r i s e  i n  t h e  faec a l  egg cou n t s  i n  s pr i ng 

a s  obs e r v ed wi th  the  f a ec a l  l ar v a l  count  d a t a . Th i s  was  

espec i a l l y  pronounced in  group 1 ,  ( t hough not  

s t a t i s t i c a l l y  s ign i f i c a n t l y  more  than  i n  t h e  other  

groups ) .  In s ome i nd i v idua l s , cou n t s  wer e  g r e a t e r t h a n  

wer e  obs e r v ed i n  au tumn , eg . d e e r  1 0 5 , 1 0 6 , 1 0 7 ,  a nd 2 0 8 . 

Thu s  i t  i s  pos s i b l e  t h a t  g a s t r o i n t e s t i na l  p a r a s i t i s m  

could  b e  a grea t e r  prob l e m  t h an l u ngwor m i n  deer n i ne to 

ten  mo n t h s  o f  age in some s i tu a t i o ns . 

Some a n i m a l s  h ad per s i s t e n t  z e r o  f a ec a l  egg coun t s  i n  

spr i n g  sugges t i ng t h a t  t h e y  h ad d e v e l o ped a h i gh degree o f  

r e s i s t a nce to  g a s t r o i n t e s t i na l  nema todes . 

2 . 1 0 . 3  Li veweigh t s . 

The o n l y  s i g n i f i c a n t  d i f f er e n c e  t h a t  was  d e t e c ted 

i n  the l i v ewe i gh t d a t a  was  in group 3 be tween t h e  

t r e a t m e n t  a n d  pos t - t r e a tm e n t  pe r i ods ( P < O . O S ) .  The 

f a s t e r  growth r a t e  in the  pos t- t r e a t m e n t  per i od for t h i s  

group m a y  h a v e  been compens a t i o n  for t h e  poorer  growt h 



6 3  

r a t e s  e ar l y i n  t h e  t r i a l  wh i l e  a n i m a l s  we r e  s t i l l no t 

accus tomed to  t h e i r  nu t r a t i o n . Howe v er , i t  may have  

been  m er e l y  a s  a r e su l t  o f  t h e  poor growth  r a tes  in  t h e  

tr e a t m e n t  per i od . Th e growth r a t e s  a c h i e ved by group 3 

i n  a l l  t hree per i ods  was no t s i g n i f i c a n t l y  d i f f e r e n t  from  

that  ach i e v ed by t h e  o th e r  gr oups . Th erefore  the  

obs er v ed d i f f er ence c a n n o t  be a t t r i bu t ed to  a t r e a t m e n t  

effe c t . 

Growth  r a t es  o f  1 1 6  g /day from  t h e  s t ar t of t h e  

e x per i m e n t  u n t i l  Sept ember w e r e  h igher  t h a n  the  4 8  g /d ay 

for  t h e  s am e  per i od r e por t ed cy Dr ew e t  a l . ( 1 9 7 8 ) .  

Th e growth  r a t e  from  Sep t ember to e a r l y  No vember ( 6 4 

days ) was  2 0 4  g /day compared w i t h  2 9 6  g /day for Sept e mber 

to December ( 8 7  days ) repo r ted by the above  authors . 

Howev er , grow t h  r a t es  i n cr e a s ed dur i ng Nov e mber a nd 

Dec ember ( Wi l s o n , pers . comm . ) to  compare wi th  t h o s e  

o f  Dr ew e t  a l . ( 1 9 7 8 ) .  Th e h i gher  wi n t e r  growth r a t e s  

ac h i eved i n  t h i s  t r i a l  cou l d  h a v e  b e e n  due to : 

i )  La t i tude a nd l o c a t i o n , l e a d i ng to  more m i l d  

wi n t er cond i t i o n s  a nd be t t er  pas ture grow t h . ( The  

l i v ewe i g h t s  at  t h e  end o f  Mar c h  and beg i n n j ng  of Oc tober 

wer e  s i m i l a r  to t h o s e  recorded by A s h e r , Ad a m  and 

La ngr i dge ( 1 9 8 1 ) for red deer in t h e  Wa i k a to ) .  

i i ) Gene t i c  d i f f erences  between t h e  s tock . 

i i i ) An i m a l  h e a l th and paras i t i c  burden d i f ferences . 

i v ) Manage m e n t  d i f ferences . The deer i n  t h e  work 

c a r r i ed out by Drew e t � - ,  ( 1 9 7 8 ) were fed ryeg r a s s ­

wh i te c l ov er pas ture a nd h a y  ad . � i b .  over w i n ter , 

wh ereas  t h e  d�er  i n  t h i s  t r i a l  we re  fed r yegr a s s - wh i t e 

c l over pas ture o n l y  o r  a s ma l l  amount  of pas ture and 

deer nu t s  wi th  a v ery s m a l l  a mo u n t  o f  hay ( de�end i ng on 

t h e i r  e x per i m e n t a l  group ) .  Th e feed qua l i t y o f  pas ture  

a l o ne o r  t h e  conce n t r a t e s  as  fed h e r e  is  be tter t h a n  h a y  

as  f e d  b y  Drew e t �! · ( 1 9 7 8 ) .  Th i s  pr obably  was the  m a j o r  

r e a s o n  f o r  o u r  h i gher  grow t h  r a tes . 



6 4  

2 . 1 0 . 4  Ge ner a l . 

The e f f e c t i v e n e s s  o f  m ed i c a t ed nut  a n t h e l m i n t i c  

t r e a t m e n t  h a s  been s h own pr e v ious l y  by o v e r s e a s  wor k e r s . 

Bo c k e l er a nd Segebade ( 1 9 7 7 ) used fenbenda z o l e  a t  5 mg /kg  

l i vewe igh t on  two  con s ecu t i v e  days  and r e por ted a 9 7% to  

9 8% r educ t i on o f  worm burdens  i n  f a l l ow deer . Kal i vod a 

and Chrous t ( 1 9 7 1 ) r epor ted a 9 6% r educ t i on i n  f a e c a l  egg 

coun t s  in f a l l ow deer fo l l ow i ng a f i v e  day t r e a t m e n t  wi t h  

t h i abend a z o l e  i n  a s u ppl eme n t a ry  f e ed a t  5 0  mg /kg  

l i veweigh t . Bo th  au t h o r s  r e por t ed t h a t  t h e r e  were no  

pr obl em s  with  acceptance  o f  the  medi c a ted n u t s . Ka l i voda 

and Chrous t ( 1 9 7 1 ) d i d  not s t a t e h ow the n u t s  w e r e fed bu t 

t h e  a n i m a l s  were being  f ed suppl emen t s  rou t i n e l y  a t  the  

t i me o f  the  t r i a l . Boc k e l e r  and Segebade ( 1 9 7 7 ) fed  the  

pe l l e t s  on  t h e  ground . Howev e r , a m a j o r  d i f f erence  e x i s t s  

be tween t h e s e  two r e por t s  and t h e  curr ent  s tudy . In  bo th  

o f  t h e  above  t r i a l s  the  fu l l  ther a peu t i c  dose  of the  

a n t h e l m i n t i c  u s ed was given  e ach  day , r e su l t i ng i n  a to t a l  

dos e  o f  two a n d  f i v e  t i mes  t h e  n o r m a l  o r a l  d r ench dos e .  

In  t h i s  t r i a l  one f i f t h o f  t h e  nor m a l  ther apeu t i c  do s e  was 

g i v e n  each  day  r e s u l t i ng in  a to t a l  do s e  o f  twice the  

normal  therapeu t i c  do s e  o v e r  a ten  d a y  pe r i od . Th i s  

pr o l onged admi n i s t r a t i o n  o f  the  a n t h e l m i n t i c  m a y  be 

be ne f i c i a l  to i t s e f f i c acy as deer h a v e  been s hown to  

me t a bo l i s e some  a n t h e l m i n t i c s  at  a f a s ter  r a t e  t h a n  sheep  

and c a t t l e  ( Mason , 1 9 8 2 ; W a t s o n  et  a l . ,  1 9 8 3 ) .  

An t h e l m i n t i c s  h a v e  been s hown to  be more  e f fec t i v e  i n  

s h eep f o l l owi ng t r e a t m e n t  on  consecu t i v e days  ( Pr i t c h a rd 

e t � . ,  1 9 7 8 ) ,  and t h i s  pr obab l y  a pp l i es i n  deer a l s o . 

Thr oughout  t h e  t r i a l  some  a n i m a l s  consumed more  nu t s  

t h a n  o t he r s  due to  i nd i v idu a l  pr e f e r e nce , appe t i t e , and 

po s s i b l y  s oc i a l  f a c t or s . Th i s  mus t h a v e  l ed to  v a r i a t i o n  

i n  t h e  i n t a k e  o f  a n th e l m i n t i c  and i s  a pr oblem  i nh e r e n t  i n  

a n y  feed o r  wa ter  medi c a t i o n  s y s t e m . Howe v e r , t h i s  

appe a r s  no t to  h i nder t h e  e f f e c t i v e n e s s  o f  t h e  t r e a t me n t  

a t  t h e  dose  r a t e s  used  h e r e  a s  e g g  a nd l ar v a l  cou n t s  o f  

a l l  d e e r  i n  t h e  med i c a ted nu t t r e a t me n t  g r o u p  e v e n tua l l y  

r e a ched zero , a s  did  t h o s e  f o l lowi ng o r a l  drench  



t r e a t men t s . Th i s  po t en t i a l  probl em o f  v ar y i ng i n t a k e s  

c a n  b e  m i n i m i s ed by f e ed i ng t h e  med i c a t ed nu t s  a t  a 

d i f f e r e n t  t i m e  o f  t h e  d ay to  any o th e r  suppl e m e n t ary 

feed and feed i ng i t  in a l ong l i n e  t o  m i n i m i s e  s oc i a l  

i n t e r ac t i on s  be tween a n i m a l s . 

2 . 1 1 Di scus s i o n : Adu l t  De er . 
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The med i c a ted n u t s  fed t o  the  adu l t  deer a t  the  s a me 

dos e  r a t e  a s  for  the  weaner s were e f f ec t i v e  in r educing  

t h e  f aeca l l a r v a l  and egg  coun ts . Bo t h  the  egg and  l a rv a l  

cou n t s  r e a ched zero  by t h e  end o f  t h e  1 0 -day t r e a tmen t 

per i od , and s t a yed a t  zero  for  a t  l e a s t 2 6  days  fol lowing  

t r e a t m en t . 

P r i or to  t r e a t m e n t  t h e  perc e n t ag e  o f  the  herd 

s h edd i ng l ar v a e  a nd eggs  w a s  h i gh , a s  w a s  the  m e a n  l a r v a l  

coun t , when compared w i t h  t h o s e  p a r a m e t e r s  r e por ted i n  

a su r v e y  o f  New Z e a l and deer ( Mason  and Gladd e n , 1 9 8 3 ) .  

Th i s  probably was due to  t h e  po l i cy of  n o t  dr e nc h i ng adu l t  

s t ock  o n  t h i s  un i t  and po s s ibly  t h e  h i g h  s t ock i ng dens i t y , 

wher e a s  Ma son and Gl adden s h owed t h a t  m a ny f a r mer s d r e n c h  

adu l t  deer . Fur ther , t h e  s t o c k i ng dens i t y o n  comme r c i a l  

f a r m s  i s  u n l i k e l y  t o  b e  a s  h i gh a s  o n  t h e  Ma s s ey 

Un i v er s i t y De er Un i t .  

Th e adu l t  deer were  much more  w i l l i ng t o  accept  t h e  

suppl e m e n t a r y  f e e d  t h a n  t h e  weaner deer  t h ough i nd i v idu a l  

v a r i a t i o n  i n  i n t a k e w a s  obs e r v ed . 

2 . 1 2 Conc lus i o n s . 

Da t a  i nd i c a t e s  t h a t  a l bend a z o l e  m ed i c a ted nu t s  i n  a 

progr amme o f  1 0  cons ecu t i v e  days  o f  t r e a tment  a t  a do s e  

r a t e o f  2 mg  a lbend a z o l e  per kg l i v ewe i g h t  per d a y  f o r  

t h r e e  t r e a tme n t s , w i t h  2 1  d a y s  between t r e a tme n t s , i s  a s  

e f f e c t i v e  a s  f o u r  t r e a t m e n t s  wi th  a l benda z o l e  a t  1 0  mg  per 

k g , w i t h  2 1  d a y s  be tween t r e a t m e n t s  in r educ i ng 

D .  v i v i parus  f a e c a l  l ar v a l  cou n t s  and f aec a l  g a s t r o­

i n t e s t i n a l  n e m a tode egg coun t s . 

The 1 0 -day  l ow d o s e  t r e a t m e n t  r eg i me had no e f f e c t  on  



t h e  l a ter  D .  v i v i parus l ar v a l  or g a s t r o i n t e s t i n a l  egg 

coun t s  or on  t h e  l i v ew e ig h t  g a i n s , up to 1 1  mon t h s  of 

ag e .  Th e medi c a t ed n u t s  were no  l e s s  pa l a t ab l e  than  

non-med i c a t ed deer nu t s . 
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Th e poten t i a l  appl i c a t i o n s o f  a med i c a ted nut  

a n t h e l m i n t i c  t r e a t w. e n t  sys tem  are  l i mi ted so t h i s  s y s t e m 

i s  un l i k e l y  t o  subs t a n t i a l l y r e p l a c e  o r a l  a n t h e l m i n t i c  

dre nch i ng o f  f a r med deer i n  New Z e a l and . Other f a c tors  

may a l s o  i n f l u ence t h e  app l i c a t i o n  of  t h i s  me thod o f  

trea t me n t : 

i )  The nu t medi c a t i on s y s tem i s  cos t l y  due to  t h e  

qua n t i ty  o f  nu t s  t h a t h a v e  t o  b e  fed a n d  t h e  c o s t  o f  deer 

nu ts  in New Z e a l and . A t  the t i me of the  t r i a l , deer nu t s  

cos t $ 3 4 4  per t o n n e  ( 3 4 c /kg ) .  If a deer was  fed 0 . 5  kg 

nu t s /d ay  for a 1 4  day ada p t a t ion  per i od , a to t a l  o f  3 0  

days  o f  t r e a t m e n t  a nd 4 2  days  be tween the  t r e a t me n t s , then  

the  t o t a l  we igh t o f  nu t s  fed i s  43  k g  a t  a cos t o f  $ 1 4 . 7 0 .  

Add i t i on a J  t o  t h i s  would be t h e  cos t o f  a l benda z o l e . Th i s  

c o s t  mus t b e  compared wi th  $ 1 . 2 0 per deer for a course  of 

four o r a l  a l benda z o l e  t r e a t m e n t s . 

Some o f  t h e  cos t o f  t h i s  r eg i me m ay be o f f s e t  by 

addi t i on a l  l i v ewe i g h t  g a i n  i f  pas ture  qu a l i t y or quan t i t y 

were i n adequ a t e , i . e . i f  s ome  form o f  supp l e m e n t a r y  

f e e d i ng was neces s ar y . However , dur i ng t h i s  tri a l  $1 6 0  

o f  deer  nu t s  were fed t o  e ach deer  for a n  ad di t i o n a l  $ 9 0  

v a l u e  o f  v e n i s o n  c a r c a s s . Many deer  farmers  a l r e ady feed 

l a rge a mou n t s  of suppl e m e n t a r y  feeds , o f t e n  in the  f o r m  o f  

deer nu t s , a nd i n  th i s  c a s e  t h e  c o s t  o f  t h e  medi c a t i o n  

s y s tem  may  we l l  b e  no grea ter  t h a n  t h e  cos t o f  o r a l  

a n t h e l m i n t i c . 

i i ) Th e medi c a t i o n  s y s t e m  does requi re  some  p l a n n i ng 

t o  be e f f e c t i v e , because o f  t h e  1 0 -day  on , 2 1 -day o f f  

sys tem . Th i s  may  we l l  be s u f f i c i e n t  t o  d i scour age s ome 

f a rmers  f r om u s i ng i t .  

The ma j or adv a n t age o f  t h e  s y s t e m  u s i ng med i c a ted 

nu t s  is t h a t  deer w h i c h  c a nno t be g i v e n  a n t h e l m i n t i c  

t r e a t m e n t  b y  or a l  dre nch i ng f o r  any  r e a s o n  c a n  b e  g i v e n  

a n t h e l m i n t i c  t r e a tmen t . 



CHAPTER  3 

S TUDY OF RES PONS ES TO A NTHELMI NTI C TREATMENT 

OF DEER ON  A COMMERCI A L  FARM . 

3 . 1  I n t roduc t i on . 

6 7  

There ar e d i f f er ences  o f  o p i n i on about  the o p t i mu m  

pe r i od of a n t he l m i n t i c  u s e  ag a i n s t D .  v i v i parus l ungworm 

in deer . Mc Al l u m  ( 1 9 7 9 ) a nd Mason ( 1 9 7 9 a ) rec ommend 

th ree -we e k l y  drenc h i ng from  we a n i n g  un t i l  one year  o f  

age . Howe ver , Wi l son  ( pers . comm . ) cons i ders  th a t  t h i s  

recommend a t i o n  i s  exce s s i v e  a nd t h a t  a p l a nned a ppro ach  

i n corpor a t i ng a s  few a s  t h r e e  drenches  from wea n i n �  may be  

a l l  t h a t  is  nec e s s a r y . 

In pr a c t i ce a wide r a nge o f  t r e a t me n t  regimes  

v ar y i n g  from n i l  to  1 7  drenc h e s  per year a r e  used ( Mason  

a nd Gl adden , 1 9 8 3 ) .  

Th i s  s tudy was  i n i t i a t ed to  i n v e s t i g a t e  as pec t s  

of par a s i t e  c o n t r o l  i n  we aner deer on  a commerci a l  

deer f arm w i t h  par t i c u l ar re f erence  t o  t h e  s t udy o f  

f a ec a l  egg a n d  l ar v a l  coun t s  i n  re s ponse  to  a n t h e l m i n t i c  

t r e a t m e n t  a n d  t h e  pe r i od o v e r  which  a n  a n t h e l m i n t i c  

dr enc h i ng pro�ra mme s h ould c o n t i n ue . 

3 . 2  Mater i a l s  and Me t h ods . 

3 . 2 . 1  A n i m a l s  and  Loc a t i on . 

Eigh t y  four m a l e  and f e m a l e  weaner r ed deer on  a 

comme r c i a l  deer farm  o f  appro x i m a t e l y  5 0 0  deer we re  u s ed . 

Th e f a r m  was on f l a t  l a nd i n  t h e  nor t h er n  Man awa tu wi t h  

a s t ock ing r a t e  o f  1 4  d eer per h e c t a r e . On l y  deer h ad 

been g r a zed on the pr o per ty  dur i ng t h e  pr e v ious two y e a r s . 

3 . 2 . 2  Ti ming . 

Th i s  s t udy commenced a t  wea n i ng ( March 1 5 ) and was  

\ 
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t o  h a v e  concluded o n  Nov ember 3 0 . Howev er , commer c i a l  

co n s i der a t i ons  d i c t a t ed t h a t  a l l  t h e  deer i n  t h i s  tr i a l  

were s o l d  b y  t he f armer  and t h us t h e  f i n a l  f a e c a l  

s a m p l e s  w e r e  c o l l ec t ed on  J u n e  2 9  a n d  t h e  t r i a l  conc l uded 

on  July 1 4 . Da t a  is pre sen ted , d e s p i t e  be i ng i n compl e t e , 

as  s e v er a l  i n t eres t i ng a nd s igni f i c a n t  f i nd i ng s  bec ame 

ev ide n t  dur i ng t h i s  t i me . 

3 . 2 . 3  A l l o c a t ion  To Gr oups . 

Th e deer were we ighed a t  wean i ng , r an k ed by 

l i v ewe i g h t  w i t h i n  e ac h  s e x , and sys t ema t i c a l l y a s s igned 

t o  one of two groups so t h a t  e ac h  was bal anced by s e x  

a n d  mean  a nd r a nge of  l i v eweig h t . Th e gr oups were then  

a s s i g n ed t o  one o f  two  t r e a tmen t s : 

Gr oup 1 :  n = 4 1  

Tr e a ted w i t h  o r a l  a lbend a z o l e  ( 1 0 mg / kg ) a s  o u t l i ned 

in Chapter  2 according to  t h e  s c h edu l e  in t a b l e  3 . 1 .  

Gr oup 2 :  n = 4 3 

Tr e a ted wi t h  o r a l  a l bend a z o l e  ( 1 0 mg /kg ) as  above  

accordi ng to  t h e  s c h edu l e  i n  tabl e 3 . 1 .  

3 . 2 . 4 Ma nageme n t . 

A l l  a n i m a l s  were gra z ed tog e t her  i n  a s l ow r o t a t i on  

around s e v er a l  ryegr a s s - c l ov er paddocks  i n  one mob 

t h rougho u t  t h e  e x per i m e n t a l  per i od . Pas ture was 

suppl emen t ed da i l y wi t h  s i l age when pas ture quan t i t y 

dec l i ned i n  May . S i l age  was  es t i ma t ed to  m a k e  up 

appro x i m a t e l y  5 0% of t h e  feed i n t a k e . 

3 . 2 . 5  S ampl i ng . 

An i m a l s  were f aec a l  s am pl ed per rec tum a t  

we a n i ng ( March  1 5 ) .  Up to  1 2  deer from  each  group were 

r andom l y  s e l ec t ed at e ac h  s ubsequ e n t  s a m p l i ng for faec a l  

co l l ec t i o n  a s  i ndi c a ted i n  t ab l e  3 . 1 .  An i ma l s  were 

f a e c a l  s am p l ed at wee k l y  i n t e r v a l s  for  the f i r s t  three  

we e k s  and at  t h r ee-we e k l y  i n t er v a l s  t h e r e a f ter . Faec a l  
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Tab l e  3 . 1  

Sc h ed u l e  Of An t h e l mi n t i c  Tre a t men t s , Faec a l  Samp li ng 

An d Wei g hi ng Du ri ng The Tri a l  Pe ri od . 

Da t e : M a rc h  M a rc h  Marc h  Ap ri l Apri 1 May Jun e Jun e Ju ly 
1 5  2 2  2 9  6 2 6  1 7  7 2 9  1 4  

Wee k s  
From 0 1 2 3 6 9 1 2  1 5  1 8  
S t a r t  

Group 
1 D . S . W  s .  s .  D . S .  D . S . W . D . S .  s .  s .  w .  

Group 
2 D . S . W . s .  s .  D . S .  D . S . W . s .  D . S .  D . S .  w .  

D .  = Ora l d renc h wi t h  a lb en d a z o le ( 1 0 mg / kg ) .  

s .  = Faec a l  s amples  c o l l ec t ed f o r  d e t e rmi n a t i on of f a ec a l  

l a rv a e and egg c oun t s . 

w .  = Wei g h ed . 



s a m p l e s  were  e x a m i n ed for  nema tode eggs and l ar v a e  as  

descr i bed e ar l i� r  ( S e c t i on 2 . 1 ) .  

A l l  a n i m a l s  were weighed on March  1 5 , Apr i l  2 6 , 

and J u l y  1 4 . 

3 . 3  S t a t i s t i c a l  An a l y s i s . 

3 . 3 . 1 Fae c a l  Lar v a l  and Egg Coun t s . 

Da t a  was l o g - t r ans f or m ed f o l l ow i ng t h e  add i t i on  
- 5  o f  1 0  t o  o v e r come  t h e  prob l em o f  z e r o s . 

Compa r i sons  o f  m e a n  l og f a e c a l  egg and l a r v a l  

cou n t s  between groups a t  e a c h  s am p l i ng a n d  between 

succe s s i v e  s a m p l i ng s  wi t h i n  a group wer e  pe r fo r m ed by 

S tude n t ' s  t t e s t . 

3 . 3 . 2  Li v ewe i g h t  Da t a . 

Li vewe i g h t s  were a n a l y s ed i ndepende n t l y  for  bo t h  

s e x e s . Com pa r i s o n s  were m ade between groups a t  e a c h  

s am pl i ng u s i ng S tuden t ' s  t t e s t . 

3 . 4  Resu l t s . 

3 . 4 . 1  Faec a l  La r v a l  Cou n t s . 

Fae c a l  l a r v a l  coun t s  a r e  pr esen ted i n  t ables  3 . 2  

and 3 . 3 .  

A summary  o f  d a t a  i s  pr e s e n t ed i n  f i gure  3 . 1 .  

7 0  

The h i g h  m e a n  f a e c a l  l a r v a l  cou n t  o f  a l l  s a m p l ed 

an i m a l s  ( 1 3 4 l pg )  a t  t h e  s t a r t  o f  t h e  t r i a l  was r educed 

by 9 8 . 9% to 1 . 5  l pg s e v e n  days pos t - t r e a t m e n t . Th ese  l ow 

coun t s  per s i s ted 1 4  d a y s  pos t -t r e a t m en t , bu t h ad r i s e n  

s l ig h t l y  2 1  d a y s  pos t - t r e a tm e n t  t o  b e  9 3 . 4 % o f  pr e ­

t r e a t m e n t  coun t s . Th r e e  wee k s  a f t er the  subsequent t h r e e ­

we e k l y  t r e a t m e n t s , t h e  m e a n  l a r v a l  cou n t s  r e m a i ned a t  

a ppr o x i m a t e l y  t h e  s a m e  low l e v e l s  ( 8 . 8 7 l pg , 4 .  7 l pg a nd 

3 . 4  l pg 2 1  days  f o l l ow i ng e ach  t r e a t men t , r e s pec t i v e l y ) .  

Dur ing t h e  n e x t  per i od when o n l y  one o f  the  gr oups 
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Tab l e  3 . 2  

Faec a l  Lungworm Larv a l  Coun ts  ( lpg ) From Se l ec t ed 

In di v i du a l s  In Gro up 1 .  

Numbe r Sex 1 5 / 3  2 2 / 3  2 9 / 3  6 /4 2 6 / 4 1 7 / 5  7 / 6  2 9 / 6  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  

Number 

M 
F 
F 
F 
F 
M 
M 
M 
M 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
F 
F 
M 
M 
F 
M 
F 
M 
M 
M 
F 
F 
M 
M 
M 
F 
F 
M 
M 
F 

0 
1 20 
2 7 8  
3 3 4  

3 3 . 3  
80 

1 2 5 
1 0 3  

4 1 . 5  
6 81 

4 7 .  5 
2 6  

* 

1 4 4  
* 

80 . 8 
1 8 6 

* 

80 
* 
* 
* 

2 4  
* 

2 3 1  
1 1 0 

* 

7 
0 

0 .  5 
0 
0 
* 

0 
* 
* 

2 � 2 5 
* 

2 . 0  
* 
* 
* 
* 

2 . 0  
* 
* 
* 
* 
* 
* 
* 

1 . 5  
* 
* 

3 7 .  5 * 

6 6 . 5  1 . 2 5 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

n = 2 0  1 0  

Days From Wea n i ng 
1 4  2 1  4 2  6 3  
0 

0 . 2 5 
0 . 2 5 
0 . 2 5 

* 

0 . 6 9 
* 
* 

0 . 2 5 
* 

0 
* 
* 
* 
* 

0 
7 . 9 3 
7 . 5 
7 . 5 

* 

3 . 5  
* 
* 

2 .  7 
* 

2 . 2 5 
* 
* 
* 
* 

0 . 2 5 1 2 . 7 5 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

0 . 2 5 4 . 5  
* * 
* * 
* * 

0 1 1 . 5  
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

1 0  1 0  

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

1 .  7 5  
* 

1 . 0 
* 
* 
* 
* 
* 
* 

0 . 2 5 
* * 
* * 
* * 
* 0 
0 * 

1 . 2 5 * 

4 . 5  * 
* 1 2 .  5 

0 .  7 5  * 

1 . 0 * 
* * 
* * 

0 . 75 0 . 2 5 
* * 
* * 
* * 

0 .  7 5  * 
* 0 .  7 5  
* * 

7 .  5 * 
* * 
* 4 . 0 
* 6 .  0 
* * 
* 4 . 2 5 

8 1 0  

Me a n  Co un t 1 4 1 . 5  0 . 9 5 0 . 2 2 6 . 3  2 . 0 6 3 . 0 8 

Rang e . 2 4 -
6 8 1 

Prev a l enc e %  l O O % 
* = No t Sampled  

0 -
2 . 2 5  

60 % 

0 -
0 . 6 9 

70 % 

0 - 0 -
1 5 . 7 5  1 . 2 5 

90 % 8 8% 

0 -
1 2 . 5 

90 % 

8 4  
2 . 2 5 

* 
* 

0 . 5  
* 
* 

1 . 5  
* 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 

0 . 2 5 
* 
* 
* 
* 
* 
* 
* 
* 

l .  7 5  
* 

2 .  7 5  
* 

1 . 5  
* 

1 2 .  3 
* 
* 
* 

0 . 2 5 
1 0  

1 0 5  
1 . 2 5 

* 
* 
* 
* 
* 

2 . 2 5 
* 
* 

0 .  7 5  
* 

3 4 . 0  
* 

1 3 . 3  
* 
* 
* 

2 5 . 5  
* 
* 
* 
* 

4 . 5  
* 
* 
* 
* 
* 
* 
* 

2 . 0  
* 
* 

3 . 5  
* 

1 7 . 0 
* 
* 
* 
* 
* 

1 0  

2 . 3  1 0  . .1 

0 - 1 . 2 5 -
1 2 . 3  3 4  

90 % l O O % 
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Tab le  3 . 3  

Faec a l  Lung worm Larv a l  Coun ts  ( lpg )  From Se lec t ed 

In di v i d u a l s  In Group 2 .  

Numbe r Se x 1 5 / 3  2 2 / 3  2 9 / 3  6 /4 2 6 /4 1 7 / 5  7 / 6  2 9 / 6  

S I  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
60 
6 1  
6 2  
6 3  
64  
6 5  
6 6  
6 7  
6 8  
6 9  
70 
71  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
79  
80  
8 1  
8 2  
8 3  
8 4  
8 5  
8 6  
8 7  
8 8  
8 9  
9 0  
9 1  
9 2  
9 3  

F 
F 
M 
F 
M 
M � 

M 
F 
F 
M 
M 
F 
M 
F 
M 
F 
F 
M 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
M 
F 
M 
F 
M 
M 
F 
M 
F 
M 
F 

Number n 

0 

3 4  5 
* 
* 

1 4 6  
* 
* 

3 7  
* 

2 2 9 
8 4  
3 9 . 6  

* 
* 

1 2 6 
2 3  7 

4 8 . 5 
1 9 0  

6 3 . 5  
3 0 . 8  

3 50 
1 7 8 

4 1  
1 2 3 

2 4 . 8  
1 4 8  

7 7  
20 7 
1 4 2  

* 

20 
4 4  

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

2 3  

7 
* 
* 
* 

3 . 2 5 
* 
* 

0 . 2 5 
* 
* 
* 

0 
* 
* 
* 
* 

0 
2 . 0  

* 

0 . 2 5 
0 
* 
* 

1 . 0 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

9 

Mean Count  1 2 7  0 . 7 5 

Rang e . 20 -
3 50 

Prev a lenc e %  l O O %  

0 -
3 . 2 5 
5 5 %  

Days From We a n i ng 
1 4  2 1  4 2  6 3  

* * 
* * 
* * 

0 .  7 6  4 .  5 
* * 
* * 

0 . 5  1 0 . 2 5 
* * 
* * 
* * 

0 . 2 5 1 0 . 2 5 
* * 
* * 
* * 

* *  * 

0 * 

0 . 75 3 7 . 2 5 
* * 

1 . 5  1 0 . 5  
0 3 .  7 5  
0 0 
* * 

0 0 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

0 2 . 5  
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

1 0  9 

1 8 . 0  
2 . 2 5 

* 
* 

0 . 2 5 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

5 . 5  
* 
* 
* 

0 .  5 
* 

7 .  7 5  
* 

0 .  5 
* 

l .  2 5  
3 0 . 8  

0 . 2 5 
* 
* 
* 
* 
* 
* 

1 . 2 5 
* 
* 
* 

4 .  7 5  
* 
* 
* 
* 

1 2  

* 
* 
* 
* 

0 
* 

1 1 . 0  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0 .  5 
* 
* 
* 
* 
* 
* 

0 
0 . 5  
6 . 5 
0 .  75  

* 
* 
* 
* 
* 
* 
* 

0 
* 

0 .  7 5  
* 
* 
* 

0 
* 

1 0  

8 4  
* 

5 9 . 0  
* 
* 
* 
* 
* 

1 8 . 3  
8 3 . 3  
6 9 . 8  

* 

3 6 .  3 
1 5 . 5  

* 
* 
* 

5 2 . 8 
* 
* 
* 
* 
* 

7 . 7 5 
* 
* 
* 
* 
* 
* 

1 .  7 5  
* 

8 . 5 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

1 0  

1 0 5  
* 
* 
* 
* 
* 

7 . 2 5  
* 
* 
* 
* 
* 
* 
* 
* 

0 . 2 5 
* 

0 
0 . 2 5 

* 
* 
* 
* 

0 
* 
* 
* 
* 
* 

l .  7 5  
* 
* 
* 
* 
* 

0 
* 

0 .  7 5  
* 
* 

0 
0 
* 
* 

9 

0 . 3 8 8 . 7 8 6 . 1  2 . 0  3 5 . 3  1 . 0 3 

0 -
1 . 5  
50 % 

0 -
3 7 . 2 5 
7 8% 

0 . 2 5- 0 -
3 0 . 8  1 1  
l O O %  60 % 

8 . 5 -
8 3 . 3  
l O O %  

0 -
7 . 2 5 
50 % 
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w a s  t r e a t e d , l a r v a l  o u t pu t  o f  t h e  u n t r e a t e d  g r o u p  
i n c r e a s e d  by f o u r f o l d  ( q r o u p  1 ) ,  a n d  s e v e n t e e n f o l d  
( gr o u p  2 )  a f t e r  s i x  w e e k s . 

we r e  s t i l l  b e l ow 4 0  l pg .  
Howe v e r , t h e  m e a n  c o u n t s  

7 4  

P r e v a l e n c e  o f  l a r v a l  c o u n t s  i n  s a m p l ed a n i m a l s  w a s  
1 0 0 %  i n  b o t h  g r o u p s  pr i o r  t o  t r e a t m e n t . Th i s  w a s  r ed u c e d  
t o  5 7% o f  s am p l ed a n i m a l s  s e v e n  d a y s  po s t - t r e a t m e n t  bu t 
r o s e  s t e a d i l y  t o  8 4 % o f  s a m p l ed a n i m a l s  2 1  d a y s  pos t ­
t r e a t m e n t . A t  s ub s eq u e n t  2 1  d a y  pos t- t r e a t m en t s a m p l i n g s  
t h e  p r e v a l en c e  r a nged f r o m  5 0 % t o  9 5 %  o f  s a m p l ed a n i m a l s . 

W h e n  t r e a t m e n t  h a d  n o t b e e n  g i v e n  f o r  4 2  d a y s  t h e  
pr e v a l e n c e  o f  c o u n t s  r e tu r n ed t o  1 0 0 %  o f  s a m p l ed a n i m a l s . 

M e a n  f a e c a l  l a r v a l  c ou n t s  a t  t h e  s t a r t  o f  t h e  t r i a l  
( 1 4 1 . 5  l pg , a n d  1 2 7 . 4  l pg f o r  g r o u p s  1 a n d  2 r e s pe c t i v e l y ) 

w e r e  s i g n i f i c a n t l y  ( P <  0 . 0 1 )  redu c e d  t o  1 . 6 5 l pg , a n d  
1 . 3 5 l pg s e v e n  d a y s  p o s t - t r e a t m e n t  i n  g r o u p s  1 a n d  2 ,  
r e s pe c t i v e l y . 

Be t w e e n  1 4  a n d  2 1  d a y s  pos t - t r e a t m e n t  t h e r e  w a s  a 
s i gn i f i c a n t  ( P < 0 . 0 5 ) r i s e i n  l a r v a l  c o u n t i n  g r o u p  1 .  

Th e p a t t e r n  o f  c h a ng e  w a s  s i m i l a r i n  g r o u p  2 bu t t h e s e 
c h a ng e s  w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t . 

Th e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  
g r o u p s  f o l l ow i ng t h e  f i r s t  t h r e e  a n t h e l m i n t i c  t r e a t m e n t s  
wh e n  bo t h  g r o u ps w e r e  t r e a t e d . Fo l l ow i ng t h e  s u b s equ e n t  
t r e a t m e n t s  w h e n  o n l y  o n e  g r o u p  w a s  t r e a t e d  t h e  u n t r e a t ed 
g r o u p  h ad a s i g n i f i c a n t l y  ( P < O . O l ) h i gh e r  l a r v a l  c ou n t  
a t  t h e  s u b s eq u e n t  s a m p l i ng . 

3 . 4 . 2  F a e c a l  Egg Cou n t s . 

F a e c a l  egg c o u n t s  a r e  pr e s e n t ed i n  t a b l e s  3 . 4  and 
3 . 5 .  A s u m m a r y  o f  t h e  d a t a  i s  pr e s e n t e d  i n  f i g u r e  3 . 2 .  

F a e c a l  e g g  c o u n t s  w e r e  l ow ( m e a n  1 5 7  e pg ) a t  t h e  
c o m m e n c e me n t  o f  t h e  t r i a l  b u t t h e  pr e v a l e n c e  o f  pos i t i v e  
egg c o u n t s  i n  s a m p l ed a n i m a l s  w a s  8 6 % . Fo l l o w i n g t h e  
f i r s t  a n t h e l m i n t i c  t r e a t m e n t  b o t h  t h e  m e a n  c o u n t  a n d  
pr e v a l e n c e  o f  c o u n t s  wer e r ed u c e d  ( 7 5 e pg a nd 1 0 . 5 % 
r e s pe c t i v e l y ) a t  s e v e n  d a y s  pos t - t r e a t m e n t . Th e m e a n  

c ou n t  d i d  n o t  c h a ng e  m a r k e d l y  e i t h e r 1 4  o r  2 1  d a y s  
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Tab l e  3 . 4  

F a ec a l  Gas t r oi n t e s t i n a l  Eg g  Coun t s  ( epg ) F r o m  Se l ec t ed 
In d i v i d u a l s  In G r o up 1 .  

Numb e r  Se x 1 5 / 3 2 2 / 3  2 9 / 3  6 /4 2 6 /4 1 7 / 5  7 / 6  
D a y s  Fr o m  W e a n i ng 

0 7 1 4  2 1  4 2  6 3  8 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
] 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  

M 
F 
F 
F 
F 
M 
M 
M 
M 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
F 
F 
M 
M 
F 
M 
F 
M 
M 
M 
F 
F 
M 
M 
M 
F 
F 
M 
M 
F 

3 50 
l O O  

0 
1 50 
l O O  
2 0 0  
l O O  
3 5 0  

5 0  
0 

2 5 0 
* *  

2 0 0  
* 

1 50 
2 5 0  

* 
* 
* 
* 
* 

1 0 0  
* 

5 0  
2 0 0  

* 

2 0 0  
1 50 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Num b e r  n = 1 9  

0 
0 
0 
0 
* 

0 
* 
* 

1 0 0  
* 

0 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

1 0  

M e a n  Co u n t  1 5 5 . 3  1 0  

Rang e .  0 -
3 50 

P rev a l enc e % 8 9 %  
* = No t s a m p l ed 

0 -
1 0 0  
1 0 %  

0 
0 

5 0  
0 
* 
* 
* 
* 

5 0  
* 

0 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

9 

0 
* 

1 0 0  
0 
* 

0 
* 
* 
* 
* 

0 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

8 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0 
5 0  
5 0  

* 

0 
5 0  

* 
* 

0 
* 
* 
* 

0 
* 

0 
0 
* 
* 
* 
* 
* 

9 

* 
* 
* 
* 
* 
* 

0 
* 

0 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 

0 
* 
* 
* 
* 

5 0  
* 
* 
* 

0 
0 
* 

0 

1 0  

1 1 . 1  1 2 . 5  1 6 . 7  5 . 0  

0 -
5 0  
2 2 % 

0 -
1 0 0  
1 3 % 

0 -
5 0  
3 3 % 

0 -
5 0  
1 0 %  

0 
* 
* 

0 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 

5 0  
* 
* 
* 
* 
* 
* 
* 
* 

0 
* 

1 0 0  
* 

0 
* 

0 
* 
* 
* 

0 

1 0  

1 5  

0 -
1 0 0  
2 0 %  

2 9 / 6  

l O S  

5 0  
* 
* 
* 
* 
* 

5 0  
* 
* 

1 5 0 
* 
* 
* 

20 0 
* 

0 
* 

1 5 0 
* 
* 
* 
* 

5 0  
* 
* 
* 
* 
* 
* 
* 

1 0 0  
* 
* 

5 0  
* 

l O O  
* 
* 
* 
* 

0 

1 1  

7 5  

0 -
2 0 0  
7 5 %  
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Tab l e  3 . 5  

F a ec a l  Gas t r oi n t e s ti n a l  Egg Coun t s  ( epg ) F ro m  Se l ec t ed 
Ind i v i d u a l s  In Group 2 .  

Numbe r  S e x  1 5 / 3 2 2 / 3 2 9 / 3 6 / 4 2 6 / 4 1 7 / 5  7 / 6 

5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
60  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
70 
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  
8 1  
8 2  
8 3  
8 4  
8 5  
8 6  
8 7  
8 8  
8 9  
9 0  
9 1  
9 2  
9 3  

F 
F 
M 
F 
M 
M 
M 
F 
F 
M 
M 
F 
M 
F 
M 
F 
F 
M 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
M 
F 
M 
F 
M 
M 
F 
M 
F 
M 
F 

0 
0 
* 
* 

1 50 
* 
* 

l O O  
* 

0 
20 0 
l O O  

* 
* 

l O O  
0 

1 50 
1 50 
1 50 
2 50 
3 50 
1 50 

50  
l O O  
l O O  

0 
l O O  
2 50 
1 50 

* 

50 
5 0  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Number n = 2 3  

M e a n  c o u n t 1 1 7  

Rang e . 0 -
3 50  

Prev a l en c e %  8 3 %  

7 

* 
* 
* 

0 
* 
* 

0 
* *  

* 
* 

0 
* 
* 
* 
* 

50 
0 
* 

0 
0 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

9 

5 . 6  

0 -
5 0  

1 1 %  

Da y s  F r o m  W e a n i ng 
1 4  2 1  4 2  6 3  8 4  

* 
* 
* 

l O O  
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 

50 
0 
* 

0 
0 
0 
* 

50 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

1 0  

2 0  

0 -
1 0 0  

3 0 %  

* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 
* 
* 
* 
* 

0 
* 

0 
0 
0 
* 

5 0  
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

8 

0 
0 
* 
* 

0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

0 
* 
* 
* 

0 
* 

0 
* 

0 
* 

0 
* 

0 
* 
* 
* 
* 
* 
* 

l O O  
* 
* 
* 

50 
* 
* 
* 
* 

1 1  

6 . 2 5 1 3 . 6  

0 -
50 

1 3 %  

0 -
1 0 0  

1 8 % 

* * 
* 50 
* * 
* * 

50 * 
* * 

50 * 
* l O O  
* 0 
* 0 
* * 
* 2 50 
* l O O  
* * 
* * 
* * 
* 0 
0 * 
* * 
* * 
* * 
* * 
* 1 50 
* * 

50 * 

0 * 

0 * 

0 * 
* * 
* 0 
* * 
* 50 
* * 
* * 
* * 

0 * 
* * 

0 * 
* * 
* * 
* * 

0 * 
* * 

1 0  1 0  

1 5  7 0  

0 - 0 -
50 2 50 

3 0 %  6 0 % 

2 9 / 6  

1 0 5  

* 
* 
* 
* 
* 

50 
* 
* 
* 
* 
* 
* 
* 
* 

0 
* 

0 
0 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

50 
* 
* 
* 
* 
* 

50 
* 

0 
* 
* 

0 
0 
* 
* 

9 

1 6 . 7  

0 -
50 

3 0 %  
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po s t - t r e a t m e n t  t h ough t h e  p r e v a l e n c e  o f  c o u n t s  i n  s a m p l ed 
a n i m a l s  i nc r e a s ed t o  1 8 % and 1 2 . 5 % r e s pe c t i v e l y . Th e m e a n  
c o u n t  r e m a i n e d  s i m i l a r f o l l ow i ng t h e  t wo s ub s e q u e n t t h r e e ­
w e e k l y  t r e a t m e n t s . 

Th e pr e - t r e a t m e n t g a s t r o i n t e s t i n a l  p a r a s i t e  f a e c a l  
e g g  c o u n t s  ( m e a n  1 5 5 . 3  a n d  1 1 7 . 4  e pg f o r  g r o u p s  1 a nd 2 ,  

r e s pe c t i v e l y ) w e r e  s i g n i f i c a n t l y  r e d u c e d  . ( P < 0 .  0 1 ) t o  

1 0  and 5 . 5  e pg f o r  g r o u ps 1 a n d  2 ,  r e s pec t i v e l y , w i t h i n  
s e v e n  d a y s  o f  t h e  f i r s t  a n t h e l m i n t i c t r e a t m e n t , and 
r e m a i ne d  at t h i s  l ow l e v e l  for a s  l o ng a s  t h r e e - we e k l y  
a n t h e l m i n t i c  t r e a t m e n t  w a s  c o n t i n u e d . 

W h e n  a n t h e l m i n t i c  t r e a t m e n t  w a s  g i v e n  o n l y  t o  o n e  
g r o u p  t h e r e  w a s  a r i s e  i n  t h e  p r e v a l e n c e  o f  e x c r e t i o n  
and f a e c a l  egg c o u n t o f  t h e  u n t r e a t e d  g r o u p  a t  t h e  
f o l l ow i ng s am p l i ng t h r e e  w e e k s  l a t e r . Th e r i s e  i n  f a e c a l  
egg c o u n t  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( P <  0 . 0 1 )  o n l y  
o n  J u l y  2 9  ( 1 0 5  d a y s  pos t - w e a n i ng ) w h e n  n o  t r e a t m e n t  w a s  
g i v en t o  g r o u p  1 .  

3 . 4 . 3  Li v ew e i g h t s . 

Li v ewe i g h t s  a r e  pr e s e n t e d  i n  t a b l e s  3 . 6  and 3 . 7 .  
A s u m m a r y  o f  t h e d a t a  i s  pr e s en t e d  i n  f i g u r e  3 . 3 .  

A t  t h e  t h i r d  w e i g h i ng t h e  l ow e r  l i v e w e i g h t a n i m a l s  
h ad b e e n  c u l l ed s o  s t a t i s t i c a l  a n a l y s i s  h a s  b e e n  c ar r i ed 
o u t o n l y  f o r  t h o s e  a n i m a l s  w i t h  a l l  t h r e e  we i g h t  
r e c o rd i ng s  ( n = 6 4 ) .  

No s i g n i f i c a n t  l i v ewe i g h t d i f f e r e n c e s  e x i s t e d  
b e t w e e n  g r o u p s  1 and 2 f o r  e i t h e r  m a l e s  or f e m a l e s . 

3 . 5  D i s c u s s i o n . 

The u n e x pe c t ed l y  e a r l y  c o n c l u s i o n t o  t h i s  e x per i m e n t  
pr e v e n t ed t h e  a c h i e v e m e n t  o f  i t s m a i n  o b j ec t i v e o f  
c o m pa r i ng l o n g - t e r m  a nd s h or t - t e r m  d r e nc h i ng p r og r a mm e s . 
Howe v er , c o n s i d e r a b l e  u s e f u l  i n f o r m a t i o n c a n  be d r awn 
f r o m  t h e  d a t a . 
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Tab l e  3 . 6  
L i v ew e i g h t s .  ( kg )1 And M e a n s  Of Th o s e  De e r  Wh i c h  W e r e  

A v a i l a b l e  Th r o ug h o u t Th e Co u r s e  Of Th e S t udy - Gr o u p  1 .  
M a l e  

Numb e r  1 5 / 3  2 6 / 4 1 4 / 7  
1 4 4  4 8  5 4  
6 4 2 . 5  4 6 .  5 5 2  
7 4 6 . 5  5 4  6 1 . 5  
8 3 4 . 5  3 8 .  5 4 2  
9 4 0 . 5  4 3 . 5  4 8  
1 0  4 7  5 1 . 5  60 
1 2  3 1 . 5  3 8  4 2 . 5  
1 4  4 1  4 4  5 3  
1 6  4 9  5 4  5 8  
1 8  4 4  5 0  5 2  
2 0  4 5  50 5 3  
2 4  3 7 .  5 4 3  5 1  
2 5  4 5 . 5  4 9  5 3  
2 7  4 0  4 3 . 5  5 0 . 5 
2 9  3 9  4 2  4 2 . 5  
3 0  4 2  4 9 . 5  5 3  
3 1  2 9  3 4 . 5  4 0 . 5  
3 4  3 9  4 6  5 4  
3 5  4 4  4 6  5 3 . 5  
3 6  3 4  3 6 . 5  4 1  
3 9  3 7 . 5 4 2  4 8  
4 0  5 0 . 5  * * 

M e a n  Of De e r  
Wi t h  3 4 0 . 6  4 5 . 2 5 0 . 6 
Wei g h i ng s . 
S . D .  5 . 2 6 5 . 5  6 .  0 6 
Fe m a l e  

2 3 4  3 8  * 

3 3 6  3 9 . 5  * 

4 3 9  4 3  4 8  
5 3 2  3 5 . 5 * 

1 1  4 2  4 7 .  5 5 0  
1 3  3 3 . 5  4 2 .  5 4 5 .  5 
1 5  3 7  4 2 . 5  4 7 .  5 
1 7  2 8  3 5  * 

1 9  2 9  3 2 .  5 * 

2 1  3 1 . 5  3 2  * 

2 2  3 1 . 5  3 6 . 5  4 2  
2 3  4 0  4 5 . 5  5 1  
2 6  4 1  4 7  5 4  
2 8  3 4  3 8  * 

3 2  4 0  4 6 . 5  5 2  
3 3  3 6 . 5  4 1 . 5  4 6  
3 7  3 0 . 5  3 3 . 5  * 

3 8  2 6  4 2  4 6 . 5  
4 1  3 8  4 4  4 9  

M e a n  Of De e r  
Wi t h  3 3 6 . 8  4 3 . 5  4 8 .  5 
Wei g h i ng s . 

S . D . 4 . 7 7 3 . 1 5 3 . 3 7  
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Tab l e  3 .  7 
L i v e we i g h t s  ( kg ) , And Me a n s  Of Th o s e  De er Wh i c h  We r e  

Av a i l ab l e  Th r o ug h o u t The Cour s e  Of The S t udy - Gr o u p  2 . 
Ma l e  Numb e r  1 5 / 3 2 6 / 4 1 4 / 7  

5 3  3 8 . 5  4 0  4 6  
5 5  3 9 . 5  4 4 . 5  5 3  
5 6  4 3  4 9 . 5  5 4  
5 7  3 4  3 7 .  5 4 5  
60 3 9  4 3 . 5  4 9  
6 1  2 8  3 3  3 8 . 5 
6 3  4 7  5 2  5 9  
6 5  3 7  4 3 . 5  4 4 . 5  
6 8  4 5  4 6 .  5 5 4 . 5  
6 9  5 1 . 5  5 8  * 

7 2  4 7 .  5 5 3  5 8  
7 3  4 5  4 8 . 5 4 9 . 5  
74 50 5 9  6 4  
7 5  4 0  4 6 . 5 4 9 . 5  
7 6  4 1  4 6  5 4  
7 7  4 4  4 9  5 2  
7 8  4 5 . 5  5 0  5 3  
7 9  4 2 . 5  4 6 . 5 5 1 . 5  
8 2  3 7  4 2  5 2 . 5  
8 3  2 9  3 3  3 8  
8 5  4 2  4 9 . 5  5 6 . 5  
8 7  3 9  4 0 . 5  4 8  
8 8  4 6  4 9 . 5  5 8  
9 0  3 4 . 5  3 7 .  5 4 3  
9 2  4 8 .  5 5 2 . 5  5 5  

M e a n  Of De e r  
Wi t h  3 4 0 . 9  4 5 . 5 5 1 . 1  
Wei g h i ng s . 
S . D . 5 .  7 6  6 . 3 9 6 . 3 6 
Fe m a l e  

5 1  3 3  3 8 . 5 * 
5 2  3 3 . 5  3 6  * 
5 4  3 5 . 5 4 0  4 7  
5 8  * 2 9  3 3 . 5  
5 9  3 1  3 3  * 
6 2  2 8  3 0  * 
6 4  3 2  3 5  * 
6 6  * 4 7 .  5 5 3  
6 7  3 6  4 0  4 5  
70 3 1 . 5  3 6  * 
71 3 4  3 9 . 5  * 
80 3 7  4 2  4 4 . 5  
8 1  4 0 . 5  4 5  5 0  
8 4  2 9  3 4 . 5  * 
8 6  3 7 .  5 4 0 . 5  4 3 . 5  
8 9  3 5 . 5 4 2  4 8 . 5 
9 1  4 1 . 5  4 5 .  5 2 . 5  
9 3  3 7  4 3 . 5  5 0  

Mean Of De e r  
Wi t h  3 3 7 .  6 4 2 .  3 4 7 .  6 
Wei g h i n g s . 
S . D .  2 . 1 6  2 .  0 7 3 . 1 6  
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3 . 5 . 1  F a e c a l  Lar v a l  Coun t s . 

The m e a n  f ae c a l  l ar v a l  c o u n t s  a t  we a n i ng ( 1 3 4  l pg ) 
a r e  c o n s i d e r ed t o  be h i g h  by c o m pa r i s o n  w i t h  c o u n t s  f r o m  
d e e r  e l s ew h e r e  ( W i l s o n , pe r s . c o m m . ) .  W i l s o n  ( 1 9 8 1 ) 

r e por t ed a n  o u t br e a k  o f  c l i n i c a l  l u ng wo r m  i n  a g r o u p  o f  

w e a n e d  r e d  d e e r  w i t h  a m e a n  c o u n t o f  a p p r o x i m a t e l y  
3 4 1  l pg . A n a t i o nw i d e  s u r v e y  b y  M a s o n  a n d  G l add e n  
( 1 9 8 3 ) r e c o rd e d  m e a n  l a r v a l  c o u n t s  o f  m o r e  t h a n  1 0 0  l pg 

o n  o n l y  t w o  o f  1 0 8  p r o p e r t i e s  s u r v e y e d  a l t h ough t h e i r  
s a m p l e s  w e r e  f r o m  o l d e r  d e e r  ( s a m p l i ng c a r r i ed o u t i n  
Ju l y ) .  I t  s h o u l d be n o t e d  h o w e v e r , t h a t  t h e  mod i f i ed 
B a e r m a n n ' s  t e c h n i q u e  u s ed i n  t h e s e  e x pe r i m e n t s  i s  m o r e  
s e n s i t i v e  t h a n  t h e  m e t hod w h i c h  w a s  prob a b l y  u s e d b y  t h e  
abov e  a u t h o r s  s o  a d i r e c t  c o m p a r i s o n  o f  c ou n t s  m a y  n o t 
be v a l i d . No d e e r  i n  M a s o n ' s  s u r v e y  s h owed s i g n s  o f  
c l i n i c a l  p a r

a s i t i s m  a t  t h e  t i me a nd i t  c o u l d  n o t be 
d e t e r m i ned w h e t h e r t h e  bur d e n s  h ad a f f e c t e d  t h e i r  g r o w t h  
r a t e s . 

T h e  l a r v a l  c o u n t s  obs e r v ed i n  t h i s  s t udy a t  we a n i ng 
( M a r c h  1 5 ) w e r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  o n  t h e  
M a s s e y  Un i v er s i t y De e r  Un i t  ( m e a n  6 . 6  l pg ) ,  w h e r e  t h e  
w e a n i ng w e i g h t s  w e r e  2 . 7  k g  a n d  7 . 0  k g  h i g h er f o r  m a l e s  
a n d  f e m a l e s , r e s pe c t i v e l y , ( s e e  Ch a p t e r  2 ) .  Th ough 
be t t e r  p a s tu r e  q u a l i t y o n  the Ma s s ey Un i t  wou l d  h a v e  h ad 
a p r o n o u n c e d  e f f e c t  o n  l i v e we i g h t s  i t  c o u l d  be s ugg e s t ed 
t h a t  t h e  h i g h  c o u n t s  o b s e r v e d  i n  t h i s  s tu d y  m a y  h a v e  
b e e n  a s s o c i a t ed w i t h  w o r m  c o u n t s  h i g h  e n o u g h  t o  h a v e  
c a u s ed a d e pr e s s i o n  o f  w e i g h t  g a i n . 

Th e h i g h  D .  v i v i pa r u s  f a e c a l  l a r v a l  c o u n t s  o b s e r v ed 
a t  we a n i ng o n  t h i s  pr o pe r t y  i nd i c a t e  t h a t  c l i n i c a l  
d i c t y o c a u l i a s i s  c o u l d  b e c o m e  a pr o b l e m  be f o r e  w e a n i ng 
i n  s om e  s i t u a t i o n s . The m a n a g e m e n t f a c t o r s  t h a t  we r e  
c o n s i d e r ed t o  b e  s i g n i f i c a n t  i n  t h e  d e v e l o pm e n t  o f  t h e  
l a r g e  b u r d e n s  i n  t h e  w e a n e r s  o n  t h i s  p r o pe r t y  we r e : 

i )  Und e r s t o c k i ng w h i c h  l ed t o  c a l v i ng o n  r a n k  
p a s t u r e . Th e s e  p a s t u r e  c o nd i t i o n s  a r e  mo r e  s u i t ab l e  
f o r  l a r v a l  s u r v i v a l  t h a n  s ho r t e r  p a s t u r e s  ( Ro s e , 1 9 5 6 ) .  

i i ) I n s u f f i c i e n t  s u bd i v i s i o n s o  t h a t  o p t i mu m  



pa s tu r e  m a n ag e m e n t  w a s  m o r e  d i f f i cu l t  t o  a c h i e v e . 
i i i ) S e t - s t o c k i ng f or f o u r  m o n t h s  f r o m  c o m m e n c e m e n t  

o f  c a l v i n g  i n  m i d  No v e m b e r  u n t i l  we a n i ng m i d  Mar c h . 
Co mb i n e d  w i t h  e x c e s s  f e ed s u p p l y , t h i s  r e s u l t e d  i n  
c a m p i n g  i n  c e r t a i n  a r e a s  o f  t h e  paddo c k . Thus t h e  
e f f ec t i v e  s t o c k  d e n s i t y w a s  h i g h  a nd c o r r e s po nd i ng l y  
t h e  r a t e  o f  p a s t u r e  l ungwor m l a r v a l  c o n t a m i n a t i o n  w a s  
undoub t ed l y  h i g h . 

I t  i s n o t a b l e  t h a t  wh i l e  t h e  m e a n  F LC f o r  w e a n e r s  
w a s  1 3 4  l pg ( l O O %  pr e v a l e n c e ) ,  t h e  m e a n  F L C  f r o m  a 

s a m p l e  o f  t h e  d a m s  w a s  o n l y  0 . 6  l pg ( r a n g e  0 . 2 5 - 1 . 0 ,  
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7 0 %  p r e v a l e n c e ) ,  ( W i l s o n , u n pub l i s h e d  d a t a ) .  Thus wh i l e 
t h e  d a m  a nd o f f s pr i n g  w e r e  g r a z i n g  t h e  s a m e  p a s t u r e , w i t h  
t h e  d a m  c o n s um i ng a n  e s t i m a t ed 2 - 3  t i m e s  t h e  h e r b a g e  o f  
t h e  o f f s pr i ng , t h e  adu l t  a p pe a r ed t o  r e s i s t  e s t a b l i s h m e n t 
o f  s i g n i f i c a n t  l u ngwo r m  burd e n s . I t  i s  prob a b l e  t h a t 
t h e  l u ng wo r m  b u r d e n s  i n  t h e  o f f s pr i ng de v e l o ped by 
c y c l i ng t h r ou g h  t h em s e l v e s , a n d  t h a t  t h e  b u r d e n  i n  t h e  
d a m s  a p pe a r ed t o  i n f l ue n c e  t h i s  v e r y  l i t t l e . Howe v e r , 

i t  i s  n o t k nown wh e t h e r b u r d e n s  m a y  h a v e  b e e n  h i g h e r  i n  
t h e  a du l t s a t  s o m e  e a r l i e r  s t ag e  pos t n a t a l l y , bu t w o r k  
o f  W i l s o n  ( pe r s . c o m m . ) s h owed t h a t  t h i s  w a s  u n l i k e l y  
s i n c e  n o  po s t pa r t u m  r i s e  w a s  o b s e r v e d  i n  a no t h e r d e e r  
h e r d . I t  i s  i n t e r e s t i ng t o  n o t e  t h a t  t h e s e h i nd s  w e r e  
d r e n c h ed w i t h  a n t h e l m i n t i c pr i o r  t o  c a l v i ng . Th i s  
wou l d  a pp e a r  t o  h a v e  h ad l i t t l e  e f f e c t  o n  t h e  l u n g wo r m  
burd e n s  i n  w e a n e r s  u nd e r  t h i s  m a n a g e m e n t  s y s t e m . 

The a bo v e  f i nd i ng s  h a v e  m a j o r  i m p l i c a t i o n s  f o r  
pos t - c a l v i ng m a n ag e me n t  o f  d e e r . On t h e  b a s i s  o f  t h i s  
d a t a  i t  a p pe a r s  d e s i r a b l e  t o  c a l v e  h i nd s  a t  a d e n s i t y 
wh i c h  i s  c o m p a t i b l e  w i t h  p a s t u r e  c o n t r o l , s i n c e  
m e c h a n i c a l  h a r v e s t i ng o f  e x c e s s  p a s t u r e  i s  i m po s s i bl e  
d u r i ng c a l v i ng , a n d  t o  s h i f t  h i nd s  w i t h  c a l v e s  a t  f o o t  
o n c e  c a l v i ng h a s  f i n i s h ed a nd c a l v e s  a r e  m o b i l e .  Th e s e  
s h i f t s t o  " c l e a n " p a s t u r e  c o u l d  t a k e  p l a c e  l a t e i n  
J a n u a r y , a nd a g a i n  m i d - Febru a r y , t h e r eby a v o i d i ng t h e  
e v e r  i n c r e a s i ng l a r v a l  c on t a m i n a t i o n  o n  pa s t u r e s  u nd e r  
t h e  s e t - s t o c k e d  r eg i m e , a n d  a v o i d i ng t h e  h i g h  b u r d e n s  
i n  t h e  w e a n e r s  w h i c h  w e r e  f o u n d  i n  t h i s  s t udy . 



8 4  

Fo l l o w i n g  t h e  f i r s t  a n t h e l m i n t i c  t r e a t m e n t  t h e  m e a n  
f a e c a l  l ar v a l  c o u n t  f e l l  d r a m a t i c a l l y 0 � 7  d a y s  po s t­
t r e a t m e n t . 

Twe n t y  o n e  d a y s  pos t - t r e a t m e n t t h e r e  w a s  a s l i g h t  
i n c r e a s e  i n  t h e  m e a n  l a r v a l  c o u n t f r o m  d a y  1 4 , bu t t h e  
pe r c e n t ag e  r ed u c t i o n  f r o m  t h e  p r e- t r e a t m e n t  l e v e l  w a s  
s t i l l  9 4 % . Th u s  i t  a ppe a r s  f o r  pr a c t i c a l  pu r po s e s  
t h a t  t h e  e f f i c a c y  o f  a l be n d a z o l e  i s  s a t i s f a c t o r y  f o r  
c o n t r o l  o f  l u ngwo r m  i n  d e e r . The i n c r e a s e  a t  2 1  d a y s  

pos t - t r e a t m e n t m a y  h a v e  b e e n  d u e  t o : 
a ) A n  i n c o m p l e t e  e f f i c a c y  a g a i n s t  t h e  m i g r a t i ng 

s t ag e s  o f  D .  v i v i pa r u s  i n  o r  b e f o r e  t h e y  r e a c h  t h e  l u n g s . 
S u c h  l a r v a e c o u l d  d e v e l o p  t o  m a t u r i t y and produc e  l a r v a e  
w i t h i n  2 1  d a y s . 

b )  T h e  m a t u r a t i o n o f  l a r v a e i ng e s t ed i m m e d i a t e l y  
po s t - t r e a t m en t . The p r e - p a t e n t  p e r i od f o r  D .  v i v i pa r u s  
i n  r e d  d e e r  h a s  b e e n  s h own t o  b e  a s  s h o r t  a s  2 0  d a y s  
( Co r r i g a l l  e t  a l . ,  1 9 8 0 ) .  

c ) I n c om p l e t e  e f f i c ac y  o f  t h e  t r e a t m e n t  a g a i n s t  

adu l t s r e s u l t i ng i n  s h o r t - t e r m  s u p pr e s s i o n o f  egg l a y i ng 
o n l y . 

S e v e r a l  d e d u c t i o n s  f r o m  t h e  c h a n g e s  i n  m e a n  f a ec a l  
l a r v a l  c ou n t s  t h a t  o c c u r r ed w h e n  o n l y  o n e  g r o u p  w a s  
d r e n c h e d  c a n  b e  m a d e : 

a ) I n f e c t i v e D .  v i v i p a r u s  l a r v a e  w e r e  s t i l l  a v a i l a b l e  
t o  t h e  w e a n e r  d e e r  d e s p i t e  t h e i r  l a r v a l  o u t p u t  b e i ng 
m i n i m a l  f o r  t h e  pr e v i o u s  n i ne wee k s . Th e s e  l a r v a e 
r e s u l t e d  e i t h e r  f r o m  s u r v i v a l  o n  p a s t u r e  o f  t h e  w e a n e r ' s  
pr e - we a n i ng l a r v a l  o u t pu t  o r  t h e  o u t pu t  ( a l be i t  s m a l l ) 
o f  t h e  a du l t  s t o c k  o n  t h e  pro per t y . 

b ) The w e a n e r  d e e r  h a d  n o t  d e v e l o ped a c o m p l e t e 
r e s i s t a n c e  t o  i n f e c t i o n  by D .  v i v i p a r u s  l ar v a e by e a r l y  
J u n e . Th e s m a l l e r  i n c r e a s e  i n  l a r v a l  c ou n t  s e e n  o n  
June 2 9  a s  o p p o s e d  t o  t h a t  s e e n  o n  J u n e  7 m a y  h a v e  b e e n  
a s  a r e s u l t  o f  a l ow e r  l a r v a l  c h a l l e ng e  o r  a n  i n c r e a s e  i n  
t h e  a n i m a l ' s  r e s i s t a n c e  t o  i n f e c t i o n , w h i c h  w o u l d  be 
e x pec t ed to b e c o m e  a p p a r e n t  w i t h  a g e  and p r e v i o u s  e x p o s u r e  
t o  t h e  p a r a s i t e . 
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3 . 5 . 2  F a e c a l  Egg Coun t s . 

F o l l ow i ng t h e  i n i t i a l  a n t h e l m i n t i c  t r e a t m e n t  t h e r e  

w a s  a s i g n i f i c a n t  de c l i ne i n  t h e  f a e c a l  g a s t r o i n t e s t i n a l  
n e m a t o d e  p a r a s i t e  egg c o u n t s  s e v e n  d a y s  pos t - t r e a t m e n t i n  

b o t h  g r o u p s . Th i s  l ower egg ou t pu t  w a s  m a i n t a i ned f o r  2 1  

d a y s  when t h e  n e x t  t r e a t m e n t  w a s  g i v en . Thus i n  t h i s  

i n s t a nc e  a l b e n d a z o l e  a ppe a r e d e f f e c t i v e ag a i n s t  a l l  s t a g e s  
o f  d e e r  g a s t r o i n t e s t i n a l  p a r a s i t e s  p r e s e n t . 

A f t e r t h e  f i r s t  d r e n c h  a nd dur i ng t h e  pe r i od w h e n  
b o t h  g r o u p s  r e c e i v e d  t wo f u r t h e r  t h r e e -we e k l y  d r e n c h e s  
t h e r e  w e r e  no s i g n i f i c a n t  c h a ng e s  i n  f a e c a l  e g g  c o u n t s . 
Th e r e f o r e  t h e  2 1  d a y  t r e a t m e n t  p r o g r a m m e  c a u s e d c o n t i nu a l  
s u p pr e s s i o n  o f  f a e c a l  egg c o u n t s . 

S u b s eq u e n t  t o  o m i s s i o n  o f  t h e  t h r e e - w e e k l y  t r e a t m e n t  
o f  o n e  g r o u p , t h e r e  w a s  a r i s e i n  t h e  f a e c a l  egg c o u n t 
2 1  d ay s  l a t e r  ( 4 2 d a y s  s i nc e  t h e  l a s t t r e a t me n t ) .  Th i s  
r i s e  a c h e i v e d  s t a t i s t i c a l  s i g n i f i c a n c e  o n l y  i n  g r o u p  1 .  

I t  i s  a pp ar e n t  t h a t i n f e c t i v e  l a r v a e  wer e t h e r e f o r e  

s t i l l  a v a i l ab l e  o n  t h e  p a s t u r e  d e s p i t e  t h e  l o w  f a e c a l  
egg o u t pu t  o f  t h e  w e a n e r s . T h e s e  l ar v a e  c o u l d  h a v e  
o r i g i n a t ed f r o m  s e v e r a l  s o u r c e s : 

a )  Con t a m i n a t i o n  o f  t h e  p a s t u r e  by t h e  w e a n e r s  
f r o m  t h e i r  f a e c a l  e g g  o u t pu t  pr e - a n d  po s t - w e a n i ng . 

b )  Con t a m i n a t i o n  o f  t h e  p a s t u r e  by f a e c a l  egg 
ou t pu t  of the a du l t s t o c k  on the p r o pe r t y . 

Th e e f f e c t  o f  a c o n t i n u a l g a s t r o i n t e s t i n a l  p a r a s i t e  
c h a l l e ng e  o n  t h e  g r o w t h  r a t e s  o f  d e e r  c a n n o t b e  
c a l c u l a t ed f r o m  t h i s  t r i a l . Howe v e r , Sy k e s  ( 1 9 7 9 ) 

r e po r t e d  l i v e w e i gh t l o s s e s  o f  3 6% i n  s h e e p  e x pos ed t o  
i n f e c t i v e  O s t e r t ag i a  l a r v a e  d a i l y  a nd g i v e n a n t h e l m i n t i c  
t r e a t m e n t  e v e r y  1 6  d a y s , c o m pa r ed w i t h  p a r a s i t e - f r e e 
c o n t r o l  a n i m a l s . Th e r e  i s  a n e ed f o r  s i m i l a r e x pe r i m e n t s  
t o  b e  c o n du c t e d  w i t h  d e e r  a n d  d e e r  p a r a s i t e s  s o  t h a t  
t h e i r  e f f e c t  c a n  b e  d e t e r m i ned . 

Th e e f f i c a c y  o f  o r a l  a l be n d a z o l e  r e c o r d e d  i n  t h i s  
t r i a l  i s  c o m p a r a b l e  t o  t h a t  r e co r d e d  i n  Ch a p t e r  2 .  
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3 . 5 . 3  Li v e w e i g h t s . 

The m e a n  we a n i ng we i g h t s  o f  t h e  e x pe r i m e n t a l  a n i m a l s  
( m a l e s 4 1 . 2  k g , f e m a l e s  3 4 . 6  k g ) w e r e  h i g h e r  t h a t  t h e  

w e i gh t s  r e po r t ed by Dr ew e t  a l . ,  ( 1 9 7 8 )  o f  3 1 . 7  k g  f o r  
m a l e s  a t  M a r c h  we a n i ng . A s  h e r  e t  �. , ( 1 9 8 1 ) r e po r t e d  
Ma r c h  we a n i ng we i g h t s  o f  3 4 . 7  k g  a nd 3 2 . 5  k g  f o r  m a l e s 
and f e m a l e s , r e s pe c t i v e l y . H o w e v e r , t h e  l a t t e r  a u t h o r s  
i n d i c a t e d  t h a t  t h e i r  w e a n i ng w e i g h t s  w e r e  d e pr e s s e d  
b e c a u s e  o f  a h i g h  n u m b e r  o f  l a t e c a l v e s . The c a l v i ng 
d a t e s  i n  t h i s  s tudy w e r e  n o t k nown , s o  t h e  e f f e c t  o f  
b i r t h  d a t e  o n  l i v ewe i g h t  c o u l d  n o t b e  e s t i m a t ed . The 
be t t e r  we a n i ng w e i g h t s  r e po r t e d h e r e , c o m p a r ed w i t h  
t h o s e  o f  Dr ew e t  a l . , ( 1 9  7 8 ) w e r e  po s s i b l y  l a r g e l y  
a t t r i bu t ab l e  t o  be t t e r  p a s tu r e  produ c t i o n  dur i ng t h a t  
s e a s o n  i n  t h e  M a n awa t u , t h ou g h  a m u l t i t u d e  o f  o t h e r  
f a c t o r s  i n c l u d i n g  p a s t u r e  q u a l i t y , a g e  o f  d a m , g e n e t i c  
d i f f e r e n c e s  b e t w e e n  s t o c k , c a l v i ng d a t e , p a r a s i t i s m a n d  
o t h e r  produc t i o n  l i m i t i ng c o nd i t i o n s m a y  a l s o  h a v e  h a d  
a n  e f f e c t . 

H o w e v e r , t h e  we a n i ng w e i g h t s  a c h i e v ed i n  t h i s  
e x pe r i m e n t  we r e  l ow e r  t h a n t h o s e  o n  t h e  M a s s ey Un i v e r s i t y 
De e r  Un i t  ( m a l e s  4 3 . 9  k g , f e m a l e s 4 1 . 6  k g  o n  Ma r c h  1 0 ) 
wh i c h  w e r e  w e a n e d f i v e d a y s  e a r l i e r . Ag a i n  t h e  e f f e c t s  

m e n t i o ne d  a bo v e  c o u l d  h a v e  h ad a n  e f f e c t  bu t i t  i s  
co n s i d e red b y  t h e  a u t h o r  t h a t  t h e  m a n a g e m e n t a t  Ma s s e y  
wh i c h  r e s u l t e d  i n  s u p e r i o r  p a s t u r e  q u a l i t y w a s  t h e  m a j o r  
f a c t o r . The h i g h e r  p a s t u r e  q u a l i t y r e s u l t ed i n  b e t t e r  
h i nd n u t r i t i o n  a n d  c o n s e q u e n t l y  i m pr o v ed l a c t a t i o n . 
Be t t e r  c a l f  n u t r i t i o n  f r o m  a g r e a t e r m i l k  i n t a k e  a n d  
h i g h e r  q u a l i t y p a s t u r e  i n t a k e  w h e n  t h e y  s t a r t e d  e a t i ng 
g r a s s  a f t e r  o n e  w e e k  o f  ag e pr o b a b l y  r e s u l t ed . 

B e t t e r  p a s t u r e  p r odu c t i o n  a s  a r e s u l t  o f  t h e  m o r e  
m i l d  c l i m a t e c o u l d  a l s o  a c c o u n t  f o r  t h e  h i g h e r  d a i l y  
po s t - we a n i ng g r o w t h  r a t e  r e c o r ded i n  t h i s  e x per i m e n t  
( 6 1 . 9  g /d a y o v e r  1 6 3  d a y s ) ,  t h a n b y  Dr e w � a l . ,  ( 1 9 7 8 ) 
( 4 6 g /d a y  o v e r  1 6 8  d a y s ) .  Th a t  t h e r e  w e r e  no d i f f e r e n c e s  
i n  g r o w t h  r a t e s  f o l l ow i ng e i t h e r  t r e a t m e n t r e g i m e  

i nd i c a t e s  t h a t  t h e  i n c r e a s ed l a r v a l  a nd e g g  c o u n t s  
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pr e s u m a b l y  i n d i c a t i ng i nc r e a s e d  w o r m  n u m b e r s  f o l l o w i ng 
o m i s s i o n  o f  t h r e e - w e e k l y  d r e n c h e s , h ad n o  m e a s u r a b l e  
e f f e c t  u po n  g r o w t h . Th i s  w a s  n o t  u n e xpe c t ed s i n c e  t h e  
c o u n t s  wer e a l l  v e r y  l ow ,  a nd i n  t h a t  per

1 o d , e s t a b l i s h ­
m e n t  o f  a p a t h o g e n i c  b u r d e n  w o u l d  b e  u n l i k e l y . 

3 . 6  C o nc l u s i o n s . 

Deer c a l v e s  c a n  d e v e l o p a h i g h  l u ngwo r m  f a e c a l  
l a r v a l  c ou n t  e v e n  b y  w e a n i ng i n  m i d - Mar c h , w h e r e  d e e r  
a r e s e t - s t o c k ed f r om c a l v i ng . Th e u nde s i r ab i l i t y o f  
s u c h  l o ng - t e r m  s e t - s t o c k i ng i s  a m a j o r f i nd i ng o f  t h i s  
s tudy . I t  wo u l d  a pp e a r  t h a t t h e  bu r d e n s  e s t a b l i s h ed 
i n  t h e  w e a n e r s  a r e  a r e su l t  o f  t h e  c y c l e  a c c e l e r a t i ng 
t h r o u g h  t h a t  c l a s s  o f  s t o c k , a nd t h a t  t h e  d a m  n o r m a l l y 
h a s  l i t t l e  e f f e c t  o n  t h a t  c y c l e . 

A t h r e e - w e e k l y  d r e n c h i ng prog r a m m e  f r o m  m i d - M a r c h  
adeq u a t e l y  c o n t r o l s  l u n g  a nd g a s t r o i n t e s t i n a l  n e m a t od e s . 
Th e o p t i mu m  t i m e  f o r  c o n t i nu a t i o n  o f  t h i s  pr o g r a m m e  
c o u l d  n o t  b e  e s t ab l i s h ed . I n c r e a s ed egg a nd l a r v a l  
c o u n t s  d e t e c t ed 4 2  d a y s  a f t e r  a d r e n c h  w e r e  pr o b a b l y  
i nd i c a t i v e o f  o n l y  m i n o r  i n c r e a s e s  i n  w o r m  n u m be r s  
s i nc e  n o  d e pr e s s i o n  o f  l i v e we i g h t  g a i n s  w a s  e v i d e n t . 

A l be n d a z o l e  a t  1 0  mg / kg a pp e a r s  a d eq u a t e  f o r  
pa r a s i t e c o n t r o l  i n  c o m m e r c i a l  d e e r  h e r d s . 



CHAP TER 4 

I NV ES TI GA TION O F  TH E RELATIONS H I P  BETW EEN FAECA L 

GAS TROI NTES T I NA L  NEMA TODE EGG COUNTS AND  

GAS TROI NTES T I NA L  NEMA TODE 

NUMBERS IN RED DEER . 

4 . 1  In t r oduc t i on . 

8 8  

Be fore  f ae c a l  egg o r  l ar v a l  cou n t s  c a n  be u s ed i n  

t h e  mo n i tor i ng a nd d i agno s i s  o f  endo par a s i t i s m  t h e  

re l a t i on s h i p  between f a e c a l  egg cou n t s  and t h e  

c o r r e s pond i ng paras i t i c  burdens needs to  be e s t ab l i s h ed . 

Mc Kenna ( 1 9 8 2 ) r e por t ed a good corre l a t i on  be tween 

indiv idu a l  egg coun t s  and worm bu rdens i n  " y oung " sheep  

bu t a poorer  one i n  " o ld " s h e ep . Th e r e l a t i on s h i p  

be tween worm burdens a n d  f a e c a l  egg coun t s  i s  l e s s  e x a c t  

i n  c a t t l e  due t o  t h e  suppr e s s i on o f  par a s i t e  oogenes i s  

when t h e  c a t t l e  deve l o p  re s i s t ance t o  the  par as i t e . 

However , some d i agnos t i c  i n t e r pr e t a t i on  c a n  be m ade when 

f a ec a l  egg cou n t s  d i f fer  from the " n or m a l " s e a s on a l  

f l uc tu a t i on  ( Mc Kenna , 1 9 8 2 ) .  

Infor m a t i o n  r e po r t ed to d a t e  for deer i s  bo th  

i n compl e t e  and confus i ng . P r e s i de n t e  ( 1 9 7 9b ) repor ted 

t h a t  1 e pg , d e t ec ted f o l l owing  the f l o a t a t i on  of 1 g o f  

f a e c e s  i n  conc e n t r a ted NaNo3 , i nd i c a ted t h e  pr esence  o f  

5 0 0  n e m a todes a nd sugg e s ted t h a t  a n t h e l m i n t i c  t r e a t m e n t  

b e  i n s t ig a ted w h e n  1 0  o r  more  eggs p e r  g r a m  were obs erved . 

Howev er , Wi l s on ( 1 9 8 1 ) f ound l i t t l e  corr e l a t i o n  be tween 

f a e c a l  egg coun t s  a nd p a r a s i t e burdens i n  a l i m i t ed s urvey 

o f  red deer . 

Th i s  s tudy was under t a k e n  t o  i nv e s t i g a t e  the  

re l a t i on s h i p  be tween faecal  egg  coun t s  and  total  worm 

burde n s  in f a r med r ed deer . 

S pe c i e s  o f  g a s t r o i n t e s t i n a l  par a s i tes  found i n  

f armed deer i n  t h e  s o u t h e r n  Nor t h  I s l and were ide n t i f i ed 

concurren t ly . 
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4 . 2  Ma t er i a l s  and Me t hods . 

4 . 2 . 1  Specimens . 

A r a ndom c o l l ec t i on o f  4 6  abo m a s a l  and i n t e s t i na l  

t r a c t s  from  f armed r e d  deer s l augh t e r ed a t  a Deer 

S l aug h t er P r e m i s e s  ( E a s t  Co a s t Veni s on Co- op , H a s t i ng s ) 

were u s ed for th i s  s tudy . A l l  were from  � t ags of a t  

l e a s t  one y e a r  o f  age a nd a l l  had been h e ld overni g h t  

wi t h o u t  food befor e s l aug h t er . 

deer were no t recorded . 

4 . 2 . 2  Tim i ng . 

Th e o r i g i n s  o f  t h e  

S pe c i mens  w e r e  c o l lec ted a s  f o l l ows : 

Date  No . Specimens  

2 0  June 4 

2 2  June  1 0  

3 0  June 1 0  

1 4  Ju l y  1 0  

1 7  Augu s t  1 0  

1 1  Oc tober 2 

4 6  To t a l  

4 . 2 . 3  Co l l e c t i o n  And Ana l y t i c a l  Procedur e s . 

Spec i me n s  wer e  c o l l ec ted i mmed i a t e l y  af ter  M . A . F .  

ve ter i n ar y  i n s pec t i o n . The o m a s a l / abom a s a l  junc t ion , 

py l or i s /duode n a l  j unc t i on  a nd t h e  d i s t a l  rec tum were 

l i g a t ed and the v i sc e r a  refr iger a t ed un t i l  proce s s i ng 

wi t h i n  t h e  f o l l owing 3 0  hours  i n  the  l abor a t ory . 

Tr a c t s  were s ec t i oned i n to abom a su m , s m a l l  i n t es t i ne 

a nd l arge i n t e s t i ne . Fae c a l  s a m p l e s  were co l l e c ted 

from  t h e  d i s t a l  r e c t u m . The abomasum  was o pened a l ong 

the  g r e a ter cur v a ture  and the  c o n t e n t s  was hed i n t o a 

buc k e t . The . muco s a  w a s  s c r a ped under run n i ng wa ter to  

recover  any adheren t m a t er i a l . F l u i d  a nd c o n t e n t s  were 
d i l u ted t o  2 l i tres  wi th t a p  w a t e r , a nd four s e par a t e  
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5 0  m l  a l iguo t s  were combined a nd preserved b y  t h e  addi t i o n  

o f  2 0  m l  o f  4 0% f o r m a ldehyde . 

The pro x i m a l  7 m of s m a l l  i n t e s t ine  were d i s s ec t ed 

from t h e  m e s en tery , o pened and t h e  c o n t e n t s  c o l l e c t ed . 

The muco s a  was washed a nd s c r a ped under r u n n i ng wa ter 

to recover  any rema i n i ng m a t e r i a l . The c o n t e n t s  were 

conce n t r a ted by s i ev i ng t h r ough a 2 5 0  urn s i ev e  a nd 

the  m a t e r i a l  t r a n s f ered to  ano ther  c o n t a i ner . Th ey were 

then di l u ted to  2 l i t r e s  wi th  tap water and four 5 0  m l  

a l iguo t s  t aken  a nd pr e s er v ed a s  abo v e . 

The c aecum and c r a n i a l  1 . 5  m o f  t h e  c o l o n  were 

s e pa r a ted from  the r e m a i n i ng l arge i n t es t i ne a nd c o n t e n t s  

co l l ec ted a s  abov e . When  the  v o l ume o f  con t e n t s  and 

wa s h i ng s  were more t h an 2 l i t r e s  t h e s e  were concen t r a t ed 

by s i e v i ng t h rough a 1 m m  s i e v e  a nd were r e s u s pended i n  

2 l i t r e s  o f  w a t e r . Ot herw i s e  the  c o n t e n t s  were d i l u ted 

to 2 l i t r e s  wi t h  wa ter . A l iguo t s  were pr e s e r v ed as 

befor e . 

The muc o s a  was  e x a m i ned for l e s i o n s . 

P r e s e r v ed s am p l e s  wer e  l a t er wa s h ed by f l u s h i ng 

wi t h  t a p  water  t h r ough a 2 5 0  urn m e s h  l i d  on  a 

co n t a i ner  u n t i l  t h e  f l u i d  w a s  c l ear and no  l onger 

sme l l ed o f  f o r m a l i n . The e n t i r e  co n te n t s  o f  the  j ar 

( 1 0% o f  t h e  c o n t e n t s  o f  t h e  organ s a m p l ed ) were i n s pe c t ed 

under a d i s s ec t i ng m i croscope a t  1 5 X  m agni f i c a t i on  on  

a pe t r i  dish  wi t h  a grid  e t c h ed into  i t s b a s e . Worms were 

e x t r a c ted a nd i nd i v idu a l l y  p l aced on  a m i croscope s l ide 

in a drop o f  w a t er a nd e x a m i ned under a b i noc u l a r  

m i c r o s c o pe . Where d e s c r i pt i o n s  o f  t h e  wor m s  cou l d be 

found in t h e  l i t er a tu r e  they  were i de n t i f i ed to genus 

and s pe c i es . If  d e s cr i p t i ons  cou ld no t be found the  

nema t odes were c l a s s i f i ed a s  accur a t e l y  as  po s s i b l e . 

Wi t h  t h e  Os ter t ag i a ,  Tr i c h o s t r o ng y l u s  and Coo pe r i a  

spec i e s  i t  w a s  o n l y  po s s ib l e  to  type t h e  f e m a l e  par a s i tes  

to  genus  l e v e l . If t h e  s a m p l e  c o n t a i ned more  t h a n  1 0 0 0  

worms o n l y  one  t e n th o f  t h e  s a m p l e  was  e x a m i n ed ( i . e .  

1 %  o f  t h e  organ c o n t e n t s ) .  

Fa e c a l  s am p l e s were e x a m i ned by t h e  mod i f ied 

Mc Ma s t e r  t ec h n ique d e s c r i bed pr e v i ous l y  ( 2 . 2 . 5 ) .  



4 . 3  S t a t i s t i c a l  Me thod . 

Worm count  d a t a  was  t abu l a t ed t o  i n c l ud e  s i t e o f  

o r i g i n ,  s e x , m a tu r i t y  a n d  s pe c i e s . 

Reg r e s s i on a n a l y s i s  was  c arr i ed out  on the egg 

?nd t o t a l  worm cou n t s  u s i ng t h e  Mi n i t a b  s t a t i s t i c a l  

pack age produced b y  t h e  Penns y l v a n i a  S t a t e  Un i v er s i t y . 

4 . 4  Re s u l t s . 

Worm iden t i f i c a t i on , number s and egg coun t s  are 

pr e s e n t ed i n  table 4 . 1 .  

No muco s a l  l e s i o n s  were obser ved . 

9 1  

Of t h e  a n i m a l s  s am p l ed , 3 9% h ad a d e t e c t a b l e  fae c a l  

egg count  ( me a n  coun t 1 1 7  epg ) and 8 0% h a d  a worm burden 

( m e a n  count 1 8 6 7 ) .  

Regr e s s i o n  a n a l y s i s  c arr i ed o u t  o n  t h e  i nd i v idu a l  

egg a nd wor m  count  da t a  s h owed t h e  r e l a t i o ns h i p  to  be : 

To t a l  wor m  burden = 1 8 . 8  ( f a e c a l  egg coun t ) - 3 4 1  

r 2 
= 0 . 7 6 3  ( P < O . O l )  ( s ee f i gure  4 . 1 ) .  

Of t h e  a n i m a l s  wi t h  a worm burd e n , 9 7% h ad abom a s a l  

wo rms  ( me a n  count  1 8 4 9 ) ,  2 7% h a d  s m a l l  i n t e s t i n a l  wor m s  

( me a n  cou n t  6 . 5 ) a nd 4 6 % h ad l arge i n t e s t i n a l  wor ms 

( me a n  count 1 1 . 5 ) .  A l l  i nf ec ted a n i m a l s  had some m a ture  

wor m s  pr e s en t , 5 7% h ad i m m a ture  wor m s  which  made u p  5 . 4% 

o f  t h e  t o t a l  wo rms  counted . The pr e v a l ence  o f  m a l e  

a n d  fema l e  wor m s  w a s  a ppro x i m a t e l y  equal  ( 1 0 0%  and 

9 7% o f  i n f ec t ed a n i ma l s  had m a l e  or f e m a l e  worms pr e s e n t , 

r e s p ec t i v e l y ) t h ough t h e  cou n t  for each  s e x  d i f f e red 

( me a n  6 4 6  m a l e s  and 1 1 4 7  f e m a l e s ) .  

Mature n e m a todes o f  t h e  tr ibe O s t e r t a g i e a  we re  the  

mo s t  pr e v a l e n t  t y pe found . Of  t h e  i n f ec ted a n i m a l s  

8 4% h ad fema l e  Os ter t ag i a - t y pe wor m s  w i t h  a m e a n  cou n t  

of 1 7 7 .  Os t er t ag i a  l e p t o s p i cu l a r i s  m a l e s  ( m e a n  count 

2 8 . 7 )  wer e  t h e  m o s t pr e v a l e n t  s pe c i e s  ( 5 1 %  o f  i n f ec t e d  

a n i m a l s ) .  Spi c u l o p t e r a g i a  a s ymme t r i c a  m a l es ( me a n  cou n t  

2 9 . 8 ) were f ound i n  3 5% o f  i n f ec ted a n i m a l s . 
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Tab l e  4 . 1 

Egg Coun t An d Wo r m  Da t a  For Al l Samp l e s . 

Spec i men Number 1 2 3 4 5 6 7 8 9 10 11  12  13  

Egg Coun t 50 0 0 400 0 0 0 0 0 0 200 0 3 50 

Tot . Wo rm Coun t 1 30 10 30 10 60 30 50 30 100 50 90 4 80  190 4 90 

Abo ma s a l  Wo r m  -;u 0 20 9 70 30 50 30 lOO 30 60 4 80  1 20 4 80  
Coun t 
Sm a l l  In t e s ti n a l  20 10 0 0 0 0 0 0 20 0 0 60 0 ·  
Worm Coun t 
Larg e  In t es ti n a l  40 0 10 90 0 0 0 0 0 30 0 10 10 
Wo r m  Coun t 

To t . M a t u re Wo rms 1 30 10 30 10 60 30 50 30 lOO 50 80 4 1D  190 4 70 
Tot . Imma t u re Wo rms 0 0 0 0 0 0 0 0 0 10 10 0 20 
To t . M a l e  Wo rms 10 10 20 3 80 10 20 10 30 10 50 1 20 40 1 80 
Tot . Fem a l e  Worms 1 20 0 10 680 20 30 20 ID 40 40 3 30 1 50 290 

Os t er t ag i e a  ( f ema l e ) 20 0 0 640 20 30 20 ID 0 0 230 110 280 
Spi c u l op t e rag i a 
a s;tmm e t ri c a  ( m a l e ) 0 0 0 330 10 0 0 20 0 0 0 0 10 
Spi c u l o p t e ragi a 
s pi c u l oet e ra ( ma l e ) 0 0 0 0 0 0 0 0 0 0 0 10 40 
Os t e r t agi a 
l eetosei c u l a ri s 0 0 0 0 0 20 10 0 0 10 80 0 1 20 
( m a l e ) 
Skr j a binag i a  
k o lc hi d a  ( ma le ) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Skr j ab i n ag i a  
1:;[ ra ti f o rmi s ( m a l e ) 0 0 0 0 0 0 0 10 0 0 0 0 0 
Tric h os t rong :r:ll!ls 30 0 10 0 0 0 0 0 40 40 100 20 10 
( f e m a l e ) 
Tri c h os t r ongylus 
a x ei ( ma le ) 0 0 0 0 0 0 0 0 0 0 60 0 0 
Tri c h os t r ong y lus 
c o l ub ri f o rmi s 0 10 10 0 0 0 0 0 10 0 0 10 0 
( m a l e ) 
Tri c h os t rong y l us 
v i t ri n us (ma l e )  0 0 0 0 0 0 0 0 0 0 0 0 0 
Co ope r i a  ( fe m a l e ) 0 0 0 0 0 0 0 0 0 0 0 20 0 
Co ope ri a  pec t i n a t a  0 0 0 0 0 0 0 0 0 0 0 10 0 
( m a l e ) 
Oes oeh ag:os tomum 
v en u lo s um ( f ema le ) 30 0 0 40 0 0 0 0 0 0 0 0 0 
Oes ophag os t omum 
v en u los um ( ma l e ) 10 0 10 50 0 0 0 0 0 30 0 10 10 
Tri c h u ri s  (female ) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Imma t u re 
Os t e r t ag i  e a  0 0 0 0 0 0 0 0 0 10 10 0 20 
Imm a t u re 
Tr i c h o s t r ongy l u s  0 0 0 0 0 0 0 0 0 0 0 0 0 

Contd . 



Spec i men Number 1 4  15  16  17  18  1 9  20 21 

Egg Coun t 0 

Tot . Wo rm Coun t 0 

Abomas a l  Worm 0 
Coun t 
Sma l l  In t es ti n a 1  0 
Worm Coun t 
La rg e  In t es ti n a l  0 
Worm Coun t 

To t . M a t u re Wo rms 0 
To t . Imm a tu re Wo rms 0 
To t . M a l e  Wo rms 0 
To t . Fem a l e Wo rms 0 

Os ter tag i e a  ( f e m a l e ) O  
Spi c u l o p t e rag i a 
as:tmm e t ri c a  (m a l e ) 
Spi c u 1 o12te ragi a 
s pi c u loEtera  (m  a le ) 
Os t e r t agi a 
1 e p t o s pi c u 1 a ri s  
( m a l e ) 
S k r iabinagi a 
k o lc h i d a  ( m  a le ) 
Skr j a bi n ag_i a 
11:: r a ti f o rmi s ( ma l e ) 
Tri c h os t rong :i lus 
( f e m a l e ) 
Tri c h os t rong ;t lus 
a x ei ( ma l e ) 
Tri c h os trong y lus 
c o 1ub ri f o rmi s 
( ma l e ) 
Tri c h os t rong y l us 
v i t ri n us (ma l e )  
Coope r i a  ( f e m a l e ) 
Coop e ri a 12ec ti n a t a  
( ma l e ) 
Oes oph ag os tmum 
v en u 1 os um ( f e m a l e ) 
Oes op h ag os to  mum 
v en u los um ( m a l e ) 
Tri c h u ri s  ( f ema l e ) 
Imma tu re 
Os t e r t ag i e a  
Imma tu re 
Tr i c hos trong y l u s  

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 
0 

0 

0 
0 

0 

0 

0 0 0 lOO 0 0 0 

0 0 0 290 0 4 A) 0 

0 0 0 200 0 4 A) 0 

0 0 0 0 0 0 0 

0 0 0 10 0 0 0 

0 0 0 2 /U  0 4 00  0 
0 0 0 20 0 10 0 
0 0 0 00 0 lOO 0 
0 0 0 190 0 360 0 

0 0 0 l OO  0 3 50  0 

0 0 0 0 0 0 0 

0 0 0 10 0 0 0 

0 0 0 A) 0 60 0 

0 0 0 0 0 40 0 

0 0 0 0 0 0 0 
0 0 0 0 0 10 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 10 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 0 20 0 10 0 

0 0 0 0 0 0 0 

9 3  

22 23 24 25 

50 0 0 0 

1 200 0 0 290 

1 210 0 0 290 

0 0 0 0 

A) 0 0 0 

1180 0 0 290 
lOO 0 0 0 
3 60 0 0 30 
820 0 0 260 

000 0 0 10 

llO 0 0 0 

1 60 0 0 0 

30 0 0 0 

10 0 0 0 

0 0 0 0 
0 0 0 250 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

20 0 0 0 

50 0 0 0 
0 0 0 0 

00 0 0 0 

0 0 0 0 

Con t'd . 
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Spec i m en Numb e r  26 2 7  28 29 30 31 3 2  3 3  3 4  3 5  

Egg Coun t 995  1100 0 0 10 50 lOO 100 0 0 50 

To t . Wo rm Coun t 1 51 40 1 8500 400 0 31110 240 160 400 1900 220 

Aboma s a l  Wo rm 1 50 50 1 8500 400 0 31100 220 1 50 3 90 1900 210 
Coun t 
Sm a l l  In t es ti n a l  50 0 0 0 lQ 10 0 0 0 10 
Worm Coun t 
La rg e  In t es ti n a 1 40 0 0 0 0 10 10 0 0 0 
Wo rm Coun t 

To t . M a tu re Wo rms 1 5140 1 8400 3 /D  0 31110 220 140 340 1 7/D 220 
Tot . Imm a t u re Wo rms 0 100 30 0 0 20 20 . 60 1 30 0 
To t . M a l e  Wo rms 6400 4 /DO ID 0 1 3110 90 30 100 510 20 
Tot . Fem a l e  Wo rms 8 740 1 3 /DO 300 0 1 8000 1 30 110 240 1 260 200 

Os t e r t a g i e a  ( fema l e ) 540 lOO ID 0 200 ID lOO 1 80 3 20 190 
Spi c u lo p t e rag i a  
as:rm m e t ri c a  ( ma l e ) 0 0 0 0 0 20 0 0 20 10 
Spi c u l oet e r agi a 
spic u l o p t e r a  ( m a l e ) 0 0 30 0 0 10 0 10 60 0 
Os te r t agi a 
lef2t OSf2i c u l a ri s  210 0 0 0 200 10 20 50 100 10 
( ma l e ) 
Skr jabi nali a  
k o lc hi d a m a l e ) 0 0 0 0 0 10 10 20 30 0 
S k r jabinagi a 
l:tr a ti f o r mis ( m  a le ) 0 0 0 0 0 0 0 0 0 0 
Tri c h os trongylus 
( f e m a l e ) 

81 50 1 3 600 230 0 1 7800 40 0 50 940 10 

Tri c h os t rong y lus 
a x ei ( m a l e ) 61 ID 4 /DO 40 0 1 2900 40 0 20 300 0 
Tri c h os t r ong:r lus 
c olub ri f o rmi s 0 0 0 0 0 0 0 0 0 0 
( m a l e ) 
Tri c h os t r ong ylus  
vi  t r i n u s  ( ma l e ) 0 0 0 0 0 0 0 0 0 0 

Coo12e r i a  ( fema l e ) 10 0 0 0 0 10 0 0 0 0 
Coo12e ri a 12ec ti n a t a  20 0 0 0 10 0 0 0 0 0 
( ma l e ) 
Oes oeh ag o s tomum 
v en u l osum ( f e m a l e ) 30 0 0 0 0 10 10 10 0 0 
Oes oeh agos t omum 
v en u lo s um ( m a l e ) 0 0 0 0 0 0 0 0 0 0 
Tri c h uri s ( f e m a l e ) 10 0 0 0 0 0 0 0 0 0 
Im m a t u re 
Os t e r t agi  ea 0 lOO 30 0 0 20 20 60 110 0 
Imma t u re 
Tr i chos t r ongy lus  0 0 0 0 0 0 0 0 20 0 

Contd .  
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Spec i m en Numb e r  3 6  3 7  3 8  39  40 41  4 2  43  44  4 5  4 6  

Egg Coun t 100 50 0 0 300 0 0 0 100 200 1 50 

To t .  Wo rm Coun t 2230 230 4 20  160 1 90 6310 1590 4 20 810 210 190 

Abomas a l  Wo rm 2230 230 4 20  160 1 80  6310 1480 3 /D  750 1 /D  1 40 
Coun t 
Sma l l  In t es ti n a l  0 0 0 0 0 0 90 0 20 0 0 
Wo rm Coun t 
La rg e  In t es ti n a l  0 0 0 0 10 0 20 50 20 40 50 
Wo r m  Coun t 

Tot . M a tu re Wo rms 2230 220 410 150 l iD  24 80 1430 400 800 200 190 
Tot . Imm a tu re Worms 0 10 10 10 20 3 830 160 20 10 10 0 
To t . M a l e  Wo rms 6/D 20 l iD  40 20 950 330 llO 200 60 20 
Tot . Fem a l e Worms 1560 160 240 llO 1 50 1530 1100 290 580 140 1 iD 

Os ter t a g i e a  ( f e m a l e ) O 1 60  240 0 140 1520 10 50 1 20 10 1 20 140 
SEi c u loEt e r agi a 
asym m e t ri c  a ( ma le ) 0 10 20 0 0 520 240 0 0 40 0 
SEi c u l oEt e r agi a 
s pi c u l o p t e ra ( ma le ) 0 10 90 0 0 0 30 0 0 0 0 
Os t e r t agi a 
l eEtosEi c u l a ri s  0 0 40 0 20 290 0 10 0 0 0 
( m a l e ) 
Skr j abinag i a  
k o lc h i d a  ( m a le ) 0 0 20 0 0 140 0 0 0 0 0 
Sk rjab i n ag:i a 
lyr a t i  f o rmi s ( m a l e ) 0 0 0 0 0 0 0 0 0 0 0 
Tri c h os t rongyl us 1560 0 0 110 0 10 30 1 50 540 0 0 
( f ema l e ) 
Tri c h o s t rong y l us 
axei (ma l e )  6iU 0 0 40 0 0 0 iD 190 0 0 
Tri c h os t rong y l us 
c o lubri f o rmi s 0 0 0 0 0 0 20 0 0 0 0 
( ma l e ) 
Tri c h os t rongylus 
v i  t ri n us ( m a l e ) 0 0 0 0 0 0 20 0 0 0 0 
Coo2er i a  ( f e m a l e ) 0 0 0 0 0 0 0 0 10 0 0 
Coope ri a  Eec ti n a t a  0 0 0 0 0 0 10 0 10 0 0 
( m a l e ) 
Oes o2h agos tomum 
v en u l osum ( f em a l e ) 0 0 0 0 10 0 20 20 20 20 30 
Oes o2h agos tomum 
v en u l o s um ( m a l e ) 0 0 0 0 0 0 0 30 0 20 20 
Tri c h u ri s  ( f e m a le ) 0 0 0 0 0 0 0 0 0 0 0 
Imm a t ure 
Os t e r t ag i ea 0 10 10 0 20 3 830 1 60 20 10 0 0 
Im m a t u re 
Tr i c h o s t rongy lus  0 0 0 10 0 0 0 0 0 0 0 

Con td .  
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FREVA LENCE 
A l l  Wo rm 

d e e r  i n fes ted 
M E A N  S . D . RA NGE s am p l ed . d ee r .  

Egg Coun t l l  7 2 6 3  0 - 1 1 0 0  3 9 %  4 9 % 

Tot . Wo rm Coun t 1 8 6 7  5 6 4  7 0 - 3 1 1 1 0  80 % l O O %  

Abomas a l .' Wo rm 1 84 9  5 6 4  5 0 - 3 1 1 1 0  7 8% 9 7% 
Coun t 
Sma l l  In t e s ti n a l  6 . 5  l 7 .  5 0 - 90 2 2% 2 7% 
Wo rm Coun t 
Larg e  In t e s t i n a l  l l . 5 20 . 7 0 - 90 3 7% 4 6% 
Worm Coun t 

Tot . M a t u re Wo rms l 7 6 6  5 60 4 0 - 3 1 1 1 0 80 % l O O %  
To t . Imm a t u re Worms 1 0 1  5 6 3  0 - 3 8 3 0  4 7% 5 7% 
To t .  M a l e  Wo rms 6 4 6 2 20 9  0 - 1 3 1 1 0  80 % l O O %  
Tot . Fem a l e  Worms 1 1 4  7 3 4  60 0 - 1 80 0 0  7 8% 9 7% 

Os t e r t ag i e a  ( f e m a l e  ) l  7 7  2 9 9  0 - 1 5 20 6 7% 84 % 
SEi c u l oEt e r agi a 
a symm e t r i c a  ( m a l e ) 2 9 . 8  9 5 . 7 0 - 5 20 2 8 %  3 5% 
Spi c u l oEte r agi a 
sEi c u loEt e r a  ( ma l e ) 1 0 . 0  2 8 . 5  0 - 1 60 2 4 %  3 0 %  
Os t e r t agi a 
l eEt o sEi c u l a r i s  2 8 . 7  6 1 . 7  0 - 2 9 0  4 1 %  5 1 %  
( m a l e ) 
Skr jabi n aq i a  
k o lc hi d a  ( m a l e ) 5 . 9  2 1 . 9  0 - 1 4 0 1 7% 2 2% 
Skr j a b i n aq i a  
lyr a ti f o r mi s ( ma le ) 0 . 2 2 l .  4 7 0 - 1 0 2% 3 %  
Tri c h os t ron g y lu s  9 5 1 3 4 3 3  0 - l  7 80 0  50 % 6 2% 
( f e m a le ) 
Tri c h os t r ongyl us 
a x ei ( m a l e ) 54 8 2 1 7 7  0 - 1 2 9 0 0' 2 8% 3 5% 
Tri c h os t rongyl us 
c o lubri f o rmi� l .  3 4 0 - 20 l l %  1 4 % 
( ma l e ) 
Tri c h os t r ongylus 
v i  t ri n us  ( ma le ) 0 . 4 3 2 . 9 5 0 - 20 2 %  3 %  
CooEer i a  ( f ema l e ) 1 .  0 9 3 . 7 9 0 - 20 9 %  1 1 %  
Coope ri a pec ti n a t a  1 . 3  4 0 - 20 1 1 % 1 4 %  
( m  a l e ) 
Oes op h ag os t omum 
v enu losum ( fe m a l e ) 6 . 1  1 0 . 6  0 - 4 0 3 0 %  3 8 % 
Oes op h ag os t omum 
v en u l o s um ( m a le ) 5 . 2  1 2 . 2 0 - 50 2 2% 2 7% 
Tri c h u ri s  ( f em a l e ) 0 . 2 2 1 .  4 7 0 - 1 0  2 %  3 %  
Imma tu re 
Os t e r t ag i  e a  9 8 . 9  5 6 3  0 - 3 8 3 0 4 1 %  5 1 %  
I m ma t u re 
Tr ichos trongylus 5 . 8 7 1 9 . 3  0 - 20 4 %  5%  
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S p i c u l o p t e r ag i a  s p i cu l o p t e r a  m a l e s  were r ecorded i n  3 0% 

of i n f e c t e d  a n i m a l s  ( me a n  coun t 1 0 . 0 ) .  S k r j abinag i a  

k o l c h i d a  m a l e s  ( me a n  c o u n t  5 . 9 )  a n d  Skr j ab i n ag i a  

l yr a t i form i s  m a l e s  ( me a n  cou n t  0 . 2 2 )  were recorded i n  

2 2% a nd 3 %  o f  a n i ma l s , r e s pec t i v e l y . 

The Tr i c ho s tr ongy l u s  wer e the  s econd mos t pr e v a l e n t  

worm type . O f  t h e  i n fec ted deer 6 2 % h ad fema l e  

Tr i c h o s trongylus  worms  and t h e  mean  count  was 9 5 1 . 

T .  a xe i  m a l es ( me a n  c o u n t  5 4 8 ) were recorded i n  3 5 % o f  

i n fec ted deer . T .  co lubr i fo r m i s  m a l e s  ( m e a n  cou n t  1 . 3 )  

were l o c a t ed i n  1 4 % o f  i n f e c t ed deer . T .  v i t r i nu s  m a l e s 

were l o c a t ed o n l y  i n  one o f  t h e  i n fec ted deer ( 3 % 

pr e v a lence ) wi t h  a m e a n  coun t  o f  0 . 4 3 . 

Oes o ph ag o s tomum v enulosum  m a l e s  were iden t i f i ed i n  

2 7% o f  i n f e c t ed deer ( m ean  count  5 . 2 ) .  Oe s o ph ago s t omum 

venulosum  fem a l e s  were  found i n  3 8% o f  i n f ec ted deer 

( me a n  c ou n t  6 . 1 ) .  Cooper i a  pec t i n a t a  m a l e s  were 

iden t i f i ed in 1 4% of i nfec t ed a n i m a l s  ( me a n  count  1 . 3 )  and 

Coo per i a  f e m a l es in 1 1 %  ( me a n  1 . 0 9 ) .  On e Tr i chu r i s  

f e m a l e  worm w a s  iden t i f ied r e su l t i n g  i n  a pr e v a l ence  o f  

3% i n  i nf e c t ed deer ( me a n  0 . 2 2 ) .  

Of i n f e c ted a n i m a l s  5 1 %  h ad i m m a ture Os ter t ag i a  

t y pe wor m s  ( me a n  count  9 8 . 9 )  and 5 %  had i mm a ture 

Tr i c ho s t rongy l u s  worms ( me a n  cou n t  5 . 8 7 ) .  

4 . 5  D i s c us s i o n . 

Th e mean  f a e c a l  egg coun t obs erved here  ( 1 1 7 /g ) i s  

s i m i l ar t o  means  o f < 2 0 0  epg and 7 8 . 7  epg , r e s pec t i v e l y  

r e c orded from  surv eys o f  f a r med deer f a e c a l  egg counts  

by  Mason  and Gl adde n , ( 1 9 8 3 ) ;  and  W i l s o n , ( 1 9 8 1 ) bu t i s  

low when compared w i t h  tho s e  nor m a l l y  found i n  ewes 

( a ppr o x i ma te l y  3 0 0  e pg ) ( Brunsdon , 1 9 7 6 ) .  Howev e r , t h e  

r e a l  mean  cou n t  may  h a v e  b e e n  l ower becaus e o f  f a e c a l  

concentr a t i o n  wh i c h  w o u l d  h a v e  occurred a s  a l l  a n i m a l s h ad 

been h e l d  w i t h o u t  food for 2 4  hours pr i o r  to  s l augh ter . 

A 1 0 0%  i n c r e a s e  i n  t h e  m e a n  f a e c a l  egg cou n t  o f  s h e e p  

was  r e por ted b y  Brunsdon ( 1 9 7 0b ) f o l l ow i ng f a s t i ng for 1 2  

t o  2 4  hours . 
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Of t h e  8 0% o f  deer t h a t  had worm burdens  o n l y  3 9% 

had  d e t ec t able  egg c o u n t s . Thus o n l y  4 9% o f  deer w i t h  

wor m  c o u n t s  h a d  detec t a b l e  f a e c a l  egg cou n t s . 

have  been due . to  sever a l  f ac t ors : 

Th i s  may  

i )  Coun t i ng t e c h n ique . The f a e c a l  egg coun t i ng 

technique sens i t i v i t y i s  5 0  e pg . I t  i s  h i g h l y  probab le  

that  many  deer wi t h  pa r a s i t e  burdens were i n  fact  pas s i ng 

eggs i n  t h e i r  faeces  bu t t h e  technique was n o t  s e ns i t i v e  

enough f or t h e i r  d e t e c t io n  i n  o n e  s am p l e . 

i i ) P a r a s i t e m a t ur i t y . Immature  par a s i tes  do no t 

pr oduce eggs . Howev er , t h e  d a t a  s h owed t h a t  4 7% o f  deer 

wi t h  zero egg counts  h ad a burden o f  1 0 0%  m a ture worms . 

On a v e r age 9 3 % ( r ange 3 9 - 1 0 0 % ) of wor m s  i n  a n i m a l s  wi t h  

z e r o  coun t s  were m a tur e . In f ac t  o n l y  one o f  1 9  deer 

in  t h i s  c a tegory h ad a pr o po r t ion  o f  m a t u r e  worms l e s s  

than  8 5% o f  t h e  t o t a l  coun t . 

i i i ) S e x  o f  paras i te .  M a l e  par a s i t e s  do no t e xcre te 

eggs . Of deer wi t h  z ero egg coun ts  bu t g u t  worm cou n t s , 

a l l  but one h a d  m a ture fem a l e  wor ms  pr e s e n t - i . e .  o n l y  

one d e e r  h ad o n l y  m a l e  par a s i tes . 

i v ) I n t er m i t t e n t  s hedd i ng of eggs . I t  i s  po s s i b l e  

t h a t  par as i tes  l ay egg s o n l y  i n ter m i t t e n t l y . I t  c a n  be 

s e en from  t h e  d a t a  i n  t a b l e s  2 . 6 - 2 . 8  t h a t  the  f a ec a l  egg 

coun ts  of i nd i v i du a l s  f l uctua tes wide l y . However , i t  i s  

d i f f i cu l t  to under s tand  a mech a n i s m  t h a t  wou l d  s t o p  

s h edd i ng i n  a l l  o f  2 5 0 0  par a s i tes as  pres e n t  i n  m a ny deer , 

s i m u l t a neous l y . 

v )  Di s t r i bu t i o n o f  eggs i n  faeces . P a r a s i t e eggs 

are no t e v e n l y  d i s tr i bu ted t h r ough f aeces . W i t h l ow 

egg o u t pu t s  t h i s  w i l l  l e ad to  f a l s e  neg a t i v e  egg cou n t s . 

No ne o f  t h e s e  f a c tors  a l one cou l d  fu l l y e x pl a i n  

t h e  d i s c r epancy obs e r v ed t hough t h e  s a mp l i ng error 

i n h e r e n t  in  t h e  egg c oun t i ng techn ique u s ed would be of 

m a j or i mpor t a nc e . 

There  was a l arge i n d i v idual  v a r i a t i o n  i n  wo r m  

burden a s s o c i a ted wi th  a g i v e n  f a e c a l  egg count  ( s e e  

f i gure  4 . 1 ) .  Th i s  pr obl e m  c a n  b e  reduced i n  t h e  

di agnos i s  o f  para s i t i s m  i n  deer  by t a k i ng the  mean  o f  

s e v e r a l  s a m p l e s . Brunsdon ( 1 9 7 0b ) found t h a t  the m e a n  



egg coun t o f  1 0  f a e c a l  s a m p l e s  was  pr opo r t i ona l to  the 

true mean  wor m  burden in  s h e e p . 

l O O  

The worm burdens  i n  t h i s  s t udy were gener a l l y low , 

a l t h ough four a n i m a l s had cou n t s  of more than  4 , 0 0 0 , and 

t h r e e  of t h e s e  h ad coun t s  o f  more t h an 1 0 , 0 0 0 . Thus 

burdens  in 42  o f  46  s am p l e s  were in the  " l ow " r a nge wh e n  

compared wi t h  " young " s h e e p  par a s i t e  burdens , ( Mc Ke nn a , 

1 9 8 2 ) .  On l y  one  was  i n  t h e  " mode r a t e " and three  i n  t h e  

" h igh " r ange . Pr e s i d e n t e ' s  c r i t er i on f o r  i n s t i g a t i ng 

a n t he l m i n t i c  t r e a t m e n t  i n  deer was 2 0 0 0  abo m a s a l  wor m s  

( P r e s ide n t e , 1 9 7 9b ) . On l y  f i v e  of t h e  a n i m a l s  i n  t h i s  

s tudy h ad burd ens abo v e  t h i s  t h r e s h o l d . No s i gns o f  

c l i ni c a l  par a s i t i s m  o r  muco s a l  l e s ions  were obs e r v ed i n  

t h e  deer . 

Of t h e  nema todes re t r i ev ed i n  t h i s  s t udy , 9 9 % were 

from  the  aboma sum . Th i s  is  s i m i l a r t o  the  f i nd i ngs o f  

Pr es i d e n t e  ( 1 9 7 9 a ) and  Da f t  ( 1 9 8 2 ) .  Howe v e r , th i s  do es  

no t m e a n  t h a t  s m a l l  and  l arge  i n t e s t i n a l  p a r a s i t i s m  i s  

i ncons eque n t i a l  i n  deer  a s  t h e  p a t hoge n i c i ty  o f  t h e  

v a r i ou s  par a s i t e  s pec i e s  i n  d e e r  m ay d i f f e r . De a t h s  i n  

wh i t e - t a i l e d  deer due t o  s ma l l  i n tes t i na l  para s i t i s m  

( S .  papi l l o sus ) h a v e  been r e c orded ( Forres ter  e t � · ·  

1 9 7 4 ) .  

Th e predom i n a n c e  of f e m a l e  par a s i t e s  obs erved i n  

th i s  s tudy i s  s i m i l a r to  t h a t  repor ted i n  f a r med f a l low 

deer ( Pr e s iden t e , 1 9 7 9 a ) ,  bu t Da f t  ( 1 9 8 2 ) r e por ted a 

h igher  pr e v a l ence o f  m a l e s  i n  f ar med a nd wi ld  red deer 

in Br i t a i n . Th e r e a s o n  for t h e s e  di f ferences  i s  unk nown . 

Tr i c h o s tr ongylus  coun t s  c on s t i t u t ed 8 0 %  of the  t o t a l  

worm c ou n t  i n  t h i s  s t udy but t h e s e  par a s i t e s  were pr e s e n t  

i n  o n l y  6 5 % o f  i n f e c t ed a n i m a l s . Of t h e  f i v e  a n i m a l s  

wi t h  wor m  coun t s  g r e a t er t h an 2 0 0 0 , t h e  m a j or i ty of t h e  

burden i n  four o f  t h e  f i ve was  m ad e  u p  of t h e  genus 

Tr i c h o s trongy l us . Of the to t a l  nu mber o f  nema todes o f  t h e  

Tr i c ho s t r o ng y l u s  s pec i e s  recov ered , 9 9 . 5% w e r e  recovered 

from t r a c t s  c o l l ec t ed o n  J u l y  1 4  and Augu s t  1 7 .  No record 

o f  t h e  pr oper t y  o f  o r i g i n  cou ld be k e p t  e i ther  wi t h i n  or 

be tween s a m p l i ng days s o  i t  could not be de ter m i ned if 

t h e s e  deer were from the s ame f a r m . I t  may  be t h a t  there  
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a r e  s e a s o n a l  f l uc tu a t i o n s  i n  t h e  compo s i t i o n  o f  wor m  

burdens o f  deer , t h ough s a m p l e s  we r e  col l ec ted o v e r  too 

s hor t a t i me s pa n  t o  be cer t a i n . Seasonal  ch anges i n  

t h e  compos i t i o n  of wor m burdens o f  l a mbs u p  to  one  yea r o ld 

h a v e  been r ecorded by Brunsdo n , ( 1 9 7 0 a ) .  

Th e l a rge numbe r s  o f  Tr i c h o s t r ongy l u s  s pe c i e s  

( T . a xe i , T .  co l ubr i f o r m i s ,  T .  v i t r i nus ) r e c o vered i s  i n  

con tr a s t  t o  o t h e r  surveys  o f  deer par a s i t e s . Pr es i de n t e  

( 1 9 7 9 a ) obser v ed burdens o f  l e s s  t h a n  l O O  Tr i c h o s t rongy l u s  

spec i e s  i n  f a l l ow d e e r  a n d  h o g  deer i n  Aus t r a l i a . In a 

survey  o f  red deer i n  Br i t a i n , Dun n  ( 1 9 8 3 ) found t h a t  more 

than 95% o f  the worm burdens were o f  the  subf am i l y  

Os ter tagi i n a e . 

No t a b l e  by t h e i r  l ow pr e v a l ence  a nd numbers i n  t h i s  

sur vey  were t h e  common nema tode pa r a s i te s pe c i e s  o f  

s h e e p  a nd c a t t l e , o t her  t h a n  Tr ich o s t rongy l u s  spec i e s . 

On l y  l ow numbers o f  Cooper i a , Oe s o ph ago s t o mum and Tr i c hur i s  

wer e  recorded . A s  mo s t  f a r m s  wou l d  h a v e  been gr a zed by 

s h e e p  and /or c a t t l e  pr i o r  to beco m i ng deer f ar m s  or 

pr e s e n t l y , t h e  deer o n  t h e  pr o per t i e s  wou l d  m o s t  l i k e l y  

h a v e  be e n  e xposed to  i n fec t i v e l ar v a e  o f  t h e s e  s pe c i es . 

As t h e s e  par a s i t e s pe c i es a r e  pr e s e n t  o n l y  i n  low numbers  

it  wou l d  s eem that  they  m a y  be  l es s  we l l  adap ted t o  r ed 

deer t h an are  the  "deer  s pec i f i c " s pec ies  such as  

Os ter t ag i a  l e p t o s picu l ar i s , Spicu l o p t e r a g i a  s p i c u l o p t e r a , 

S picu l o p t e r ag i a  a s y m m e t r i c a , Skr j a b i n a g i a  k o l c h id a , and 

Skr j ab i n ag i a  l yr a t i fo r m i s . Howev er , i t  i s  c l ear  t h a t  red 

deer are not com p l e t e l y  r e s i s t a n t  t o  these par a s i t es 

s i nc e  t h ey h a v e  been r ecorded e l s ewhere i n  New Z e a l and 

( s ee t a b l e  1 . 1 ) .  

The l ow number o f  coun t s  o f  more  t h a n  2 0 0 0  wor ms 

made the a n a l y s i s  o f  t h e  r e l a t i ons h i p  be tween the f a ec a l  

egg coun t and t o t a l  worm burden d i f f i cu l t . Th e s y s t e m  

of gr ouping t h e  egg and wor m coun t s  i n t o  r a nges as  i s  

u s ed f o r  s h e e p  ( Mc Kenna , 1 9 8 2 ) cou ld n o t  b e  used h e r e  

because  o f  t h e  l ow numbe r  o f  coun t s  i n  a l l  bu t t h e  

l owes t r ange . A s i m p l e  l i n e a r  r egr e s s ion  was used and 

t h i s  g a v e  a s t a t i s t i c a l l y  acceptab l e  r e su l t  ( r 2 
= 0 . 7 6 3 ) .  

Howev er , t h i s  r e s u l t  i s  dom i n a t ed by the  t h r e e  h i g h e s t  
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egg and worm c o u n t s . If  t h e s e  po i n t s  are removed there  

is  no  r e l a t i on s h i p  be tween t h e  egg  and  worm cou n t s  

( r 2 
= 0 . 0 0 ) .  Care mus t be t a k en when i n t e r pr e t i ng th i s  

d a t a . The f o l l ow i ng mus t be cons idered : 

i )  Th e l i near  regr e s s i o n equ a t i o n  arr i v ed a t  by 

us i ng a l l  t h e  d a t a  m a y  i ndeed be a true i n d i c a tor o f  

t h e  r e l a t i on s h i p  between f a ec a l  e g g  coun t s  and 

g a s t r o i n t e s t i n a l  n e m a tode par as i t e burden s . 

i i ) A l i near  regr e s s i o n  equ a t i on may be adeq u a t e  

for descr i bi ng t h e  r e l a t i ons h i p  be tween f a e c a l  e g g  cou n t s  

a n d  g a s t ro i n t e s t i n a l  n e m a t ode burdens bu t d a t a  co l l ec t ed 

over  a w i der  r a nge o f  egg coun t s  m ay produce a 

subs t a n t i a l l y  d i f f e r e n t  regr e s s i o n  equ a t i o n  f rom  t h a t  

arr i v ed a t  f r o m  t h i s  l i m i t ed d a t a . 

i i i ) I t  i s  pos s i b l e  t h a t  the  r e l a t i o n sh i p  be tween 

f a e c a l  egg coun t s  and g a s t r o i n t es t i n a l  nema tode burd ens  

i s  n o t  a l i near  one . I f  t h i s  i s  t h e  c as e  then  d a t a  

f r o m  t h i s  s tudy m a y  i nd i c a t e  t h a t  a f a e c a l  egg count  

i n  the  r ange 0 - 4 5 0  e pg wou l d  equa t e  w i t h  a burden o f  

0 - 3 0 0 0  worms , a nd a n  egg cou n t  o f  9 5 0  e pg or m o r e  wou l d  

equ a t e  t o  a w o r m  burden o f  1 5 , 0 0 0  wor m s  or mor e . 

Mor e wor k  i nv o l v i ng a l arger s a m p l e  s i ze and 

g r e a t e r  r a nge of f a ec a l  egg and worm cou n t s  is req u i r ed 

i n  order t o  d e t er m i ne t h e  true  n a t u r e  o f  t h e  r e l a t i ons h i p . 

Da t a  from  c l i n i c a l  and  s ubc l i n i c a l  worm burdens i s  

requ i r ed i f  t h e  r e l a t i o n s h i p  i s  to  h a v e  pr ac t i c a l  

s ig n i f i c ance to  t h e  c l i n i c i a n i n  t h e  d i agnos i s  of 

g a s t r o i n t e s t i n a l  paras i t i s m  in deer . Da t a  i s  a l s o  

requi�ed from a n i m a l s  l e s s  t h an o n e  year o f  age as  t h i s  

i s  t h e  group t h a t  mos t f r equen t l y  suffers  f r o m  para s i t i s m . 

In  s h eep and c a t t l e  d i f ferences  i n  t h e  r e l a t i o n s h i p  

be tween f a e c a l  egg coun t s  a nd worm burdens h a v e  been 

obs erved between " y oung " and " m a tur e " a n i m a l s  ( Mc Ke nn a , 

1 9 8 2 ) ,  and  t h i s  m ay a l s o  be t h e  c a s e  for deer . 
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4 . 6  Con c l u s i ons . 

The m a j or i ty o f  t h e  g a s t r o i n t e s t i n a l  nema tode 

par a s i t es of deer found in t h i s  s t udy were abom as a l . 

Wi th  the  exception  o f  Tr i c h o s trong y l u s  s pe c i es , t h e  mos t 

pr e v a l en t  and numerous s pe c i e s  o f  par a s i t e  pr e s e n t  were 

"deer - s peci f i c " .. 

Gas t ro i n te s t i n a l  n em a t ode f a e c a l  egg cou n t s  t end 

to  i n c r e a s e  wi t h  i n cr e a s i ng worm burdens . Howev er , 

more d a t a  i s  n eeded before  a r e l a t i o n s h i p  c a n  be f i r m l y  

es t ab l i s hed s i nc e  o n l y  a s m a l l  number of h i g h  cou n t s  were 

f ound i n  t h i s  s t udy . If t he r e l a t i o n s h i p  between f a e c a l  

egg cou n t s  a n d  worm burdens i s  to  h a v e  pr a c t i c a l  

s i gn i f i c ance  f o r  t h e  prac t i s ing v e t e r i n ar i an , d a t a  i s  

requ i r ed par t i c u l a r l y  from a n i m a l s  w i t h  l arge par a s i t e  

burden s . 

Th e l arge v ar i a t i o n  i n  i nd i v i du a l  egg and wo r m  

counts  emph a s i s e s  the  need f o r  a n  adequate number o f  

s a mples  when i n terpr e t i ng f a e c a l  egg cou n t  d a t a  i n  t h e  

d i agno s i s  o f  g a s t r o i n t e s t i n a l  par a s i t i s m  on  f a r m s . 
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CHAP TER 5 

I NV ES T I GA TI O N  O F  A POUR-ON LEVA MI S OLE FOR MULATION I N  DEER . 

5 . 1  I n tr oduc t i o n . 

Pour-on  a n th e l m i n t i c s  h a v e  been used i n  New Z e a l a nd 

by deer farmers  be cause  o f  t h e  conveni ence of a pp l i c a t i on 

to an a n i m a l  w h i c h  o f t en i s  d i f f i c u l t  to  drench o r a l l y . 

However , t h �  appar e n t  poor e f fec t i v en e s s  o f  oral  

l e v a m i s o l e  in  deer  ( Pr e s i d e n t e  e t  a l . ,  1 9 7 3 ; Mc Al l um , 

1 9 7 6 ) ,  par t ic u l a r l y  ag a i n s t D .  v i v i parus , c a s t s  doubt 

on the u s e f u l n e s s  of a l evem i s o l e  pour-on  pr e par a t i on 

in t h i s  s pec i e s . 

Th i s  s tudy was des igned to  i n v e s t i g a t e  " Ri poron " ,  

S m i t h  Kl i n e  a nd Fr e nc h , N . Z .  Ltd . , a 2 0% l ev a m i s o l e-base  

cut aneous appl i c a t i on  a n th e l m i n t i c  a s  a t r e a tmen t ag a i n s t  

lungworm a nd g a s tr o i n t e s t i n a l  nema todes i n  red deer . 

5 . 2  M a t er i a l s  and M e t hods . 

5 . 2 . 1  Deer . 

Seventeen  n i n e - m o n t h - o l d  ( n i n e f e m a l e , e i g h t  m a l e ) 

and f i v e  2 0 - m o n t h - o l d  m a l e  red deer from  a s m a l l  

commer c i a l  deer  herd were u s ed . 

5 . 2 . 2  Ti m i ng . 

Al l deer were f a e c a l  s am pl ed on  September 5 .  

Tr e a tm e n t  was c a r r i ed out  on S e p te mber 7 and s am p l i ng 

con t i nued for 2 1  d ay s  a f ter  t r e a t m en t . 

5 . 2 . 3  E x per i m e n t a l  Gr oups . 

On t h e  b a s i s  of f ae c a l  s am p l e s  co l l ec t ed on 

Sept ember 5 the deer were s y s t em a t i c a l l y a s s igned to  

one o f  t wo groups appr o x i m a t e l y  ba l anced by  s e x , mean  

l a r v a l  coun t , mean  egg cou n t  a nd age . Th e groups were  
t h e n  r a ndo m l y  a s s i g n e d  f o r  a n t h e l m i n t i c  t r e a t m e n t 
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( Group 1 )  or c o n t r o l  ( Group 2 ;  n o  t r e a t m e n t ) .  

Gr oup 1 was  t r e a ted o n  Sept ember 7 wi t h  a commer c i a l  

b a t c h  o f  " Ri poron " ,  a t  t he recommended c a t t l e  dose  r a t e  

c a l cu l a t ed on  a l i v ewe i g h t  ba s i s . Th e n i n e -mon t h - o l d  

d e e r  recei ved 2 . 5  m l s  wh i l e  t h e  2 0 - mon t h - o ld deer 

recei ved S m l s . The a n i m a l s  were h e l d  i n  groups o f  

f our to  s i x  i n  a s m a l l  dar kened p e n  wh i l s t  t h e  

a n t h e l m i n t i c  was  appl i ed i n  a 2 0  c m  l i ne down the  

thorac i c  and l umbar s pi n e  us i ng a commer c i a l  c a l i br a ted 

drench i ng gun . Immed i a te l y  a f t er t r e a t ment  t h e  deer were 

re l ea s ed onto p a s t ur e . 

On t h e  d a y  o f  t r e a t m e n t  i t  was  f i ne a nd sunny and 

appro x i m a t e l y  1 2 ° C .  No r a i n  f e l l  un t i l  2 0  hours  pos t ­

t r e a t m en t . 

5 . 2 . 4  Managemen t .  

Th e n i n e - mo n t h - o ld and 2 0 - mon t h - o l d  deer were 

s e t - s tocked in a d j a c e n t  paddo c k s  a nd fed o n l y  pas ture . 

5 . 2 . 5  Sampl i ng Sch edu l e .  

Fae c a l  s a m p l e s  we r e  c o l l ec t ed per r ec tum two days  

pr ior  to  t r e a t m e n t  and 5 ,  1 2  a nd 21  days  after  trea tme n t . 

Faec a l  egg a nd l a r v a l  counts  were d e t e r m i ned by 

t h e  m e t h od descr ibed e a r l i e r  ( s ee s e c t i o n  2 . 2 . 5 ) .  

Tr e a ted a n i m a l s  were obs e r v ed for  adver s e  reac t i ons  

for  appr o x i m a t e l y  30  m i nu t e s  after  t r e a t e m e n t  and v i su a l ly  

i n s pec� ed a t  e a c h  s am pl i ng for  e v idence of c u t aneous 

reac t i on s . 

5 . 3  S t a t i s t i c a l  An a l y s i s . 

Da t a  was l o g - t r a ns formed a f ter  add i t i on  o f  
- 5  1 x 1 0  t o  a l l  s a m p l e s . Th e S tude n t ' s  t tes t w a s  

per f ormed o n  t h e  t r a n s for med d a t a  a t  each  s a mpl i ng 

be tween t h e  two groups . 



5 . 4  Re sul t s . 

No ad v e r s e  r e a c t i o ns were obs erved f o l l owing 

t r e a tme n t . 

5 . 4 . 1  Faec a l  Lar v a l  Coun ts . 

I nd i v id u a l  f a e c a l  l a r v a l  cou n t s  are  pr e s e n ted i n  

t ab l e  5 . 1 .  Means are  pr esen t ed i n  f igure 5 . 1 .  
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P r i o r  t o  t r e a t m e n t  8 6 %  o f  s a m p l es had pos i t i v e  f a e c a l  

l a r v a l  c o u n t s . Th e s e  r a nged f r o m  0 . 2 5 l pg to 3 . 7 5 l pg .  

F i v e  days pos t - tr e a t m e n t  t h e  prev a l ence  o f  pos i t i v e  s a mples  

i n  the  t r e a ted group  h ad i ncrea sed f r o m  9 0% to  l O O% a nd 

t h e  mean  from  1 . 5 8 l pg to  4 . 3  l pg ( r ange 0 . 7 9 - 9 . 2 5 l pg ) . 

For t h e  r e m a i nder o f  t h e  s am p l i ngs the  pr e v a l ence o f  

po s i t i v e s am p l e s  i n  t h e  t r e a t ed group w a s  l O O% ,  a nd t h e  

m e a n  cou n t s  r o s e  to  5 . 4 l pg a nd 5 . 6  l pg a t  1 2  a nd 2 1  days  

pos t - t r e a t me n t , r e s pe c t i v e l y . 

Fi v e  d a y s  pos t - t r e a t m e n t  i n  t he c o n t r o l  group t h e  

pr e v a l ence  was  unch anged a t  8 2 % bu t t h e  m e a n  h a d  r i s en 

from 1 . 4  l pg t o  3 . 8  l pg ( r ange 0 - 9  l pg ) .  Th e mean and 

pr e v a l ence  i nc r e a sed t o  4 . 6  l pg and 9 1 % , r e s pec t i v e l y , 

1 2  d ay s  po s t - t r e a t m e n t  bu t f e l l  s l i g h t l y  2 1  d a y s  pos t ­

t r e a t m e n t  t o  b e  4 . 2 5 l pg and 9 0 % , r e s pec t i v e l y . 

No s i gn i f i c a n t  d i f ferences  were detec ted be tween 

the groups . 

5 . 4 . 2  Faec a l  Egg Coun t s . 

Ind i v idua l  f a ec a l  egg coun t s  are  pr e s e n t ed i n  t a b l e  

5 . 2 .  Me ans  are  pr e s e n t ed i n  f igure 5 . 2 .  

P r i or to  t r e a tme n t , 2 4% o f  a n i m a l s  had  d e t e c t ab l e  

f a e c a l  e g g  coun t s . Th ese  r a nged from  5 0  e pg t o  1 0 0  e pg . 

Five  days  pos t - t r e a t m e n t  t h e  pr e v a l ence  h a d  decr e a s ed from  

2 0 % t o  z ero i n  the  t r e a ted group . The prev a l e nce rose  to  

3 8 %  a nd 2 2% ,  1 2  and 21  d ay s  po s t -trea t me n t , r e s pec t i v e l y , 

a nd t h e  m e a n  c o u n t  r o s e  to  2 5  epg ( r ange 0 -1 0 0 ) a nd 

1 1  e pg ( r a nge 0 - 5 0 ) a t  t h e  s a m e  t i me s . 

Five  days  po s t - t r e a t me n t  i n  t h e  c o n t r o l  group t h e  
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Tab le  5 . 1  

Ind i v idu a l  D .  v i v i parus Faec a l  Lar v a l  Cou n t s  ( l pg )  And 

Me ans Before And Af t er Tr e a tm e n t  Wi th " R i poron " ,  And 
In Un t re a t ed Con t r o ls . 

GROUP 1 .  ( Trea ted ) 
Days From Tre a t men t 

Numbe r Sex  Ag e - 2  5 1 2  21  
( mon t h s ) 

0 F 9 1 .  7 5  1 .  2 5  3 . 5  8 . 2 5  
W4  M 9 1 . 0 * 1 . 7 5 3 . 2 5 
W 7  F 9 3 . 2 5 * 6 . 2 5 5 . 0  
W 9  M 9 0 * * 1 .  2 5  
WlO  F 9 0 .  7 5  0 .  7 5  5 . 2 5 1 .  7 5  
Wl 2 M 9 2 . 5  9 . 2 5 1 7 .  7 5  7 . 5 
Wl 7 F 9 1 . 0 3 .  5 2 . 0  1 2 . 2 5  
W 20 M 9 3 . 7 5 5 . 0  1 . 5  * 

01 9 M 20 0 . 2 5 7 . 5 9 . 0  8 . 2 5 
0 2 6  M 20 1 . 5  3 . 0 1 . 5  2 .  7 5  

Mean 1 .  5 8  4 .  3 5 . 4  s . s  

Ran g e  0 - 0 .  75- 1 . 5 - 1 . 2 5-
3 .  7 5  9 . 2 5 1 7 .  7 5  1 2 . 2 5 

Prev a lenc e %  90 %  l O O %  l O O %  l O O %  

GROU P  2 .  ( Con t ro l ) 
Da ys From Tre a t m en t  

Numbe r Sex  Ag e - 2  5 1 2  21  
( mon t h s ) 

w s  F 9 0 .  7 5  3 . 0 2 . 5  5 . 2 5 
W l l F 9 3 . 0 6 . 5 6 .  7 5  5 . 5  
Wl 3 M 9 0 . 5  4 . 0 4 . 0 * 
Wl 4 F 9 1 . 5  2 .  7 5  3 . 5  3 . 7 5 
W l S F 9 0 0 0 0 
Wl 6 M 9 3 . 0 9 . 0 1 2 .  5 1 4 . 2 5  
Wl 8 M 9 3 . 2 5 3 .  7 5  6 . 5  2 . 2 5  
Wl 9 F 9 0 . 2 5 2 . 2 5 1 . 2 5 1 . 5  
0 20 M 20 1 . 0 0 1 . 5  0 .  7 5  
0 2 1  M 20 2 . 2 5 2 . 7 5  4 . 2 5 0 .  7 5  
0 2 2  M 20 0 0 . 2 5 3 . 2 5 4 . 2 5 

Mean 1 . 4 3 . 1  4 .  2 3 . 8  

Ran g e  0 - 0 - 0 - 0 -
3 . 2 5 9 . 0 1 2 . 5  1 4 . 2 5 

Prev a lenc e %  8 2% 8 2% 9 1 %  9 0 %  
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Tab le  5 . 2 

Ind i v idu a l  Gas t r o i n t es t i n a l  Nema tode Fae c a l  Egg 

Coun t s  ( e pg )  And Me ans Before And Af t e r  Tr ea t m e n t  

W i t h  " Ri poron " ,  And I n  Un t r e a t ed Con trol s .  

GROUP  l .  ( Tre a t ed ) 
Days From Tre a tmen t  

Numbe r Sex  Ag e - 2  5 1 2  21  
( mon t h s ) 

0 F 9 0 0 * 0 
W 4  M 9 0 * 0 0 
W 7  F 9 l O O  * 0 0 
W 9  M 9 0 * * 0 
W l O  F 9 0 0 50 0 
W l 2 M 9 0 0 0 50 
W l  7 F 9 0 0 0 50 
W 20 M 9 l O O  0 l O O  * 
01 9 M 20 0 0 50 0 
0 2 6  M 20  0 0 0 0 

Mean 2 0  0 2 5  1 1  

Ran g e  0 - 0 0 - 0 -
l O O  l O O  50 

Prev a lenc e %  20 % 0 %  3 8% 2 2 % 

GRO U P  2 .  ( Con t r o l ) 
Days From Tre a t m en t  

Numbe r  Sex Ag e - 2  5 1 2  2 1  
( mon ths ) 

W 5  F 9 0 0 0 0 
W l l  F 9 0 0 50 0 
W l 3 M 9 50  0 0 * 
Wl 4 F 9 0 l O O  0 0 
W l 5 F 9 0 0 50 * 
W l 6 M 9 50 0 50 l O O  
W l 8 M 9 0 0 0 50 
W l 9 F 9 l O O  0 1 50 0 
0 20 M 20 0 0 0 0 
0 2 1  M 20 0 0 0 50 
0 2 2 M 20 0 50 0 0 

Mean 1 8  1 3 . 6  2 7  2 2  

Ran g e  0 - 0 - 0 - 0 -
l O O  l O O  1 50 l O O  

Prev a l en c e %  2 7% 1 8% 3 6 % 3 3 % 
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egg cou n t  pre v a l ence  f e l l  from  2 7% t o  1 8% ,  and t h e  mean  

fe l l  t o  1 3 . 6  e pg from  18  e pg ( r ange 0 - 1 0 0  e pg ) .  The m e a n  

and pr e v a l ence wer e  2 7  e pg a nd 3 6 % , r e s pec t i v e l y , 1 2  days  

pos t - t r e a tm e n t  bu t bo t h  f e l l  s l i gh t l y  21  d ay s  po s t ­

t r e a t m e n t  to  b e  2 2  e pg a nd 3 3 % ,  r e s pec t i v e l y . 

No s igni f i c a n t  d i f ferences  were detec ted be tween 

the groups . 

5 . 5  Di scu s s i on . 

" Ri poron " t r e a t m e n t  h ad no e f f e c t  on the  D .  v i v i parus 

f a e c a l  l ar v a l  or g a s t r o i n t e s t i n a l  nema tode f a e c a l  egg 

cou n t s  when com pared wi t h  u n t r e a ted c o n t r o l  deer . Th i s  

appar e n t  i n e f f e c t i v e n e s s  o f  c u t aneou s l y  appl i ed l e v a m i s o l e  

i n  deer i s  cons i s t e n t  w i t h  r e ported  i ne f f e c t i v e ness  o f  

or a l  l e v a m i s o l e  i n  deer  ( Mc A l l um , 1 9 7 6 ) .  Lev a m i s o l e  a t  

7 mg /kg  g i v en o r a l l y  d i d  no t cause  a ny reduc t i on i n  

D .  v i v i parus l ar v a l  c o u n t s  i n  b l a c k - t a i l ed deer 

( Pr e s i de n t e  et  a l . ,  1 9 7 3 ) .  However , when g i v e n at  16  mg /kg  

a zero l ar v a l  coun t r e su l t ed a f ter s i x  days bu t the  

cou n t s  h ad r e tur ned t o  t h e  pr e -tre a t me n t  l e v e l s  wi t h i n  

1 3  d a y s  o f  t r e a t m e n t . Th i s  r educ t i o n  i n  l ar v a l  cou n t  

w a s  cons i dered to  b e  a tempo r a r y  reduc t i o n  i n  produ c t i o n  

b y  t h e  a du l t  l ungwo r m  ( Pr e s i d e n t e  � � . , 1 9 7 3 ) .  

Mc A l l u m  ( 1 9 7 6 ) r e po r t ed d e a t h s  a t tr i bu t ed to 

lungworm o f  two 1 0 - m o n t h - o l d  r ed deer c a l v e s  af ter  

rece i v i ng three  oral  t r e a t m e n t s  o f  l e v am i s o l e  

hydr o c h l o r ide a t  1 3  mg /kg . 

Ma s o n  ( 1 9 8 2 ) m e a sured t h e  s erum l e v a m i s o l e  

conce n t r a t i o n  ac h i ev ed i n  r e d  deer a f t er o r a l  a nd 

i n j ec t ab l e  admi n i s tr a t i o n . Deer were trea t ed o r a l l y  

wi t h  e i t h e r  t h e  recommended c a t t l e  dose  r a t e  ( 7 . 5  mg / k g ) 

or 1 . 5  t i mes th i s  dose . Th e pe ak s erum concen t r a t ion 

o f  l e v am i s o l e  occurred w i t h i n  1 6  m i nu t e s  o f  adm i n i s t r a t i on  

( com pared with  1 - 2  hours  in  c a t t l e ) a nd t h e n  decr e a s ed 

r a pid l y . Li t t l e  d i f ference  i n  the  s erum concen t r a t i on  

was found af ter  e i t h e r  r o u t e  o f  adm i n i s t r a t i o n . I t  was  

pr opo s ed that  a s  l e v a m i s o l e  acts  by  par a l y s i ng the  

para s i tes  the  per iod o f  e f f e c t  may n o t  be  long  e nough 
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for  t h e  worms  t o  be e l i m i n a t ed from  t h e  s i t e o f  i n fec t i on 

( Ma s o n , 1 9 8 2 ) .  Th i s  i s  pr obabl y  t h e  r e a s o n  for  t h e  

appa r e n t  i ne f f e c t i v e n e s s  o f  l e v am i s o l e  a t  t h e s e  d o s e  

r a tes  i n  deer , a nd wou ld expl a i n  the  a ppar e n t  improved 

e f f i c acy seen  by Pres ide n t e  e t  a l . ,  ( 1 9 7 3 ) when a h i gher  

dose  r a te was  u s ed , s i nc e  t h a t  wou ld h a v e  r e su l t ed in  

a l ong e r  e l e v a t i o n  o f  b l ood l e v a m i s o l e  concen tr a t i ons . 

In  c a t t l e , l e v a m i s o l e  i s  r epor t ed to h a v e  a 9 8% 

e f f i c acy a g a i n s t D .  v i v i parus a nd 6 1 - 1 0 0% e f f i c acy 

agai ns t m a ture gas tro i n tes t i n a l  n e m a t odes when g i v e n  a t  

8 mg /kg  or a l l y  ( Lyons  e t  a l . ,  1 9 7 2 ) .  H a r t e t � . ,  ( 1 9 6 9 ) 

repo r t ed a 5 4 - 1 0 0 %  e f f i c acy o f  o r a l  l e v a m i s o l e  

( 5 - 1 0  mg / k g ) ag a i ns t g a s t r o i n tes t i n a l  nema tode s pe c i e s  

i n  s h e e p . Th e s e  a u t h o r s  a l so r e po r t  a n  8 3 - 1 0 0% e f f i c acy 

ag a i n s t  g a s troi n t es t i n a l  nema todes i n  c a t t l e  when g i v e n  

subc u t aneous l y  a t  5 mg /kg , a n d  8 4 - 1 0 0 % e f f i c acy w h e n  g i v e n  

or a l l y  a t  7 . 5  mg /kg . An 8 8% and l O O %  e f f i c acy was 

repor ted aga i n s t  D .  v i v i parus in c a t t l e  at  the  two dose 

r a tes , r e s pec t i v e l y . 

Ot h e r  f a c t o r s  wh i c h  may  be i nv o l v ed i n  t h e  poor 

r e s po n s e  of the cu t aneous a pp l i c a t i o n  o f  l e v a m i s o l e  

a r e  s pec i e s  a nd s e a s o n a l  v a r i a t i ons  i n  s k i n  pene t r a t i o n  

b y  t h e  drug . Deer s k i n  m a y  b e  l e s s  pe r v i ous to  t h e  drug 

t h a n  c a t t l e  s k i n . For s y t h , Gi bbon a nd Pryor  ( 1 9 8 3 ) 

r e por ted a f i v e - fo l d  g r e a t e r  i nc r e a s e  i n  s erum  

concen t r a t i o n s  a c h e i ved in  t h e  summer t h a n  in  w i n t e r  i n  

c a t t l e . Th i s  i nc r e a s ed concen t r a t i o n  l ed to  a n  i m pr o v ed 

e f f i c acy aga i ns t  D .  v i v i parus  i n  t h e  summer  ( 9 0 . 7% v ' s 
5 0 . 3 % i n  w i n t e r ) .  Tay l o r , Mc ' Ewan a nd Bur k e  ( 1 9 8 3 ) 

r e por t ed a 6 0 - 70%  g r e a t er b i o a v a i l abi l i t y o f  l e v a m i s o l e  

i n  summer t h a n  i n  w i n t er f o l l ow i ng c u t a neous appl i c a t i on 

o f  a l ev am i s o l e  prepa r a t i on o n  bu l l o c k s . Bo t h  the  abo v e  

a u t h o r s  cons ide r ed t h a t  s e a s o n a l  ch anges  i n  s k i n  

s tructure  may b e  t h e  c au s e  o f  t h e  d i f f er e nces obs e r v ed . 

Howe v e r , i t  would a ppear  more  l i ke l y  t h a t  the  f a i lure  

o f  " Ri po ro n " to  r educe par a s i t e  faecal  l a r v a l  a nd egg 

coun t s i n  deer was due to  r a p i d  m e t abo l i s m  of t h e  drug 

in t h i s  s pec i e s . 
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5 . 6  Conc l u s i on . 

Cu t a neous appl i c a t io n  o f  " Ri por on " ( 2 0% W / V  

l e v a m i s o l e ) a t  the  r ecommended c a t t l e  do s e  r a t e  appe a r s  

to be i n e f fec t i v e  i n  reduci ng g a s t r o i n te s t i na l  nema tode 

egg and D .  v i v i parus l ar v a l  coun t s  in r ed deer . Howev er , 

t h e  resu l t s  o f  t h i s  t r i a l  mu s t  be v i ewed i n  t h e  l i g h t  

of the  l ow i n i t i a l  f a e c a l  egg a n d  l ar v a l  coun t s . 
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