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A B S T R A C T 

In 1 974 , que sti onnai res  were di stribute d t o  farmer s  i n  the 

Eas t  Coast and Hawke� Bay areas of the Nor th Island of 

New Zealand . The t i ck Haemaphysalis longi corni s Neumann 1 90 1  
was pre sent on 59% o f  farms i n  the East Coast-Nor thern 

Hawk�s Bay are a and 7% of farms in the remainde r of t he Hawke� 

Bay are a .  In the former area the t i ck appeare d to  have spread 

rapidly be tween  1 96 4  and 1 974 . 

In the East Coas t -Nor thern Hawkes Bay are a , approx imately one 

third of all farme r s  consi dere d that the t i ck was a 

signi f i cant prob lem on their farm . In t he Cen t ral and Sou t hern  

Hawk�s Bay are a the t i ck was not  conside r e d  a problem and 

cond i t i ons were probab ly margi nal for t i ck surv ival . 

The di s tribution o f  the t i ck was relate d to  temperature , 

rainfall and alti tude . Almo st all farms where t i cks we re 

pre sent were si tua t e d  at  less  than 300 me tres above sea leve l . 

The d i s tribution o f  t i ck counts of she e p  were posi t i vely 

skewed and i t  was s hown that  the data should be normalized  b y  

transforming t o  logari thms or square roo t s .  S quar e  roo t s  

repre sent the easi e s t  me thod o f  transformat ion . 

A compar i son betwe e n  t i ck counts of the l e f t  ear , right ear , 

both  e ars and the b ody , showe d that overall  ear counts 

cont r i bute  to  nearly  50% o f  t he to tal t i ck count . Howeve r ,  

the propor tion o f  t i cks on t he ears compare d wi t h  on the b ody 

varied  over the count ing period and e ar counts were  not  hi ghly 

c orrelated with  body counts  ( highe s t  c or re lat i on , r = 0 . 38 ) . 

The diamide , ami tra z , showe d a higher i n i t ial e f ficacy 

against  H .  longi c orni s compared wi th Chlorfenv i nphos , but the 

lat t e r  appeare d to have a longer period of re sidual acti v i t y .  
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In t he Northern Hawke� Bay and East Coas t are a  most (�4%) she e p  

owners dip be twe en  January and March and over  half ( 54%) dip i n  

January o r  March and t h i s  period does no t coincide w i th the 

adu l t  and larva l peaks . 

Inc reasing she ep numbers from 3 per 1 000 m2 ( equi valent to 
2 

30 per hec tare ) to 3 per 500 m ( e quivalent to 60 per he c tare ) 
re sul ted  in  lower t i ck survival in the more heavily s tocked 

are as . 

An examinat ion of  the water balance of  t he unfe d s tage s showed 

that larvae were very susce p t i b le to de s i c cation at  humi di t i e s  

be low 80% R . H .  Adu l t s  we re more re si stant  to  desiccation than 

nymphs . Larvae and nymphs re gain water rapi dly af ter 

de siccati on . The cri t i cal e quilibrium a c t i vities  for the unfed 

s tage s was found to  be  approximately 0 . 8 , 0 . 7 and 0 . 9 for 

larvae , nymphs and adults  re spe c tive l y .  

Immersion of unfed  and engorge d stage s i n  water indi cated t hat  

t he former survive i mmersion for � 1 8  days whi le t he latter  

showed lowe r survival . 

Evidence i s  pre se nted  to sugge st H. longi corni s can cause 

deaths from anaemia i n  young Re d De er . 
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PRE F A C E  

Be t we e n  1 9 70 and 1 974 th e  range and pre valence o f  

Haemaphysal i s  longi c o rn i s  appeare d t o  b e  i nc r e a s i n g  o n  farms i n  

t h e  Ea s t  Coa s t  and Nor t he r n  Hawkes Bay are a .  Be cause o f  t h i s 

appare n t  i ncre ase i n  t i ck numb e r s  a ce nsu s was p o s t e d  t o  farm e r s  

i n  t he a r e a  wi t h  t he a i m  o f  mappi ng t i ck d i s t r i b u t i o n . The n b y  

a p roce ss  o f  i nduc t i ve re asoning i t  was hope d t o  exam i ne var i ou s  

fac t o r s  t h a t  mi ght i nf lu e nce t h i s  di s tr i b u t i on. The C e n t r a l  

Hawke� Bay area w a s  i nc luded i n  t he c e n s u s  a s  o nl y  a f e w  t i ck s  

h a d  b e e n  r e p o r t e d  f r o m  t hi s  are a . 

Some f arme r s  i n  the Eas t  Coa s t  and Northern H . B .  area c o n s i de r e d 

t h a t  the t i ck was e con omi cally i mportant so se l e c t e d  farm 

p r a c t i c e s  (e . g .  s t ocki ng rate , t i me o f  d i p p i ng or showe ring , 

c h o i c e  of  i nse c t i c i de) were i nve s t i ga t e d  as i t  was hop e d  t h i s  

m i gh t  prov i de i nforma t i o n  o n  wh i c h re comme nd a t i o ns  f o r  the 

c o n t r o l  o f  the t i ck c ou l d  be base d . 

Wa t e r  balance i s  e s se n t i al for the surv ival of  all  animal 

spe c i e s  but i t  is cru c i a l to t he exis t e n c e  of t i cks be cause of 

the ir  surface  to vo lume r a t i o . A s  the  wa t e r  rela t i o ns o f  e ggs 

and e ngorge d s tage s o f  H .  longi corn i s  hav e  b e e n t h orough ly 

i nv e s t i ga t e d  (He a t h , 1 974 ) so i t  was  d e c i d e d  to  i nves t i ga t e  

t h i s relat i o nship i n  t h e  unfed s tage s . It was hop e d  that  thi s 

m i gh t  lead t o  a b e t t e r  unde r s t anding o f  the  survi val and he n c e  

t h e  d i s tr i b u t ion o f  t h e  t i ck .  

"The t i ck i s  ge nerate d f rom c ouch grass . "  

Ar i s to tle i n  H i s t o r i a  Ani mal i um , c i r ca 300 B.C. 

vi . 

"Af t e r  trea tmen t  t he r e  w i l l  be  no sore s and the wool  wi l l  be more 

ple n t i fu l  and i n  be t te r  cond i t i on and the  r i ci ni ( t i c ks ) w i l l  no t 

be troub le some" . 

M .  Por c i u s  Cata 200 B . C .  
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REVIEW OF THE LITERATURE 

1 . 1 Ge ne ral introduction 

Ticks are obligate , temporari ly e c toparasiti c ,  acarines . They 

paras i t i se terre s trial vertebra tes  i . e .  mammals , rept iles and 

b irds . Except ions to thi s are the t i ck Aponomma e c inctum 

whi ch parasi tise s  a beetle , and two spe c i e s  of Amb lyomma whi ch  

infe st  marine snakes and lizar d s  on  land , and are carried to 

sea by thei r  hosts  ( Hoogs traal , 1973 ;  Krantz , 1 9 75 ; Savory , 

1 9 77 ) . Ixodid ti cks feed almos t  exclusively on blood . 

Occasi onally ligh t  coloure d t i cks are seen that have fed on 

extravascular flu i d  and lyse d host  cells ( Arthur , 1 9 65 ) . The 

world t i ck fauna i s  known to c o mpri se more than 800 spe c ies  

( Hoogstraal , 1973 ) . 

1 .  



1.2 Taxonomy o f  t i cks ( Tabl e  1 . 1 )  

Ticks are ar thropod me mbers o f  t he class  Arachnida and the order 

A carina who se members differ from members of the o t her arthropod 

orders in t hat there is no recogni sable c onstri c t i on be tween the 

gna thosoma ( region of oral ope ning and mou th part s )  and the 

idiosoma ( t he remaining par t s  o f  the b ody)  ( Baker and Whar t on , 

1958; Nob le and Noble , 1976). Ticks and m i tes  are 

differe nti ated according to t he absence , or presence and 

loca t i on o f  spirac les , in the o l der ins t ars . Ti cks also diffe r  

from other blood-sucking acar i na in the i r  posse ssion o f  a we ll 

deve loped hypos tome and with  a few exce p t i ons are of  larger 

size than t he mi te s .  

The superfamily Ixodoi dea cons i s t s  of three fami li e s .  There 

i s  only one species  in the fam i l y  Nu t talie lidae . There are 

important d i fferenc e s  between t he Argasidae and Ixodi dae but 

these will no t be di scusse d i n  this  revi e w  ( see Lee s , 1947; 

Campbe ll , 1 966; Roberts , 1970; Hoogstraal , 1973 , 1 978; 

Savory , 1 97'7). There are between 650 ( Hoogstraal , 1973 , 1978) 

and 700 ( Krantz,  1975; Savory , 1977 ) spe c i e s  o f  ixodi d  t i ck . 

2. 



Table 1. 1  

Taxonomi c  r e lationships of t i cks . 

Phylum Art hr opoda 

Class Arachnida 

Order Acari na (Acari ) 

( t i cks and m i t e s )  

Sub-order Me tastigma ta 

l 

Classe s Inse c ta , Crus tace a ,  

Myriapoda , Onychophora 

Pauropoda , Dip lopoda , 

Chilopoda , Symphyla . 

Orders , Scorpi oniones ,  

Pseudoscorpions , Opi li one s ,  

Palpigradi , Uropygi , 

Schi zomi da , Amb lypyg i , 

Araneae , Solpugi da , Ric inule i .  

Sub-orde rs , A s t i gma ta , 

Cryp t o s t igmata , Notost igmata , 

Me sos t i gmata , Pro s t i gmata , 

Te tras t i gmata . 

Superfami ly Ixodoidea ( t i cks ) ---. Fami lie s  Argasi dae , 

Nut tal i e lidae . 

Fami ly Ixodi dae 

Genus Haemaphysali s 

Genera Amb lyomm a , Aponomma, 

Boophilus , Der macentor , 

Hyalomma , Ixode s ,  

Rhipi cephalu s ,  e t� 



1.3 The genus Haemaphysal i s  

There are approxi mat e ly 150 spe c i e s  in  this  genus (Hoogstraal , 

1 9 73 ,  1978 ) . Members o f  the ge nus  are eye le ss , i nornate and 

re latively small . De spite t he lack of fo ssil  re cords o f  t i cks 

( Savory , 1 977) , Hoogstraal ( 1 9 78 )  sugge sts  t hat t he genus 

re flec t s  a s trong evolutionary trend towards re duc t i on in body 

s i ze . Most  unfed female Haemaphysalis  spe c i es are 2 4 mm in  

l ength , w i t h  a few spe c i es 5 - 6 mm long . More than 1 00 

Haemaphysali s spec i e s  i nfe st  mammals . However , dome s t i c  cat t le , 

sheep and goats have been recorded as hos ts  of  adults  of  only a 

few species . The smalle st ( 2 mm long ) parasit i se rode nts and 

b irds whi le the small to medium si ze range ( 2 .5 - 4 .5 mm) feed 

on larger species  such  as deer , ante lopes , wild goats , sheep 

and carnivore s (Hoogstraal , 1 973 , 1 978 ) . 
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1 .4 Taxonomy and distriiju t i on of Haemaphysalis  longi corni s 

Haemaphysali s b i spi nosa i s  a b i sexual t i ck found only in 

tropi cal countries  ( see Figure 1 . 1 and Tab le 1 .2 )  for 

di s tribution . It  i s  smaller than H .  longi corni s and there are 

o t her struc tural di f fere nces such as the shape of the c oxal spurs 

and the de ntal formula ( see Tab le 1 .3) . De spi te this , unt i l  

1968 , the par thenogene t i c  spe c i e s  of  Haemaphysalis  in Australia , 

Ne w Zealand , some South Pac i f i c  Islands , Japan , North  Eas t  Chi na , 

and the Primorye area of U . S . S . R .  was re ferred to as 

H .  bispi no sa . Spec imens from these areas were found t o  be 

struc turally and morphologi cally i de nti cal to  H. longi c orni s 

Neumann , 190 1 , origi nally de scrib e d  from Australia ( Hoogstraal , 

Roberts ,  Kohls and Tipton,  1968 ) . It  was found that the 

p ar thenoge ne t i c  spe c i e s  occurring i n  northeastern U . S . S . R .  and 

northern Japan and previously re ferred to as H .  neumanni was 

also struc turally and b iologi cally i denti cal to H .  longi corni s 

( Hoogstraal , e t  al , 1 96� ) . Thus the parthe nogene t i c  strain o f  

e i ther H .  b i spinosa o r  H .  ne umanni i n  t h e  areas re ferred t o  

above i s  i n  f a c t  a single biol ogi cal  identity  for whi ch 

H .  longi corni s i s  the corre c t  name ( Hoogstraal , e t  al , 1 968) . 

I n  196 1 i t  was e s tab li shed that there was a par the noge ne tic  
a . 

and/bi sexual race of H .  longi corn i s  i n  Japan ( K i t aoka , 1 96 1 d) 
r 

t he former o c curring north o f  36°N and the lat ter south of 

this  line . However , Oliver , Tanaka and Sawada ( 1 973 )  prov ide 

a modi fied map from Ki taoka ( 1 97 1 )  to  show that the 

par thenoge ne t i c  strain occurs  sou t h  of  36°N t o  the extent that 

i t  is  sympatric  with  the bi sexual strain on southern Honshu 

and Kyushu Islands and even occurs  on the Island of  Yakushima , 

south of Kyu shu . 

The b i sexual race of H .  longi corni s as we ll as o c curri ng in 

southern Japan , is present i n  the extreme south of  the 

Primorye , u . s .s . R .  and in Kore a .  The average size o f  thi s  

bisexual race i s  smaller than t h e  par the nogene t i c  race 

( Ki taoka , 1 9 6 1d ;  Hoogs traal , e t  a l ,  1968 ) . Thi s has been 

further confirmed b y  Oliver and Herrin ( 1976 ) . 



6 .  

Desp i te dif ference s in the b i ology o f  t he bi sexual and 

parthenogene t i c  race s ( Hoogstraal , e t  al , 1 968 ) , size d i fferences 

already re ferred to , and d i ffe re nces  i n  karyo type ( Oliver , et al , 

1 9 73 ) t he b i sexual race has been tentat ively re ferred t o  t he 

t axon longicor nis ( Hoogs traal , e t  a l , 1 968 ) rather than 

b i spinosa . 

B o t h  b i sexual and p ar t he nogene t i c  races  are said to be present 

i n  north-eastern Chi na ( Teng ,  1 955 ) .  Female spe cimens from 

Australi a ,  New Zealand , New Caledoni a ,  Fi j i  and Tonga were 

examine d ,  Hoogstraal , e t  al , ( 1 968 ) . The y matched the 

de script i on o f  parthenogene ti c H .  longi corni s .  Thus i t  appears 

H .  longi cornis is solely par t henoge ne t i c  in the Sou th Pac i fi c .  

A race also exists  on the Che ju Island off  t he sou t hern tip  

of  Korea whi ch  can reproduce e i ther bisexual ly or  

par thenogene t i cally ( Oliver , et  al , 1973 )  ( see se c t ion 1 . 6 for 

gene t i c s  of H. longi corni s ) . 
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Key t o  Figure 1 . 1 

H . l  = Haemaphysal is  longicorni s 

H . b  = Hae maphysali s bi spinosa 

Based on information from -

1 .  Hoogstraal , Robert s ,  Kohls and Tipton ( 1 968 ) 

2 .  Oliver , Tanaka , and Sawada ( 1 9 73) 

3 .  Heath ( 1 974 , 1977 ) 

4 .  Mu ir ( pers . comm . )  
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Table 1.2 

World di stributionsof H .  l ongi c orni s and H. b i spi nosa 

H .  bispi nosa 

Burma 

Ceylon 

India 

Malaya 

Nepal 

Paki s tan 

Thai land 

Parthenoge ne t i c  
H .  l ongi corn i s  

Australia 

China ( No r t h  
Eas t ) 

Fi j i  

Japan 

Hokkai do I s . 

Kyushu I s . 
Honshu Is . 

Yakushima I s . 

+ 4 o t her 

i s lands 

ad jacent  t o  

Japan . 

New Cale doni a 

Ne w Hebri de s 
( Efate  _I s land s )  

Ne w Ze aland 
Tong a 

u.s.s.R. 
(most  of 
Pri morye are a )  

Table based o n  i nformation fro m :  

Teng ( 1 955 ) 
Ki taoka ( 1961 !f) 

Bi se xual 
H. longicorni s 

Chi na ( North· 
Eas t )  

Korea 

Japan 

Honshu Is . 

Kyu shu Is . 

Shikoku Is . 

+ 2 o ther 

i s lands 

ad jacent  to 

Japan . 

u.s.s.R .  
( Sou t h  

Primorye 

ad jacent to 

Korea . )  

Hoogstraal , Robe rt s ,  Kohls and Tip ton (1968 ) 

Oliver, Tanaka, and Saw·ada ( 1 9 73 )  
Herrin  and Oliver ( 1 974)  

Oliver and Herr i n  ( 19 76 ) 

Bi sexual and 
Part he noge ne t i c  
H .  longi cornis  

Kore a ( at 

Sogwan ) ( o n  

Che ju-Do- Is . )  

One spe cimen of H .  longicorni s has been  colle c te d  from Hawai i .  

Thi s was re covered from a dog whi ch was e xported from New South 

Wales ,  Australi a ,  to  Hawa i i , t hence t o  Texas , U . S .A . 



Table 1 .  3 

Compar i son o f  H .  longicorni s and H .  bi spinosa 

H .  longi cornis 

Reproduction ( 1 )  Bi sexual ( obligatory) race 

( 2 )  Parthenogenetic ( obligat-

ory)  race 

( 3 )  Race reproducing 

( 1) or ( 2 )  
Approximate s i ze ( i n  m m) 

Unengorged male 

Unengorged female 

Dental formula 

Female 

Nymph 

Coxal s purs 

2 . 46 - 2 .96 

2 .56 - 3 . 25 

5/5 

3/3 

Short and tr iangular 

e i ther 

Palpal se gment 

( nymph ) 
No bulge on poste ro-dorsal 

margin 

Spiracular plate s 

( nymph ) 

Dorsal pro je ction 

Data from Hoogstraal et al , 1968 

Roberts , 1963 , 1 970 

10 . 

H .  bispinosa 

B i sexual o nly 

2 .0 
2 . 2 

4/4 

2/2 

Long and 

poi nted 

Bulge on 

postero­

dorsal 

margin 

No dor sal 

pro je ction 



1.5 Morphology of ticks 

1 .5 . 1  General 

Ticks are the large s t  forms  of t he Acar i na wi t h  engorge d adu l t s  

of some species  o f  Amb lyomma and Hyalomma measuring up to 30 mm 

in length ( Balashov ,  1 972). 

There i s  an unsegmented idiosoma and a gnathosoma . The idiosoma 

bears  4 pairs of legs in adul t  and nymphal ticks and three pairs 

i n  larval stage s . The gnathosoma consi s t s  of a we l l  deve loped 

cap i tulum whi ch ar t i cula te s w i t h  the i d i o soma by the 

camerostomal fold . The aper ture o f  Ge ne ' s  organ i s  pre sent i n  

t he dorsal par t o f  t he camerostomal fold . The hypostome i s  a 

heavily  sclero t i z e d  anterior process o f  t he bas i s  capi tulum , 

covered e xternally b y  longi tudinal rows o f  re trograde tee t h .  

Dorsal t o  the hyp o s t ome are pai red che l i cerae e ncased i n  

sheath s .  Each che l i cera termi nate s i n  a movab le and a fixed 
digi t . On the lateral sides o f  the  c ap i tulum are two palps 

whi ch func tion as se nsory organs . 

A prom i ne nt feature of  i xodid t icks i s  the  dorsal shield 

( scutum )  whi ch c overs f of t he dorsal surface of unfed females , 

nymphs and larvae . In male s ,  t he scu tum covers the e nt i re 

dorsal surface of t he body . Apart from t heir  smaller size and 

abse nce of  a ventral geni tal aperture , t he larvae and nymphs 

re semb le the female i n  external appearance . 

In nymphal and adu l t  ixodids the trache a l  syste m  opens a t  a 

pair o f  large spiracular plates behind the  coxae of  t he fourt h  

pair o f  legs . Ixod i d  �arvae however , do n o t  posse ss a tracheal 

system and thi s has important biolo gi cal implicat i ons ( see 

Se c tion  1 . 1 2 ) . 

Apart from the palps there are two other sensory s tructure s .  
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Hailer ' s  organ i s  an i ndented s tructure loca ted on the tarsus 

o f  the first  pair of legs and i t  probably has olfac tory and 

humid i t y  receptors ( Le e s ,  1 969 ) . The fore le gs have bristles  

( sensilla� ) which  are thought t o  act  as temperature re cep tors 

and tac t i le me chanoreceptors ( Lee s ,  1969 ) . 

A s  the i ntegument o f  ar thropods i s  the main barri er re ducing 

water loss by transpiration i t  has been t he sub j e c t  of 

c onsiderable s tudy . The integume nt of t i ck s  has been describe d 

b y  Lee s  ( 1 947,  1 952 ) . The i n ternal anatomy of t icks has been  

reviewe d  in  de tai l  b y  Balashov ( 1 972 ) . 

Morphology o f  H .  longi corni s 

The morphology of t he male , female , nymph , and larva are shown 

i n  Figure s 1 .2 ,  1 . 3 ,  1 . 4 ,  and 1 .5 .  The dimensions of t he 

vari ous instars are shown in Tab le 1 . 4 .  From thi s Table i t  

can be seen that the engorged nymph is o f  si milar size to  

u nengorge d female so t hat the engorged nymph could be 

mi sident i f ied  as an unen�orge d adtilt . However , t he legs of the 

adult  are considerab ly longer than those of the nymph and thi s 

provides a quick means of i dent i fi cation . 

Tab le 1 . 4 repre se nts approximate value s onl y .  There i s  a 

variati on be tween au thors in size s quo te d , e i ther expre ssed as 

one figure , as �ange s and as means . The s i zes ment ioned by 

Wagland , e t  al , ( 1979 ) d o  not agree with t hat of Namba (1958). The 

latter author worked w i th H .  longi cornis  on Hokkai do where only 

the part he nogene t i c  s tr ai n  o c cur s . 

Variations may be related .to  the area measured .  In Roberts' 

original paper ( 1963 ) t he lengths quot e d  are exlusive o f  t he 

c api t ulum . Some o f  t hese figures are pre sent i n  Hoogstraal 

e t  al ( 1968 ) without reference t o  the are a  measured .  For thi s 
� 

reason the values i n  Table 1 . 3 for t he unengorged stage s are 

from Rober t s ' ( 1963 , 1 970 ) who does no t me n t ion means or 

s tandard deviations . 
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F i gure 1 .2 

Haemaphysal i s  longi c orni s from c a t t le (Que ensland spe c ime n )  

View Ventral  

2mm 

View Ventral 
2 mm 

F igure  1 .  3 

Sli ghtly 
Engorge d 
Female 

Hae maphysal i s  l ongi corni s from c a t t l e  ( Queensland spe cime n )  

From Hoogs t�aal , Rober t s , Kohl s , and T i p t o n ,  1 968 . 
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Figure 1 .  4 

Haemaphysalis longi corni s pare nt fe male-from cattle 
(Que ensland spe c1menJ 

1 mm 

Ven tral Vie w  

· 0.5 mm 

F i gure 1 .  5 

Haemaphysalis longicornis pare nt female from cattle 
( Quee nsland  spe cimen) 

From Hoogstraal , Roberts , Kohls , and Tipto n ,  1 968 . 
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Tab le 1 . 4 

Approximate size ranges o f  H. l o ngicornis in mm. 

Male Unen�or6ed Une n60rfied 
Female N:t:m;eh 

Length 2 . 46-2 .96 2 .56-3 .25 Approx . 1 .8 1  
1 .  Bre adth  1 .50-1 . 70 1 .5 - 1 .8 Approx . 1 .03 

En6ors:ed En6or�ed 
Female N;r!;eh 

2 .  Me an length 8 .9 1  +0 .66 3 -03  !:_0 .27 

3·  Approx . 9 .8 X 8 .2 2 . 9 X 1 . 9 

Length x bread t h  

1 .  From Rober t s , 1 963 , 1970 - Une ngorge d stage s . 

Une ngor6e d 
Larvae 

Approx . 0 . 73 

Approx . 0 . 47 

Ens:or�ed 
Larva 
1 . 60 !:_0 .06 

1 .5 X 1 .0 

2 .  From Wagland , Su t hers t and Roberts , 1 979 - Engorged stage s .  

3 .  From Rober t s ,  1 963 , 1 9 70 - Eng�rge d stage s .  

Although the first  arachni ds  appeared i n  the Upper S ilurian 

pe riod about 400 mi llion ye ars ago ( Sou thco t t , 1 9 78 ) , t here are 

inade quat e  palae ntologi cal re c ords of t i cks ( Savory , 1 977 ) so 

that thei r  phylogeny is obscure . No twi ths tanding t hi s ,  

Hoogstraal ( 1 978 ) , consi der s  members o f  t he ge nera Haemaphysal i s  

and Ixode s struc turally primi t ive ixodi d s . 

All spec i e s  o f  Haemaphysali s ,  Boophi lus , Dermacentor and 

Rhipi cephalus have s hort mout hpar t s  and are brevirostrate 

be cause of the relatively small  hypostome ( "rostrum" ) 

( Balashov , 1972 ) . Although the  mouthpar t s  of spe c i es o f  the 

lat ter 3 genera d o  not pene trate the dermi s ,  t hey  are i nser ted 

more deeply into the �pi dermi s t han are those of species  of 

Haemaphysal i s  ( Ar thur ,  1973) . Some t i ck s  such  as species  o f  

Amblyomma , Hyalomma and Aponomma pe ne trate int o t he dermal 

ti ssue with  t he i r  mouthpart s  ( Ar t hur , 1973)  ( for further 

discussion , see Sec t ion 1 . 1 1 .1 ) .  
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1 .6 Gene t i c s  o f  H. l ongi corni a  

A s tudy o f  karyo type a and sex-de termini ng me chani sms i n  t i cks 

may clarify or confirm phyloge ne t i c  and taxonomi c re la t i onship s  

( Oliver , 1964) . The mode o f  re produ c t i on i s  also important i n  

terms o f  di spersal o f  t i cks . A s  t here are three race s 

tentatively i ncluded i n  the taxon longicornis  all  wi t h  di ffere nt 

karyotype a ,  they have been studied  i n  more detai l than have most 

o ther t i cks . 

The chromosome number and sex de termining me chani sm are variab le 

in t i cks ( Oliver and Bremner , 1 968 ) . Moat  t i cks have re latively 

few chromosome s ( Ol iver , 1 964 ) . The most prevale nt karyo type i n  

ixodid ticks i s  20 au t osome s and 2 sex chromosome s i n  the female 

and 20 autosome s and 1 sex chromosome in t he male i . e .  t he male 

i s  the he terogame t i c  sex . Thi s i s  said to repre sent t he 

primi tive condi tion i n  ixodids  ( Ol i ver and Bremner , 1 968 ) . 

The females o f  the bi sexual race o f  H .  longi corni s posse s s  

2 2  chromosome s ,  t he male s 2 1 , and they are diploi d .  Spe c i e s  o f  

t he parthenoge ne t i c  race contain 30-35 chromo some s .  Usually 

the females have 32 or 33 chromosome s and t he rare male s  3 1  

so that they are tri ploid and polyp loi d .  Spe cimens o f  t he race 

from Che ju Island cont ai n 22-28 c hromosome s .  Although many of 

t hese po ssess the diploi d number ( female , 2n = 22 ) , o thers have 

more than an i ntegral mul t ip le of t he haploid  number and are , 

there fore , aneuploid  ( Oliver , Tanaka , and Sawada , 1 973 ) . 

Polyploidy occurs in  a number o f  species  whose reprodu c t i on i s  

par thenoge ne t i c  a s  i t  is  in  one race o f  H. longi corni s ( Whi te , 

1 973a ) . There are 3 forms of par t henogene s i s :  

( a )  cyclical par thenogene sis  as occurs in  aphids ; 

( b ) arrhentoky - where male s ar i se from unfert i l i sed e ggs and 

females from fert i lised e ggs . 

( c )  t he lytoky - where male s are rare or absent ( Whi te , 1 973b ) . 

H .  longi corni s clearly falls  i n t o  t hi s  lat ter ( c )  category . 
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Arrhe ntoky has not been reported in ti cks , although i t  occurs in 

many f amilies o f  mites ( Oliver and Herrin , 1 974 ) . Although 

the lytoky occurs in 5 of t he 7 orders of Acarina , it is rare i n  

t i ck s  (Oliver , 1 971 ) .  Two f orms of  the lytoky c an occur ; 

aut omi ctic thelytoky where me iosis sti ll oc curs i n  the egg and 

apomi c ti c  the lytoky where no meiosis  oc curs ( White , 1 973b ) . 

1 7 .  

The c laim of  Takenouchi , Shi itsu , and Toshioku ( 1 970 ) , that 

parthenoge neti c H .  longi corni s reproduce by apomi ctic the lytoky , 

has been  criti c i sed by Oli v e r  and Herrin ( 1 976)  who regard their 

evi dence as unconvincing.  The y  ( Ol iver and Herri n ,  1 976)  suggest 

tha t the ane uploid  thelytokous i ndividuals from C he ju Island are 

probably automi cti c .  The t ype of  the lytoky occurring i n  triploid  

par t he nogeneti c H .  longi c ornis  remains uncertain . 

According to White ( 1 973b ) most even-numbered p o lyploids 

reproduce sexually and the o dd-numbered ( ani sopolyploi d )  e . g .  

3n , 5n  etc . individuals are apomi cts . Regardless of  whether 

the lytokous H .  longi corni s are apomicti c  or aut omicti c , 

the lytoky itse lf differs rad i cally from all other geneti c 

systems (White , 1 970 ) . I f  a single thelytokous i ndividual i s  

transporte d b y  acc ident t o  a new locality it  can give rise to 

a ne w colony of ticks prov i ding conditions are suitab le ( White , 

1 973a ) . Circumstantial e vi de nce for thi s  can b e  seen in the 

wide d i spersal of  the the l ytokous H .  longicorni s in the 

Sou t h  Pacific . 

If t he lytokous H .  longi c orni s reproduce s apomi cti cally , 

rec ombination o f  gene s doe s not o ccur , i . e .  no synapses or 

bivale nts  are formed ( Whi te ,  1 973a ) , . there i s  only a single 

mat ur ation divi si on in the oocyte . Thus a single comb ination 

of  genes  is fixed and perp e tuate d ad infinitum . Howeve r , in 

spi te of  t he fac t that gene t i c  re combinati on cannot occur , any 

succ e ssful mutations are i mmediately i ncorporated into the 

genome .  
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It has been sugge sted  t hat the i nherent  gene t i c  limi tations o f  

all  thelytokous systems have prevented them from being a long­

term suc cess i n  any group of animals ( Whi te , 1 973b ) . However , 

some triploid thelytokous forms of Chironomi dae and Simuli idae 

survive suc ce ssfully in t he ex treme envi ronment of the subar c t i c  

o r  arc t i c . I t  should no t b e  assumed there fore t hat  i f  

the lytokous H .  longi corni s i s  apomic tic  i t s  gene t i c  system i s  

inferior or unsucce ssfu l . 



1 . 7 Introduction o f  H .  longi cornis i nt o  New Zealand and 

Australia . 

The prec ise date of  the introduction of  H .  longi cornis into 

Australi a and New Ze aland i s  unce rtain . The fi rst recorded 

spe cimens in Ne w Ze aland were collecte d near Kaitaia i n  

January 1 9 1 1  ( Myers , 1924) . Howe ver , Re akes ( 1 9 1 8 )  considered 

that  there was an au thenti c  repor t of  the ti ck near Whangarei  

i n  1 904 and that it  may have been present at the mos t  nor therly 

porti on of the North I sland of  Ne w Zealand ( Mangonui County ) i n  

1893 . Six years af ter the t i ck ' s  appear ance near Kai taia the 

ti ck was sai d to be plenti ful i n  the Tauranga area ( Myers , 
1 92 4 ) . A report by Thomson ( 1 922 ) refers to a hedge hog found 

near Tauranga and infe ste d wi th ti cks whi c h  was re porte d as 

having been observed "many years "  prior to 1 9 1 3 .  Ticks on a 

hedgehog are unlikely to be any species  other than 

H .  longi corni s ( see Se ction 1 . 9 ) . 

It  i s  po ssible that fo llowing the introducti on of the tick , 

low numbers may have been pre sent and not noti ced for several 

years . With re fere nce to Ixode s ricinus , Mi lne ( 1 950b ) has 

sugge sted that t i cks do not become numerous for 1 5  - 20 year s 

after their introduc tion to a new locati on . This is less 

likely to apply to H .  longi corni s whi ch has 1 ge neration per 

year compared to  the 1�  - 4� years neede d for I .  ri c inus to 

complete its li fe cycle ( Mi lne ,  1 943) . The rate of  increase 

i n  numbers would depend very much on host-avai labi lity and 

the sui tab i li ty of e nv ironmental condi t ions . Considering the 

limited  evidence avai lable , it  i s  there fore like ly that 

H .  longi corni s was introduced i n t o  the Northland region 

be tween 1 890 - 1900 . 

H .  longi corni s was f irst recorded in Australia by  Neuman ( 190 1 )  

( ci ted by Hoogstraal , et al , 1 968 ; Roberts , 1 9 63 ) . The 

specimens c ollecte d by Neuman� were from c a t tle locate d at 

Kempsey on the northern coast of New Sou t h  Wale s .  It i s  

possible that the species  was pre sent i n  Australia several 

years prior to thi s .  
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There fore , the date o f  i ntroducti on i nto Austr al ia o f  

H .  longi corni s  i s  probably similar to , o r  perhaps earlier , that 

relating to the New Zealand i ntroduction vi z .  1 870 - 1 900 . 

The ori gins o f  the endemi c tick fauna o f  New Ze aland ( se e  

Section 1 . 9 )  have been revi ewed by Heath ( 1 977 ) . The se ticks 

appear to have been introduced  from several are as remote from 

New Zea land . It i s  ge nerally ac cepte d that H .  longicorni s was 

i ntroduced on cattle from Jap an to Australia and t hence to 

20. 

New Zealand ( Roberts , 1 963 ; Hoogstraal , et al , 1 968 ;  Heath , 

1 977 ) . Thus it  may appear fruitless to spe culate on other modes 

of introduction . The sub ject  is of some importance , however 

be cause of  the possibi litie s  o f  other tick spe c i e s  being 

introdu ced and becoming e stab li shed i n  New Zealand . Unidenti fied 

ixodid  ticks have be en i nt�r c epte d b y  the New Zealand Port 

Agr i c ultural Service on plant material from Austra lia ( He llstrom , 

1 978 ) . Both Ixode s holocyc lus ( Anon , 1 97�) and Rhipi cephalus 

sangui neus ( Anon ,  1980 ) have also be en acci dentally  i ntroduced 

into New Ze aland . It is obvi ous that detailed information on 

the b i o logy , and temperature and humidity pre ferendl es of a tick 

spe c i e s  nee d  to be known be fore one can speculate as to whether 

a ti ck spe c i e s  would e stab l i s h  i f  i ntr oduced into New Ze aland . 

Lower temperature s in New Ze aland would not preve nt the 

e stab l i shment o f  some spe c i e s  o f  Ixode s ,  Haemaphysal i s  and 

Argas . Some members of the se ge nera exi st i n  cold northern and 

southern latitude s be cause o f  the ir abi lity to undergo 

diapau se . Thus some other ti cks , i f  i ntroduce d ,  c ould e stablish 

i n  New Zealand . Accordi ngly t he likely methods o f  i ntroduction 

of H .  longi corni s will be exam i ne d . 

The e stabli shment o f  quar�ntine  for cattle began in  Austra lia 

i n  1 87 1 . Thi s was extende d to include sheep , goats , swine and 

dogs i n  1884 . Unde r the Customs Act of 1 879 , the i mportati on 

of  cattle and she ep was banned from all c ountries  e x cept 

Great Britain and Ire land ( Pi e r ce , 1 975 ) , where H .  longi cornis 

doe s not oc cur . Thus , if H .  l ongi corni s was intro duced into 

Australia with cattle from Japan , it must have b e e n  introduced 

be fore 1 879 , 22 year s  pri or to the Neumann ' s  fi rst re cord . 



The e arly New Zealand Depar tment o f  Agr i culture , Annual Reports 

( first  produced i n  1893 ) , c ontain ge neral re ferences to stock 

impor tations and quarant ine , but l i t tle  informat ion on the 

countries  of origi n .  The same can be said for the New Zealand 

Off i c i al Year Book . 

In 1B93 quarant i ne s tations were e s tab li she d in New Zealand on 

Some s Island , Wel l i ngton and Quail Island at  Lyt t le t on ( Holmde n ,  

pers . comm . ) . Following an outbreak o f  p leuropneumonia i n  

cattle i n  the Waikato i n  1 BBO , importat i o n  o f  cat tle from 

Au stralia to New Zealand was s topped ( Ho lmde n ,  pers . comm . ) . As 

with  Australia i t  appears that the conne c ti on be tween the 

introduc tion of H .  longicorni s with  c a t tle  i s  no t supported with  

any factual evidenc e . 

Acclimatization soc i e ties  introduce d a v arie ty o f  exotic spe c i es 

into  Au stralia ( Pi erce , 1975 )  and New Zealand ( Thomson,  1922 ; 

Wodzi cki , 1950 ) i n  the 19th century . The activi t i e s  of the se 

socie ties  were shor t  in Aus tralia las t i n g  from 1860 to 1870 

( Pierce , 1975 ) . The se soc i e t i e s  were very  act ive until  1880 

i n  New Zealand and i t  was not t i ll 1 895 that wri t te n  conse nt 

from t he New Ze aland Depar tment of  Agr i c ul ture was required , to 

i ntroduce any ani mal or bird into New Zealand . 

Approximately 53 different species  of  mammals were i ntroduced 

into New Zealand ( Wodzi cki , 1 950 ) . Howe ver , the countr ies  of  

origi n ,  dates of  i mportation , or  areas of  in trodu c t i on in 

New Zealand , e limi nate the se mammals as  a possib le means of 

i ntroduc t ion of the tick H .  longicorni s .  

About 1 30 spe c i e s  o f  b irds were i n troduc e d  into New Ze aland i n  

the 1 9 th century ( Thomson , 1 922 ) . Agai n ,  many o f  these can be  

di scounted as  a method of introduc t ion o f  H .  longi cornis for 

re asons simi lar to those re lating t o  mammals .  Chinese and 

Korean birds were i mported i nto New Zealand (Thomson , 1 922 ) 
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v 
bu t t here are no re cords of them being i n troduced into Northland . 

I t  i s  unlikely that H .  longi c orni s woul d  s t i ll b e  on the hos t  

after a long sea voyage from China o r  Kore a .  



Australian qua i l  were i ntroduced by  the  Auckland Acclima t i za t i on 

Soc i e ty i n  1867 and 1 87 1 and apparently  flouri shed i n  the 

Auckland and Nor thland di stricts  ( Thomson , 1922 )  and are a 

possible means o f  introdu c t i on from Australia.  

H .  l ongi corni s was first  re c orde d from coastal are as of 

Aus tralia and New Zealand . Thi s could sugge st that migratory 

birds may have i ntroduced the t i ck and that i t  only e s tab l i shed 

in 1 890 - 1900 as  vertebrate hos ts i n c reased i n  the se areas . 

The moul ting of larvae and nymphs and the incubat i on o f  e ggs  of 

ticks are re tarde d by low tempera tur e s  and humi d i t i e s ,  and 
He ath ( 1 977) has sugge sted there fore that eggs or active s tages 

of t i cks could be transported over long distance s adhering t o  

bird s '  feathers o r  fee t . Migratory b i rds d o  transfe r ti cks 

from one area  to another ( Dumhle ton , 1 953 ;  
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Yamagu t� Ti pton , Keegan , and Toshioka , 1971 ; Sai to and 

Hoogstraal , 1972 ) . Accord i ngly migratory birds canno t be  

di scounted as a possible means of int ro duction of H.  longi cornis . 

Finall y ,  the survival and deve lopme nt  o f  engorge d nymphs he ld 

for 1 1  days at  humidities  b e low 5% R . H .  ( He ath , 1 974 ) i ndicates  

that the in troduc t i on of  the t i ck on i namimate o b j e c t s  also 

canno t be di scounte d .  



1 .8 The establi shment , spr e ad and pre se nt distribution of  

H .  longi c orni s  i n  New Ze aland . 

A generali sed map o f  the di str ibuti on o f  H .  longi c orni s i n  

New Ze aland i s  shown in Fi gure 1 . 6 ( from Heath , 1 97 7 ) . Thi s  map 

doe s not show vari ations i n  de nsitie s or d i scontinuities i n  

distribution of  t i cks . There are areas within the general 

endemi c area where ticks are ab sent .  On the edges of the 

ende m i c  area , c ondi tions for survival and development wi ll b e  

margi nal s o  that the di stribution w i l l  b e  i rregular and , 

usually , ti cks fewer in numb e r . 

Having e stablished f i rst i n  Northland , the tick qui ckly spread 

southward over the next 2 0  years or so . Ti cks were rare in 

the Bay of Islands i n  1 9 12 , b ut i ncreased rapidly from 1 9 1 4  to 

1 9 1 8  ( Re id ,  1 92 3 ) . By 1 922  the t ick was e stabli she d in the 

Auckland Province and mo st o f  the Coromandel Peninsula . It was 

re corde d further south in scattered localitie s in the Waikato 

and Bay of Plenty areas ( M i ller , 1 922 ) . 

On the East Coast of the North Island the tick was recorded 

south o f  Opo tiki at Tane atua b y  1 92 1 .  Dips were ere cted on the 

northern hi ghways leading i nto Poverty Bay ( Mackay , 1 949 ) . 
The se dips  faile d to che ck the spread of the tick . It is 

believe d  that not all acce ss route s were c overed and only 

cattle were dipped , not she e p  or horse s .  H .  longi cornis 

sub sequently e stabli shed i tse l f  in the Poverty Bay area . 

In 193 1 t he tick was first re c orded i n  the northern Hawkes Bay 

are a .  One tick was found on each  of thre e farms and 4 ticks on 

another i n  the Awamate area a few kilometres  from Wai roa 

( Wairoa , M .A .F .  offi ce . fi le s ) .  On the We st Coast of the North 

Island H .  longi corni s had spre ad to almo s t  the same latitude 

(39° Sou t h )  being present at Waitara in T aranaki  by 1931  
( Wairoa , M . A .F .  office files ) .  Within 30 or 40 year s  of its 

, ; 
introduction the t i ck had spre ad t o  most  o f  its e ndemic are a  

o f  t he North Island . 
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Figur e  1 .  6 

Di s t r i b u t i o n o f  H .  l o ngi c o r n i s w i t h i n  Ne w Z e a l a n d  
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By 1 928 H .  l ongi cornis  had not yet been reporte d from the 

South Island . On that d ate the Cattle Tick Regulations were 

ame nde d  to require cattle  and she ep to be inspected prior to 

shipment to the South Is land . Sheep were only required to be 

i nspe cted i f  the y came f rom ti ck-i nfe sted areas . Horse s or goats  

were  not re quired to  b e  examined . Nine years late r , in 1 937 , 

H .  longicorni s was first re corde d  from the South Island . Ticks 

were pre se nt , "cluste r e d  around the heads"  o f  ·dairy cattle , at 

Hanama , near Takaka , in Golden Bay . The tick was re corded from 

several farms in 1 937 and an o f f i cer of the M .A .F .  was stationed 

at Takaka to control the i nfe stati on by spraying the animals 

with an arseni cal dip  ( Muir  pers . comm . ) . Subsequent to 1 937 

ti cks either di sappeared  or were re duce d to such low numbers 

that they were not reporte d ( Mui r  pers . comm . ) . 

In January 1974 , one adult ti ck was re covered from Romney lambs 

on a coastal property near the mouth of the Patarau River in 

we stern Golden Bay . Thi s was i denti fied  as H .  longi corni s by 

G . W .  Ramsey ( Muir per s .  comm . ) . 

In De cember 1 974 , 30 ti cks were recovered from 400 lambs from 

the same property ( Muir pers . comm . ) . These ticks were also 

identified  as H .  longi c orni s .  

Further east of Golden Bay , i n  the Tasman Bay area , there have 

been rare s i ghtings o f  ti cks , of  whi ch only one was identi fied 
as H.  longi corni s ( Mui r  pers . comm . ) . Although ti cks were 

fi rst recorded in the area i n  1 937 it is clear that the area 

i s  marginal for ti ck survival and development . Base d on thi s  

inference , the requirement that cattle and sheep b e  inspecte d 

for ti cks pri or to shipment to the South I sland was aboli shed 

i n  1 977 . 



1 . 9 T i ck fauna of the New Ze aland sub regi on .  

This has been described i n  several papers by Dumb leton ( 1943 , 

1953 , 1 958 , 196 1 , 1963 , 1 973 ) . There are 9 name d spe c i e s  of 

whi ch  8 are ixodids and one is an argas i d .  Apart from 

H .  longicorni s whi c h  has a wide host range , and Aponomma 

sphenodonti whi ch parasiti se s the tuatara ( Sphenodon punctatus) , 

the remaini ng 7 species  all parasiti se birds . Re cently an 

argasid  tick , yet to be name d ,  was collecte d  from a native 

bat ( He ath , 1 977 , citing a p ers . comm . from G . W .  Ramsay ) . 

26. 
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1 . 10 T he signi fi cance and e conomic  importance o f  ticks . 

Ti cks are generall y  regarded as the e ctoparas ite s  that cause the 

greate st economi c loss in the world today ( Sne lson , 1 975 , c ite d 

by Bram and Gray , 1 979 ) . Ticks are reported to affe ct 80% of  the 

world c attle population causing  e stimated losses o f  $400 mi llion 

annuall y  ( Beesle y , 1 973) . Ti cks are cons idered a serious 

problem in Argenti na , Austral i a ,  Colomb ia , Mexi co , Uruguay and 

south and central  Africa ( Be e s ley , 1 973 ) . Theiler  ( 1 964 )  

sugge sts that the economic  loss caused b y  ticks i n  Africa  i s  

increasi ng .  The breakdown of  ti ck contro l  i n  Zimbabwe during 

the war between 1 973 and 1 979 exempli f i e s  the e conomi c 

importance of  ti cks in thi s area . It has been e sti mate d that 

of the 3 million cattle pre se nt on tribal  trust lands in 1 973 , 

one thi rd of  the se died of  ti ck-borne d i sease s between 1 974 to 

1 979 ( Lawrence , Foggin and Norval , 1 980 ) . 

Ti cks are reservo irs and vectors o f  many pathogens whi ch when 

transm itte d to livestock , cause disease s of consi derable 
importance . However , the y are also capab le of dire ctly 

affecting the health and productivity of animals by the removal 

of blo od , injection of toxins and pre di sposi ng animals to ski n 

disease s :  they can also affe ct the qual ity o f  hide s and ski ns . 

Ticks which are known to cause di sease in animals i ndependent 

of the i r  role s as ve ctors o f  pathoge ni c organism i nc lude members 

of the genera Amblyomma , Boophi lus and Hyalomma ( Ca llow , 1 978 ) . 

A numbe r  of re cent experime nts  have shown that at least some 

ti ck species  can si gni fi cantly affe ct cattle pioduction . For 

example , ev_en low ( .30  ti cks )  or mode rate ( 80 ti ck s )  burde ns of  

adult A mblyomma maculatum signi fi cantly depre sse d growth and 

haematologi cal parameters under b oth fee dlot and pasture 

conditi ons ( Wi l l i ams , Hair and Buckner , 1 977 ; W i l l i ams , Hai r 

and McNew , 1 978 ) . It was thought that the ti ck e i ther d ire ctly 

affected the hos�s metabolism and/or depre ssed appetite . <.) 
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Boophi lus microplus has l ong been known to decrease growth rate s 

and cause anaemia i n  c attle ( Ri ek , 1 957 ; Franc i s , 1 960 ; 

Little , 1963)  and some experiments sugge ste d that a toxin 

secreted by the ti ck mi ght contribute to the se e ffects ( O ' Ke lly 

and Sei fert , 1 969 , 1 970 ) . Further i nve sti gations i ndicated 

that a large proportion (� )  of  the de crease in growth rate vas 

c aused  by de crease d appetite and that ani mals d i d  not readily 

make up the growth de f i c i e ncy after the ti ck s were removed 

( Seebeck , Springe ll  and O ' Ke lly ,  1 97 1 ) .  Maj or change s in 

erythroid  values and p lasma prote in leve l s  also oc curred in 

the s e  animals ( O ' Ke lly , Seebeck and Springe l l , 1 971 ) but the se 

were found to be due dire ctly to the feeding of the ti cks 

rather than se condary to the anorexia ( Springe l l , O ' Ke lly and 

Seebe c k ,  197 1 ) . Simi lar re sults were found by Vercoe and 

0 ' �Lcy ( 1 972 ) who found that the e ffe cts persiste d f or at least 
4 we e ks after re moval o f  the ti cks .  

It appears re asonable to assume that much o f  the e f fe cts seen 

with infe stations of  B .  mi croplus re sult from a toxin se crete d 

by the ti cks ( Se ebeck , e t  al , 1 97 1 ; O ' Kelly , e t  al , 1 971 ; 

Spr i ngell , e t  al , 1971 ) .  Conf irmation of  thi s  hypothe si s can 

only be de cided  when the toxi c principle i s  i solate d and when 

inje cte d  i nto ho sts whi c h  have been sub jecte d  to re gular 

phlebotomy c ause s similar change s to that see n  i n  ti ck-inf e sted 

ani ma ls .  Other speci e s  o f  ti cks , such  as Dermace ntor andersoni , 

D .  variabili s ,  Amb lyomma maculatum , Ixode s rubi c undu s  and 

I .  holocyclu s , i nject a toxin i nto the host whic h  may c ause 

paralysi s ( Balashov , 1 9 72 ) . 

An i mportant component o f  the e conomi c  cost o f  ticks i s  the 

monetary value of labour and inse ctic i des expended i n  attempti ng 

to control ti cks . For �xample , in Australi a ,  it  was e stimate d 

that ! of  annual cost of t i ck c ontro l  was dire ctly accounted 

for b y  labour and insecti c i d e s  ( Anon , 1975a ) . 

In summary ,  to be  of e conom i c  importance , ti cks must either
0 

transmit dise ase s to domestic animals or increase to such 

numbers  that the health and productivity of the animals are 

adversely affe cte d . 



For a spe cie s to bui ld up t o  hi gh levels on dome s t i c  animals on 

farme d land , t he t i ck spe c i e s  mus t  be  ab le to  exploi t or surv ive 

the e cologi cal  change s cause d by  the  agricultural prac t i c e s  o f  

man ( Norval , 1 979 ) . 

Finally , the host-tick relati onship may no t always be 

signi ficantly harmful to  the hos t . Where both have had an 

int imate association for a long per i od the host  may have 

deve lope d a strong resis tance . A n  example of thi s is t he 

re si stance o f  Zebu cat tle to  B .  m i croplus ( reviewe d  by  Se i fe r t , 

1971 ) . Dome s tic  mammals and birds  often carry heavi e r  t i ck 

burdens t han healthy wild mammals and birds living i n  t he same 

e nvironme nt . For example , Afr i can ante lope carry fewer 

Boophilus de co loratus t han cat t l e  i ntrodu ced  into the same are a 

( Hoogs traal , 1 978 ) . 

There are , t he n ,  ho st fac t ors  t ha t  affe c t  t he numbers o f  ticks 

e i ther gai ning entry on , a t tachi ng or engorging on the animal . 

It  has been shown that s tress re duces  the re si stance o f  t he 

host  to  some t i cks . Cattle �arry heavier burdens of 

B .  mi croplus when unde r nutri t i onal stress ( O ' Ke lly and 

Se i fer t , 1969 ) . European cat t le (� taurus ) ,  when lac tating ,  

are more heav i ly i nfe sted  wi t h  B .  m i croplus than non-lactating 

cat tle ( Se i fe r t , 1971 ) .  More Rhi p i cephalus sanguineus larvae 

imbibe from Vi tami n A de ficient r a t s than from normal c ontrols 

and more larv ae imbibe from cor t i sone treated  mice  than control 

mi ce ( Sweatman and Ali , 1966 ) . 

Some o f  the se hoa t fac t ors have re c e ntly been e lu c idated in 

Australi a .  Cat tle highly resis tant to  B.  mi croplus deve lop a 

skin reac t i on to larval B .  mi croplus wi th hi stamine release 

and eosinophi le and mast ce lls c oncentrated around t he mouth­

par ts of t he larvae ( Duri e , 1 977) . This skin hyperse nsi tivi ty  

i s  appare nt ly correlated  wi t h  the  re sistance leve l o f  the  hos t . 

Larvae appar e nt ly wander consi derab ly on resistan t  hos t s  and 

an i ntere s t i ng finding is that t he hypersensi tivi ty se t s  up a 

grooming resp onse ; . i n  highly resi s tant cat tle , grooming 

removed 30 - 50% of t he larvae t ha t  did  no t attach c ompared 

wi th only 2 - 6% in low · re si stan c e  hos t s  ( Duri e , 1977) . 

29 . 
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I t  i s  logi cal t hat the more resi stant the host  is  and the hi gher 

the parasi tic  challenge , then the greater the proportion o f  t i cks 

t ha t  are killed ( Ander son , 1976 ) . Thi s is why Randolph ( 1 979 ) 

sugge sts  that the natural regulation  of t i ck populations i s  only 

brought about by densi t y-depe nde nt mortali ty  fac tor s .  

1 . 10 . 1  The signifi cance of H .  longi corni s .  

Larval , nymphal and adu l t  H .  longi c orni s can become infe c te d  wi th 

Coxiella burnet t i  i f  t he y  fee d on a host infe cted  wi th Q-fever 

( Smi t h ,  1 942) . The tick i s  also a p robable ve c tor of 

The ileri a  mutans i n  Austral i a  ( Se ddon , 1 95 1 ; Riek , 1966 ) , Japan 

( Namba , 1 958 , 1 963) Korea ( Han , 1978 )  and U . S . S . R .  ( Hoogst raal 

e t  al , 1968 ) . The Bri t i sh strain o f T .  mu tans appears to be  

identical to the Japane se and Korean o f  T .  serge nt i .  The 

Australian s train of T. mutans is serological simi lar to the 

Bri t i sh s train ( Joyner , Payne , Takahash , Brockle sby and 

Irwi n ,  1974) . I t  is probab le they are all the same spe cie s .  

H .  longi corni s i s  also a ve c t or o f  Russian spri ng-summer 

encephali t i s  
·
( Hoogstraal , et al , 1 968 ) , and has been  found to 

transmi t Babe s i a  gibsoni to  dogs in We stern Japan ( Ot suku , 

1974 ) . 

H .  longi corni s i s  not capable o f  transmi t t i ng Bab e si a  

bigemina ( Le gg ,  1926 ) . Recently i t  has been shown that the 

t i ck does no t transmi t Anaplasma margi nale in Au s tral i a  

( Connell , 1978 ) . 

I t  seems odd that The i leria mutans i s  ye t t o  be recorded from 

Ne w Zealand de spite i ts pre sence in o ther countries where 

H .  longi corni s oc curs • .  T . · mutans causes a mild transient  

reduc tion in haematocri t ( Kuttler and Craig ,  1975 ) . Pooled 

cat tle b loods were colle cted  from two known tick infe sted  

properties  i n  the Wairoa County ( the same are a  as the 
v 

experiment o f  Heath , e t  al , 1 976 ) . The b lood samples were 

inje c ted i nt o  splene c tomi sed calve s and no b lood paras i t e s  were 

found in smears from the calves up to 40 days la ter 

( Char le s ton and Collins , unpub lishe d . )  



31 .  

The e f fe c t s  of H .  longic orni s o n  the hos t  have been  i nves t i gated . 

under c ontrolled condi tions only on one o c casi on i n  New Zealand 

( Heath , Pearce , Te nqui st , and Cole , 1 977 ) . Six te e n  days after 

peak adul t  ti ck numbers , 1 00 sheep that had been d ipped at  

approxi ma tely 14  day intervals were signifi cantly ( P  (0 .01 ) 

heavi er t han 100 undipped controls . The depression i n  b ody 

weigh t  o f  the undi pped sheep  was only transient . 

The dipped  and undipped sheep  from thi s experime nt were shorn 

48 days after the peak of adu l t  ticks . There was no 

signi f i cant difference be tween the mean greasy flee ce we i ghts 

of the two groups but the mean fleece we ight , o f  s coured wool , 

from the d ipped group was signi ficant ly  ( P  ( 0 .005 )  heavier 

than t he undipped group . 

The haemoglobi n  and haematocri t values of  undipped sheep were 

also signi fican tly  lower than the dippe d sheep for up to 35 

days after  the peak i n  t i ck numbers .  

I t  i s  generally assumed that t i cks affe c t  young animals more 

seriously . For t hi s  re ason Heat h ,  e t  al , ( 1 977 ) c oncluded that 

the i r  re sul t s  sugge s t  H. longi c orni s may c ause c onsi derab le 

lo sse s i n  lamb s .  

Cat t le wi th heavy i nfestat ions of H .  longi corni s have been 

repor t e d  by  Robe r t s  ( 1 963 , 1 970 ) and Ne wton ( 19 73 )  i n  Austral i a  

and heavy i nfe stations are sai d to  cause " t i ck-worry" i n  dairy 

cat t le ( Se ddon , 1951 ) .  Accord i ng to Emmerson ( 1 972 ) heavy 

i nfe s t a t i ons of H .  longicorni s cause anaemia arid produc t i on 

loss i n  cattle although Rob e r t s  ( 1 970 ) , c onsiders that the 

anaemia associ ated  w i th heavy and c ont inuous infe s t a t ions o f  

H .  long i corni s i s  less severe than the anaemia a ss o c i ated wi th 

B .  microplus . 

Mor tali t i e s  have been observe d i n  beef  c a t t le and calves in 

Aus tral i a  associ ated wi th H .  longi c orni s ( Campbell , per s .  comm . )  

Ti ck counts on the hide o f  one ne cropsied  animal suggested  the 

animal was carryi ng about 2 1 , 000 t i cks . 
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Haemoglob i n  leve l s  i n  five surviving animals range d from 

2 .0 - 6 . 4 g/d 1 .  I have ob served deaths and similar low 

haemoglob in level s  in heav i ly i nfe sted  beef  cat tle  in the Waiapu 

County .  Anaemia and deaths in sheep attributed to  H .  longi cornis 

have been reported  by  Tenqui st , Wri gh t  and Skyrme ( 1 973 ) and 

Ne ilson ( 1 976 ) . 

Single H .  longi corn i s  and B .  microplus adult s ingest  0 . 6  -

0 . 7  ml and 0 . 7 - 0 .8 ml of blood re spe c t i vely ( se e  Se c ti on 

1 . 1 1 . 1 ) . In c a t t le infe sted  w i th B .  microplus t he se los se s of 

erythrocytes and haemoglob in are no t imme diately replaced and 

i t  has been sugge s ted  that t hi s  may be from the inference of 

me tabolism by a t ox i n  from the t i ck ( Springell , e t  al , 1 9 7 1 ) 

Simi lar experimental evidence i s  no t avai lab le for 

H. longi corni s .  However , where animals are infe sted  wi t h  very 

high numbers o f  thi s t i ck , as re ported by Campbe l l ,  b lood loss 

is  mos t likely t o  exceed the rate o f  replacement irrespe c t ive 

of whe ther H. long i corni s secre tes  a toxin or no t .  

I t  i s  obvious that i n  any c l ini cal observation ,  a causal 

association be twe en anaemia and H .  long i c orni s can only be 

assumed when o ther l ikely cause s of anaemia are eliminated . 

These observat ions c an only be regarde d as circums tantial 

evide nce of e c onomi c loss attributab le to the t i ck .  

Enlarge d lymph node s in lambs ( Anon , 1 973b ;  Roach , pers . comm ; ' 

Anon , 1 975b) and cat t le ( Crawford pers . c omm . ) at slaugh ter 

have been reporte d t o  be possibly assoc ia ted with  infe stations 

of H .  longi corni s .  

Whi lst  there i s  a lack o f  experimental evidence of t he adve rse 

e ffec t s  o f  H. longi c orni s on cattle and lambs the known fac t s  

sugge s t  i t  i s  o f  some economi�  impor tance in Austral ia and 

New Zealand . 



1 . 1 1  Biology of t i cks 

In thi s se c ti on , alt hough there are o c casi onal references to 

argasid t i cks , the b i ology of only ixod i ds ti cks is di scussed 

full y .  

The eggs o f  ixodid ti cks are ne ver laid on the ho s t  ( Campbe l l , 

1966 ) . Thus when t he female t i ck is  fully engorge d , she 

detache s and falls t o  the ground . De tachment at spe c i f i c  

time s o f  t he day has been repor t e d  for some spe c i e s  o f  t i cks . 

For example , almos t  all ( 90% ) o f  larvae , nymphs and adults  of  

Haemaphysalis  lepori spalustris  de tach from the co t t ontail  

rabb i t  during dayligh t  hours ( Ge orge , 1964 ) . Thi s  de tachment 

occurs in a 6 hour i nterval , up to 2 hours before darkne ss 

( Ge orge , 1 97 1 ) .  Haemaphysal i s  spi nigera also shows a clear 

periodi c i t y  of  de tachment dur i ng dayli gh t  hours ( Bhat , 1 974 ) . 

In Japan , Ki taoka ( 1 962 ) has found that H .  longi c orni s 

de tache s i n  the early morning so tha t  i f  stock such a s  dairy 

cat tle infested w i t h  ticks are move d into  di fferent paddocks 

twice dai ly , t i cks will be  conce ntrated i n  the paddo cks where 

they spend the early morni ngs . 

After de taching , t i cks are nega t ively pho t o tropi c ( Mjers , 

192 4 ;  De thier , 1 95 7 ) ; t he b lood meal i s  digested  i n  a moi s t  

microhab i tat i n  ve ge tation o r  i n  the lai r  of  the ho s t , during 

the preov i posi t ion phase . Me taboli c a c t iv i ty is at a maximum 

in the period be tween de taching and prior . to egg laying 

(Ki taoka and Ya j ima , 1 958 ; K i taoka , 196 1c ;  Hefnawy , 1970 ) . 

Marked increase s i n  the rate s o f  gaseous exchange a t  the e nd 

of feeding have been repor ted  i n  ixodid ( Be l02erov , 1 964 )  and 

argasid ( Gabbay and Warbur g ,  1 9 78 )  ti cks . 

After a variab le preoviposi t i on period , e ggs are laid i n  

suc cessive dai ly b a t ches . I n  most  t icks , :after the e ggs are 

lai d , a waxy secre t i on produ c e d  by Gene ' s  organ , i s  appl ied  t o  

the eggs . Thi s assi sts  i n  wa terproofing the eggs ( Cherr y ,  

1969 ) . 
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Egg produc t i on i n  ·ixodids range s from 1000 t o  20 ,000 per female . 

During the subsequent incubation period , providing condi t ions 
are favourab le , the larvae de velop . Eve ntually the larvae 

e merge from t he egg shell . After a period of inac tivi ty , larvae 

then seek a ho st  e i t he r  from the ground or on the vege tation . 

Ti cks , ( e specially 3-host ticks ) , spend almost  all their life 

cycle off  the host . Ac cordingly , t hey are exposed to  a vast 

range o f  c ondi tions i n  the environme n t . The ir sensory 

physiology i s  well develope d to re spond t o  vari ous environmental 

si gnals ( Cami n ,  1963 ) . Unlike some o ther acarine s , such  as 

mi tes  whi c h  l ive continuously on t he host , t i cks have elaborate 

behavioural me chani sms and se nsory physiology re quired for hos t  

location ( Cami n ,  1963 ) . 

Ti cks that infest  the larger dome s t i c  mammals ge nerally climb 

ve ge tation to seek a ho st . The d i r e c t i onal stimulus is sai d 

to be in re sponse to gravi ty  o r  l i ght with  Ixode s ricinus 

( Lees , 1948 ) . Light appears to be the princ ipal stimulus 

causing climti ing in B. mi croplus larvae ( Wi lkinson , 1953 ) . 

Verti cal movement of  H .  lepori spalu stria  larvae i s  c ontrolled 

by humidi ty  and light . If ti cks are fully sa turated they are 

pho toposi tive but whe n de siccated  t hey be come inse ns i t ive to  

light and re spond posi tively t o  mo i s ture ( Cami n and Drenner , 

1978 ) . I .  ricinus re turns to t he moi st  vege tat i on mat to  

re hydrate ( Mi lne , 1 950� but  some t i cks e . g .  Rhi pice pha lus 

evertsi larvae are capable o f  remaining a t  t he tips of  t he 

vegetat ion for up to 1 75 days ( Gray , 1 96 1 ) ;  thi s may be a 

re f lection o f  differences in re s i stance to  desi ccation . Eve n  

at the tips  o f  vege tat ion the hum i d i t y  would most like ly 

increase above the C . E . A . ( se e  Se c t ion 1 . 12 . 3 )  o f  t he t i ck 

during night- time . 

When t i cks c limb vege tation t hey appear to  posse ss a mechani sm 

whi ch regi sters the height climb e d  and he nce station themse lv� s 

at a sui table  level to  locate the host ( Wi lkinson , 1 95 3 ; 

Lees , 1 969 ) . 



In Norway i t  has been shown that di fferent stage s of I .  r i c inus 

are present at  d i f ferent levels in v e ge tation :  larvae lowe s t , 

nymphs nex t  and adults  hi ghe st i n  t he ve ge tat ion ( Tamb s-Lyche , 

1943 , ci ted by Lee s ,  1 969 ) . Thi s i s  compat ible wi th the fact  

t ha t  immature stage s of  some t i c k  spe c i e s  e . g .  Dermacentor 

andersoni , Amb lyomma variegatum , Hyalomma drome dar ii , occur  

more fre quen tly on small ho sts  ( rodents  and birds ) , whi le  the 

adul ts utilise larger ho sts  ( ca t tle  and horse s)  ( Campbe ll , 1966 ) . 

A t  t he tips o f  ve ge tation , t i ck s  ex t e nd or wave the ir fore legs . 

Pre sumabl y ,  thi s ass i s t s  i n  re c e i ving various stimuli . Ti cks 

que s t  very strongly i n  response to odours ( Wilkinson , 1 953 )  and 

several ti cks are known to be attracted  to co2 ( Garcia and 

Furman , 1 966 ) . Thi s fact  has been u t i lised to c olle ct  t i cks in 

t he field wi th the use of dry i ce cub e s  ( Nosek , 1 978 ) . 

When i t  gains access to  a sui table ho st , each unfed stage 

a t taches , usually at a prefe rre d f e e d ing si te such as the inner 

surface of the ears , ax illa , mane , tai l ,  perineum e t c . 
( MacLeod , 1 939 ; Balashov , 1 9 72 ;  Heath , 1 973 ;  Hoogstraal , 

1 978 ) . According to  Ar thur ( 1 9 73 )  no inf ormation - i s  avai lab le 

t o  explain why ti cks have pre ferre d s i te s  o f  at tachment on t he 

same or differe nt host s .  However , Balashov ( 1 9 72 )  sugge s t s  

t hat irre gular distribution o n  the hos t i s  associated w i t h  

cap i tulum leng t h , ho s t  ski n  thi ckne ss , air-layer mi croclimate 

nex t  to t he skin ,  and t he ho s t s  grooming ab ili ty . Pro t e c t i on 

from the sun and are as safe from b e i ng di slodge d are sugge s te d  

as  reasons f o r  preferre d areas b y  Hoogstraal ( 1 9 78 ) . The ski n  

o f  cattle i s  thinner in t he axilla  and groin ( Ar t hur , 1 965 ) 

and there i s  an i nverse re lationship be tween skin thi ckne s s  

and hairiness ( Arthur , 1 976 ) . Cat t le skin temperature varies  

from 35 - 4o .5°C ( Ar t hur , 1 976 ) and it  i s  likely the ears of  

mos t  hosts  have a lower temperature t han other par t s  of  t he 

body . One or more o f  the fac t ors  sugge sted  by Balashov ( 19 72 ) 

may influe nce t i ck d i s tribution on t he hos t . 



Accordi ng to  Campbe l l  ( 1966 )  most t i ck s  have a w i de hos t  r ange , 

a few species  have a narrow host range but v irtually no t i ck s  

are absolutely ho s t  spec i f i c . Howeve r , t here i s  o ften e v i de nce  

of a narrow range o f  pre ferre d ho s t s .  Ecologi cal and 

be havi oural ass ociati ons be twe en the par asi te and the host  may 

de termine why c e r t ai n  t i cks i nfest  only a few ho s t  spe c i e s  but 

Art hur ( 19 76 )  considers tha t  t he main re ason m&y be be cause o f  

a real re s tri c t ive spe c i f i c i ty .  
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Ticks may wander over the hos t  for several hours be fore a t t a c h­

ing ( Balashov , 1972 ) . The at tachme nt and fe eding of t i cks has 

been fi lme d by Gre gson ( 1 967)  and the reviews o f  Balashov ( 1 9 72 )  

and Arthur ( 1 973 )  res tate the find ings o f  Gregson .  Hav ing 

se lec ted a fee ding si te , the t i ck bend s  the capi tulum towards 

the host and splays the palp s .  The che l i ceral digits  swe e p  and 

cut outwards from t he midline and t here are alte rnate thrust ing 

move ments of the chelicerae . Once the s tratum corneum is  

pene trated , a cemen t -like substance i s  re leased from the 

salivary glands and flows around the mou th-parts  hardening i n t o  

a sheath  around them . The hypostome i s  gradually pushed i n t o  

the wound and i t s  re trograde tee th and t he cement-like 

substance anchor t he t i ck firmly to  the hos t . 

Ti cks are ec topara s i t i c  for several days on the hos t  from 

at tac hment unt i l  e ngorgeme nt . Ixodi d  larvae fee d  for 3 - 5 

days , nymphs 3 - 8 days and female s 6 - 1 2  days ( males do n o t  

fee d )  ( Balashov , 1 9 72 ) . The only excep tion  to t hi s  i s  the 

rapid  feeding ( 1  - 2 hours )  o f  larvae and nymphs of 

Haemaphysali s  inermi s .  

During feeding , periods o f  sucking alternate wi t h  periods o f  

sal ivary e jacula t i o n  ( �regson , , 1967)  and by thi s means 70% o f  

exce ss water i s  r e t urned t o  t he hos t  ( Ta t che ll , 1 967 ) . 

Ixodid  t i cks d i f fe r  from b l ood-sucking i nse c ts in  the amount 

and rapidi ty  o f  inge s t i on of b lood and Lee s  ( 1 952 ) has shown 

the physiologi cal reason for thi s .  
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Blood sucking inse c t s  can inge st over 10 t ime s t he i r  body we i gh t  

by  di stension of the cuti cle . However , t i cks can i nges t  over 

100 t ime s the ir own we i ght o f  blood , and thi s i s  accompli shed by 

distension and growth o f  the cuticle . In b lood-sucking inse c t s  

t he e ndocu ti cle i s  u sually secre ted imme d i a t e ly after moulting 

whereas i n  ixod id ti cks the e ndocuti cle i s  se cre ted  by the 

epidermi s during engorgeme nt . 

Growt h  o f  the cuticle and engorgement appear to oc cur in  3 

d i s tinct phases as i nd i cated by we ight change s ( K i taoka �nd 

Ya jima , 1 95B ; Ki taoka , 1961a ) . In fac t , i n  the firs t  phase , 

some t i cks lose we i ght ( Balashov , 1972 ) . 

rapid  i n  the third phase ( Myers , 1 92 4 ;  

Wharton and Ute c h ,  1 9 70) . 

Engorgement is  mo st  

K i t aoka , 1 96 1 a ;  

When e ngorged , larvae of 3-host ti cks de tach  and drop to  t he 

ground , and i f  c ondi t i ons are sui t able they eventually moul t to  

nymphs . In 2-host  ti cks , the  larval moul t o c curs on  the hos t . 

In 1 -ho st t i cks both  t he larval and nymphal moul t s  occur on  

the host . Mos t  ixodi d  ti cks undergo a 3-ho s t  cycle and as  

might be  expe c te d , tho se 3-host  spe cies  t ha t  que s t  from 

vege tation have a wide natural host range ( Balashov , 1972 ) . A 

few spe c i e s  of Hyalomma and Rhipicephalus are 2-host t i cks . 

All  6 spe c ies of Boophilus and some o f  Margaropus and 

' Dermacentor are 1 -host ticks ( Hoogstraal ,  1 978 ) . These 

d i ffere nce s are very important in  relat i o n  t o  d i sease 
� 

transmi ssion , the deve lopment of i nse c t i c idal  resistance and i n  

relation to  controll i ng ticks . The li fe cycles are re pre sented 

diagramma ti cally i n  Fi gure 1 . 7 .  

I t  should be noted that as shown in  Table 1 . 7 t ha t  each instar 

is immob i le for a per i od af ter moul ting . During this post­

moulting deve lopment p eriod many physiologi c al change s occur 

{ Balashov , 1972 ) . The cut i cle c ontinues t o  harde n .  

Hypertrophied ce lls  i n  the gut from the pre v ious engorged s tage 

are replace� by f la t  epidermal cells . The saliv ary gland 

alveoli  are increasing in  size ; they are no t , a t  thi s stage 

at the f i nal size typi cal of unfed t i cks . Food re serve s are 

still  available i n  the gut and the malpighian tubules discharge 

large amounts of guanine . 



F igure 1 . · 7 Li fe Cyc l e  o f  Ix o d i rl  Ti cks 

Adu l t  female e ngorge s 
Re p l e t e  fe male d e t a c he s  � from ho s t  � 

Adult  c �n h ost  Fe male  on gr ound 
and wand e r s  the n Pre ov i p o s i t i on 
a t tfc h e s  pe r i od ! 
Host que s t i ng Ovi p o s i t i on-e ggs 

i Re s �  t h e n  :::�:::!::

o

�::i:: 

A dult  e m e rg e s from 
e xuvi um 

i 
Nymphal i m mo b i l i t y  
( moult ing) 

t 
Appar e n t  quies ce nce 

r 
Nymph o n  gr ou n d  
Ini t ial ac t ive 
p hase d e p e n d i ng 
spe c i e s  and 
t e mlerature 

Nymph e ngo rge s 
a nd  de t a c he s 

l 
Nymph c l i mls o n  
wanden; o n  h o s t  
a t t aches 

Host qu e s t i ng 

on 

host , 

R e s ti- the n 

Nymph e me r ge s  from 
e x tivi um 

Ha t c h i n g  l arva 
e me r ges f r om e gc;s 

l Re s ts t h e n  

Host quest i ng of 
larva ! 
Larva c l i mbs on 
hos t - wand e m  on 
host ant a t tache s 

Larva e ngor ges and  
de t ac le1 
Ini t i al ac t ive 
p hase ( d e p e ndi ng 
on s pe c i e s  -and 
temp e r ature ) 

Apparel quie scence 
Comp le t e  i mmob i l i t y  I 
Larva'l maul t 

<.: 
Base d o n  i n f or ma t i on from Campbe l l  ( 1 966 ) , Le e s  ( 1 969 ) , 

Heath ( 1 974 )  
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1 . 1 1 . 1 Biology o f  H .  longi c ornis 

Thi s has been discu ssed in a number of pa�ers ipcluding 

Myers , 1 924 ; Legg , 1 926 ; Namba , 1 953 �  1 954 , 1 958 , 1 963 ; 
Teng , 1 9 56 ;  Bremner , 1 959 ; K i taoka , 196 1 d ; Sai t o , Kubo ta , 

Yajima , Watanabe and Kami no , 1 965 ; Hoogstraal , e t  al , 1 968 ; 

Su therst  and Moorhouse , 1 972 ; Te nqui s t , 1 973 ; He ath , 1973 , 
• . J 

1974 ; Heath�  Bi shop and Tenqui st , 1977 ; and He ath , Tenqui s t  

and Bi shop , 1978 . Da ta from some of t he se authors i s  i nclude d 

in  Tabl e  1 .5 .  

H .  longi corni s i s  a three host  t i ck . Following e ngorgement , 

de tachment and the preoviposi t i on perio d , the female lays 

betwe e n  1 - 2 ,000 brownish , ovoid eggs ( Myer s ,  1 924 ; 

Hoogstraal , e t  al , 1968 ; He at h ,  1 973 ) . The eggs are 

approxi mately 0 . 58 - 0 . 62 mm l ong by 0 . 40 - 0 . 43 mm wide 

( Namb a , 1 958 ; Myers , 1 92 4 ) . I t  has been  ob serve d by Heath 

( 1 974 )  t hat H .  l ongi corni s may oviposi t i n  cond i t i ons where the 

humidi t y  i s  so l ow that the e ggs may no t surv ive . Al though low 

humidi t i e s  do not  a f fe c t  ovi po si tion of H .  longi c ornis ( Hea t h ,  

1 9 74)  i t  se ems t hat ovi posi tion  i s  mai nly controlled  b y  

tempera ture . Ovi posi t ion a t  low humi d i t i e s  has also been 

observe d with Rhi p i cephalus sanguineus ( Swe atman , 1 967)  and 

Amb lyomma ameri canum . ( Sauer and Hair , 1971 ) . Thi s seems 

surpri s i ng since it i s  obvi ous as reported by Labe yri e ( 1 978 ) 

that t he way a female ar t hr opod di s tribu te s i t s  e ggs i s  an 

essent ial  eleme nt  i n  the surv ival o f  the speci e s . In mos t  

inse c t s  studie d ,  low humi d i t i e s  reduce the rate o f  oviposi t i on 

( Burse l l , 1974 ) . A reduc t i on in water content can re duce t he 

rat e  o f  me tabol i sm ( Wigglesworth , 1 966 ) .  However ,  following 

the p e ak of me t abolism soon a f ter detachment  of female s ,  the 

me tab o l i c  rate de c li ne s  ( Balashov , 1972 ) . If  t he me taboli c 

rate i s  low during egg-laying , re duc t i on i n  water  content 

woul d  o nly marginally affec t  t he rate of  me tabol i sm .  

39. 
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Table 1 . 5 Field  and lab orator� data on the biolo�l o f  

H .  lon�i c orni s -( c!uration  shown i n  dals ) .  

� He l son Lep;;:: N.,::�ba B:::-ecn�r Xi tnoka Hoo r, :-; t r n a l  llc a t h  

_9_) (1•niS T192G)  (1')�3. ( 195')) ( 1961.�) e t  :l l  ( 1':7";)  
1 963) (1')'[8") Jie ath""; t <!.l 

( 1 977, 1 9 78)  

Pre- 7-60 1 4  7-12 ( 9 . 9 } ·. �-6 3-7(5 } 
oviposi t i on . 

Ovi p os i t i on 23.:.28 2 1  1 1 -32 1 1 - 1 3  1 1 -2 7 ( 89-165 }  

Incub a t i o n  37-90� 10-60 2 4  18-2 1 12-25 2 1, - } 1  48- 1 1 6 
( 19 . 0 )  (27.5 } 

R e s t i n g  J lt  3-5 
larvae 

-· 

Fe e ding 7 '+-7 )lt 3- 12 .6-8 lt-7 lt -7 
larvae ( 5.8 }  

Pre moul t 21  2 1  1 0  12-25 9- 1 1  10- 1 9  1 4 - 1 7  2 1 -98 
larvae ( 19 . 5  ( 130} . ( 15 .5)  

.summer ) 
( 19 . 1  
wi n t e r) 

Re s t i ng 5 2-3 
nymphs 

Fe e d i ng 7 lt-7 )4 4 -8 4 -7 5-7 4-7 
nymphs ( 6 . 8 )  

Pre mou l t  23-95 2 1  10 1 4- 1 ')8 1 1 - 13 . 10-22 1 2 - 1 6  35-150 
n y�fh s  ( 2 3 - 7 )  ( 129) 

jle G t i n �  5 4-6 
all u l t s  

F� e d i n c  7 4-7 > 4  7- 1 1  9-15 1 1 - 19 4-7 
adu l ts ( 10 . � )  
Total t i me 1 32-315 99- 158 96-154 73-94 . 93- 1 4 5  � ---
T

_
empe r a t u r e  A l l  High 1 6-24°c }OoC 30°C 26-28�c 

.seasons 

Humi d i t 1  80-95% 90% Sa tu:-- 20-30% 
a t i o n  

· Sheep 
Ho et Ca t tle C a t t l e  Rabb i t  Rabbi t Ca t tle 

llo. eggs 1 ,o0o 1 , 200 1'10- 1 120 2 , 024 I 2000 
laid 

• 
No eGgs .54-67% 
hatching ( -.5oC-3oC) 94% 

Opt imum 2.5-30 
tcrr.pera ture 

Op timu= High 65-75% 
humi d i  t ,.  

Long evi t,. 263 5Go 150-259 



NOTE ( wi th re ference to Tab le 1 .5 )  

1 .  All stage s in days . 

2 .  Means where quoted shown i n  bracke t s . 

3 .  Hel son ' s  data probably from Myer s  ( 1 924 ) . 

4 .  Helson suggests  time from egg t o  adu l t  80 - 225 days 

( mean 100 ) . 

5 .  Data from Campbell ( per& c omm . )  no t included as i t  i s  

dire ctly from Myers ( 1 924 ) . 



I t  was found b y  He ath ( 1 974) that under very dry cond i t ions  

( saturation de f i c i t  o f  20  mm o f  Hg)  at  25°C H .  longi cornis did 

not  oviposi t but  it  did  oviposi t a t  the same sa turat ion de f i c i t  

a t  2 8  - 32°C .  Thi s implies  an e f fe c t  o n  me tabol i c  rate . 

Be i ng a 3-host  t i ck ,  each stage ( larvae , nymph and adul t )  

returns to the pas ture following e ngorgement and detachmen t . I t  

follows that H .  longi corni s spends more than 90% of i t s  l i fe 

cycle in  pas ture ( se e  Se c t i on 1 . 1 2 . 6 ) . 

The mout hpar t s  of the larvae , nymph and adul t of H .  longi c orni s  

d o  no t pene trate deeply into  t he hos t .  Eac h  instar i nse r t s  i t s  

mou thparts  t o  t he same depth i n  the e p i dermi s ( upper } o f  the 

Malp ighian layer ) and no t into  the de rmi s ( Moorhouse , 1969 ) .  

There appear s  t o  be a c orrelation be t we e n  t he depth o f  insert i on 

o f  the mout hpar ts and the final e ngorge d we i ght o f  the t i ck 

spec ies . Spe c i e s  of Hyalomma and Amb lyomma pene trate i n t o  the 

vascular layer s  of the dermi s and reach engorge d we igh t s  o f  

600 - 1200 m g  ( Balashov , 1 972 ) . We i gh t  increase s re corde d b y  

Myer s ( 1 924 )  were 0 .25 m g  to 4 m g  f o r  nymphs and 1 m g  to  154  mg 

for adul t s .  K i taoka ( 1 961a )  also observed we ight increase s i n  

par t he nogene t i c  adul t  H .  longi corni s from 1 . 5 mg to 300 m g .  

The i ncrease i n  we ight of t i cks dur ing engorgement is  only an 

approximate gui de to the amount of blood ingested  be cause o f  

assimi lat i on , dige s t ion and excre t i o n  (Ki taoka and Fu ji saki , 

1976 ) . For example , the amount of b lood (0 . 7 - 0 . 8 ml ) 

i nge sted by adul t  B .  microplus was e s timated  to be  ab out 3 times 

the final engorged body we i ght . The amount of b lood ( 0 . 6  -

0 . 7  ml )  i nge st e d  by H .  longi c orni s  was e st imated to  be 3 - 5 

times  the fi nal engorge d body wei gh t . ( Ki taoka , 1 961 b ) . 

A l t hough the apex o f  t�e r�strum o f  H .  longi c orni s i s  i n  l i ne 

wi t h  the Malpighian layer haemorrhage s beneath thi s i n  the 

� .  

derm i s  and subcutis  have been  observ e d  by  Sai to and O ' Hara ( 196 1 ) .  

These authors also observed  that l e s i ons produce d  by nymphal 

H .  longi corni s were l e a� severe i n  winter than summer and 

conclude d ,  like Wagland , Roberts  and Su ther s t  ( 1 979 ) , t hat  

temp erature affe c t s  t he durati on o f  paras i t i sm on the hos t  and 

thi s may resul t i� di fferent lesion s . 



1 . 1 1 .2 Seasonali ty of H .  longi c orni s . 

Thi s has been de s cribed for Australia , China , Japan , New Zealand 

and U . S . S . R .  and i s  shown d iagrammat i cally in Figure 1 . 8 .  In t he 

areas where H .  longi corni s o c curs , the climate i s  o f  a humid 

sub tropi cal or a mid-lati tude , humi d summer ,  cate gory ( Anon , 

1966a � except  for a small are a of nort hern Japan and par t o f  

New Zealand ( see Figure 1 .9 ) . I n  are as where the t i ck i s  

pre sent i n  t he Northern Hem i sp here , i n  Septembe r , the monsoon 

blows from the north-we s t  spre ading cold air over t he are� . In 

northern Japan ( Hokkaido and north-we s t  Honshu ) snow is pre sent 

from De cember to March . In April t he wind change s and blows 

from t he South bringing warm a ir (Anon , 1 964) . The colde r 

au tumn and winter tempera ture s explain the short e r  periods of 

activ i ty of H .  longicorni s i n  the nort hern hemi sphere ( see 

Figure 1 . 8 ,  D ,  E, F ,  G . ) . 

The periods of abundance o f  t he var i ous ins tars at  the elevated 

area ,  Mount Tamb ori ne , i n  Au s t ralia and Northland i n  Ne w Zealand 

are simi lar ( H ,  C and J i n  F igure 1 .8 ) . Howeve r ,  Sutherst and 

Moorhouse ( 1 972 ) no ted that o t her patterps of ac t i v i ty oc cur at 

lower al t i tude s .  Further e v i d ence o f  t hi s  is  shown by 

Tenqui st  ( 1 973 ) , where at Li smore i n  Aus trali a ,  ( which is le ss 

than one degree o f  lati tude fur t her Sou t h  than Mount Tamborine , 

but 600 me tre s l ower in alti tude ) t he peri ods of activity  and 

abundanc e  of each i nstar are c onsiderab ly lengthened .  It has 

been sugge sted by Campbel l  ( pe rs . comm . )  that Sou t h  of Graf t o n  

in New South Wal es ,  the seasonal i ty o f  H .  longi corni s i s  

simi lar t o  t hat reported for Northl and i n  New Zealand . 

In New Zealand the  unfed nymph i s  the primary overwi nte ring 

stage ( Heath , 1 9 73 )  ( see Fi gure 1 .8 ) . However , unfed larvae 

have been observe d  to overwi nter  at Wai roa ( nor t hern 

Hawke� Bay)  and Awakino ( no r t hern Taranaki )  ( Heath , Bi shop 

and Tenquist , 1 977 )  and the se have been  obse rve d on the under­

side of t he leave s of the sedge , Mari scus ustulatus  ( Ne i lson 
unpub lished ) .  At Awakino and Te Horo ( ne ar Levi n )  unfe d adults  

also overwinter ( He ath , et  al , 1 9 77 ) . 
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Figure 1 .  8 

Diagrammati cal repre sentation of the seasona li ty of H . longi corni s . 
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Key to Figure 1 . 8 

A = Nor t he rn Hemi sphere 

B = Sou t hern Hemisphere 

C = Nor t hland New Zealand - Myers • ( 1 924 ) · 

D = Sout h e rn Honshu , Japan - Chi take and Otake ( 1 956 ) 

E = China - Tang ( 1 956 ) 
I 

F = Hokkai do , Japan - Namba ( 1 95 8 ) 

G = Pri morye , U . S . S . R .  - Hoog s t raal e t  a l  ( 1 968)  

H = Mount  Tamborine , northeastern  border Ne w South Wale s , 

Australia  - Sut he r s t  and Moorhouse ( 1 972 ) 

I = Woolongbar , Li smore , New Sou th Wales , Australi a  -

Tenqu i s t  ( 1 973 ) 

J = Nor t hland , New Zealand - He at h  ( 1 973 )  

N = nymph 

F = female 

L = larvae 

p e r i o d  of ac t i v i t y  on host  

period  �f maxi mum abundance  on  hos t 

• • • • • •  low numbers  only 

NOTE - Dat a  from Sai to ,  Kubota , Yaji'ma , Watanabe , and 

Kamino ( 1 965 )  ){ no t i nclude d be cause the i nforma t i on , 
Mi-

i a  vague . · 
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Figure 1 .  9 

Seasonal di stribu t i on of pre c ipi t ation exceeding 50 mm per 

month ( shaded are as ) . (From Winter , 1 9 74 ) . 

JANUARY 



It  has bee n  demons trated that nymphs may have a l ong premoult 

period of 14 - 198 days in Japan ( Namb a , 1 958 ) and 1 38 - 1 50 days 

in  the vinter in Ne v Zealand ( He a t h , and Bi shop , 1 9 78 ) . 

Because o f  t hi s  long pre moul t  pe r i od i t  has been sugge s te d  

( Heath , e t  al , 1 9 78 )  that nymphs may overvin ter i n  the engorge d 

state . If  thi s i s  so then adults  see n  on s tock i n  New Zealand 

in t he Spring may ari se from re cently moul t e d  overwintered 

nymphs or unfed overwintered  adu l ts . 
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1 . 1 2  Ecology of  t i cks . 

Ecology i s  the re lati onship be t we e n  a n  organism and all  t he 

fea ture s of  i ts environment . The influence on t i cks o f  physi cal 

fac t ors ( aute cology) and b i o t i c  fac tors ( syne cology )  of the 

environment as ou tline d  by Savory , ( 1 977) , will be consi dered 

separate l y .  Obvi ously many of these fac tors are intere lated  

since a change i n  one fac tor may produce a change i n  ano ther so 

t hat  a single c hange can produ ce a chain o f  events  in the whole 

e co system . An e xample whi ch i llustrates thi s i s  the mechani cal 

analog drawn by Art hur ( 1966 ) t o  i llustrate the ecology of 

Ixode s ri c i nu s and Ixode s persulcatu s .  

1 . 1 2 . 1  The temperature relati ons o f  t i cks . 

A l l  organisms have a preferred tempe rature range in whi ch  to  
' 

survive and reproduce ( Andrewartha and Birc h ,  1 954) . Thi s  

range o f  favourab le temperature s has been  re ferred t o  a s  t he 

" t hermopre ferendum" ( ioli ggle swor t h , 1 96 6) ; the " tempera ture 

pre ferendum" ( Andrewar tha and Birc h , 1954) ; and the "viab le 

range " ( Burse l l , 1964) . In the higher par t of t hi s  pre ferred 

range is  a point  where deve lopment  procee ds at t he fas test  

ave rage rate and thi s has been referred to  as  t he "peak 

temperature " ( Davids�m , 1 944)  or the "op t i mum t e mperature " 

( Wiggleswor th , 1%6 ) .  

There are also upper and lower limi t s  for t he survival and 

development  of art hropods . The lowe r  limi t s  are re ferred to 

as "developmen t al zero " ( Davi d son , 1 9 42 )  or "developme n tal 

t hre shold" ( Bursell , 1 964 ) . The upper limi t s  are referred to 

as the " thermal death point"  ( MacLe o d , 1 935 ; Wiggle swort h , 

1%6 ) or "uppe r  lethal limi t "  ( Bursell , 1964 ) . 

As e nvironme ntal temperatures i n crease , i n  live and dead 

i nse c t s  ( Beame n t , 1 945 ; Wi ggle sworth ,  1945 )  and in l i ve and 

dead t i cks ( Le e s ,  1 947 ) and i n  t i ck e ggs ( Le e s  and Beame n t , 

1948 )  the rate of  evaporation i ncreases suddenly at  a 

" cri t i cal " or transi tion temperature . 



I t  has re cently been sugge sted  b y  Davi s ( 1 9 74b ) that t he reason 

for thi s p�enomenon is a change i n  epi cuticular lipids  from the 

crystal to the liquid crystal phase wi th  an i ncrease i n  space 

be tween the hydrocarb on chai ns of the lipi ds . As a result of  

thi s there i s  a sudden e scape of  water . 

I t  i s  generally assumed from t he work of  Lee s  ( 1947)  that � n  

comparing vari ous spe cies  of t i cks , cri t i c al temperature s are 

i nverse ly re lated to transpira t i o n  rate s at normal temperature s 

i . e .  there i s  a posi tive correl a t i on be twe e n  cri t i cal 

tempera ture s and resi stance to  de s i c cation . 

A similar assoc iation occurs i n  inse c t s  ( reviewe d b y  Ebe ling , 

( 1 974 ) . Thi s relat ionship between  cri t i cal  tempera ture s and 

re sistance t o  desiccation i s  not however c onsistent  when 

comparing d i f ferent deve lopmental  stage s within one spe c ies . 

Engorged female s of Hae maphysal i s  le pori spalus tris  have a lower 

criti cal temperature than unfed female s ,  ye t at 25°C the ra te 

of water loss is  also lower i n  e ngorge d fe male s ( Dav i s , 1974a ) . 

Cri t i cal temperatures alter wi t h  t he deve lopme ntal s tage and 

the nu tri t i o nal state i n  H .  lepori spalustris  { Dav i s , 1 9 74a ) . 

() 

I t  has been shown that  change s i n  cri t i cal temperature in  the 

one deve lopmental stage are ass o c iated wi th  change s i n  the 

composition  of cuti cular lipids  { Davi s ,  1 9 74b ) . 

Cri ti cal temperature s are normally  we l l  above those o f  the 

ti c�s environment so mos t  au thors ( e . g .  S tobbar t and Shaw , 

1974)  have c onsi dere d that they are of  limi ted e c ologi c al 

signi fi cance . An interesting  hyp othe s i s  has been  proposed by 

Davi s ( 1 9 74a ) . The cri ti cal tempera ture s of  adu l t s  of 

H .  lepori spalustri s are higher t han hos t body te mperature 

during feeding .  Jus t  prior t o  t he rapid  e ngorge ment phase the 

cri ti cal temperature falls  t o  w i thin the range o f  the host 

body temperature . The ac companyi ng rapid loss of  water  may 

ini tiate the rapid engorge me n t  p hase . 

Cri t i cal temperature s of ixod i d  t i cks { Lee s , 1947)  and tick  

eggs { Le e s  and Beament , 1 948 ) are  i n  the range o f  32  - 45°C .  



Those o f  the eggs of  Ixodi dae are probably t he sam e  as that o f  

the c u t i cle  of t h e  various i nstars of  t he parti cular spe c i e s  

( Le e s  and Beame nt , 1948 ) . 

The c r i t i cal temperature o f  a hygrophi l i c  i xodi d species  such 

as Ixodes ricinu s  i s  lower than the upper le thal l imi tJ where as 

in a xerophi li c i xodid spe c i e s  such as  Hyalomma drome dari i 

cri t i c al temperature s are ab ove the upper l e thal l imi t ( Hafe z ,  

El-Ziady and He fnawy , 1970a ) . This i s  advantageous for the 

ecology of xerophi l i c  spec i e s .  

In summary , temperature · has a profound e ffe c t  on t he ent ire 

life hi story of t i cks . The rate of ixodid feeding , growth  and 

deve lopment depend large ly on envi ronme ntal temperature 

( Balashov , 1972 ) . Temperature also affe cts  the a c tivi t y ,  

dispersal , behavi our and d i s tribut ion on ti cks ( No sek , 1 978 ) . 

1 . 1 2 . 2 Temperat ure relat i ons of H .  longi c orni s 

A gre a t  deal of  ihformation on the re la ti onship be tween 

temperature and t he biology of H.  longi corni s is  avai lab le 

from Heath ' s ( 1 974 ) study . As expe c te d , deve lopmental rates  

of the various i nstars i ncre ase wi t h  i ncreasing temperatures  

( Myer s , 1 924 ; Namb a ,  1 953 ; Heath ,  1 974) . 

A proposed re lati onship be tween temperature and b iology for 

H .  longi corni s i s  shown i n  Table 1 . 6 .  A combina t i on of 

temperature and saturation defi ci t favourable  for the survi val 

and deve lopmen t  of  H .  longi corni s i s  shown i n  Fi gure 1 . 10 .  

Thi s Fi gure i s  derived from ex trapola t i ons ( no t  all  the 

comb i nations of temperatur_e and satura tion defi c i t  were 

examined)  so that i t  doe s  n o t  repre sent the exa c t  levels of  

tolerance of t he non-parasi t i c  stage s t o  tempera ture and 

humi d i t y .  

Of the  eggs and e ngorge d stage s , female s  require the hi ghe s t  

temperature s during preov iposi tion ( Table 1 . 6 ) . Thi s wou ld b e  

re lat e d  t o  the high rate of  me tabo l i sm reported during thi s 

peri o d . 
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Table 1 . 6 

Possi b le relati onship be tween  temperature and biology of 

H. longi c orni s ( values are all °C ) . 

� Larvae Nymphs 

De ve lopmental zero 90 1 1 ° 9 0 

Peak te mperature 32° 38° 3�0 

Upper l e thal 
41 ° 0 4 1 ° temperature near 41  near 

Cri t i c al 
temperature Be tween 35-38° 

NOTE ( 1 ) Data from Heath ( 1 974)  

Female s 

1 6° 

32° 

4 1 ° 

( 2 )  Cri t i cal  temperature not estab l i shed ac curately . 

( 3 )  Propose d  value s taken from t e mperature - development  

ve loc i t y  curve s .  

( 4 )  Deve lopme ntal zero may b e  lower than the theore t i cal  

lim i t o f  9°C .  

( 5 )  Cri ti cal tempera tur e s  sugge s te d  are from experimen t s  

wi th eggs . 

( 6 )  Values for upper l e t hal tempera ture s refer to e ggs 

and engorged stage s . 
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( 7) Deve lopme ntal zero and peak t emperature s apply t o  t he 

{ a )  Incubat ion period o f  e ggs ; 
( b )  Premoult period of larvae and nymphs ; 

{ c )  Pre oviposi t i on period of  females . 

{ 8 )  All values  were obtaine d  at  one high humidity  { 2  mm 

Hg saturation de fi t )  as low humidities  can i ncrease 

the t ime of de�e l opment for all stage s .  



Figure 1 . 1 0  
..... 

The range o f  tempera t ure s and sa t ura t ion  d e fi c i t s  favourab l e  

for survival and deve lopme nt  of  non-paras i t i c  s tage s of 
H .  l ongi c orni s (after  Hea t h , 1 974 ) 
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The influence of low t emperat ure s on H .  longi cornis  i n  

Aus tralia and New Zealand have no t b e e n  ade quate ly studie d . 

Short periods ( 1 4 days)  of  exposure of e ngorged adul t s  t o  low 

temperature s ( 2  - 3°C )  did no t affe c t  oviposi t i on and survival . 

However , most  e ngorged adult s  died  af ter exposure to 2 - 3°C for 

49 days ( Heath , 1 974) . 

In t he u . s . s . R .  unfed nymphs o f  H .  longi cornis  are sai d t o  unde r­

go behavi oural diapause i n  t he winte r ,  although this may be 

regulated pho t operiodi cally ( Be lo zerov , 1 9 73 ) . No evide nce of 

any diapause has been found i n  nymphs i n  New Zealand ( Heath  

per s .  comm . ) . Nymphs o f parthenoge ne t i c  s trains of H .  longi corni s 

have been ob served to be inac t ive a t  room temperature i n  mid­

autumn and wi nter i n  northern Japan ( Sai to ,  et  al , 1965 ) . 

Di fficulty was experi e nced in  ge t ti ng the se nymphs to a t tach 

and/or engorge on rabb i ts during these months . Thi s  was not 

ob served wi th larvae . In Japan , mi lder lesions are produced b y  

nymphs i n  t he winter compare d wi t h  those seen i n  summer ( Sai t o  

and 0 1 Hara , 1 96 1 ) .  

Eggs of the Aus tralian and Japane se ( Hokkaido Island ) s train 

di ffer i n  t he ir re sponse to tempera ture . Eggs from the 

par thenogene t i c strain of female s from Hokkaido Is land we re he ld  
0 0 a t  -5 C and 3 C for 30 days then transferre d to  a higher 

temperature ( 28°C )  and 54% and 67% respe c t ively of t he se eggs 

hat ched ( Namb a , 1 953 ) . Whereas e ggs of t he Aus trali an s trai n 

he ld at 1 2°C at  close to  100% R . H .  fai led to  hat ch ( He a t h , 1 979 ) . 

For thi s  reason , Heath ( 1 974) has suggested  that  t he Japane se 

s train has probably undergone an adap tion to cold cond i t ions . 

Any favourab le adap t ive combi na t i o n  of genes i s  fixed  and 

pe rpe tuate d � infini tum ( Se ct i on 1 .6 )  i n  t hi s  t i ck so i t  seems 

strange tha t , if H. longi corn i s  was i ntroduced to Aus tralia and 

New Ze aland from Japan , thi s adap t ion  was not already prese n t  

i n  the export e d  s trai n .  



By a proce ss of  i nduction , various  climat i c  indi ce s have been  

compar ed  wi th  t he Australian and New Zealand dis tribution of 

H.  longi c orni s .  Those that best  fi t the  di stribut i on are shown 

in Table  1 . 7 .  The se relati onships be tween  di stribut ion and 

clima ti c  indi c e s  ne ed to be supported by laboratory s tudi e s  t o  

estab l i sh their b i ologi cal si gni fi cance . 
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Table 1 .7 

Di stribu tion of H . longi corni s in New Zealand and Australia in 
relation t o climatic indice s .  

NEv! ZEALAND AUSTRALIA 
0 January 32 .2 C isotherm 

55 . 

1 .  Pre sent where mean annual 
air temperature i s greater 

than 1 2°C .  

( dai ly maximum temperature ) 

limi t s western extension from 

2 .  Present where July mi nimum 
. t t . " 2°C .  a1r empera ure 1 s r 

Present where July maximum 
> 1 2°C .  

3 .  Areas likely t o  be free of 
t i cks where > 50 frosts/ 
annum . 

4 .  Areas > 1 day snow/annum 

likely to be free of ti cks . 

5 .  Absent or uncommon where 
rainfall is 1000 mm or less . 

N . S . W . and Queensland . 

Pre sent where July minimum 

) 1 .  7°C .  More common where 
July minimum 4 . 5 - 10 . 2°C .  

Areas likely to be free of 
t i cks where ) 65 frosts/ 
annum . 

Distribution limits follow 
closely the 1000 mm isohye t .  

Data from Heath , 1 974 , 1975 ;  Heat h , Pearce and Te nqui st , 1 9 76 .  



The water relations o f  t i cks . 

The water conte nt o f  terre s trial arthropods varies  be tween and 

within an i ndividual spe c i e s  but  i s  generally hi gh re pre sent ing 

45 - 95% of body we i ght ( Rapopor t and Tschapek , 1 967 ; ci ted  b y  

Whar ton and Arlian , 1 9 72 ) . The water c on t e nt o f  fully hydrated 

ixodid t i cks at  high humi d i t i e s  is  be twe e n  50 - 57% of the  t o tal  

body wei ght , e . g .  I .  r i c i nus  53 . 2% ,  Dermacentor marginatus 

55 . 7% �  ( Be le zerov , 1 96 7 ) ; Amblyomma ame r i c anum 50 - 56% 

( Sauer and Hair , 1971 ) ;  Dermacentor var i ab i lis  57% ( Knulle 

and Devine , 1972 ) . Even  t he c u t i c le of ar t hropods contains 

1 5 - 70% ( mean 43%) water ( Ri chards , 1 95 1 ) .  

In living ar thropods more t han 99% o f  all molecule s are water 

( Edne y ,  1 977) . As mos t  other molecule s in arthropods have a 

high mole cular we igh t , when the wa ter con t e nt i s  expre ssed as 

a percentage of tot al wei ght ( as above ) ,  t hi s  i s  much le ss than 

i ta mole fraction ( Edne y ,  1 977 ) . 

Many au t hors ( e . g .  Wiggle swor t h , 1 966 ; Bur se ll , 1 974 ; 

Ebe ling , 1 974 ) have remarked on the fac t t hat as the size of  

an arthropod decrease s ,  the surface area t hrough which wa ter 

is lost i ncreases i n  relation to t he quan t i t y o f  water at i t s  

di sposal . Water content is  a funct i on o f  volume and evapora t i on 

i s  a funct ion of surface area so that smal l  ar t hropods are a t  a 

disadvantage with  respect  to water conse rva t ion . 

In the small developmental s tage s  of t i ck s , such  as eggs and 

larvae , the oxygen demands can be sat i s f i e d  by t ranscut i cular 

di ffusion . In t he large r de ve lopmental s tages t here i s  

i nsufficient  haemolymph movement to  transport  re spiratory gase s 

so that o xygen re quirements are provi de d  b y  tracheal 

ventila t ion ( Edne y ,  1 977 ) . In ixodid e ggs  and larvae , movemen t  

o f  resp i ra tory gase s oc cur t hrough the  c u t i cle and where carbon 

dioxide and oxygen pass freely so also mus t  water molecules 
( ; 

( Waggone r , 1 967) . Transcuti cular respir a t i on i s  an act ive 

process and i t  requires  the expendi ture � f  more energy than 

tracheal re spiration so that larval survi v al i s  par t icularly 

precarious  in marginal  environme nt s ( Hoogstraal , 1 978 ) . 
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Conseque nt ly , rainfall , e vaporati o n , and e nvironmental humidi ty  

can be import an t  fac tors i n  tick distribu tion  and larval survi val 

can be a ma jor de termi ning factor in t he overal l  di stribution o f  

ti cks . 

A l t hough t he amount of water that can be lost  be fore biologi cal 

processe s are affe c ted , or death occurs , i s  very variable 

( Edney , 1 977) , ar t hr opods mus t  mai ntai n the i r  water contents 

wi t hi n  certain limi t s  i n  order to  survive ( Bursell , 1 974 ) . 

Some aut hors talk of wat e r  loss as a percentage of body we igh t . 

For i nstance , man can only tolerate  a 10- 1 2% water loss while 

some ar thropods can wi thstand a 30% wa ter loss as a perce ntage 

of b ody we i gh t  ( Edne y ,  1 977) . Others talk o f  "water reserve" 

whi ch i s  the amount of water i t se lf whi ch  can be lost be fore 

dea t h  supervene s ,  e . g .  when 50% of water is lost death usual ly 

oc curs ( Burse ll , 1 974) . To evaluate the e f fe c t s  of humi dity  

on  t i cks the  amount of water reserve , the rate  of loss of  

wa ter and the  me chanisms by whi ch deple t i on i s  regulated and 

water is replenished , mus t  be known ( Burse ll , 1 974 ) . 

Water  i s  lost  from t i ck s  by  ac tive and passive transpi ration 

and water is gained by ac t ive and passive sorp tion . 

Transpiration i s  the movement of water-vapour from the t i ck 

i n t o  t he surrounding air .  Sorp t i on i s  t he movemen t  of water­

vapour from t he air into t he t i ck .  When t i cks are exposed to 

an e nvironment where the air is no t satura t e d  wi th water­

vapour , t here wi ll be a ne t water loss through the cuti cle or 

from respiratory surface s  by evaporation  ( Edne y ,  1 977) . A 

gradient of v apour pre ssure or o f  "ac t i v i t y" i s  se t up be twe en 

t he inse c t ' s surface ( a t  whi ch  water is present i n  liqui d form ) 

and the ambient air ( Bursell , 1 974 ) . As has already been 

stated , the i n tegumen t  �s no t completely impermeable , so water 

will evaporate  from the liquid surface and diffuse into  t he 

air along thi s gradient ( Bursell , 1 974) . The moveme nt o f  

wat e r  will depend on  t he vapour pressure ( P )  of  t he surrounding 
c) air ( Edney , 1 977) . 



The rate  o f  evaporation depends on ;  

( 1 )  t he permeab i li ty to  wat e r  vapour o f  the transpiring 

me mbrane : 

( 2 )  t he tempe rature o f  t he t ranspiring surface whi ch affe cts  

t he rate of diffusion o f  mo le cule s of water : 

( 3 ) t he activ i t y  gradient be tween the cu ticular surface and 

the  surround i ng air ( Bursell , 1 974) . 

Water tends to move from regi ons of high concentration , or 

"ac tiv i ty" , or hi gh par t i a l  pressure ( P ) to regi ons of lower 

concentration , or lower "ac t i vi ty" , or lower par t ial pre ssure 

( P ) . ( Wharton and Arlian , 1 9 72 ;  Burse l l ,  1974;  Edney , 1 9 77 ;  

Whar t on and Richards , 1 978 ) . 
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Thus i t  i s  c lear t hat uni t s  are re qui re d  to measure each end o f  

the gradient . The only easi ly  de termi ned me asurement i s  t he 

vapour pressure o f  the atmo sphere . Si nce air i s  rarely 

saturated wi th water vapou r , the term relative humi di ty  ( R .H . ) , 

whi ch  i s  the amount of water  vapour i n  the air a s  a perce ntage 

of t he saturation  water vapour pre ssure at  that t e mperature , 

expre sses the re la ti onshi p . Re lative humi d i ty gives  a good 

indication of t he gradient  of ac tivi ty  whi ch promo tes  di f fusion 

of wa ter  across a transpiring surface but  only relat ive t o  a 

si ngle temperature ( Burse l l , 1 9 74 ) . As  an alterna tive , Wharton 

and Dev ine ( 1 968 ) sugge s t  that  the uni t "ac t iv i ty"  can be used 

for b o t h  vapour and liquid  p hases in the air . · The ac tiv i t y  of 

water vapour ( a ) is  related  t o  relative humi d i t y  as follows -V 

= R . H .  
100 

ac tual par tial pressure o f  water vapour 

pote nt i al saturat i on vapour pre ssure 

The a c t ivity  of water ( a ) i s  used to re f�r to t he chemical w 
po tent i al of wa ter  in i ts l i quid  phase . Thi s  term can be u sed  

to  de scribe the  concentra t i o n  of water  i n  solu t ion . I t  also 

take s i nto  account the osmo t i c  concentra t ion i n  t he liquid 

phase . 
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Under t he same c ondi t i ons o f  te mpera t ure and pre ssure i n  a c lo s e d  

water system , wat e r  molecule s e vaporate and others  conde nse s o  t ha t  

equili brium i s  reached and t h e  ac t i v i t y o f  wa ter i n  i t s  

liqu i d  phase ( a  ) wi ll be e qual t o  the ac t i v i t y  o f  wa ter  i n  i t s  w 
vapour phase ( a  ) ( Edne y ,  1 977 ;  Wha r t on and Ri chards , 1 9 78 ) . V 

a V = RH 
WO 

= p 
P '  

= a w 

The same concep t  i s  val i d  i n  re lation  t o  ac tivi ty  of wa ter  i n  

the ar t hropocf� body ( Vanni er , 1 9 76 ) . .  

The a of  body f lu i d s  o f  mos t  art hrop o d s  i s  ge nerally quo t e d  w 
at  circa 0 . 995 ( Edney , 1 977 ) o r  0 . 99 ( Wh arton and' Ri chards , 

1 9 78 ) . The one me asureme n t  i n  t i cks ( 0 . 99 )  i s  from argasi d s  

( He fnawy , 1972 ) . F o r  a i r  t o  be i n  e q u i l ibrium wi th an 

arthropod whose a 
w 

ne e d  to  be 99% ( a  
V 

i s  e qual t o  0 . 9 9  t h e  R . H .  o f  t he air would 

= 0 . 99 ) . Thi s is  why a ne t loss of  wa t e r  

oc curs si nce the a i r  usually has a lower R . H .  t han thi s .  

I t  may b e  thought t hat i f  t he a o f  body  flu i d s  i s  lowered  t ha t  w 
thi s would re duce the a � t i v i t y  gradi e n t . Si nce a i s  the ra t i o  w 
of t he chemi cal p o tent ial  o f  t he body fluids div ided by the  

chemi cal potent i a l  o f  pure water  ( a t the  same t e mpera ture and 

pre ssure ) ( Whart o n  and Ri chards , 1 9 78 ) , i f  solu t e s  are 

pre se nt in the b od y  wa ter the  aw i s  reduced  ( Edney , 1 9 77 ) � 

However , the water  concentra t i on o f  b o d y  fluids mu st be 

maintained at  an a = 0 . 99 or e lse me t abolism will slow down w 
and death usual ly occur . .  ( Whar t on and Arlian , 1 9 72 ) . Thi s i s  

why i t  i s  esse n t i al that ar t hropods have access  t o  re la t iv e ly 

pure water . 

Cut i c ular water l o ss can b e  expressed  a s  a prop or t i on o f  t he 

total wei ght of t i cks or as a rate  o f  t ranspira t i o n  per uni t 

are a  ( Edne y ,  1 9 7 7 ) . 

transp i ration rate s  

t hi s  i s  mos t likely 

There is  wide range of  cu t i cular 

( =  cuti c ular permeab i l i ty)  i n  t i cks and () 
re lat e d  t o  the hum i d i ty of t he env i ro nment  

i n  whi ch  they normally live . 



A cut i cular transpiration rate o f  0 .06 mg/cm2/mm Hg/hour has 

been reported for Ixodes  r i ci nus ( Le e s , 1 94 7 )  whereas Hafe z , 

e t  al , ( 1 970a) repor te d only 0 .0 1 2  mg/cm2/mm Hg/hour , for 

� -

H .  dromedari i .  Eve n  lover value s are re ported  f or some argas i ds . 

There i s  general agre ement t hat  t he e p i c u t i cular waxes ( Lee s ,  

1 947 ; Le es  and Beament , 1 948 ; Be ament , 1 96 1 , Hafe z ,  e t  al , 

1970a) and also the e p i dermi s ,  Lees , 1 947 ; Hafe z ,  e t  al , 1 9 70a ; 

Whar ton and Richards , 1978 ) are impor tant i n  preventing wate r 

loss . 

There are di fferenc e s  in the rat e s  of transpirat i on amongst the 

various deve lopmental stage s of t i cks . For ins tance , water loss  

i n  6 ixodid spe cies  exposed t o  dry  air  at  25°C was 5 times 

greater per uni t of surface area in engorge d ti cks compared 

with  une ngorge d t i cks of the same spe c i e s  ( Lees , 1947) . A 

simi lar finding has been de scribed for e ngorged and unfed 

H. drome dari i ( Hafe z , e t  al , 1 9 70� and t hi s  was a t tributed to  

the need  to  remove excess water  followi ng e ngorgement . Simi lar 

re sul t s  have also been  reported for H .  leporispalustris  where 

permeab i l i ty is greater  in engorged nymph s  and females than i n  

unfed spe cimens ( Davi s ,  1974a ) .  Increase d cuti cular 

permeab i l i ty shor t ly after moulting has also been found for 

thi s spe c i e s .  At humi dit i e s  be low tho se a t  whi c h  body water 

content can be maintained , a hi gher rate o f  evaporation i s  

found i n  dead t i cks than wi th live one s b e c ause the proce ss o f  

re sisting de si ccation i s  an ac t ive one ( Le e s ,  1946) . 

Engorging t i cks are able t o  obtain water from the host  but 

unfed t i cks mus t  maintain their water balance by  other means . 

Some t icks such as larval B .  mi croplus i mb ibe water through 

their  mou thpar t s  ( Wi lkinson , 1 953 ; Schunter  and Tat chell , 

1970 )  and Londt and Whi tehead ( 1 972 ) observed that 4 other 

spe cies  of ixodid  larvae that imbibe wate r .  However , some t i c k  

spe c i e s  d o  not , including nymphs and adul t s  of I .  ricinus 

( Lees , 1 946 ) an� larval Dermacentor vari ab i lis  and 

Amb lyomma cajenns� ( K nulle , 1 966 ) . 
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Unfed t i cks o f  some spe cies  obtain wat e r  by sorp tion of wate r  

vapour from sub saturated atmospheres ( Le e s , 1946 , 1 947 , 1 948 ; 

Browni ng , 1954 ; K nulle , 1966 ; Hafe z ,  e t  al , 1970b ) .  Thi s also 

occurs in some spe cies  of inse c t s  ( Noble -Ne sb it t , 1969 , 1970 ) . 

Thi s mechani sm o nl y  operate s down to  a cer tain level · of  

humid i t y .  

Thi s minimum R . H .  at which a fast ing t i ck can maintain i t s water 

balance wi th amb i e nt air , was fi rst  c alled the cri ti cal 

equilibrium humid i ty ( C .E . H . )  ( Knulle and Whar ton,  1964 ) . In 

terms o f  water ac t ivi ty thi s becomes c r i t i cal  equilibrium 

activ i ty ( C . E . A . ) .  

The � i t e  of uptake of water i n  unfed t i cks was first  proposed 

by Lee s  ( 1 946 ) to  be the cuti cle , but  recent studie s sugge s t  

this  i s  incorre c t . Blo cking t he mou t hpart s of unfed adult 

Amb lyomma variega tum preve nts  water  up take ( Rudolph and Knu lle , 

1 974 ) . These authors colle c ted crystals  of sodium and 

po tassium sal ts that accumulated at t he mouthpar t s  of de s i c cated 

t i cks and found t hat these crystals ab sorbed wa ter from air i f  

the R . H .  was ab ove 75% . By c o�ering e i ther the anus , dorsal 

surface or mou t hp ar t s  of de siccated unfed A .  americanum wi t h  

paraffin and then placing them i n  a R .H .  of  93% , McMulle n ,  

Sauer and Burton ( 1 976 ) , have confirm e d  that the oral region 

is t he si te of  water uptake . These au t hors also injec t e d  

Ringer-saline 
36 . 

( Na C l )  into 

de si ccation.  

solution containi ng r ad ioactive chloride 

t i cks then observe d the movement of 36c1 following 

The concentration of 36c1 was higher in the 

mouthparts  of - des i c cated t i ck s , and higher i n  the mou thp art s  of 

de s i ccated and rehydrate d  ti cks compar e d  with fully hydrated  

t i ck s . That t he salivary glands are i nvolved i n  t hi s  mechani sm 

i s  evident from t he fact t hat  i f  the t ype  alve oli  in t he glands 

are de s troyed by i nfe c t i on ,  t i ck s  are not ab le to sorb water  

vapour ( Rudolph and Knulle , t918 , c i t e d  by Wharton and 

Richards , 1978 ) . 

This proce ss i f  o f  ma jor impor tance t o  the ixodid ti cks as t hey 

lack a cement layer over the epi cu t i c le ( Lees , 1 947 ; 

Balashov , 1972 )  un�ike argasids and some inse c t s . 



An impor t ant aspec t  o f  t he up t ake o f  wate r  vapour from sub­
saturated air by unfe d t i cks is t hat the r a te of uptake is less  

rap i d  at low  temperatures . This vas first  observed in  

I .  ri cinu s  ( Lees , 1 946 ) where uptake was le ss rapi d at  9°C t han 
at 15 to  25°C .  When prede si ccated unfe d adults of  Amblyomma 

americanum are exposed to a range of temperatures at a single 

humi dity  level above their C . E . A .  the i r  resultant percentage 

we ight change , when p l o t ted against tempe ra ture , forms a 

paraboli c curve ( Sauer and Hai r , 1 9 7 1 ) , i . e .  minimum sorp t i on 

a t  low ( 5°C )  and high temperatures ( 45°C ) , with a peak at  25°C .  

Thi s indi cates t hat sorption i s  an "ac tive  proce ss . '' Thi s 

point will be re turne d to when di scussing d istribution of  

H .  longi corni s .  

� -

Throughout  thi s  revi ew ,  t he minimum requi rements o f  water for 

t i cks have been s tre ssed since i t  i s  obvious  that H .  longi c orni s 

i s  a relatively hygrophilous spe cies  ( se e  subse que n t  se c t ion ) . 

Upper tolerance limi t s  of  humi di t y  can also  influence the 

di s tribut ion o f  t i ck s  such as wi t h  spe c i e s  of  the xerophi l i c  

genus  Hyalomma . In Sou th Afr i ca  t he upper limi t o f  rainfall 

for surv ival of H .  glabrum i s  380 mm ; for  H .  truncatum i s  

500 mm ; for H .  ruf i p e s  i s  500-635 mm and rarely up t o  760 mm 

( The iler , 1964 ) . 

The reason why exce s s  moi sture affe c t s  survival of  spe c i e s  of  

Hyalomma i s  not clear . The epicuti cular lipids  are clearly 

impor tant in reducing  water loss since removal i ncreases 

transpiration ( Le e s , 1947) . Furthermore , i f  no epicuti cular 

lipids were pre se nt , t i cks could be sub j e c ted to a le thal ra te  

of  excess  water up t ake by osmo s i s  i n  env i r onme nt  with  excess  

free water ( Ebe ling , 1 974 ) . Hyalomma spe c i es can  be expec ted  

to  have a low c u t i c u lar perme ab i l i t y  as regards movement of  

water vapour outwar d s . Why can some spe c i.e s  no t tolerate 

hi gher r ai nfall? One possible explana t i o n  is  that one or 

more of t he developme nt  stage s c annot wi t hs tand immersion i n  

water . 



Several spe cies  o f  t i cks can withstand immersion i n  water 

( MacLe od ,  1 935 ; 
Smit h ,  1 9 73 ) . 

Gray , 1 96 1 ; Honzakova , 1 971 ; Suthers t ,  1 9 7 1 ; 
The i ler ( 1 964)  considers  f loods have very li t t le 

effe c t  on tick distribut ion . Others have suggested  t hat 

flooding  de crease s t i ck survival ( Rosi cky , Cerny , He j ny ,  1 9 73 ;  

Akafe kwa , 1 976 ;  Osman , 1 9 78 ) . I t  seems  this  var i e s  be twe e n  

spe c i e s . It  i s  po s sible also that unfed stages are more like ly 

to  survi ve flooding than the e ngorge d nymph and adul t  whi c h , 

be cause o f  the ir high rate o f  me tabolism and conseque nt 

spiracular ope ning , are liable  to wate r entry through these 

ope nings ( Sutherst , 1 971 ) . 

1 . 12 . 4  The water relations o f  H .  long i c orni s .  

No experimental e v i de nce i s  available o n  the effe c t s  of humi di t y  

o n  t he unfe d stage s of H .  longi corni s .  But enough i nforma t i on 

i s  avai lab le t o  form the basis  for some hypothe se s .  The cri t i cal 

temperature ( C .T . )  for thi s spe c i e s  i s  probably i n  t he range o f  

35 - 38°C ( Heath , 1 974 , 1979 ) . According t o  Le e s  ( 1 947) 

re sistance to de s i c cation is c orrelate d  with the C . T . · Si nce 

the C . T .  of H. longi corni s i s  at  t he lower e nd of t he range o f  

C . T . ' s  i n  Ixodi dea ,  i t  is  reasonabl e  t o  expe c t  cuti cular 

permeab i li ty will b e  relatively high . 

The d i stribution o f  H .  longi c orni s i n  New Zealand and Aus tral i a  

sugge s t s  that i t  re quires a relatively high amount of rainfall 

for i t s  survival s i nce i t  i s  no t common in areas where the 

rainfall is  le ss t han 1000 mm per annum . Thi s i s  a marked 

contrast to the di stribution of 1 1  ixodi d  speci e s  i n  

Sout h  Africa (The i ler , 1 964 ) . All are p resent i n  areas where 

rainfall is  betwe e n  250 to  750 mm per annum . 

The e ffe c t s  of hum i di t y  on  t he eggs and e ngorged s tage s o f  

H .  longi corni s have b e e n  examined experiment ally by  Heath 

( 1974 , 1979 ) . 
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The percentage of eggs hat ching a t  humid i t i e s  be tween  2 and 6 mm 

H g  S . D .  ( R . H .  o f  60 - 87% between 1 8  - 38°C - Buxton , 1 93 1 ) does 

no t vary signi f icantly , although more e ggs hatch at the hi gher 

humi d i tie s .  A t  humi di t i e s  of 8 mm Hg  S . D .  ( R . H .  of  48 - 85% 

be tween 1 8  - 38°C )  e gg hat ching i s  marke dly affe c ted . Si nce the 

results were repor ted in terms of S . D . ' s  the effe c t s  of 

temp erature and relat ive humid i t y  c anno t be separate d . 

The rate of developme nt o f  many i nse c t  embryos i s  redu� e d  b y  

l o w  humi d i t i e s  ( Bursell , 1 974) . Eggs of H .  longi corni s kep t  at  

72 .5% R . H .  a t  2 8°C ( S . D .  8 mm Hg ) for  10  days , had a 

signifi cantly  longer ( P  < 0 .0 1 ) i ncubat ion  p eriod than e ggs kept 

for 5 days a t  72 .5% R . H .  then transferred for 5 days to 89% R . H .  

a t  28°C ( S . D .  2 mm Hg) ( Heath , 1 9 79 ) . Eggs can wi thstand 

moderate des i c cation (8 mm o f  Hg S . D . )  for up to  8 days 

p rovi ding the y  experience moi s t  cond i t ions imme diately be fore 

or after thi s exposure to dryne ss ( He at h ,  1 9 79 ) . However , i f  

t he y  are not precondi t ioned by exposure to high humidi t i e s  for 

10 days , or continue to experience dry condi ti ons ( 72 . 5% R . H .  

a t  28°C )  for 1 0  days or more , the percentage hatch i s  vir tually 

nil ( Heath i 1 9 74 , 1 979 ) . Af ter 10 days at  a R . H .  of 72 .5% at 

28°C ,  the we i gh t  loss o f  eggs was approximately 22% and Heath 

( 1 974)  has shown that a water lo ss o f  40% of the total weight 

of the egg appe ars to  be cri t ical . Thi s is possibly the 

ex treme upper  limi t since the wat e r  c ontent  of e ggs of 

H .  longi cornis  is approximately 56% .  If eggs lose 40% of the ir 

we i ght as wa ter , then thi s repre sen t s  a loss of over 70% of the 

original water i . e .  hi gher than Bur se ll ' s  ( 1 974 ) sugge s t i on 

t ha t  deat h  o ccurs when 60% of wate r  i s  los t . 

The weight loss  at 25°C at  an approximate R . H .  of  5% o f  e ggs 

and engorged larvae and nymphs o f  H .  longi corni s are shown i n  

Figure 1 . 1 1 .  I t  i s  obvious that permeab i l i ty of the e gg shel l  

and cuticle o f  the larvae i s  high a n d  tha t  nymphs are muc h  more 

resistant t o  desiccation . Female s are probably simi lar t o  

nymphs i n  the i r  re si stance to  de s i c catio� ( Heath , 1 9 74 ) . 

Re ference has already bee n made t o  the fac t that female s c an 

survive and oviposi t a t  low humidi t i e s .  
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Figure 1 .  1 1  

Cumulative we i gh t  loss of  eggs and e ngorged s tage s of  

H .  longi corni s exposed  t o  saturation  de f i ci t o f  22 mm o f  Hg 

( dry ai r )  ( approx i mately 5% R . H . ) at 25 C. Re sul t s  are from 

eggs oviposi t e d  up  t o  24 hours and from engorge d fre shly 

de tached larvae and nymphs ( from Hea t h , 1974) . 
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Figure 1 . 1 2  

Range of temperature and relative  humid i t y  found to  b e  favour­

able for the survival of eggs , e ngorged larvae and nymphs of 

H .  longi c orni s ( adapt e d  from Heath ,  1 974 ) . 
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A t  humi di t i e s  below 8 5% R . H .  t he survival  rate o f  engorge d 

lar vae i s  re duced ( He a t h ,  1974 ) . Following engorgement , larvae 

r e quire 4 - 5 days at  a favourab le humi d i t y  i n  the premoult  

p hase be fore they can resist  de si ccation ( He at h ,  1974) . 
• I 

Ne� ther e ngorged larvae �r nymphs are able t o  take up water  f 
vapour from air following de si c cation ,  b u t  t he nymphs are ab le 

to withstand desi c ca t i o n  for much longer t han the larvae 

( Figure 1 . 1 1 ) .  Unfed stage s can ac tively t ake up water vapour 

from t he atmosphere ( se e  Se c t i on 9 ) . 

The survival of H .  longi corni s following i mmersion i n  water 

has no t been inve s t igated  unde r controlle d c ondi t i ons . Fewer 

overwi ntered nymphs were found in . rush plants that had been 

sub j e c te d  to winter flooding compared w i t h  non-inunda ted  rush 

p lant s ( Myers ,  1924) . Counts  o f  nymphs prior to flood i ng were 

no t performe d so i t  i s  impossible to  calculate the mortali t y  

under di fferent cond i t i ons . Limi ted  eviden ce o n  the effe c t s  

o f  immersion i n  water of the various s tage s o f  H .  longi corni s 

i s  de scribed in Se c t i on 10 . 

1 . 12 .5 The influence  of vege tation on t he survival , activ i ty , 

development a nd distribut ion of t i cks . 

I t  i s  clear that t i cks  require certain temperature and hum i di t y  

condi ti ons for t he i r  a c t iv i t y ,  behavi our , deve lopment  and 

d i spersal . The se c ond i t i ons o f  temperature and humi di t y  will  

depend on t he plant c ommuni ty  since the  m i c roenv ironment will  b e  

dire c tly  affected  b y  t he vege tation.  The plant communi t y  

also indirectly affe c ts t i ck numbers  since the plants spe c i e s  

may be  favoured foods for hos t s .  

In a survey of the d i stribu t i on o f  ixodi d  t i cks in Sou th A fri c a ,  

The i ler ( 1964) found that t i cks  were present only when rainfall 

exceeded a certain mi nimum figure ( 250 - 500 mm ,  depending on 

t he spe c i e s ) . She sugge st e d  that rainfall should however , be  

interpre ted in terms  of so much plant growt h  per uni t area . 



Thi s i s  probably  related t o  t he fac t t hat  vege t a t i on i s  likely 

t o  b e  sparse si nce i of Sout h  Afr i ca has an ari d  or semi -arid  

c limate ( Anon ,  1 964 ) . 

The association be tween I .  r i cinus  and certain p lant 
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communi ties has been wide ly  reported . By sampling various type s 

of pasture Mi lne ( 1 944 , 1 946 ) found that thi s t i ck was found i n  

higher numbers i n  associat i o n  with  t a l l  vege ta t i on and where 

the re was a thi ck mat at t he base of the pasture and hence 

high humidities  i n  thi s regi on . The R . H .  varied  from 40 - 100% 

at  t he grass tips  (Milne , 1 9 46 )  so t hat  t he t i c k  periodi cally 

re-e ntere d  the vege tation mat to  re hydrate .  

There i s  diurnal variation  i n  ambient  R . H . , i t  b e i ng low at  

mid afternoon and high at  n i ght with  a peak early  in the 

morning (Trewar t ha , 1968 ) . I t  i s  a reasonably safe assump t i on 

that for at least  par t  of the 24 hour period  t he R. H .  will be 

above t he C . E . A .  o f  unfe d t i cks . For e xample , on t he Kenyan 

coas t , during t he rai ny seaso n ,  t he R . H .  a t  ground level i s  

above 90% during the hours o f  darkne ss . Even i n  t he dry 

Kenyan season ,  R . H .  i s  ab ove 90% for up to 6 hours ( Newsom , 

1 978 ) . As larval up take o f  water i s  rap i d  at humi dities  

above t heir  C . E .A . ' s  ( see Se c tion 9 )  the y  can ob tain their  

water  requirements at  ni gh t . As  we l l ,  some larvae are also 

able to imbibe free water . 

Unf e d  larvae o f  6 ixodid spe cies  were found by Londt and 

Whi tehead ( 1 972 ) to be assoc iated w i t h  de fini te  mi croclimate 

condi t ions ; larvae were no t pre sent where the midday 

saturation de f i c i t  was i n  e x cess  of 1 0  mm of Hg and were more 

pre dominant in shade d hab i t s . Since ai r-curre nt  speeds were 

low i n  the are a  sampled , i t  was assumed that larval migration 

was minimal . Hence where l arvae were found mo s t  likely 

repre sented an area favourable for egg development as 

cond i t i ons were not marginal for larval survival . 
� 



The numbers of Rhipi c�phalus append i culatus colle c t e d  in 

blanke t drags ( 200 metre s )  from long past ure ( 40 cm ) were 10 

t imes greater than were coll e c te d  from shor t pasture (6  cm ) 

( Tukahi rwa , 1976 ) . The author re lat e d  thi s t o  humidi t i e s  and 

tempe rature but again  the e f fe c t  seen may have been on the e gg 

stage w i t h  t i ck numbers refle c t ing higher survival of eggs . 

Ano ther important c onsiderat i on i n  comp ar i ng t he effec t s  o f  

pasture lengths i s  t he sugge s t i on of Lond t and Whi tehead ( 1 972 ) 

that t here i s  an op t i mum pasture length f or t i ck s  to  be pi cked 

up by  p assing hos t s .  

The di s tribution o f  t i cks i n  assoc iation  wi th spe c i f i c  

vege ta t i on has b e e n  no ted  o n  a few occasions . In Sout h  Afr i c a  

Stampa ( 1 959 ) found t hat t he de nsi ty  o f  l arval Ixode s 

rub i cundus was hi gher in pasture s whe re t he shrub Rhus erosa 

was pre sent . Thi s  p lant provides  shade , prote c t i on from 

de siccating winds and de composing plant l i t ter . In dry 

condi t ions the most vulnerable stage of t he li fe-cycle of 

I .  rub i cundus i s  the hat ching of larvae . Rhus e rosa provide s 

suffi c i e nt moi stur� for t hi s  s tage t o  c omplete i t s  deve lopment . 

In Canada , Wi lkinson ( 1 967)  found a si gni ficant association 

be tween  certai n shrubs and densi ty of Dermace ntor andersoni . 

He suggested that t he se shrubs were ind i cators o f  sui table 

tempera ture and humi d i t y  cond i t i ons required for the t i cks 

and that they may also prov ide food and shelter for small 

hos t s  o f  t he t i ck . 

In an u nreplicat e d  e xperime n t , Thompson , Roa and Romero 

( 1 978 )  found after seeding B .  microplu s  l arvae o n  single 

spec i e s  grass p l o t s  t�at _ recovery of larvae from 2 of t he 

plo t s  was higher ( range 1 .5 - 1 2%) . 

These f i ndings i nd i cate that certain plan t s  provi de more 

sui t able  mi croenvironmental condi t i ons than o the�� for the 

survival and development of t i cks . 
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1 . 1 2 . 6  The i nfluence o f  vege tation o n  the survival , develop-

ment , ac tiv i ty, and d i stribu t i on o f  H .  longi corni s .  

Ti cks di stribu t i on i s  never uni form over a land area and mosaic 

and t he pat te rn seen probabl y  reflec t s  di fference s in 

e c o c l i mat i c  and trophi c relationship s  in the are a  ( Nosek , 1 978 ) .  

I t  i s  often d i f f i cult t o  de t ermine whet her the non-uni form 

distribution i s  re lated t o  the individual vari a t i on amongst 

hos t s  whi ch  may graze preferential pasture spe c i e s  and may only 

graze  in certai n areas be cause of the social organi sa t ion 

within  the herd or is  re lated  to the variation of micro-

environment . 

Namba ( 1 958 ) has sugge sted  t hat i n  Nort hern Japan all stages 

of H .  longi corni s are sele c t ively as sociated w i t h  certain 

plan t s  and are more commonl y  found que st ing on t he se plants . 

However , hi s c onclusions are que stionab le as  t he stat i s t i cal 

analysed used to analyse counts of t i cks on plants re s t s  on 

assump ti ons that are not ne ce ssarily vali d .  

When Myers ( 1 924)  i nvestigated  the distribu tion  o f  

H .  longi cornis  i n  Nor thland , the t ick was  s t i l l  in  the process 

of e s t abli shi ng and spreading . From i nformati o n  o f  areas of 

reput e d  t i ck scarcity  pastur e  flagging and exam i nation o f  hosts , 

Myer s  ( 1 924 ) conc luded that the survival o f  the t ick was 

re lated  to  t he presence o f  Paspalum dilatatum and rushe s 

( Juncus e ffusus ) .  

He found t i cks ab sent where pasture was very short  or improved 

pasture containi ng Engli sh grasse s ,  browntop ( Agrosti s tenu i s )  

and d anthoni a ( Danthonia pilosa )  was present . The t i ck was 

sai d t o  be ab sent from area s  wi th  free draining soils  forme d 

from b asalt . 

In Australia , t he distribu t ion of H .  longi corni s i s  also 

close l y  coinc i dent wi th the distributi o n  of paspalum 

( Hea t h , 1974 ) . 



In New Zealand paspalum i s  pre sent over t he mos t  o f  the Nort h  

Island and the extreme north-we s t  o f  t he South Island ( see 

Figure 1 . 1 3 ) . Its  greatest  concentrati on is in Northland , 

Auckland , Waikato , Bay of Plenty and Pover t y  Bay ( Percival , 

1 977) . Thus there i s  an association be twe e n  H .  longi corni s 

and paspalum i n  New Zealand . An important question , ye t t o  be 

r e solved , i s  whether t he coinc i de nce of  d i s t ribution i s  

causal o r  coincidental . 

I t  i s  acknowle dged that the di stribution of H .  longi cornis in 

asso ciation wi th paspalum should be inve s t igate d carefully 

b efore any conclusions can be drawn . Neverthele ss , some 

aspe cts  o f  water and t empe rature requi reme nts  of  paspalum ne ed 

to  be examined . 

Although larval drink i ng has been ob serve d  in several spe cies  

of  t i cks , free wate r  as  dew or surface wat e r  i s  not  always 

avai lable . Conse quently ,  t he main source of water i s  as 

water vapour . What i s  the source of this  water vapour ? 

The major source of this  water vapour i s  transpirat i on by  

plant s .  In a temperate climate , i n  general terms about  30% 
' 

of  the years pre c i p i t ation i s  retained by the soi l ,  20% 

evapora tes from the soi l  and 50% i s  transpi red by plants 

(Winter , 1974) . Evaporation from bare soi l s  de crease s 

rapidly 1 -2 days af t e r  rain as the hydrau l i c  condu c t i v i t y  

falls rapidly a s  t h e  moi st ure c ontent decrease s ( Kerr , 1 973 ; 

Winter , 1 974 ) . Only a small proportion of water i s  required 

for the plants own me t abolism ( S turrock , 1 9 73) , i . e .  less 

than 1% ( Kerr , 1 9 73 ) . So those plants that absorb more water , 

also transpire more . 

The rate of transpirat ion i s  governed by the temperature , 

humi d i ty , and moveme n t  of air above the evaporat i ng surface 

and the amount of  e nergy available to  change the water at  the 

stomatal surfaces  i n t o  water vapour . 

7 1 . 



F igure 1 . 1 3 

Percentage o f  occupi e d  i mprove d land contain i ng paspalum i n  the  

pasture (Fi gure 1 . 13a) . The lower f i gure shows t he 

proportionate change i n  pasp alum content  ( Fi gure 1 . 1 3b ) . 

From Percival ( 1 977 ) 
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Most of t he energy comes from shor t wave radiation ; some i s  

avai lable  from t he change o f  t emperature a s  air passe s over t he 

transpiring surface ( adve c tive  energy ) . Thus the  rate  of 

transpiration i s  closely c orre lated  wi th ne t radia tion . 

Transpirat i on rate is  also dependent on soi l  moi s t ure levels 

and t he he ight of t he pasture and leaf area ( Winter , 1 974 ) . 

The rat ion of the ac tual evap o t ranspiration to t he ne t 

radiation i s  e qual to 0 . 72 ove r  long paspalum ( 30 c m )  and 

falls to 0 . 38 over short paspalum ( 5-7 cm)  ( Kerr , 1 973 ) . 

Transpirat i on from paspalum i s  higher than from whi t e  clover/ 

ryegrass pasture s ( Kerr , 1 973 ) . Transpiration produces  a 

large amount of wa ter for a small uni t are a i . e .  in  temperate 

summer conditions a square metre  of ve ge tat ion can produce 

2 li tre s  o f  water/day . 

Paspalum has many feature s t ha t  make i t  an ideal supplier 

water vapour to  ti cks . In summe r  condi t ions in Que ensland in  

short paspalum pas t ure , the R. H .  2 .5 cm above t he pas ture , 

remained above 90% during darkne ss , e ven  though na rain had 

fallen for 4 weeks and onl y  92 mm of rai n had fallen i n  t he 

previous 8 months ( Wi lkinson and Wilson , 1 959 ) . Paspalum 

re quires high air temperature s  ( Madde n , 1 9 40 ;  Pearce , 1 976 ; 

Percival , 1 977 ) and thrive s in  warm , moi s t  summer s . I t s  

op t imum growth occurs a t  30°C c ompared with  25°C for . whi te 

clover and 20°C for ryegrass ( Pe arce , 1 966 ) . 

As paspalum has we l l  develope d rhizome s ,  i t  is ab le t o  draw 

water from deeper i n  t he soil pro file and re tain water  more 

e ffi ciently in dry periods t han r yegrass .  At Kaikohe in  

Northland , temperatur� and wat e r  measurements from t he se two 

plants show this c le arly ( Tab le  1 .9 ) . 



Table 1 .8  

Soi l temperature and water measurements i n  the e nv ironment o f  

ryegrass and paspalum past ures ( from Pearce , 1 9 76 ) . 

Rye grass Paspalum 
Pastures Pasture s 

Days a t  wi lting point 90 36 

Temperature at  soi l surface in oc 46 27 

Temperature 2 cm  above soi l surface i n  oc 36 24 

Soi l  water % 
0 - 7 -5 cm 1 5  2 7  

7 .5 - 15  cm 20 25 

15 22 .5 cm 2 4  27  

22 .5 30 cm 26 25 

The se results were reported  wi thou t any means , range s, max i ma 

or mini ma .  

I t  i s  o f  intere st  to no te t he high soi l temp eratures recorded 

under r yegrass i n  Northland . The se temperature s e x ceed  the 

cri t i ca l  temperatures  ( 35 - 38°C )  and upper letha l  temperatures 

_( circa 41 °C )  o f  H. longi corni s .  

From what has been sai d ,  i t  i s  clear that plan t s  such as 

paspalum must  b e  i mportan t  in the survival of those stage s 

most susceptible to  de siccation i . e . eggs and larvae . The 

immob i l e  egg must lose wate r  when the a of the ai r i s  le ss V 
than i t s  own a p f  0 .99 ( e quivalent to  99% R .H . ) .  Si nce the .., 
cri t i cal temperature of e ggs i s  low , the perme ab i li t y  of  the 

e gg she l l  ( re lative to o the r ixod ids ) i s  also h i gh . 

I can o nly find one re-ference  in the l i terature stressing the 

importance of plant transp iration in t i ck e cology . Branagan 

( 1 978 ) conclude d that the survi val of larval Rhipi cephalus 

appe nd i culatusJ i n  East Afr i c a  depended on high transpira t i on 

rat e s  from the underside o f  plant leave s .  
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1 . 1 3 Ho sts o f  H .  longi corni s .  

Most 3-host t i cks have a wi de natural host  range whi ch  includes 

mammals and birds and occasionally rep t i le s  ( Balashov , 1 9 72 ) . 

H .  longi corni s  i s  n o  exce p t i on . From t he re cords of Myers 

( 1 92 4 ) ; Seddon ( 1 95 1 ) ; Wi lki nson and Ut e ch ( 1 962 ) ; Sai t o , 

� -

e t  al , ( 1 965 ) ; Hoogs traal , e t  al , ( 1 968 ) , i t  i s  clear t hat the 

tick shows a remarkably wi de hos t  range ; it has been recorded 

from at least 30 spe c ies  o f  mammals and 7 species  of birds . On 

birds t he imma ture stage s are more prevalent (Myers , 192 4 ;  

Wi lkinson and Ute c h , 1962 ) . A New Ze aland host list  i s  

pre se nted i n  Table 1 . 10 .  

Except for the addi tion of deer as ho s t s  o f  H .  longi corni s 

( Newbold , 1963 ; Wi l son) 1 979 , the l i s t  o f  hosts has change d 

very li t t le since 1 92 4 .  A no tab le absentee  from t he host li s t  

i s  t he opo ssum ( Tr i c hosurus vulpe cula) .  Thi s ani mal spe nds some 

time on pasture , but no t i cks were found when 2 , 000 opossums 

( colle c te d  from t he Cook , Waikohu , Wai apu and Wai roa Counti e s  

of  the East Coas t )  were ne cropsied ( Ne i lson � unpub lishe d ) . 

Opinion  from t he local opossum ski n expor ter  sugge s t s  that  t i cks 

are no t found on ski ns of thi s species . 

Circumstantial evide nce sugge sts  there may be some host  

pre ferences amongst t he various  stage s .  For a 4 month period 

when t i cks were most  numerou s , goats  and sheep grazing 

t oge ther were examined for t i cks . Larvae were seen on goats  

only.  Nymphs were more nume rous on goats  than sheep  whi ch  i n  

turn carried higher numbers o f  adults  t han did goats  . ( Heath , 

Bi shop and Tenqu i s t , 1977) . Small mammal s  can suppor t  a large 

populat ion of t i cks si nce a maximum of 371  larvae from the 

ears of one hare has been · recorded ( Heath , Tenqui st and 

Bi shop , 1 978 ) . 
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Table 1 .  9 

New Zealand host s  o f  H .  longi corni s .  

Mammals 

Rumi nant s  

Cat t le ( Bos  taurus ) 

Goat ( Capra hircu s )  

Re d Deer  ( Cervus elaphu s )  

Samba Deer ( C .  uni color ) 

Rusa De er  ( C .  timoriensi s )  

Fallow Deer ( Dama dama ) 
-- --

Sheep ( Ovis  ari e s )  

Bi rds 

Skylark ( Alanda arve nsi s )  

Du ck ( Anas boseas ) 

Dome s t i c  Fowl ( Gallus  gallus )  

Turkey ( Me leigr i s  gal lapavo ) 

Sparrow ( Passer dome s t i cus ) 

Pheasant ( Phasiamus colchi cus ) 

Thrush ( Turdus phi lome las ) 

Non-rumi nants 

Dog ( Cani s fami liar i s )  

Hor se, ( Equus caballus )  

He dgehog ( Erinaceus europaeu s )  

Cat ( Fe l i s  cati ) 

Man ( Homo sapiens ) 

Hare ( Lepus europae us ) 

Rab b i t  ( Oryc tolagus cunci culus ) 

Pig ( Sus scro ta)  

Thi s ho s t  li s t  is  from Myers  ( 1 924)  except for : 

Hedgehog - Thompson ( 1 922 ) ; 

Cervi dae - Newbold ( 1963) ; 

Fallow Deer - Wi lson ( 1 979 ) . 
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1 . 1 4  The control o f  t i cks . 

The approach t o  t i ck control u se d  wi ll depend upon the produ c tion 

loss caused  by  t he t i ck .  Obv i ously where t he t i ck and the ho st  

are we l l  adjusted t o  each other and ti ck numbers are low and no 

di sease transmi ssion occurs , t hen no c on tr ol is  ne c e ssary . Such 

a si tuation  exists wi th 3 spe c i e s  o f  Boophi lus and i ndigenous 

Bo s i ndi cus  cat t le i n  Asia ( Barne t t , 1 978 ) . 

If t he t i ck si gni f i cant ly affe c t s  produc t i on there are 3 

alternat ive  approache s to control ( Whart on and Norri s ,  1980 ) : 

( 1 )  di scre tional suppression ; 

( 2 )  strategic suppression ; 

( 3 )  eradi cation . 

Con trol i s  very impor tant where the t i ck i s  a ve c tor of a 

pro tozoal or ri cke t t sial age n t  causing di sease s as t he high 

morb idi ty  or mor tal i ty rat e s  such as t he i leriosis , babesiosi s ,  

anaplasmos i s , and hear twater . Whereas spe cies o f  The ileria 

such  as T .  parva , T .  mutans , and T .  ser gen ti and Cowdria 

ruminan t i um are ·  transmi tted  only trans-s tadially , some vi ruses ,  

and spe c i e s  of Bab esia and Anaplasma are transmi t te d  trans­

ovariall y . In thi s lat ter case even low numbers of t i cks can 

represent  a si gni f i cant hazard .  Howeve r , to tal t i c k  control 

by strategic  i mmer sion dippi ng every 7 days is  nee de d to 

control theileriosis ( Baker , 1 9 78 ) .  

Chemical treatment  o f  the infe s te d  hos t  s ti ll remains the main 

me thod o f  control .  However , overseas i t  has become i ncreasi ngly 

difficult  to ob tai n sati sfac t ory t i ck control b e cause of the 

developmen t  of inse c t i ci dal resi stance . A recent review of 

re si stance  of t i cks to . inse c t i c ide s is given by Whar ton and 

Roulston  ( 1970 ) . 

As a consequence o f  thi s re s i s tance i t  has been suggested t hat . v 
using resi stant breeds of cat t le may be  the mos t  e ffective long 

term me t hod of t i ck control i n  Australi a  ( Wharton , Utech and 

Su ther s t , 1 973) . 



Although low t i ck numbers o n  these re s i stant breeds  may b e  

asso c i ated w i t h  a lowered prevale nce o f  t i ck-transmi t ted  

d i se ases  as  hear twater and the i leri osis  ( Baker ,  1 978 ) there is  

s t i l l  a need for  effe c t ive i mmuni sa t i o n  and chemo therapy aga inst 

these disease s e specially i n  the highly produ c t i ve breeds of 

Bos t aurus ( Barne t t ,  1 978 ) . As we ll , small numb ers of t i cks 

can t ransmi t d i sease and i f  t i ck numbers are low , young animals 

may no t be e f fe c t ively prei mmuni sed by  infe c t i o n  against 

babe s i osi s and anaplasmos i s . 

Other me thods of  control suc h  as al teration o f  the  mi cro­

env i r o nment by  ploughing , c ul t ivation , pas ture spelling , burni ng , 

heavy grazing , re moval o f  l ong , rank vege tat ion s hould be 

cons i dered , p roviding they are e conom i c  and pra c t i cal . 

Chemi c al treatment of t he e nvi ronme nt  i s  usually i mprac t i cal 

be cause of high cost , residue s in food produc i ng ani mal s , and 

pos s i b le dele terious effe c t s  on o ther past ure and soi l mesofauna . 

However , i t  i s  likely to be  e conomi c and safe t o  treat animal 

house s .  Te n million square me tres of live s tock premi se s in 

Iran are spraye d annually w i th i nse c t i c i de ( Arshadi , 1976 ) . 
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1 . 1 4 . 1  The c ontrol o f  H .  longi corni s .  

S o  far a s  i s  known , t hi s t i ck doe s no t act  a s  a ve c tor f or any 

i nfectious agent i n  New Ze aland . I f  control is  ne ede d , i t  i s  only 

t o  prevent t he dire c t  e ffects  to the host usually cause d by 

relatively h i gh t i ck numbers . 

Chemi cal treatment o f  the hos t  whe n  large numbers o f  t i ck s  are 

seen ( di scre ti onal suppression ) i s  t he main method of cont rol 

in Ne w Zealand . Logi cally ,  the e f f i ciency and length o f  

pro te ction o f  avai lab le i nse c t i ci de s  against H .  longi c orni s on 

sheep and cat t le should be  known . A summary of experimental 

work wi th the se inse c t i c i de s  is shown in Table 1 . 1 1 .  

Except for ami traz ( whi ch i s  unre lated  to organophosphate s and 

carbamate s ) , commercially avai lab le inse c t i cides give a very 

shor t period o f  control on cat tle and pour-ons give inc ons i s tent 

results ( see Table 1 . 1 1  for reference s ) . The shor t persi s tence 

o f  inse c t i c i de s  in hai r  compared wi t h  fleece i s  we ll known and 

has been re v i e wed  by Sinclair ( 1 977) . In cat tle wi th a higher 

grease conte nt  of the hair coat such as in Herefords 

i nse c t i cides can last up for to 7 days bu t persi s tence i s  le ss 

than thi s i n  Brahmans whi ch have a lower grease content o f  the 

hai r .  

I t  has been sugge sted t ha t  most o f  t he i nse c ti cide loss from 

d ipped cat tle  i s  the re sult of the abrasive ac tion  o f  t he tai l , 

c ontact wi th ground , rubb ing , li cking , grooming and the a c t i o n  

o f  t he rain ( Roberts  and Chamb erlai n ,  1963 ) . Howeve r , t he se 

authors sugge s t  that o ther causes  of inse c t i cide loss i nc lude 

c hemical intera c t i on be twe en the inse c t i cide and ski n  se cre t i ons 

and solar radiation.  

Inse c t i c ides combine w i t h  t he yolk o f  sheep fle e ce to  remain 

for a considerable period but pers i s t ence will be  short i n  the 

hairy areas ( Si nclair , 1 9 71) .  



Since most t i cks occur on the hair y  areas o f  sheep  ( He at h , 1 973 ) 

t hi s presumably  i s  t he reason for t he short per i o d  ( 1  - 3 week s )  

o f  prote c t i o n .  The persistence o f  i nse c t i c i de s  o n  goats  wi ll 

also be shor t as no yolk is  pre se n t . Some i nse c t i cides  e . g .  

chlorfenvi npho s ,  phosalone showe r a higher e ffi c iency when 

applied  t o  she ep as they gi ve a hi gher ini t i al reduc t ion i n  

t i c k  numbers and longe r prote c t i o n  t han o thers ( see Tab le 1 . 1 1 ) .  

The ma j ority  o f  the unfed nymphs , adul ts and larvae appear to  be  
avai lab le for transfer t o  t he ho s t  over re la tively shor t pe riods  

( Heath , 1 973) . Thi s will  vary ac cording t o  tempera ture and host  

availabili t y  but  the nymphal and  adu l t  peaks on  s t ock oc cur at  

reasonab ly defined  period s . Thi s means s trategi c dipping , i f  

applied  a t  t i m e s  o f  exp e c te d  peaks o f  t i ck numbers , could 

marke dly reduce numbers the following season . For this  reason , 

He ath ( 1 973 ) has sugge s t e d  that the  "live baiti ng" or "vacuum 

cleaner" techni que may be a useful me tho d  of reducing t i ck 

numbers . Under thi s system , undipped  she e p  are mob s tocked onto  

areas of  kno wn high t i ck numbers a t  the star t of  the nymphal , 

adu l t  or larval peaks . They are removed after 2 or 3 days , 

be fore the ti cks can engorge , and dippe d . Then ano ther mob 

( or the same one ) is i n troduced i n t o  the are a  after 1 week , 

then dippe d after 2 or 3 days . F arm management  prac t i ce s  must 

be c onsi dere d before this  proce dure can be i mplemented . Lamb s 

are normally weaned from ewe s  at  t he time o f  the adult peak and 

ewe s  are often  mob -stQcked over thi s peri od . However , many 

Nor t h  Island ewes  are shorn in De cember and farmers are 

reluc tant to dip  ewe s i f  t hey are t o  be shorn soon afterwards . 

Ideally , ewe s  should be shorn i n  O c t ober and , af ter weani ng,  

d i pped  and mob stocked on known t i c k-infe s t e d  pasture s in la te  

November or early De cembe r . Ewe s wi th a t  least  6 weeks wool 

are avai lable a t  the larval peak in February . Thi s is perhaps 

t he i deal time to implement the "vacuum-c leaner " te chni que . 

The nymphal peak coinc ides wi th lamb i ng a�d i t  i s  mo s t  unlike ly  

t hat  farmers woul d  dip e we s  at t hi s  t ime o f  the year . 

Cat t le require sprayi ng or dipp i ng i f  heal t h  or produc tivi ty  

is  a dversely affected  b y  t he t i ck .  
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Table 1 .  1 0  

Summary of inse c t i ci dal trials  agai ns t H .  longi cornis on c a t t le 

and s heep i n  New Zealand . 

1 .  The following inse c t i c i de s  have b e e n  tested  -

Cat tle  

Ami traz 

Chlorfenvinpho s 

Chlorpyrifos 

Clodri n  

Coumaphos 

Dioxathion 

Fenthi onme thyl 

Phosalone 

Rabond 

Famphur ) 

Fenc hlorphos � 
Fenthion 

Phosme t 

Prola t e  

Temephos 

, 

) 
) 
) 
) 
) 
) 

Sheep 

Carb ophenothion 

Chlorfenvinphos 

Chlorpyri fos 

Coumaphos 

· Di azinon 

Ethyl bromphos 

Fe n t hi one thyl 

Phosalone 

Sure c i de 

pour -ons 

2 .  In general , i n  cat t le , n o t  more t han 1 full days prote c t i on 

and part ial pro t e c t i on for 7 days ( ex c e p t for amitraz ) . 

3 .  I n  sheep , 2 - 3 weeks pro t e c t i o n .  

4 .  Pour-ons no t e f fi c i ent  i n  cat t le . 

5 .  On sheep t he i nse c �i ci d e s  d iazinon , coumapho s ,  phosalone 

and c hlorfenv i npho s are more e ff i c i e n t  t han o ther i nse c t i c i de s .  

Data  from - Tenqui s t , Wri gh t , and Skyrme , ( 1 973 , 1975 ) ; 
..; 

He ath  ( 1 973 ) ; Te nqu i s t  and Wri ght ( 1 974) ; Hea t h , 

Tenqui s t , Bi shop and Cole ( 1 978 ) ; Heath , Te nqu i s t  

and Bi shop ( 1 980 ) . 



Be c ause of t he r i sk of residue s ,  inse c t i c ides  for use on dairy 

cat t le in m i lk are re stric ted to  c i odri n ,  and ami traz . The 

la t ter would be  t he tre atment of c ho i c e  because of the reported 

longer length o f  protect ion ( Heath , Tenqu i s t  and Bi shop , 1 980 ) . 

I f  the microenvi ronment i n  the vege tation c an be altered t o  

create less favourable condi tions , t h i s  w i l l  assist  in reduc ing 

t i ck numbers . We ll-grazed and/or rye grass dominant pas ture s 

appear t o  be unsui table for the survival and deve lopment of 
H .  l ongi corni s ( Myers , 1 92 4 ;  Tenqui s t , Wr i ght and Skyrme , 

1 973 ) . The deve lopment of these pas ture s by oversowing , 

subdivision and rotat ional grazing may assi s t  in reducing t i ck 

numbers . Ti ck survival may be hi gher i n  paspalum pasture s .  

82 . 

This grass only becomes dominant ( more than 60% of the summer 

pasture ) under low fertility  cond i t i ons and poor grazing . Har d  

grazing a f t e r  au tumn rain helps suppress paspalum and encourage s 

rye grass t i l lering ( Pearce , 1976 ) . The control o f  rank pas ture 

growth and the re moval of plants  t hat  provi de warmth in t he 

wi nter and hi gh humi d i t i e s  in the summer are thus  important  i n  

controlling t he t i ck ( Myers , 1 92 4 ;  Mu tch , 1 966 ; Heath , 1 973 ) . 

A s  H .  longi corni s  exhi b i t s  a defined se asonal pat tern o f  

Mount Tamborine i n  Australia ( and i n  Ne w Zealand ) i t  has been 

suggested by  Su therst and Moorhouse ( 1 972 ) that pas ture 

spelling for 3 - 9 months may pu t t he li fe cycle out of phase 

and also reduce t i ck numbers by s tarva t i on a t  t he longer 

period of pasture spe lling . However , s tage s feeding on hosts  

out side the i r  e xpec ted periods of abundance have been re c orde d 

by  Heath , e t  al , ( 1 977 , 1 978 ) whi c h  sugge s t s  ie latively long 

surv ival "out of  phase " .  Pasture spelling i s  generally 

uneconomic  under the hi gher stock i ng rate  prac t i sed in 

New Zealand and t he te �hnique appears more appli cable i n  

Aus tralia wher e , w i t h  lower rai nfal l ,  t he t i ck i s  more 

suscep tible to desi c cation ove r t hi s  spe lling peri o d .  



The l ong winte r  premoult periods o f  e ngorge d larvae ( 2 1  - 80 

days ) and engorged nymphs ( 1 38 days)  w i t h  mi nimum mor tal i ty 

( 0-34% and 0-20% respe ct ively)  at  Wai roa ( Heath and Bi shop , 1978 )  

1 sugges t� wi nter  pas ture spelling i n  t he relative ly warm areas of  

New Ze aland may result i n  large numbers  of  unfed _ t i cks per uni t 

are a  all able t o  engorge simultaneously when s t o ck are f i nally 

admi t ted . In  fac t t hese au thors found that  many larvae 

( re sul ting from egg layi ng females deposi ted in pasture at  

Wairoa 150 - 259 days previously) wer e  able  to  e ngorge on  

suckling mi ce but  there was  no corre lation b e tween  viab i l i t y  and 

length of s tarva tion . 

Re cently , Whar t o n  and Norri s ( 1 980 ) have sugge s t e d  that 

biologi cal con t r ol of  t i cks se ems t o  have limi ted  appl i ca t i o n .  

In thi s  respe c t  an e ncyr t i d  wasp ( Hunterellus  spe cies ) whi c h  

parasi t ises  o t he r  t i cks i n  Queensland does no t appear to  

parasi tise H .  longi corni s  ( Doube and Heath , 1975 ) . 



EXPERIMENTAL SECTION 

2 .  Ti ck que s tionnai re . 

2 . 1  Introduc t i on .  

Be tween 1970 and 1 974 farmers reported  t o  t he officers o f  the 

Mi ni stry of Agri cul ture and Fi sheri e s  ( H . A .F . )  at Ruatoria , 

Gisborne , Wai roa and Hast i ngs , t hat  t hey were alarmed at t he 

apparent incre ase in t i ck numbers on the ir farms in the se areas . 

There were also report s  o f  stock losse s attributed to 

H.  longi corni s during this  period ( Tenqui st , et  al , 1 973 ) . 
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T o  de fine the d i stribu t i on o f ,  and at temp t to  assess t he e conomi c 

importance of H .  longi corni s ,  a postal  que s tionnaire was sent 

from the Has t i ngs and Gi sb orne off i c e s  of the M . A .F .  t o · f armers 

i n  the East Coast and Hawke� Bay areas . 

2 .2 Materials and me thods .  

The area from whi ch i nformat i on was sought from farmers 

approximate s to that of the Eas t  Coast and Hawkffs Bay areas shown 

in Figure 2 . 1 .  From t he Gi sborne office of the M . A . F .  

que stionnaires  were sent  t o  all farmers in t he Cook , Waikohu , 

Waiapu and Wai roa Coun t i e s  who were li sted on the 1 974 Sheep­

owners list  as  having more t han 100 sheep .  Thi s are a  inc ludes 

the 3 Counties  of the Eas t  Coast and one Cou nty in northern 

Hawkes Bay . 

From the Has t i ngs office of the M . A .F . ,  que stionnaires were 

sent to all farmers on the 1974 She e p-owners Lis t  located  in 

Counties of Hawkffs Bay , Waipawa and Waipukurau and to  farmers 

in t he northern half of the Pa�inga t a  County .  A reply-pai d  

e nve lope was enclosed w i t h  each que s t ionnaire . 

A copy of the quest ionn�ire i s  shown i n  Appendix 1 .  



F igure 2 . 1  

Approxi mate are a  of  di stribu t i on of  the que stionnaire . 
Re gi onal Boundar i e s  

Count y  Boundar i e s  . . . . . . .  

( from Nati onal Re source s  Surve y ,  Anon , 197 1 ) 

Lake Taupo 

HA WKE.'S BAY 



2 .3 Re sul t s . 
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The re sult s  are reported separat e l y  from two areas depending upon 

whi ch office t he questionnaire s were _re turne d t o . Repli e s  sent 

t o  the Gi sborne office include t he East Coast and Nor thern 

Hawkds Bay are as .  Replies  se nt to t he Has tings office were from 

Ce ntral Hawke's Bay . 

Re turn rate 

East Coast-Northern Hawk� Bay 

Central Hawk&s Bay 

Presence or ab sence of t i cks 

Sent out Re turned % re turne d 

1397 

1 440 

866 

823 

62% 

57% 

Of t he re turns re ceived , farms were recorde d ac cording to  the 

pre sence or ab sence of t i cks . 

East Coast -No r t hern Hawk�s Bay 

Central Hawke•s Bay 

Properties  
wi t h  t i cks 

5 12 

58 

Percent of farms 

59% 

7% 

The se result s  and a subsequent map o f  t i ck d i stribu tion 

( F i gure 2 . 3 )  show t hat  H .  longi c orni s oc curs only on a few 

properties  in t he Hawkds Bay County and condi tions are t here­

fore likely t o  be marginal for t i ck surv ival in t hat Count y .  

S i gnifi cance o f  H .  longi corni s 

The re turns from farmers  in the central Hawkds Bay area 

i nd i cated that t i cks were no t considered a signifi cant prob lem . 

Only two proper tJes dipped spe c i fically to  c ontrol ti cks . The 

opini ons of farmers in t he East Coast -Nor thern Hawk&s Bay area 

are shown in Fi gure 2 .2 .  



Figure 2 .2 

Opi nions of farmers i n  the Eas t  Coast and Nort hern Hawke's Bay 

( Cook , Waikohu , Wai apu and Wai roa Count i e s )  as to the 

signi fi cance of  H .  longi cornis o n  t he ir proper t i e s . 

3 1 6  farms 

TICKS 36 .5% 

196 farms 

22 . 6% :  

354 farms  
NO  TICKS 4o .9% 

Ti cks pre se n t  and consi dere d a 

sign i f i cant prob lem . 

Ti cks pre se nt  and no t c onsi dere d 

a signi f i cant problem . 

No t i cks pre se n t  

Lengt h o f  time t i ck s  have been pre sent on the farm 

Of the 58 farms i n  the  central Hawke's Bay area on whi c h  farmers 

reported  t i ck s ,  the f irst recorded sigh t i ng was in approximat e ly 

1968 . The tick has only incre ase d i n  numbers since 1 972 

( G . B .  Davi s ,  pers . comm . ) .  For t �e 5 1 2  farms repor t i ng t i cks  

from t he northern Hawkds Bay and  Eas t  Coas t are a ,  the  repli e s  

are shown i n  Tab le 2 . 1 .  

Tab le 2 . 1  

Length o f  t ime H .  l o ngi corni s pre sent  on farms in the Nor thern 

Hawke� Bay and Eas t Coast are a .  

County Unknown Pre se nt but Pre se n t  Pre sent more 
di saEEeared 1 - 10 ,Iear s than 10 1ear� 

Wairoa 1 8  4 7 1  37 

Cook 1 6  2 73 6 1  

Waikohu 7 4 1  2 9  

Waiapu 1 7  1 25 30 

Uni dent i fied  1 3  1 50 16  

71  8 2 60 1 73 

To tal 5 12 



() 

Figure 2 . 3 

Di stribu t i o n  of farms i n  central Hawkes Bay area ,  on whi ch 

owners  o r  manage�s repor ted t i cks ( H .  l ongi corni s )  o n  the 

proper ty . 

KEY 

+ t i ck s  pre sent 
low numbers 

ticks  pre sent 
* i n  h i gher 

numbe r s  

t 

• Wai pawa 

• Wai pukurau 

Contour line· 

Area towards the coas t l i ne 

< 300 me tre s 

above sea level  

• Dannevirke 

• 

+ 

Porangahau 

8 8 . 



Di stribution o f  H .  longi cornis in central Hawkds Bay are a .  

The d i s tribu t i on o f  farms whose owners  or manage rs repor ted  t i cks 

i s  shown i n  Fi gure 2 .3 .  Replies  to t he que stionnaire were 

divi d e d  into propertie s where only an o c casional t i ck was no t i ce d , 

and p roper ties  where t i cks were considered more numerous . Mos t  

of the  farms where H .  longi corni s was reported to be pre sent are 

located  nor th of Napier i n  the warmer c oastal areas of Eskdale 

and Tangoi o .  

Di str ibution o f  H .  longi corni s i n  nor t hern Hawk�s Bay and t he 

Eas t  Coast are a ( Waiapu , Cook , Waikohu and Wairoa Coun tie s . )  

The are a  from whi ch replies were re ce ive d by the Gi sb orne office 

of t h e  M . A .F .  i s  shown in Fi gure 2 . 4 .  

From t he repli e s  t o  the que s t i onnaire , properties  were divided  

into : 

1 .  no t i cks pre sent 

2 .  t i cks pre sent but no prob lem 

3 .  t i cks pre sent and a problem 

The loc ations of these proper t i e s  were t he n  plo t t e d  on 

( scale 1 : 63 , 360 ) topographi cal maps . From thi s i t  was apparent 

that  t i cks were mai nly pre sent at al t i tudes  below 300 me tre s .  

The d i s tribu tion o f  t i cks i n  relat ion t o  the 300 m contour i n  

t he 3 categorie s  menti oned above i s  shown i n  Fi gure s 2 .5 ,  2 . 6 

and 2 . 7 .  



Figure 2 . 4 

Are a from whi ch repli e s  to t he que stionnaire 

� were re ceived by the Gi sborne offi ce of the 

M . A . F .  

WAIROA 

COUNTY 

BOROUGH 

WA IKOHU 

COUN.TY 

COOK 

COUNTY 

WA IAPU 

COUNTY 

90 . 

CITY 



Figure 2 .5 

Di stribution of propert i e s  whi ch repor t e d  no 
) t i cks pre sent . The shade d area repre se n t s  

an al t i tude o f  300 me tres  or l e s s  ab ove 

s e a  leve l . 

9 1 . 



Figure 2 . 6 

Di stribut i on o f  p roper t i e s  whi ch re por ted  ti cks pre sent 

but  were not considered a prob lem . Shaded area 

repre sents an a l t i tude of  300 me tre s or less above 

sea leve l .  

92 . 



Figure 2 . 7  

Distribu t ion of prope r t i e s  whi c h  reported  ticks pre sent  

and c onsi dered a prob lem . The shade d are a  represents  

an alti t ude of 3�0 m e tres or  le ss above sea leve l .  

93 . 



2 . 4 Di scussion . 

I t  has been stated t hat there i s  very li t t le information ab out 

t he e f fe c t s  o f  diseases or parasi t es on animal produc tivity  and 

on general farming operati ons i nvolving large populations of  

animals ( Si mpson , 1 976 ) . Thi s i s  true in New Ze aland for 

d i sease s or parasi tes that do  not  cause hi gh mortali ties  or do 

not cause par ti al or comple te re j e c t ion for export of animal 

produc t s  • .  

To ob t ain such informat ion , a survey can be carried ou t on a 

distri c t , re gion , or nat ional probab i li t y  sample . In thi s  

ins tance i t  was de cided t o  carry out  a census of  farmers i n  the 

spe cified  are a  so that  tick d i s t r i but ion could be mapped more 

ac curat ely . More ac curate i nformation can be obtained from 

personal i n t ervi ews wi th live s t ock  owners . However , a census 

was employe d be cause t he high operat ing cost  pre c luded t he use 

of  personal i nterviews . Thu s the results  of  t he que stionnaire 

repre se nt t he opini ons of  farmer s  only . 

94.  

Some di se ase s including parasi ti c di sease s ,  apar t from t heir 

dire ct effe c t s  on produc tivi t y ,  may inter fere wi th farmi ng 

operat ions ( Simpson , 1976 ) and t hi s indire c t ly affe c t s  

produc t i on . For example ,  farmer s  may b e  unab le to graze 

heavily t i ck infes ted pas tures and the t i me require d  for 

repeate d  dipp i ng may prevent t he f armer from at tendi ng to o ther 

aspe c t s  of s t ock management . 

Moule ( 1 965 ) has su gge sted t hat  opinion surveys or censuse s 

may indicate pointers to  appropr i a te solu t ions and the results  

may be useful in formula ting e x t e nsion and re search programs . 

There fore , t he author believe s , like Simpson , that farmer 

opinions mu s t  be given cre dence alongside measurement da ta o f  

incidence , prevalence , mortali ty , e t c . 



Des i gn of t he que s ti onnaire . 

Thi s was no t pre addressed or number  c oded so that  no follow-up 

on t he non-re turns could be  made : be cause of this , no 

informat ion i s  avai lable from approxi mately 40% of farms . 

However , the hi gh re t urn rate from farms where no ticks we re 

pre sent sugge s t s  that the re sul ts can be cons idered 

repre sentat ive of all farms in the are a .  

Some questionnaires were returne d comp leted  except  for a name 

• and address so t hat  these could not be mappe d .  Local go ssip  

sugge sted that  s ome farmers were concerned that the M . A .F .  

might introduce farm quaran t ine and c ompulsory dipping . Thi s 

po ssibili ty was not  considered when t he que s t ionnaire was 

distributed - may be one re ason why some que s t i onnaires were 

re t urned unname d .  

Eco nomic  i mpor t ance of H .  longi c orni s .  
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The t i ck i s  no t an economically impor t ant parasi te in the ce ntral 

Hawk�s Bay are a .  In the northern Hawke� Bay and East Coas t  are a  

a re la tively large number o f  farmers  ( 89/866 = 1 0% )  sugge s t e d  

tha t t icks were responsi b le for causing s t o c k  de aths on t he i r  

proper ti e s .  

A larger numbe r  o f  farmers ( 3 1 6/866 = 36%) i n  t he northern 

Hawk�s Bay and East Coast area c ons i de re d  that t i cks e i ther 

caused deaths , were an increasing prob lem , or a prob lem in some 

seasons only ( se e  Fi gure 2 . 2 ) . Since the t i ck can cause a 

re duc t ion in bod y  we ight and reduce s c oure d wo ol yield 

( Heath , e t  al , 1 9 77 ) , . where t i ck numb e rs are suf f i cient ly 

high t o  he consi dered a prob lem e conomi c loss i s  likely . To  

these can be add e d  the cost  of  labour and  materials where 

farmers dip spe c i fi cally for t i ck control . An i nvestigati o n  o f  

anaemia  and deaths  in Red De er ( Cervg s elaphus )  assoc iated wi th 

heavy infe stations of H .  longi corni s i s  pre se nted  in Appe ndi x  

33 . The financ i al loss from the se d e aths amounted t o  $28 , 000 . 



Le ngt h  o f  t i me H .  longi c orni s pre s e n t  o n  proper t i e s  i n  t h e  
no r t he r n  Ha�k �s Bay a n d  East  Coa s t  ar e a s . 

Ov e r  a p e r i o d  o f  10  ye ars there are l i ke ly  t o  have b e e n  many 
change s in farm o wne rs and/o r  manage r s . Thi s may a c c ou n t  f o r  
t h e  7 1  farmers  w h o  had t i c k s  o n  t he i r  p rope r t y  b u t  d i d  n o t know 
how l o ng t he t i ck had b e e n  p re se n t  ( Tab l e  2 . 1 ) . 
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h'her e  t i ck s  we r e  pre se n t , a large p r op o r t i o n  ( 2 60/5 1 2 = 50% )  
o f  farme r s  i nd i c a te d  t i ck s  were a re c e nt i n tr o d u c t i on t o  t he 
p r o p e r t y .  Thi s i nd i cat e s  a sub s t an t i a l  i nc r e ase  i n  t ic k  numbe r s  
p r i o r  t o  1 974 . The reasons  for t h i s appar e n t  i ncrease i n  t i ck 
numb e r s  sugge s t e d  b y  Te nqu i s t , e t  a l  ( 1 973 ) we re : 

( a ) w i t hdrawa l o f  D . D . T .  for topdre s s i ng ;  
( b ) w e t summe r s  o f  1 9 70 - 1 9 72 ;  

( c ) m i ld w i n t e r s  o f  1 9 70 - 1 972 . 

In 1 9 74 a me e t i ng was he ld i n  Gi sborne  wi th  fa rmers  from  t he 
are a w ho we re c o n ce rne d  a t  the i n c r e a s e  i n  t i ck numbe r s . These  
far m e r s  d i sagr e e d  the c la i m  t hat t i ck numb e r s  had  i n c r �as e d  
s i n c e  w i thdrawal of D . D . T .  as v e r y  l i t t le D . D . T .  had e v e r  b e e n  
use d i n  the Gi s b o rne are a . Whi l s t  t h i s  re pre s e n t s  o p i n i o n  o n l y , 
i t  d o e s  s ugge s t  o t he r fac t o r s  s u c h  a s  favourab l e  c l i mat i c  
c o n d i t i ons were more important  i n  c o n t r i b u t i ng t o  t he appar e n t 
i n c re a s e . 

The r e  are 4 c l im a t o logi cal  s t a t i o n s  i n  the nor t he r n  Hawk�s Bay 
and Eas t  Coas t a r e a  l o c a t e d  at Waer e nga-0-Kuri , Manu t uke , 
G i sb o r ne Ae r o d r o me and Wai roa ( s e e  F i gure 2 . 1 0 ) . Fi gure 2 .8 

shows t he mon t h l y  rai n f a l l  a t  Manu t uk e  C l i m a t o l o g i c a l  S t a t i o n  
f o r  t hose  mon t h s  during whi c h  t h e  e gg s  o f  H .  longi c orni s are 
pre s e n t . It  c a n  be seen t ha t  r a i n fa l l  was u nu s u a l l y  h i gh for 
t he 4 mon t h  p e r i o d s  i n  1 9 69 - 1 970 and  1 970- 1 9 7 1 . 

Temp er ature s  for t he f o u r  c o l de s t  m o n t hs o f  the year ( J u ne t o  
Se p te mb er ) from 1 9 69 t o  1 9 73 are shown i n  Fi gure 2 . 9 .  The mean 
t e m p e r a t ure for t he f our-mo n t h  p e r i o d  i s  s hown w i t h i n  e ac h  
h i s t ogram . 



97 . 

In t he year 1 9 70 and 1 9 7 1 , t e mp e ra t u r e s  were ab ov e  average f or 
t he f our -mon t h  per i od .  H i ghe r t e m p e r a tu r e s  w ou l d  i n f l u e n c e  the 1 

a c t iv i t y  of ov e rw i n t e r i ng nymphs  a n d  c ou l d  have i ni t i a t e d  an  
e ar l i er nym p h a l  peak . The t e mpera t ure s dur ing Augus t and 
S e p te mb e r  we r e  ab ove the t h e ore t i c a l  deve l opment  t hre s h ol d  
m oul t i n g  t e m p e r a t ure f or nymphs s ugge s t e d  b y  He a t h  ( 1 9 74 ) . 

I t  seems l i ke l y  t ha t  the hi ghe r t ha n  usua l r a i n fa l l  i n  1 96 9/70 

and 1 9 70/7 1 , ( dur i n g  t he p e r i od whe n e ggs were on t he gr ound ) 
p r ov i de d  t he i n i t i a l i mpe tus f or t he t i ck p opul a t i on i nc r e ase . 
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Figure 2 . 8 . 
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Figure 2 . 10 

Climatologi cal Stat ions in the are a in  whi ch t i ck distribu t i on 

was mapped . 

K • • 
ur1papango 

• Gwavas 

• 

S tate Fore st  

ffannevi rke 

From de Li sle and Pa t terson ( 1 971 ) .  

Nor t h  

Gi sb orne 
airport  

• � tuke 
Wae reng -0-kuri 



Table 2 . 2 

100 .  

Al t i t ude , rainf all and annual mean t emperat ure s of the 

Cl i mat ologi cal S tati ons in the are a mapped for d i stribu t i o n  of 

B .  longi c orni s .  

Stat i on 

1 .  Wairoa 

2 .  Nap i e r  

3 .  Gisborne ae rodrome 

· 4 .  Has t i ngs 

5 .  Manu tuke 

6 .  Tangoi o  

7 .  Havelock North 

8 .  Waere nga-0-Kuri 

9 .  'w'aipukurau 

10 . Dannevirke . 

1 1 .  Gwavas S t a t e  Fore st  

12 . Kuripapango 

Annual m e an 
temperature 
( oC )  

1 3 . 9  

1 3 . 8 

1 3 . 6 

1 3 -5 

1 2 .8  

1 2 . 4 

12 . 2  

1 2 . 1  

1 2 . 1  

1 1 . 1  

1 1 .0 

Annual mean 
rainfall 
( mm )  

1 290 

780 

1034 

998 

1 432 

824 

1089 

1 2 1 4  

' 1  

A l t i tude 
( me tre s 
above sea 
l e ve l ) . 

8 

2 

4 

1 4  

30 

299  

9 

3 1 4  

1 37 

207 

335 

488 
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1 0 1 .  

D i s t r i bu t i on o f  H .  longi c o r n i s .  

( i ) C e n t ral Hawk�s Bay 

T hi s  i s  s hown i n  F i gure 2 . 3 .  De spi te  t he i n tr o d uc t i on and 
e s tab l i s hme nt  of t i c ks i n  t he Wai r oa are a  a f t e r  1 9 30 , t i cks  ha ve 
no t e s t a b l i she d  o n  many farms i n  c e n t ral Hawkes Bay . I t  i s  
pre sum e d  t hat  t i ck s  have had t he oppo r t un i t y  t o  s p r e ad b y  s t o ck 
moveme n t . S t ock were , a nd s t i l l  are , dri ve n  s o u t h  f rom Wai r o a  
on  f o o t . 

The l o c a t ions  o f  c l i ma t o l o g i c a l  s t a t i o n s  for t he are a  are s hown 
in  F i gure 2 . 1 0 and summari e s  o f  re c o r d s  from t he s e  s ta t i on s  t o  
1 960 o r  1 9 70 ( Ano n ,  1 9 6 6o, 1 9 7}:; )  are a vai lable . T i c k  i n fe s t e d  
prope r t i e s  are mai n ly c o n c e n t r a t e d  no r t h  o f  Nao i e r  i n  t he 

\ -

Eskdale , Tango i o  ar e a . I n  t he se areas t he rai n f a l l  e x c e e d s  
1000 m m  ( see F i gure 2 . 1 1 ) . T he annua l m e a n  tempera t ure s ,  rai n ­
fall and a l t i tude f o r  t he c l i ma t o l o g i ca l  s t a t i o n s  a r e  shown i n  
Tab l e  2 . 2 .  

Eve n  t hough Nap i e r  and Has t i n g s  have hi gh annual  m e a n  
t e mp e r a t u re s ,  t he annual r a i n f a l l  appears to be i n su f f i c i e n t  t o  
mai n t a i n  large t i c k popula t i o n s . W here rai nfall  i s  above 
1000 mm , t e mpera t u re s are  no t s u f f i c i e n t l y  hi gh to  s u p p o r t  
large t i ck popu la t i o ns ( s e e  F i gure 2 . 1 1 )  i n  muc h  o f  c e n tr a l  
Ha•...,ke's Bay . 

I t  s e e m s  l ik e l y  t ha t  t he d i s t r i b u t i on i n  ce n tral Hawk�s Bay i s  
i nflue n c e d b o t h  b y  rai nfal l a n d  t e mp e r a t ure . 



Figure 2 . 1 1  

Mean annual rai n fa l l  ( 1 92 1 - 1 950 ) i n  ce n tral and sou thern 

Hawke� Bay region . 
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( i i )  Nor the r n -Hawke's Bay and Ea s t  Coa s t  

The d i s t r i b u t i o n o f  p r o p e r t i e s  on  whi c h t he owners o r  ma nage r s  
r e p o r t e d  t i cks and c o n s i d e r e d  them a prob l e m  i s  shown i n  F i gure 
2 . 7 .  Wi t h  one e x c e p t i o n  all  p rope r t i e s  are s i t u a t e d  less  than 
300 me t r e s  above s e a  l e ve l . It  i s  assume d t h a t  t hi s  i s  an 
e xp r e s s i o n  o f  t he i n f l u e n c e  of temperature  e i t h e r  d i re c t ly on 
the l i fe cycle o f  t he t i ck or i nd i r e c t ly t hr ough e f f e c t s  on t he 
b o t ani c al c omp osi t i o n  o f  the pas t ure s .  Ev e n  where  t i ck s  were 
p r e se nt b u t  no t c o ns i d e r e d  a p r o b l e m , mo s t  farms are s i t u a t e d  
l e s s  t han 300 m e t r e s  a b o v e  sea  l e v e l . I n  t h i s  ar e a  te mpe r a t ur e s  
c o nform t o  t he ge neral p a t te r n  o f  a d e c r e a s e  o f  o . 6°C f o r  e v e r y  
1 0 0  me t r e s i ncrease i n  a l t i tude ( A no n , 1 9 79 ) . A s i m i l ar 
pa t t e rn i s  s e e n  i n  c e n t r al Hawkes Bay ( d e  L i s l e  and Pat t e r s o n , 
1 9 7 1 ) .  

O t h er au thors have i nve s t i ga t e d  and e s t ab l i s he d  some f orm o f  
re l a t i onship  b e twe e n  e c o l ogi c al fac t o r s  and t h e  d i s t r i b u t ion  
a nd abundanc e  o f  t i ck s . The se were  r e v i e w e d  e ar l i e r . A s  the 
re p l i e s  t o  the que s t i onnaire  re t u rned t o  t he G i sb orne o f f i c e  o f  
t he M . A . F .  i nd i c a t e d  a l arge num b e r  o f  p r op e r t i e s  w i t h  t i cks  a s  
w e l l  a s  a large numb e r  w i t hou t , t h e  l i k e l y  r e a s o ns for the  
d i s t r i b u t i o n wa rr ant a more de t a i le d  exam i na t i on .  

a ) Di s t ribu t i on o f  t i ck s  i n  no r t he r n  Hawke's Bay and 2as t  Coa s t  
areas  ac c o r d i ng t o  so i l  type . 

The range o f  s o i l  t yp e s  i n  t he f o u r  c ou n t i e s  i s  narrow ( ab o u t  
40 ) and they c a n  be  su b d i v i d e d  i n t o  3 b a s i c s o i l t ype s :  
a l l u v i al , pum i ce and ske l e tal  ( i nc lude s m u d s t o n e  and sand­
s t o n e ) . The are a  has b e e n  sub j e c te d  t o  6 so i l - form i n g  d e p o s i t s  
o f  p u m i ce . Thi s v o lc an i c ash has b e e n  r e m o v e d  f r om m o s t  o f  t he 
s t e e p e r  land b y  e r o s i o n  and co nse que n t l y  pum i ce  s o i l s  are f ound 
o n  l ower land and only a t  h i gh al t i t u d e s  whe re the c o n t our  i s  
no t s t e e p  ( Anon , 1 979 ) . 
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A map o f  t he basi c s o i l t ype s i s  shown i n  Fi gure 2 . 1 2 . 

Proper t i e s  where t i c k s  were p r e s e nt  and a probl e m , t e nd t o  o c cur 
on pum i c e  or  a l luv i al soi l s  a l t h ough some are on mu d s t one . No 
t i ck prob l e m  ar e a s  are pre s e n t  on sand s t one . Thi s i n d i ca te s 
the overr i d i ng e f fe c t  o f  al t i t u d e . The prope r t i e s  f r om whi c h  
n o  t i ck s  we re r e p o r t e d  are m a i n l y  l o c a t e d  o n  pum i ce  a n d  sand­
s t one . Whe re t i ck s  we re r e p o r t e d  no t to o c cur and t he s o i l 
t ype i s  p um i ce t h e s e  are ge ner al l y  are a s  where t h e  a l t i tude i s  
300 me t r e s  o r  more above sea l e ve l .  

( b) Di s t r i b u t i o n  o f  H .  longi c o r n i s i n  the  Eas t Coas t and 
Nor t he r n  Hawk&s Bay are a  i n  re la t i on t o  r a i nfal l .  

The r a i n f a l l f o r  the area i s  s hown i n  Fi gure 2 . 1 3 .  T i cks  were  
ge neral l y  r e corded  f r om areas  where t he r a i n fa l l  is  be t we e n  
1 000 - 1 600 m m  p e r  a nnum . Ti c k s  we re ab s e n t  i n  t h e  h i ghe r 
r a i n f a l l  areas b u t  aga i n  t h i s probab l y  repre se n t e d  t he 
i nf lu e nc e  o f  a l t i t u d e  on t i ck d i s t r i bu t i o n . Be c a u se o f  t he 
mount a i n o u 3  t e rra i n ,  o rograp hi c i nf luen ce s o n  rai nfa l l  are 
marked . The r a i n- p r o du c i ng w i n d s  ( nor the r l i e s  and sou t h­
e a s t e r l i e s ) b o t h  b r i ng rain t o  t he no r t h - e a s t e r n  par t o f  the 
are a a�d t o  the mou n t a i ns . The y  b r ing le ss rai n to t h e  
s o u t he r n  a n d  we s t e r n  are as . 

' ' 



Figure 2 . 1 2 

Soi l Typ� o u f  t h e  Cook , 

�A i k ob u , �B i r ob n n d  
Y!i i npu C o u n t i e s  
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From unpub li shed map M . A . F .  Gi sborne . 
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Figure 2 . 1 3  

Mean annual rainfall i n  mm ( 1 9 4 1 - 1 970 ) 

In th� East Coast and Northern H . B .  are a  

(From Anon , 1 9 79 ) 
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c )  Di stribution of H .  longi corni s in the nor t hern Hawke's Bay 

and Eas t  Coas t are a  i n  rela t i on t o  temperature . 

The di s tribut ion of t i cks i n  t he area i s  close ly related to 

a l t i tude and it is assumed that t hi s  repre sents  t he i nfluence 

of temperature on the di stribu t i on of t i cks . Thi s re lati onship 

may be coincidental or may i ndicate the dire c t  influence of 

t e mperature on some aspe c t s  of t he li fe hi s t ory of the tick . 

Pre c i se information from laborat ory experime n t s  i s  no t 

avai lable t o  explain t he reasons for thi s d i stribution . 

107. 

Of the four climatologi c al stations in t he are a  ( se e  Fi gure 

2 . 10 )  one o f  t hese , Waere nga-0-Kuri ,  i s  si tuated  at 3 1 4  me tres  

ab ove sea leve l  and from t he t i ck distribu t i on maps the are a 

ad j acent to thi s stati on i s  known to be free o f  t i cks . The mean 

annual temperature for thi s station i s  1 2 . 2°C whi ch i s  

considerab ly lower than t hat  from t he o ther 3 stations ( see 

Table 2 .2 ) . 

Wi t h  respe c t  to the o t her c lima t i c  indi c e s  reported in 

Tab le 1 . 7 ,  all four s ta t i ons have a July mi nimum of 4°c or 

greater , i . e .  above t he July minimum air te mpera ture o f  2°C .  

The July max imum for 3 o f  the stat i ons i s  be twe en 13 .5 -

1 3 . 7°C where thi s i s  only 1 1 . 1  for  Waere nga-0-Kuri .  

Consideration of the avai lable evide nce on the  i nfluence of 

tempera ture on the biology of H.  longi corni s ,  sugge sts  that 

lowe r  temperatures affe c t  the survival and hence distribution 

o f  t he t i ck as : 

( a )  Fe males require a m i nimum o f  1 6°c for oviposi t i on ( see 

Table 1 . 6 ) ; 

( b )  Eggs re quire a temperature greater t han 1 2°C for hat ching 

( Heath , 1979 ) ; 



( c ) The w a te r  vap o u r  pump o f  t he u ne ngorge d s t age s i s  l ik e l y  
t o  be  i n flue n c e d  b y  t e mp e r a t ure a s  r e p o r t e d  ( Sau e r  and 
Hai r ,  1 9 7 1 ) for o ther t i ck s ;  

1 08 . 

( d ) Te mp e r a t ure w i l l  i n f luence  t he bo tani c a l  c o m p o s i t i on o f  t he 
pas t ur e  and hence  transp i ra t i on r a t e s  and t he amo u n t o f  
wa t e r  v apour av a i l ab l e  f o r  t h e  susc e p t i b l e  s t a ge s s u c h  as 
e ggs and larvae . 
The way i n  whi c h  t e mp e r a t u r e  i nflue nce s t he d i s t r i b u t i on 
( and numbe r s ) o f  H .  l ongi c o rni s w i l l  only b e c ome c lear whe n 
s u f f i c i e nt de t ai l e d  e x p e r i m e n t s  have b e e n  c arri e d  ou t .  

d ) Di s tr ib u t i o n  o f  H .  longi c o r n i s i n  Eas t Coa s t  and N o r t he r n  
Hawke's Bay i n  re l a t i o n  t o  e v aporat i o n . 

The ab s e n c e  o f  t i cks a t  a l t i t ude s above 300 me t r e s  a t  f i r s t  
s ugge s t s  t ha t  t hi s i s  r e la t e d  t o  t e mperature . Thi s howe ver  may 
no t be c o r r e c t .  In C anada i t  has b e e n  shown t ha t  m e a n  dai l y  
e v apor a t i o n  ( measure d i n  unshi e l d e d  Pi che a tmome t e r s  where the 
e vapora t i ng d i s c s  wer e  su spe n d e d  30 cm above c l o s e l y  c l i pp e d  
grass ) i s  p o s i t i v e ly a n d  hi ghly ( r = 0 . 95 ) c orre l a t e d  w i th  
r e la t i ve e l e v a t i on .  A n  i nv e r s e  r e lat i o nshi p was  d e mo n s t ra t e d  
be t w e e n  e vapora t i on a n d  max i mum a i r  tempera ture . M e a n  dai ly 
P i che e v a p o r a t i o n  is  nega t i v e ly c o r re l a t e d  ( r = - 0 . 66 ) w i t h  
mean d a i l y  maxi mum a i r  tempe r a t u r e  ( Macha t t i e  a n d  M c C o rmack , 
1 961 ) .  A c c o r d i n g  t o  the  au t h o r s  the var i a t i on o f  e v ap o r a t i on 
w i th b o t h  t e mperature  and e le va t i o n i s  r e l a t e d  t o  v e n t i la t i o n . 
The se r e s u l t s  cann o t  b e  assumed t o  be  corre c t  f o r  Ne w Ze aland . 
I t  d o e s  sugge s t  howe v e r  t ha t  t i ck d i s t r i b u t i on s h o u l d  b e  
i nve s t i ga t e d  i n  re la t i o n  t o  e v ap o ra t i o n . 

, , 



3 .  Ti ck  count i ng: distrib u t ion of t i ck coun t s  of sheep.  

3 . 1  Introduc t i on . 

109 . 

A samp l i ng te chni que i s  esse n t ial for t he s tudy o f  t i ck 

populati ons . Var i ous methods have been de scribe d for colle c t ing 

ti cks on pasture to estimate the number of t i cks pre sent . To 

evalua te  the e ffi c ac y  of an i nse c t icide , t i cks mus t  be counted 

on t he host . Thi s is more e as i ly accompl i shed wi t h  1 -host t i cks 

like B .  mi croplus . Engorging females greater t han a certain 

length can be count ed on one side of t he ani mal 

( Wbar ton and Utech , 1 9 70 ) . Howe ve r , count s o f  

B .  mi croplus from cat tle show a strongly skewe d d i st ribution and 

for stati stical analysis count s have to be transformed e . g .  to 

logar i t hms ( Se i fer t ,  1971 ) . 

The d i s tr ibution o f  to tal counts  of Ixode s  ricinu s  o n  sheep , has 

been e xamined and reviewe d by M i lne ( 1 9 43 ) . Again  t he 

di strib u t ion i s  posi tively skewed and doe s not f i t a normal or 

Poi sson d i stribu t i o n .  Indivi dual susce ptabili ty t o  tick 

i nfe station varied  be tween d i f ferent age groups and within t he 

same age group . Mi lne sugge s t e d  that i f  the distr ibution i s  

exce ssively skewed t i ck coun t s  should b e  conve r t e d  t o  square 

roo t s  for analy�i s .  

3 . 2  Mat erials and me thods . 

One hundred ,  1t year old Borde r Lei ce ster  ewes were tagge d 

following random se lect ion . T i cks were c ounted on t hese sheep 

at approximately 7 day i ntervals ( days O ,  7 ,  1 3 , 20 , 27 and 34 ) 

beginning on 1/12/77 . Engorge d and unengorge d adu l t s  were 

counted on the le f t  and righ t  ears  and on the hairy areas of 

the body , i . e .  head , axi lla , f lank , gro i n . and e scut cheon . 



1 1 0 .  

The t o t al t i ck  c ou n t s  f o r  e ac h  ani mal , f o r  each c ou n t i ng p e r i od , 
we r e  t h e n  tab u l a t e d  as a f r e q u e ncy d i s t r i b u t ion . The same 
c o un t s  were a l s o  t ransforme d to l o gar i t hms ( a f t e r  t he add i t i o n  
o f  one ) , and t o  square r oo t s :  t he se a r e  shown graphi c a l l y  i n  
F i gure s 3 . 1  - 3 . 6 .  

For e a c h  day o f  coun t i ng ,  f o r  ac tual  a nd trans f o r m e d  t i ck 
c oun t s , me ans and s t andard d e v i a t i ons were  c a l c u l a t e d . A normal 
di s t r i b u t i o n  w i t h  t he approp r i at e  mean and s tandard de v i a t i on 
was t he n  fi t t e d  t o  the d a t a  and the o b se rve d and e x p e c te d  
d i s t r i b u t i ons w e re compar e d  u s i ng the  c h i - square t e s t  a c c o rd i ng 
t o  t h e  m e tho ds o f  Sar d  ( 1 9 79 ) . 

3 . 3  Re su l t s . 

The se are shown i n  Tab l e s  3 . 1 , 3 . 2 and 3 . 3 .  



Figure 3 . 1  

Frequency d i s tri bution of t i ck count s  ( day 0 )  
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Figure 3 . 2  

Freque ncy di s t r i bu t i on o f  t i ck counts ( day 7 )  
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Figure 3 . 3  

Frequency di stri b u t i on of t i ck count s ( day 1 3 )  
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Figure  3 . 4  

Freque ncy di stribu t i on of t i ck counts ( d ay 20 ) 
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Figure  3 . 5  
t . b Frequency dl. s rl. u t l. on o f t •  k l. C t ( coun s day 2 7)  
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·F igure 3 . 6  

Frequency d i stribu t i on o f  t i ck c ount s ( day 34 ) 
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Table  3 . 1  

Chi -squared value s from t e s t i ng goodne s s  o f  fi t o f  ac tual t i ck 

count s t o  a normal di stribu t i o n .  

Day o f  c ount i ng x2 d . f .  p 
0 1 8 . 0 6  1 6  ( 0 . 5  

7 1 0 . 22 6 ( 0 .25 

1 3  28 . 79 4 ,0 .005 

20 47 . 60 1 0  ( 0 .005 

27 65 . 70 20 (.0 .005 

34  2 6 . 3 1  7 (0 . 005 

Tab le 

Chi-squared  value s from te s t i ng goodne s s  o f  f i t o f  actual t i ck 

count p lu s  one transforme d t o  l ogar i thms to a normal 

di stri b u tion .  

Day o f  counting x2 d . f .  p 
0 32 . 75 7 < 0 .005 

7 79 . 15 8 ( 0 .005 

1 3  82 . 29 6 < 0 . 005 

20 1 9 . 3 1  8 ( 0 .025 

2 7  25 . 69 8 <.. 0 .005 

3 4  3 . 1  7 ( 0 . 9  

� No te 2 The smal le s t  X value b e t we e n  the 3 groups for each 

coun t i ng p er i o d i s  underl i ne d . 



Table 3 . 3 

Chi-squared value s from te s t i ng goodne ss of  f i t  o f  actual t i ck 

coun t s  t ransforme d 

Day o f  c ounting 

0 

7 

1 3  

20 

2 7  

3 4  

3 . 4  Di scussion 

to square 

x2 

6 . 44 

101 . 40 

97 . 78 

1 1 .65 

128 . 37 

102 . 32 

roots  to  a normal di stribu t i on . 

d . f .  p 

8 0 . 75 

1 1  0 .005 

7 0 .005 

8 0 .25 

1 3  0 .005 

7 0 .005 

2 The lowe s t  values of X represent the smalle st di fference s 

1 18 .  

be twe e n  the obse rved and expec ted distributions . On day 0 ,  

square root trans forms re pre sent the b e s t  me thod o f  transforming 

the data . On days 7 and 1 3  the animals had low t i ck counts and 

variab i li ty was low and the da ta i s  best  examined untrans formed . 

On day 20 , the square root t ransforms show the closest  

approxima t ion to  a normal d i s tributi on . On  day 27  and 34 , t he 

lowe s t  x2 value s were obtai ne d  from logari thm transforms . 

However , one ani mal wi t h  a very high t i ck count ( see Fi gure s 

3 .5  and 3 .6 )  contributed to  t he high x2 values for  t he square 

root transforms on days 27 and 34 i . e .  

= ( 0  - E) 2 

E 
= 

2 ( 1  - 0 .0 1 )  = 98 . 0 1  
0 .0 1  

8 . 2 If t hi s  animal i s  e xclude d ( i . e .  9 .0 1 sub trac t e d  f rom t he X 

value s o f  the square root transforms on  days 27  and 34 , the 

values  are almos t  t he same as the logar i thm transforms . 

In ge neral , except  whe n cou n t s  are very low , square roo t trans­

forms represent the easi e s t  and a sat i sfac tory me t hod of 

transformat ion .  
� 

It  has been sugge sted by Mi lne ( 1 943)  that there are 3 mai n  

reasons for the variabi lity  o f  t i ck counts from she e p :  
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( a )  T i ck s  are u ne v e n l y  d i s t r i b u t e d  i n  p a s t u re and she e p  gr a z i n g  

t he se p a s t ure s w i l l  e nc o u n t e r  d i f f e r e n t  numb e r s  o f  t i ck s .  

Une v e n  d i s t r i b u t i o n o f  H .  l o n g i c o r n i s i n  pas t ure h a s  b e e n  

ob s e r v e d  i n  Jap a n  ( N amb a , 1 958 ) and i n  A u s t r a l i a  ( S u t h e r s t  and 

M o o rhouse , 1 9 72 ) ; 

( b )  She e p  v a r y  i n  t he a r e a  t h e y  t r a v e r s e i n  s e ar c h  o f  f o o d : 

t h e  l arger t he are a t h e  s he e p  t r a v e r s e s the m o re l i k e l y  i t  i s  

t o  p i ck u p  m o r e  t i ck s ; 

( c )  Ther e are v ar i a t i o n s  i n  s u s c e p t i b i l i t y o f  she e p  t o  t i c k 

i n f e s t a t i o n s .  

Thi s l a s t p o i n t  w i l l  b e  e x am i n e d  t h e  n e x t se c t i o n . 

, .  



4 .  T i c k  c o u n t i ng: t h e r e l a t i o n s h ip b e t w e e n  e ar and b o dy 

c o u n t s  of H .  l o ngi c o r n i s o n  s h e ep . 

4 . 1 I n t r o du c t i o n . 

T i c k s  ne e d  t o  b e  c o u n t e d  o n  t h e ho s t  b e f o r e  and a f t e r  

ap p l i c a t i o n  o f  a n  i n s e c t i c i d e s o  t h a t  t h e  e f f e c t i v e ne s s  o f  t he 

c he m i c a l  can b e  a s s e s se d .  A t t a c h e d  t i c k s  are more c o m m o n l y  

f o u n d  o n  t h e hai r y  a r e a s  o f  t h e  she e p , e sp e c i a l l y  t h e  e ar s  a n d  

p e r i ne um ( He at h ,  e t  a l , 1 97 7 ) . The r e f o re , i t  w a s  c o n s i d e r e d 

t h a t  a c o mpar i s o n  o f  c o u n t s  o f  t i c k s  f r o m  a samp l i n g are a  s u c h  

a s  t he e ar s  w i t h  c ou n t s  f r o m  t h e  re s t  o f  t he b o d y  m i gh t  

i nd i c a t e  t h e  v a l u e  o f  e ar c o u n t s  as a n  e s t i m a t e  o f  t o t al 

c o u n t s .  

4 . 2  Ma t e r i a l s  a n d  me t ho d s . 

Thre e h u n d r e d  and t w o  s h e e p  w e r e  se l e c t e d  f o r  an i n s e c t i c i d e 

t r i al w h i c h  i s  d e s c r i b e d  i n  S e c t i o n 6 .  O n  d ay 0 ,  t i c k s  

pre se n t  o n  a l l  t h e  a n i m a l s  w e r e  r e c o r d e d  f r om t h e  l e f t  e a r s , 

r i gh t  e a r s  a nd b o d i e s  o f  t h e  a n i ma l s . N i n e t y -e i gh t  o f  t h e s e  

s h e e p  r e �a i ne d  u n d i p p e d  t h r o u g h o u t  t he t r i a l and c o u n t s  w e r e  

a l s o  re c o r d e d  f r om t h e  le f t  e ar s , r i gh t  e a r s  and b o d i e s  o f  

t h e s e  a n i ma l s  o n  d a y s  7 ,  1 3 , 20 , 2 7  a n d  34 . 

A l l  i n d i v i dual c o u n t s  f o r  t h e  l e f t  e a r , r i g h t  e ar a n d  b o d y  w e r e  

tran s f o r me d  t o  s q u a r e  r o o t s .  Tra n s f o rm e d  c o u n t s  f o r  e a c h  e a r , 

b o t h  e ar s  a n d  b od y  w e r e  c o m p ar e d  b y  a na l y s i s  o f  v ar i a n c e . 

1 20 . 



4 . 3 Re su l t s .  

1 2 1 . 

The r e s u l t s  o f  t he c o mp a r i s o n s  are shown i n  Tab l e s  4 . 1 ,  4 . 2 and 

4 . 3 .  As T ab l e  4 . 1  s ho w s  s i gni f i c a n t  d i f f e r e nc e s  b e t we e n  comb i ne d  

e ar c o un t s  and b o d y  c o u n t s  o f  t he 302 a n i m a l s  o n  day 0 and 

Tab l e  4 . 2 shows an o v e r a l l  s i gn i f i c a n t  d i f f e re n c e  b e t w e e n  

c omb i ne d  e ar c ou n t s  and b o d y  c o u n t s  o f  t h e 9 8  ani ma l s  o v e r  t he 

6 c o u n t i n g  d ays , d a t a  f r o m  i nd i v i du a l  d a y s  are e x am i ne d  

s e p ar a t e l y  i n  Tab l e  4 . 3 .  

Tab l e  4 . 1  

Compar i s o n  b y  anal ys i s  o f  var i an c e  o f  l e f t  e ar c o u n t , r i ght e ar 
c ou n t , c omb i ne d  e ar c o u n t  and b o d y  c o u n t  o f  t i c k s  pre se n t  o n  

302 s he e p , o n  d a y  0 .  

M e ans ( s qu are r o o t t r a ns f o r m e d ) 

Le f t  e ar = 1 .0 1 96 

B o d y  = 0 . 9 95 3 . 

R i gh t  e ar = 0 . 9806 B o t h  e ar s  = 1 . 5 495 

C o m p ar i s o n d . f .  F p 
A l l  c ompar i s ons 3/1 20 4  2 3 . 00 < 0 . 005 

Le f t  e ar - R i gh t  e ar 1 /602 0 .2 4  N/S 

Le f t  e ar - Body 1 /602 0 .0 7 6  N/S 

R i gh t  e ar - Body 1 /602 0 .0 2 7  N/S 

B o t h  e ar s  - Body 1 /602 38 . 0 7  <o .005 

d . f .  = d e gre e s  o f  f r e e d o m  

F = F value 

p = probab i l i t y  

N/S = no t s i gni f i c an t  

There w e r e  n o  si gn i f i c an t d i f f e r e n c e s  b e t w e e n  l e f t  e ar , ri g h t  

e ar a n d  b od y  c ou n t s .  O n  day 0 t he re w e r e  s i g n i f i c a n t l y  m o r e  

t i ck s  o n  e ar s  t han o n  b o d i e s . 



Tab le 4 . 2  

Comp ar i son b y  analys i s  o f  var i ance o f  to t a l  l e f t  ear coun t s , 

ri gh t  e ar c ou n t s , comb i ne d  ear coun t s  and body  c ount s o f  t i cks  

pre s e n t  o n  98 u ntreated  animals  c o u n t e d  on  days 0 ,  7 ,  1 3 ,  2 0 , 

2 7 ' 3 4 .  

Means  ( square r o o t  trans formed ) . 

122 . 

Le f t  ear = 1 . 3 435 

Body = 2 . 1 5 78 . 

R i gh t  ear = 1 . 1 840 B o t h  e ars  = 1 . 8967 

Compari son 

A l l  c ompar i s o n s  

Le f t  e ar - R i gh t e ar 

Bo t h  ears - Body  

d . f .  

3/2 3 1 6  

1 / 1 1 5 8  

1 / 1 1 5 8  

F p 
66 . 1  <o . oo5 

76 . 63 < o . oo5 

1 8 9 . 77 < o . 005 

Le f t  e ar s  had s i gn i f i c an t l y  more t i ck s  than righ t e ar s . There 

we r e  s i gni f i c an t ly more t i ck s  o n  b o d i e s  t ha n  t he c omb i ne d  

t o t a l s  from b o t h e ar s .  S i nce  t hi s  i s  s i gni f i c a n t  no  purpose  

wou l d  be se rve d by c ompari ng s i ngly left  or  r i gh t ear  c o u n t s  

w i t h  b ody coun t s . 



123 . 

Tab le  4 . 3 

Comp a r i son by anal ysi s o f  vari ance o f  c omb i ned  e ar c ou n t s  wi t h  

body  c ou n t s  o f  9 8  sheep coun t e d  on d ays O ,  7 ,  1 3 , 20 , 2 7  and 3 4  • 

• • 
�lean o f  b o t h  e ars  Me an of b od,y 

Day 0 1 . 4722  0 . 9777 

Day 7 0 . 1+5 3 7  0 . 49 1 2  

Day 1 3  0 . 5 1 90 0 . 4847  

Day 20 3 . 3059  4 . 7400 

Day 2 7  2 . 6 4 4 7  3 . 0360 

Day 3 4  3 . 0252 3 . 2496 

• Me ans are de r i v e d  from c o u n t s  tran s formed to s q uare roo t s  • 

Compar i son day d . f .  F p 
Bo t h  e ar s  - b o dy 0 1/194  9 . 3 7  < 0 .005 

Bo t h  e ar s  - body 7 1/194  0 . 1 4 N/S 

B o t h  e ar s  - body 1 3  1/ 192 0 . 1 6 N/S 

Bo t h  e ar s  - body 20 1/194 3 1 - 35 / 0 .005 ......... 
Bo t h  e ar s  - body 27 1/184  2 . 29 N/S 

Bo t h  e ar s  - body 34 1 / 1 92 1 .  1 1  N/S 

Tab le  4 . 3  shows t h a t  o n  2 o c c a s i ons t he r e  were h i ghly  

s i gn i f i c an t  di f f e r e nc e s  be twe e n  comb i ne d  e ar and  body  count s ;  

on day 0 there were  s i gni f i ca n t ly more t i ck s  on t he ears and 

the re verse o c c u r r e d  on  day 20 . T o t a l  c ou n t s  are shown i n  

Tab l e  4 . 4 .  



Tab l e  4 . 4 

Ear and b o d y  c o u n t s  a t  i n d i v i dual  o b s e r va t i o n  t i m e s  f o r  a l l  
u n t re a t e d  she e p . Val u e s  are ac t u a l  t o tal c o u nt s . 

Ob se rva t i on n Le f t  Ear R i gh t  Ear B o t h  Ears  Body Lar ge s t  
C o u n t  

Day 0 302 609 5 6 9  1 1 78 694 Ear s 
Day 7 9 8  4 1 2 6  6 7  69 Body 
Day 1 3  9 7 34  28  62 56  Ears 
Day 20 9 8  755 6 2 4  1 379 2 462 B o d y  
Day 2 7  9 2  46 1 4 1 0  8 7 1  1 0 72 B o d y  
Day 34 9 6  674 499 1 1 73 1 1 30 Ear s  

783 2 574 2 1 5 6  4730 5483 B o d y  

From t he ab ove data  i t  c a n  b e  c al c u la t e d  tha t o n  average e ar 
c o u n t s  c o n tr i b u t e d  46 . 3% o f  all t i ck s  coun te d .  Thi s sugge s t s  
tha t i f  t i c k s  o n  she e p  are c o u n t e d  o n  several o c ca s i ons , 
c o mb i ne d  e ar c ou n t s  r e pre s e n t  approxi m a t e ly hal f  the  t o t a l  
t i ck burde n . Corr e l a t i o n s  be t we e n  c o mb i ne d  e a r  and b o d y  
c o u n t s  f o r  t h e  302 she e p  a t  t h e  i ni t i a l  o b s e rv a t i o n  a nd f o r  
t he 9 8  she e p  t ha t  r e m a i n e d  u n t re a t e d  a r e  shown i n  Tab l e  4 . 5 .  

12 4 .  
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Table 4 . 5 

Corre lat i on be tween combined ear coun t s  and body c ount s . 

Ob serv- n r d . f .  t p S . E .  95% C . L .  o f  r 
- -

at i on 

Day 0 302 0 . 3780 300 2 1 . 96 (0 .00 1  0 .0493 0 . 378 .:!:. 0 . 0967 

Day 0 98 0 . 3224 96 3 - 33 (0 . 005 0 .0905 0 . 3224 .:!:. 0 . 1 794 

Day 7 98 0 . 0358 0 . 35 N/S 

Day 1 3  97 0 . 1 359 1 . 35 N/S 

Day 20 98 0 . 43 12 96 5 . 22 ( 0 .00 1 0 .08 1 8  0 . 43 1 2  .:!:. 0 . 1 62 

Day 2 7  92 0 . 3746 90 4 . 1 3 < 0 .00 1 , 0 . 06 1 9  0 . 3746 .:!:. 0 . 1 309 

Day 3 4  96 0 . 1 457 1 . 44 N/S 

n = number of animal s 

r = correlat ion coeff i c ient 

d . f .  = degree s  o f  freed om 

t = t t e s t  

p = probab i l i t y  

S . E .  = standard error 

C . L .  = 95% confidence l i m i  ta of  r 

N/S = no t s i gni ficant  



4 . 4  D i s c u ss i o n . 

On day 0 t here was no s i gni f i c an t  d i f fe r e nce  be twe e n  the t i ck 
coun t s  o f  the r i gh t  and le f t  e ars o f  t he 302 she e p  ( Tab l e s  4 . 1  

and 4 . 4 ) .  Sub s e q u e n t l y  the  l e f t  e a r s  o f  the 9 8  u n t re a t e d  sheep  
h a d  s i gn i f i c a n t l y  m ore  t i ck s  t han r ight  e ar s  ( Tab l e s  4 . 2 and  
4 . 4 ) . One  reason sugge s te d  for  t h i s h i ghly s i gni f i c a n t  
( P ·( 0 . 005 ) d i f f e r e nce i s  t hat  on  d a y  0 a l l  e w e s  w e r e  tagge d i n  
t h e  l e f t  e ar and t hi s  tag may have p rov i d ed  more s u i t ab le 
c o nd i t i on s  for t i ck at tachme n t  v i z . shad i ng by  the tag 
pro te c t i n g  t he t i ck from s un l i gh t  o r  pr o d u c i ng l o we r e d  ski n 
t e mpe r a t ure . Inc r e ased numb e r s  o f  t i ck s  on t he t a gged e ar have 
b � e n  ob s e rve d  i n  p r e v i o u s  t i c k coun t i ng ( Ne i l s on , unpub l i shed 
o� se rv a t i ons ) . 

S i gn i f i c a n t  d i f [ e r e nc e s  b e t we e n  c omb i ne d  ear and b ody c o u n t s  
o c c ur r e d  on t w o  o c c a s i o n s . On  day 0 s i gn i f i can t l y more t i cks  
we r e  p re s e n t  on  t he ear s  t han  o n  t he b o d i e s  o f  t h e  302 a n i ma l s  
c o u n t e d i n i t i al l y  ( Tab le 4 . 1 )  and o f  t h e  9 8  that r e ma i ne d  
u n t re a t e d  subse q u e n t l y  ( Tab l e  4 . 3 ) . The t o t a l  numbe r s  c ou n t e d  
we r e  1 1 78 t i ck s  f rom b o t h  e ar s  and 6 9 4  t i cks fro� t he body  
( Tab l e  4 . 4 ) . On the 98 u n t r e a te d  ani mal s there were  428 t i cks 
on t he e ar s  and 2 1 4 on t he b o d i e s  ( A pp e n d i x  2 6 ) . On day 20 

t h i s s i t u a t i o n  was reverse d ;  b o d i e s  c ar r i e d  s i gn i f i can t ly 
more t i ck s  t han b o t h  ear s  ( Tab le 4 . 3 ) . I n  t o tal , 2 462 t i ck s  
we re c ou n t e d  on  t he bo d i e s  o f  98 ani m a l s  and 1 379 t i ck s  on  t he 
e a r s  ( Tab le 4 . 4 ) . 

The r e a s o n  for t h e  d i f f e re n c e s i s  no t k n own . A f t e r  coun t i ng 
o n  day 1 3  the  s h e e p  we re move d t o  a n e w  pad d o ck and thi s was 
f o l l owe d by  the  maximum t i c k c o u n t  o n  day 20 . On d ay 2 7  more 
t i ck s  o c curre d o n  b o d i e s and on day 34 more t i ck s  o c curre d on  
e ar s  b u t  these  d i fferenc e s  we r e  no t s i g n i f i cant . The 
d i ffe r e n c e s  c o u l d  be  re l a t e d  to e nv i r onme n t a l  c o nd i t i ons  o r  
t h e  d e n s i t y  o f  t i ck s  on the  ho s t . 

1 2 6 . 



-
Ov e r al l , t he num b e r  o f  t i ck s  c ou n t e d  o n  t he e ars  r e pr e s e nt s  a 
h i gh p r o p or t i on ( near ly 50% ) o f  a l l  t i ck s  c ounte d . Thi s 
r e pre s e n t s  t here f o r e  a re asonab le  are a  f o r  sampl i ng .  On t h r e e  
o c c a s i o n s  ( day O ,  2 0  and 27)  t here were  hi ghl y  s i gni fi can t 
c o rre l a t i ons be t w e e n  comb i ne d  e ar and b o d y  coun t s  a l t h ough t h e  
c o rre l a t i o n  coe f f i c i e n t  i n d i c a t e  qu i te d i verge n t  r e gre s s i on 
l i ne s  i f  these  c ou n t s  are p l o t t e d  aga i ns t  each  o t he r .  Howe v e r  
t h e  l a c k  of con s i s t e n t  corre l a t ion b e t w e e n  ear and b o d y  c ou n t s  
i nd i ca t e s  t hat  one may no t p re d i c t  one f r om t he o t he r . 

1 2 7 .  



5 .  Examina t i o n  o f  i nd i v i d u a l  t i ck s  c o u n t s  from sheep f o r  

e v i de nce  o f  r e s i s t a n c e  t o  i n fe s t a t i o n . 

5 . 1  I n t rod u c t i o n . 

A r e c e n t  s tudy ( S u thers t ,  R o b e r t s  and Wag land , 1 9 79 ) su gge s t s  
t h a t  c a t t l e  ( Bos  taurus ) a c q u i re r e s i s t ance  t o  H .  l ongi c o rni s 
fr om  e xp o sure t o  t hi s para s i t e . I t  was t hough t h a t  an 
e x am i na t i o n o f  t i ck cou n t s  f r om she e p  m i ght also  show e v i de n c e  
o f  re s i s t an ce  t o  H .  longi c o r n i s .  

5 . 2  Ma t e r i als and me thod s . 

Three hu ndr e d  an d  two 1 i  y e ar old  Border Le i ce s t e r  e w e s  w e r e  
se le c t e d  f o r  an i n se c t i c i d e t r i a l  whi ch  i s  d e s c r i b e d  l a t e r . 
Pr i o r  t o  t r e a t me n t , t i cks  o n  these  a n i m a l s  were c ou n t e d . The 
c u mu la t i ve d i s t r i b u t i o n  of the t o tal t i ck c o u n t s  f o r  e a c h  
animal  i s  shown i n  Tab l e  5 . 1 .  I t  can b e  se e n  t h a t  ab ou t t o f  
the  a n i m a l s  were  carryi ng � o f  t he t o t al t i c ks . 

1 28 . 



129 . 

Tab le 5 . 1 

Cumulative  frequency di stribu t ion o f  t o tal t i ck c ounts o f  302 

she ep on 1 . 12 . 77 . 

To tal Freguenc;z: Cumu l a t i v e  Cumulat ive Cumu lative  Cumul-
Ti ck Freguenc;z: Pe rcent  To tal Ti ck ative  
Count Numbe r s  T i c k  

Numbers  
as  at  
Per cent  

6 4  - 66 1 1 0 . 33 65 3 - 37 

4o - 42 1 2 0 . 66 106  5 . 49 

33 - 35 4 6 1 . 99 2 42 12 . 5 4  

2 7  - 2 9  2 8 2 . 65 298 15 . 44 

2 4  - 2 6  5 1 3  4 . 30 423 2 1 . 92 

2 1  - 2 3  4 1 7  5 . 63 5 1 1 26 . 48 

1 8  - 2 0  4 2 1  6 . 95 587  30 . 4 1  

1 5  - 1 7  1 4  35 1 1 .59 � 1 1  42 . 0 2  

1 2  - 1 4  18  53 1 7 .55 1045 54 . 1 5 

9 - 1 1  22 75 24 .83  1 2 65 65 .54  

6 - 8 38 1 1 3 37 . 42 1 5 3 1  79 . 33 

3 - 5 70 183 60 . 60 1 8 1 1  93 . 83 

0 - 2 1 1 9 302 100 1 930 1 00 



1 30 .  

O f  t h e  302 she e p , 98 were randomly a l l o c a t e d  t o  a n o n - t r e a t m e n t  
group t o  a c t  as c on t ro l s  i n  t h e  i nse c t i c i de t r i a l  and adu l t  
t i cks  o n  these animals  we re c o u n t e d  a t  approx ima t e l y  7-day 
i nt e r v a l s . On t h e  b a si s of t h e i r  t i ck c o u n t s  on day 0 ,  the 98 

a n i m a l s  were s p l i t i nt o  3 gro u p s  for subse q u e n t  analysi s .  The se 
gr oup s we re : 

C oun t s  o f  0 or 1 t i ck ( 32 she e p ) ( E1 ) 
C o u n t s  o f  2 t o  8 t i cks ( 44 she e p ) ( � )  
Coun t s  o f  9 o r  m o re t i cks ( 22  she e p ) ( EH ) 

I t  was r e a sone d t ha t  i f  t h e  e w e s  i n  fac t varied  i n  s u sc e p t ­
i b i l i t y  t o  t i ck s , the rank i n g  o f  t he se 3 gr oups s ho u l d  rema i n  
c o n s t a n t  when t i ck s  we re c o u n t e d  over t he nex t  5 weeks . 

I nd i v i d u a l  coun t s  were t r a n s f o rme d  t o  square roo t s  and an 
analys i s  of vari ance carr i e d  o u t  a c c o rd i ng t o  the me thod o f  
S ne de c o r  and Co c hr an ( 1 96 7 ) f o r  samp l e s  o f  une qual  s i ze . 

5 . 3 R e s u l t s . 

T h e s e  are  shown i n  Tab le 5 �2 .  

5 . 4 Di s c u s s i on . 

A t  the  weekly c ou n t s  t h e  t hr e e  groups ma i n t a i ne d  t h e i r  rank i ng 
a n d  showe d  h i gh l y  s i gni f i c a n t  d i f fe re n c e s  i n  t i ck numbe rs . 
T hi s s ugge s t s  t here was a re a l  d i f fe r e n c e  in  s u s c e p t i b i l i t y 
t o  t i ck i n f e s ta t i on w i th i n  t he 98 ani m�l s . To c o n f i rm tha t 
s h e e p  c a n  a c qu i r e  re s i s t an ce  to  H .  longi c o rni s , s h e e p  pre v i o u s l y  
e xp o se d t o  a n d  t hose w i t h  no p re v i ou s exposure t o  H .  longi c o r n i s  
ne e d  t o  b e  e x p o s e d  t o  t i ck s  o n  smal l he a v i l y  i n f e s t e d  pasture s 
s o  t h a t  e a c h  ani mal would have an e qu a l  oppor t u n i t y  t o  b e c o�e 
i n fe s t e d  ( t he m e t hod i s  d e s c r i b e d  by S u t n� r s t , e t  a l , 1 979 ) . 



1 3 1 . 

Tab le 5 . 2 

Analysi s of  variance of  t i ck counts o f  sheep whi c h  had b e e n  

assi gne d to  one o f  3 group s o n  th�' basi s of  t i ck c o unts o n  day 

o .  A l l  data  square root trans forme d .  

Day 0 Day 7 Day 1 3  

n - n X d d X n X 

E 3 1  0 .59 3 1  0 .50 A 3 1  0 . 60 A 
L p p 

� 45 2 .03 45 o . 8o ABpq 44 0 . 87  ABpq 

� 2 2  3 . 76 22 1 . 49 Cq 2 1  1 . 30 Bq 

F 1 2 .06 5 . 1 7  

d . f .  2/95 2/93 

p < 0 .0 1  < 0 .0 1  

Day 20 Day 2 7  Day 34  
-

n X d n X d n X d 

� 3 1  4 . 76 Ap 29 3 .08 Ap 3 1 3 . 86 A p 

EM 45 5 .8 4  B q  4 4  4 . 22 Bq 45 4 . 72 ABpq 

% 2 2  7 .86 Cr 1 9  6 . 1 6 Cr 20 5 . 52 Bq 

F 23 . 98 23 . 43 7 . 29 

d . f . 2/95 2/89 2/93  

p <0 .0 1  < 0 .0 1  < 0 . 0 1  

n = number of  animals :  x = me an:  d = Du ncan ' s  no tation  

i . e .  A ,  B ,  C ,  = si gni fi cant a t  5% leve l ;  p ,  q ,  r , = si gni f i cant 

a t  1 % ,  l e ve l :  F = F value d . f .  = degre e s  of fre edom , 

be t we e n  me ans/wi thin sample s :  P = probab i l i t y .  



1 32 .  

The r e s u l t s  o f  S u t h e r s t , e t  a l  ( 1 9 79 ) su gge s t e d  t h a t  ho s t  
r e s i s t a n c e  t o  H .  l o ng i corni s i n  c a t t le i s  a c qu i r e d  and  i s  
ex p r e s s e d  agai n s t  a l l  i n s t ar s  o f  t he t i ck .  Cat t le p r e v i o u s ly 
e x p o s e d  t o  the  t i ck showe d vary i ng degre e s  o f  re s i s t an c e . I n  
t h e  pre se n t  case i t  i s  mo s t  l i k e ly that the  she e p  w e r e  e x p ose d 
t o  adu l t t i cks  i n  t he pre v i o u s  seaso n , o r  to nymphs i n  t he 
Spr i ng o f  1 9 77 and the re su l t s  s e e n  may r e f le c t  a var i ab le le v e l  
o f  acqu i re d  re s i s t ance . 

The r e s u l t s  i nd i c a t e  t ha t  f o r  e xp e r i me n t s  where t i ck s  are to  
be  c ou n t e d  on she e p , t he animals  sho u l d  b e  rank e d  a c c o rd ing t o  
i ni t i al  t i ck coun t s  and t h e n  a l l o c a t e d  a t  random t o  group s o n  
t h e  ba s i s o f  t hi s i n i t i al t i c k c o u n t . 



6 .  C h e m i cal c o n t r o l  o f  H .  l o ngi co rn i s o n  sheep:  c ompar i s o n  
o f  t he e f f i c ac y  o f  t w o  i n se c t i c i de s .  

6 . 1  I n t ro duc t i on . 

Ex c e p t f o r  am i t raz , i n se c t i c i d e s  app l i e d  t o  c a t t l e  t o  c o n t r o l  
H .  l o ng i c o rn i s g i v e  o n l y  1 - 2 d ays  f u l l  p r o t e c t i on ( s e e  
Se c t i o n  1 . 1 4 . 1 ) .  I n  1 977 , I w a s  adv i se d  b y  t h e  manuf a c t u r e r s  

1 33 ·  

o f  ami tr a z  ( Bo o t s  L t d , Engla n d ) t ha t  whe n t e s te d  i n  Au s t rali a 
thi s c he m i cal pro te c t e d  c a t t l e  f o r  u p  t o  1 0  days agai n s t  
i n f e s t a t i o n  wi t h  H .  l o ngi c o r n i s .  A t  t h a t  t i me i nforma t i on was 
also av a i l ab le to sugge s t  t h a t  a m i traz p ro t e c te d  c a t t le aga i n s t  
i n f e s t a t i o n  wi t h  B .  m i cropl u s  larvae f o r  7 - 1 0  d ay s  ( Ray-Smi th , 
1 9 75 ) . I n  ad di t i o n , work i n  S c o t land ( G r i f f i t hs , 1 9 75 )  

i n d i c a t e d  t ha t  am i t raz was more  e f f i c i e n t  t han o t h e r  
comme r c i a l ly avai l a b l e  i nse c t i c i de s  i n  re d u c i ng t he numb e r s  o f  
Ix o d e s  r i c i nu s  on she e p . 

I t  was t ho ught t ha t  ami t r az  m i gh t  prov i de longer p ro t e c t i o n o f  
she e p  aga i ns t  H .  l on g i c o r ni s t h an o t he r  c u rr e n t ly ava i lab le 
i n se c t i c i de s . To p r ov i de a c o mpar i son f o r  ami t ra z , 
c h l o r fe n v i npho s  was se l e c t e d  a s  i t  was known t o  b e  one  o f  the 
mo s t  e f f i c i e n t  i nse c t i c i de s  aga i ns t  H .  l o ngi c o r n i s o n  sheep 
( s e e  Tab l e  1 � . 

l o  

A m i t r a z  i s  a d i ami d i de f i r s t  s yn t he si se d  i n  1 9 69 ( Palme r , 
M c C ar t hy , K o z l i k  and Har r i s o n , 1 973 ) . I t  i s  u nr e l a t e d  t o  a l l  
o t he r  c u r r e n t l y  ava i l ab le i ns e c t i c i de s .  

6 . 2 M a t e rials  and m e t ho d s . 

O n  t h e  p r o p e r t y  c o n c e rne d , a smal l gro u p  o f  ye ar l i ng she e p  were 
i n spe c t e d  a t  for t n i gh t l y  i n t e r v a l s  dur i ng the p e r i o d  o f  nymphal 
a c t i v i t y . Thi s con f i rme d t h a t  su f f i c i e n t  ad u l t  t i ck s  would be 
pre se n t  f o r  the ex pe r i m e n t . 



-

From 3 10 ,  1� year o l d  Border Le i c e s te r  e we s ,  3 group s o f  70 and 

o ne of  1 00 were chosen a t  random . Thi s  group o f  3 1 0 was  

subse que n t l y  r e d u c e d  w i t h  mi ssi n g  she e p  and sheep t h a t  had lo s t  

tags . Thi s group o f  1 00 has b e e n  re ferre d t o  i n  Se c t i o n s  3 ,  4 

and 5 .  The shee p  had b e e n  shorn 6 weeks pre v i ously . They we re 

tagge d and t i ck s  on t hem were c ou n t e d  p r i o r  to the e xp e c t e d  

adu l t  p e ak i n  De cember . 

1 34 .  

The 3 t re a t ment  groups o f  70 ani mals we re  treated  i n  a c o n s t a n t  

r e p l e ni shme n t  shower w i t h  a 900 l i t re sump . The t r e a t m e n t s  w e r e  -

Group T0 . 0 3  - ami traz 0 . 03% v/v a .  i .  o f  1 2  . 5;6 E . C .  
Group T0 . 05  ami traz  0 . 05% v/v a . i . o f  12 . 5% E . C .  
Group so .o 6  - chlor f e nv i npho s 0 . 06% v/v a . i . of 1 00% D . F . F . 

" L 
The emul s i f i ab le c o ncen trate / f ormula t i o n  o f  ami t raz w a s  c hose n 

rather t han the we t tab le powde r as the manufac ture r s  a d v i se d  

that t h i s  m i gh t  b e  more e f f e c t i ve . The d i l ue nt - f re e - f ormu la t i on � ·  

o f  c h l o rf e n v i npho s i s  avai lab l e  as "Suprem e "  ( Co o p e r s ) .  

The t r e a t m e n t  group s were d i p p e d i n  lo t s  o f  35 ani mals  for 

3 m i nu t e s  ( top n o z z le s )  and 3 m i nu t e s  ( b o t t om no z z l e s  o n l y ) . 

The day f o llowi ng d i p p i ng ( day 1 ) 20 she ep were e x am i n e d  f rom 

e a c h  of the 3 t r e a tment group s .  Only two live adul t t i ck s  were 

found o n  t he 60 sheep  so i t  was conclude d t ha t  t i c k  m o r t al i ty 

was hi gh a nd sim i l ar i n  all groups . The re a f ter , t i ck s  were 

cou n te d  o n  the she ep of  the 3 treatment  gr oups and the c o n t r o l  

group o n  d ays 7 ,  1 3 ,  20 , 2 7  a n d  34 . T i c k s  were coun t e d  o n  t he 

le f t  e ar , right  ear , and body o f  each ani mal . 



6 . 3  R e s ul t s . 

The t i c k c ou n t s  f o r  each d ay o f  c oun t i n g  are shown i n  
app e nd i c e s  6 t o  32 . A l l  t i c k  c ou n t s  we re trans forme d t o  s q uare 
r o o t s  and tre a t men t gr oups w e r e  c ompar e d  by analys i s  o f  
vari anc e . The se c al c u la t i on s  were carr i e d  o u t  b y  A . C . G .  Hea t h  
an d L .  M orri son . A n  analy s i s o f  the se r e s u l t s  i s  s hown  i n  
Tab l e s  6 . 1  and 6 . 2 . The me a n s  shown i n  Tab l e s  6 . 1  and 6 . 2 are 
d e r i v e d  f rom square r o o t  t ra n s f orme d value s .  

1 35 .  



Tab le 6 . 1  

Analysi s o f  vari ance 

from three treatme n t  

Da;r 0 

X d t 

2 . 333 1 A T0 .03 

1 . 8715A T0 .05 

2 . 0 1 34A 8o .o6  

1 . 95 1 3A 

F 1 . 9 1 77 

d . f .  3/298 

p ) 0 .05 

c 

of total  t i ck counts  

groups and a control 

Dal 7 

X d 

o .o645B<t 

0 .0 1 47BQ 

0 . 1094B 

o .842 4AP 

50 . 5  

3/2 8 9  

(0 . 0 1  

t 
T0 .03  

T0 .05 
8o .o6  

c 

on days o ,  

group . 

Da;r 1 3  

X d 

0 . 1275CR 

o .o44 1 cR 

0 .5 1 1 8BQ 

0 . 86 1 7AP 

42 . 1  

3/2 93 

< 0 .0 1  

7 ,  and 

t 
T0 .03 

T0 .05 
8o . o6 

c 

X = mean : d = Duncan ' s  no t a t i on ;  ABC = signi fi cant a t  5% 

level ;  PQR = significant  a t  1% l e ve l ;  group s w i th same 

t = treatme nt :  l e t ter as  each o ther are not  s i gni f i cant : 

T0 .03 = Taktic  ( ami traz ) , 0 .0 3% ;  T0 .05 = Tak t i c  ( ami traz ) ,  

0 .05% ; 
8o .o6 = Supona , 0 . 06% : c = control : F = F t e s t :  

d . f .  = degre e s  o f  fre edom : p = probab i li ty . 

Comme nt s 

136 . 

1 3  

Day 0 .  No signifi cant d i f f e re nc e s . T i ck counts  at pre treatme nt 

on day 0 essent ially  t he same . 

Day 7 .  All i nsec ticide s depre ss e d  tick  numb e r s  b u t  were all  of 

e qual e ff e c t ivene ss . 

Day 1 3 .  All inse c ticide s d e presse d t i ck numb e r s  b u t  ami traz 

was superior at b o th conc e ntrations . 



Tab le 6 . 2 

1 37 .  

Analysi s  o f  variance o f  total  t i ck counts o n  days 20 , 2 7  and 3 4  
from t hr e e  tre a tme nt groups and a control grou� . 

Da;r 20 Da;r 27  Da;r 34 

X d t X d t X d t 

BC T0 .03 2 . 6 1 9�BQ T0 .03 4 .2323APQ 
T0 .03 2 . 79 1 6QR 

2 . 4092CR T0 .05 2 . 4342BQ T0 .05 4 .0988ABPQ T0 .05 

3 .2965 BQ so .o6  2 . 3209BQ so .o6 3 .5623BQ so . o6 

5 . 9236Ap c 4 .2243AP c 4 .591 -IP c 

F 8 7 . 3� 2 6 . 74 4 . 37 
d . f .  3/294 3/287  3/287 
p (0 . 0 1  (0 .0 1  ( 0 .0 1  

X = mean : d = Duncan 1 s  notation ;  ABC = si gni f i cant a t  5% 
l e ve l ; PQR = s igni f i cant a t  1% leve l ;  groups w i th same le t ter 

are not signi f i c an t : t = tre atment : T0 .03 = Tak t i c  ( ami traz ) ,  

0 .03% ; T0 .05 = Tak t i c  ( ami traz ) , 0 .05% ; s0 .06  = Supona , 

0 .06%: C = c ontrol : F = F te s t :  d . f .  = de gre e s  of  freedom � 

P = probab i l i t y .  

Comme n t  

Day 20 . A l l  i n se c t i ci de s  d e pressed t i ck numbers  b u t  only T0 .05 
was superior t o  SO .06  ( P  < 0 .0 1 ) .  There was no 

T . T signi f i c ant  d i f ference be twe e n  0 .03 and 0 .05 . 

Day 2 7 .  A l l  i nse c t i c i de s  d e pressed t i ck numbers  but were o f  

e qual e f fe c tivene ss .  

Day 3 4 . Only so .o6 depre ssed  t i ck numbers  ( P �0 . 0 1 ) and i t  was 

also super ior to 
T

O .05 ( P  (o .05 ) but no be t ter  t han 
T0 .03 . The lat t e r  was no be t ter than T0 .05 .  



6 . 4 D i s c u s s i o n  

The r e su l t s  i nd i c a t e  t h a t  b o th i n se c t i c i de s  were e f f e c t i v e  i n  
re d u c i ng t i ck  numb e r s .  

1 3� -

A t  day 1 3 ,  am i traz was more e f f e c t i v e  t ha n  c hlorfe n v i npho s 
( Tab l e  6 . 1 ) .  On t ha t  day 67% o f  the u n t re a t e d  she e p  were c arry­
i ng t i ck s  c ompar e d  w i t h  48% of the 50 .06 group , 1 3 .5% of the 
T0 .0 3  group , and 4 . 5% o f  the T0 .05 group . A simi lar  t r e nd 
o c c u r r e d  a t  day 7 .  This  sugge s t s  ami traz  h ad a hi gher i ni t i al 
t i ck c l e arance t ha n  chlor f e nv i np ho s . A t  day 20 i t  appeare d 
t ha t  t he h i gher c o n ce n t ra t i o n  o f  ami t raz w a s  prov i d i ng be t te r  
c o n t r o l  t ha n  c h l or f e nv i nphos b u t  t hi s advan t age had d i sappeare d 
a w eek  l a te r .  Par t i al p r o te c t i o n  by  c h lo r f e n v i np h o s  was e v i de n t  
for a w e e k  longer t han wi t h  ami t raz . The r e su l t s  f r o m  thi s 
i nv e s t i ga t i on are s i mi lar t o  t ho se repor t e d  by  P l a t t ( 1 978 )  i n  
S c o t l and . He c ompare d the e f f i c i e ncy o f  ami traz and 
c hlorp yr i f o s  ( b o th at  0 .05% a . i . ) in c o n t r o l l i ng i n f e s t a t i o ns 
of I .  r i c i nu s  o n  she e p . The p r o t e c t i o n  af forded b y  b o t h 
che m i c a l s  d e c l i ne d  be low 9 .0% a f ter 6 we e k s  al though t h e  t i me 
of d i p p i ng  d i d  n ot  ac curat e l y c o i nc i d e wi t h  i ncre a s i ng t i ck  
numbe r s . 

I t  c ou l d  b e  su gge s te d  t ha t  t he h i gher c o n c e ntra t i o n  ( 0 .06% a . i . ) 
of c h l o rf e nv i npho s was responsi b le for  t he longe r l e n g t h  o f  
pr o te c t i o n  o f  t h i s c hemi cal ( t he pro duc t  lab e l l i ng s t i p u l a t e s  
0 .0 6% a . i . f o r  t i ck c o n t r o l ) . Howe v e r , i nd i re c t  e v i de nce 
sugge s t s  t hat  t he c o n c e n t r a t i o n  o f  ami t r a z  was near the max imum 
that w as  safe t o  u se . I n  the  T0 .05 gr oup only , � sheep 
de v e l op e d  pos t e r i o r  i n c o - o rd i n a t i o n  imme d i at e ly a f t e r  d i p p i ng . 
The se s i gn s  d i sa p p e are d w i t h i n  a fe w ho ur s . I t  i s  a s s ume d t h a t  
t h e  i n c o - o r d i na t i on re su l t e d  f rom absorp t i o n o f  am i t raz as i n  
m i c e , r a t s  and g ui ne a  p i gs e x c e s s i v e  d o s age s c a u s e  
hype re x c i t ab i l i t y ,  atax i a  and  t r e m o r  ( unpub l i sh e d  p r o d u c t 
i n fo rma t i on ) . N o  adverse r e a c t i o ns were  se en i n  n e a r l y  5000 
she e p  d i p p e d  i n  S c o t land at t h e  same c o n c e n t ra t i o n  ( P l a t t ,  
1 978 ) . 
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In c o n c l u s i o n , a l t hough ami t r a z  appears t o  have a hi gher i n i t ia l  
acar i c i dal  cap ac i t y ,  i ts p e r s i s t ance  i s  s l i gh t ly i n fe r i or t o  
t h a t  o f  c hlorfenvi nphos . In  a d d i t i o n , ami t raz has n o  ac t i v i t y  
agai n s t  t h e  l arvae o f  b l o wf l i e s  ( u npubl i sh e d  p r o du c t  
i n f o rma t i on ) . Mo s t  c urre n t l y  avai lable i n se c t i c i de s  are a c t ive  
agai n s t  b lowfly larvae . Thi s i s  an adva n t age s i n c e  b lowf ly 
numb e r s  i ncrease i n  t he Nor t h  I s land o f  New Zealand at t he t i m e  
whe n numbe r s o f  a d u l t  H .  l ong i c o rni s a r e  i ncre a s i n g . Fur t he r ­
more t i ck b i t e s  c a n  b e come i nv a d e d  b y  b l ow f l y  larvae . Thu s 
am i traz d oe s  no t o f f e r  any a d v a n t age s o v e r  i nse c t i c i de s  s u c h  
as c h l o r fe nvi npho s for t i c k  c o n trol  on s h e e p . Ami t r a z  d o e s  
howev e r  appear t h e  m o s t  su i t ab le f o r  c o n t rol  of t i ck s  on c a t t l e . 
He a t h , e t  al , ( 1 980 ) have s h o w n  re c e n t ly t hat ami t r a z  prov i d e s  
s i g n i f i c a n t  pro t e c t i o n  aga i n s t  H .  longi c or ni s f o r  a t  leas t 10  
days , whe reas o t he r  inse c t i c i de s  pro te c t  f o r  only 1 - 2 days . 
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7 .  Chemi cal c on tr o l  o f  H .  l o ngi c orni s :  i nforma t i on from t he 
1 977 Ne w Zealand She ep Re t u rns o n  t he me thod and t i m i ng o f  
d ipp i ng i n  t he Eas t  Coas t N o r t h e r n  Hawke� Bay Area . 

7 . 1 I n t roduc t i o n . 

I f  s tr a t e g i c  d i p p i n g  i s  con t e m p la t e d  t o  c o ntrol  H .  long i c o rni s ,  
i t  i s  i mp o r t a n t  t h a t  d i pp i ng b e  carr i e d  o u t  a t , or  p r i or t o , 
t h e  e x p e c t e d  p e ak o f  one or m o re i n s t ars . Informa t i on o n  
c u r re n t  m e thods a n d  t i m i ng o f  d i p p i ng m a y  sugge s t  h o w  t h i s  c ou l d  
b e  a c c om p l i she d w i t hout  ma j o r  change s i n  farm managem e n t  
p r ac t i ce s .  

7 . 2  M a t e r i al s  and m e t ho d s . 

On t he 1 977 N e w  Zealand She e p  Re t u rn s , owne r s  o r  manager s  o f  
she e p  farms were asked t o  nomi na te the i r  me thod  o f  and month 
f o r  d i pp i n g she e p . The i n f o rm a t i on was r e qu e s t e d  t o  a s s i s t  
t h e  H . A . F .  i n  formu l a t i ng a p o l i c y  on t he control o f  she e p  
l i c e . T h e  i nf orma t i o n was e x t ra c t e d  f o r  the Coun t i e s  o f  
�a i ap u , Cook , Wa i k ohu and W a i r oa . 

7 . 3  Re su l ts . 

The se a r e  shown i n  Tab l e s  7 . 1  and 7 . 2 . 



Table 7 . 1  

Main Dip p i ng Me thod of Four Counties  o f  the Eas t  Coas t and 
Nort hern Hawke's Bay area of  t he North Island of N e w  Zealand . 

County 

Waiapu  
Cook 
Waikohu 
Wairoa 

Showe r 

1 49 

284 

1 74 

269 

Mai n Dipp i ng 

Plunge 

38 

107 

3 7  

49 

Me thod 

Spray Race Du st Tot al 

62 4 522 

1 25 6 265 

54 253 

90 3 4 1 1 

Total 8 76 ( 60 . 4;0 )2 3 1  ( 1 5 . 9% )  3 3 1  ( 22 . 8;6 )  1 3( 0 . 9%)  1 45 1  

Table  7 . 2 

Month o f  Dipping Nominated by Sheep-owners  in  fottr counties  of 
t he Eas t Coas t and Nort hern Hawkes Bay ar e a  of the North  Island 

of New Zealand . County 

Month Waiapu Cook Waikohu Wai roa To tal Cumulative 

June 6 6 0 . 4  

July 1 1 0 . 47 

Augu s t  0 . 47 

Sep te mb e r  0 . 47 

Oc tober 5 2 3 1 0  1 . 2 

Novemb e r  4 1 2  1 8 25 2 . 9 

De cember  15  41  19  27  1 02 1 0 . 0  

January 97 2 1 8  1 48 1 79 642 54 . 2  
February B4 1 6 1  66 128  439 8 4 . 4  
M arch  34 43 1 7  48 1 42 94 . 2  

Apri l 1 2  2 3  2 7 44 9 7 . 2  

May 7 19 10 4 40 1 00 

Total 253 522 265 4 1 1  1 45 1  

% 



7 . 4  Discuss i o n . 

More t ha n  75% o f  f arms use  a s hower or p lunge d i p  ( Table  7 . 1 ) . 
The se are more e f f i c i e n t  than s pray rac e s  as the l a t ter  p rov i de 

only  sho r t  con tac t t ime s wi t h  t he i n se c t i c i de . Eve n  wi t h  

h i ghe r c o ncentrat i on s  o f  i n se c t i c i de t h i s does no t provi de 

ade quate  conce n t ra t i ons of t he i n se c t i c i de in t he wo o l  

( Wallac e , 1 9 7 6 ; Te nqu i s t  a nd Rob e r t s ,  1 9 78 )  for t i ck c on tro l .  

M o s t  sheep owners ( 8 4 .2%)  d i p  b e t we e n  January and Mar c h  where as 

the p e ak of adul t t i ck number s  u sually o c c ur s  in De c e mber . 

Ove r  hal f ( 54% ) the  she e p  owners d i p  i n  e i ther  January or Mar c h  

whi ch may b e  be fore  or af t e r  the peak o f  larval numbe r s  i n  

Februar y . 

The i nf o rma t i o n  available sugge s t s  t h a t  more emphasi s should 

be  g i v e n  t o  d i p p i ng in De c e m b e r  and/or Fe bruary . Di p p i ng i n  

February would r e d u ce the larv al  numb e r s  s o  that there would 

be fewer  adu l t s  the  followi ng season . 
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8 .0 The i nf lu e n ce  o f  s t o ck i ng rate  on t i ck surv i v a l . 

8 . 1  I n t r o du c t i o n . 

As  H .  l o ng i corn i s spe nds ov e r  90% o f  i t s  l i fe on p a s t ure , t he 
m i c r o -e nv i ronm e n t a l  c ond i t i on s  a t  the  base o f  the  p a s t ure mu s t  
i n f l u e nc e  t he surv i val  o f  t he t i ck .  Some au thors ( Mu t c h , 1 966 ; 

He a t h , 1 9 73 ) have sugge s t e d  t h a t  i f  pas t u r e s and o t her p l a n t s  
asso c i a te d wi t h  c a t t l e  a n d  s h e e p  p a s t u r e s  are kep t shor t , t h i s 
wi l l  e xp o se t h e  t i ck t o  c l i ma t i c  e x treme s and r e d u c e  surv i v a l . 

In addi t i o n ,  farm e r s  me n t i o n  t h a t  in  ho l d i ng pad d o c k s  whi c h  are 
normal l y  graze d  very shor t ,  t i c k  numbers  are usual l y  low . 
Farme r s  al so sugge s t  that  i n  paddocks  a t  the back o f  the farm , 
whi ch pre sumab ly are only l i gh t ly graz e d , t i ck numb e r s  are 
hi gh . I n  addi t i o n , farme r s  b e l i e ve t h a t  i n  paddo cks where 
p a s t ure i s  c onse r v e d  as au t u m n  save d pas t ure , t i ck numb e r s  
ap p e ar t o  be h i gh i n  t he f o l lo w i ng  S p r i n g  and Summe r . I t  was 
de c i de d , t here fore , t o  t e s t  t he s e  ob se rv a t ions b y  i nv e s t i ga t i ng 
t h e  i n f l u e nce o f  s t ocking r a t e  on t i c k surv iv al . 

8 .2 Ma t e r ials and m e t h o d s . 

Two e qu a l  are a s  o f  1000 m2 ( d e s i gna t e d  paddock A & C ) and t w o  
e qu al  are as o f  5 0 0  m2 ( de s i gna t e d  paddo c k s  B & D )  w e r e  f e n c e d 
o f f . Each paddo c k  was s t o c k e d wi t h  2 no n-pregna n t  Romney 
e w e s  and t h i s  was i ncrease d t o  3 e we s  in Augu s t  as p a s t ure 
grow t h  i n cre ase d .  Paddocks  B & D t h u s  had twi ce the s t o c ki ng 
r a t e  o f  A & C .  The e ar s  o f  t h e  she ep wer e  exam i n e d  we ekly 
from A u gu s t  t o  F e b r uary an d  t i ck c o u n t s  r e c orde d .  Nymph s  
were p re s e n t  from Augu s t  t o  t h e  e n d  o f  O c t ober  and adu l t s  f r o m  
Novemb e r  t o  t he e n d  o f  Janu ar y . 

8 . 3 R e su l t s . 

Thes e  are  shown i n  Tab l e s  � . 1  and 8 .2 .  
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Tabl e  8 . 1  

Total  nymphs counted  on ear s  o f  sheep  in  paddocks A ,  B ,  C and D 
from 2/8/76 to  2 9/1 0/76 . 

Paddock A 
H igh s t o cking 
rate  
1 72 

Table  8 .2 

Paddock B 
Low stocking 
rate 
3 1 4  

Paddock C 
Hi gh s t ocking 
rate  
234 

Paddock D 
Low st ocking 
rate 
324 

Total adul t s  counte d on ears of  sheep  in paddocks A ,  B ,  C and D 
from 1 0/ 1 1/76 to 2 6/1/77 . 

Paddo ck A 

H i gh s tocking 
rate  
24 

Survival rate 
1 4% 

8 . 4 Di scussion 

Paddock B 
Low stocking 
rate 

1 44 

Paddock C 

High stocking 
rate  
30 

1 3% 

Paddock D 
Low s tocking 
rate 
86 

27% 

In both the low s tocking rate  paddocks ( B  & D ) more nymphs 
( 2 7  and 56%)  survived . to be  re corded as adul t s . In the high 
stocking  rate paddocks ( A  & C )  only a small propor tion of  
nymphs ( 1 3 and 1 4% )  survive d to  be  re corded as adults  i n  spite 
o f  the availab i l i ty  of  more hos t s . 
These  r e sults  were not analysed s ta t i s t i cally b e c ause of  the 
high v ariability  betwe en paddocka and animals . 



T h i s  i nve s t i ga t i on ne e d s  t o  b e  r e p l i c a t e d  o n  a t  l e a s t  1 0  

p ad d o c k s  i n  order t o  over come t h e  anal y t i c a l  prob l e m s  cau s e d  b y  
be twe e n -p a d d o ck var i ab i l i t y .  Thi s  wou l d  i nv o lve a hi gh c o s t  i n  
f e nc i ng m a t e r i al s .  The r e s u l t s  d o  sugge s t  howeve r , t ha t  a t  
hi gh e r  s t o ck i ng r a t e s ,  t i ck surv i val i s  r e d u ce d .  I n  se c t i o n  9 

the s u r vi v a l  a t  var i ous  hum i d i t i e s  o f  unf e d  i ns t ar s  o f  
H .  l o ngi c o r ni s i s  c ompare d .  A t  humi d i t i e s  b e low 80% R . H .  a t  
28°C a d u l t s  lose we i gh t  and a t  60% R . H .  and 28 °C d e a t h  o c cu r s  
a f t e r  6 d a y s . I t  i s  sugge s t e d  t h a t  t i ck m o r t al i t y  was  hi gher 
i n  t he mo r e  c lo s e l y  graze d p a s t ure  be c au se the r e l a t i v e  
hum i d i t y  w a s  lower t here t han i n  longer p a s t ure . T h e  r e l a t i v e  
humi d i t i e s  o f  t h e  p ad docks w e r e  n o t  r e c o r d e d  i n  t h i s e xp e r i me n t . 
The r e  i s ,  howe ve r , c onsi derab l e  e v i de n c e  ( e . g .  Wa t e r ho use , 1 950 ; 

Tukah ir wa , 1 9 76 )  t o  i nd i ca t e  t ha t  R . H .  v ar i e s  c o n s i d e r a b l y  
b e t w e e n  s h o r t  a n d  l o n g  pas t ur e . 



9 .  The wa t e r  b a lance o f  u n f e d l arvae , nymphs and ad u l t s  of 

Hae maphysal i s longi c o r ni s .  

9 . 1  I n t r o du c t i o n . 

An e x am i na t i o n  o f  the way v ar i o us  t e mp e r a ture s and hum i d i t i e s  
a ffe c t  t i ck e ggs p r o v i d e s par t o f  a k e y  t o  u nde r s t an d i n g  t he 
ge o gr ap h i cal  range s o f  var i o u s  t i ck spe c i e s  ( He a t h ,  1 9 79 ) . I n  
add i t i on ,  an u nde r s tandi ng o f  t he wa t e r  balance o f  u n f e d  t i cks  
m ay  ex p lain  t he re asons f o r  t he lengths  o f  surv i va l  and 
l o nge v i t y  o f  these s t age s . 

Wa t e r  b a l ance o f  no n-paras i t i c s t age s o f  H .  longi c o r n i s has 
b e e n  i nv e s t i ga t e d  by Heath ( 1 9 74 ) . Eggs and e ng or ge d larvae.  o f  
t h i s s p e c i e s  do  no t deve lop w h e n  e x p o s e d  t o  humi d i t i e s  b e l o �  5% 

R . H .  a t  2 5°C .  A wa t e r  loss  o f  40% o f  the  o r i gi nal we i gh t  o f  
e ggs w a s  sus t a i ne d .  Thi s wa s c r i t i cal a nd all  larvae d i e d  
wi t h i n  2 days . Howe ve r , e ng o r ged nymph s  mou l t e d  a f t e r  exposure  
for  1 1  d ays t o  a R . H .  be low 5% at 25 °C and the wa t e r  l o s s  wa s 
only  28% . Engorge d female s we re  a l s o  r e s i s t ant t o  d e s i c c a t i on 
and surv i v ed and o v i p o s i t e d  u n d er  c ond i t i ons of  l o w  hum i d i t y  
s u c h  t h a t  t h e  eggs wou l d  n o t  surv i ve . 

T he  w a t e r  balance o f  un f e d  s t age s o f  H .  l ongi corn i s  has n o t  
b e e n  e x a m i ne d  w i t h  t he same p r e c i s i o n . I t  has b e e n  s h o w n  t h a t  
s e v e r a l  t i ck sp e c i e s  c a n  ab s o r b  wa t e r  vapour from a i r  a t  
s a t u r a t e d  and  sub s a t u r a t e d  h um i di t i e s  ( se e Se c t i on 1 . 1 2 . 3 ) . 
An e qu i l i br ium be tween wa t e r  v apour up t ake  and l o s s  b y  
t ran sp i r a t i o n  i s  mai n t a i n e d  o n l y  down t o  a c e r t ai n l eve l o f  
r e la t i ve hum i d i t y whi c h i s  s p e c i f i c  for  e ach spe c i e s  and t h i s 
has b e e n  r e f e r r e d  t o  as the c r i t i ca l  e q u i l i b r iu m  hum i d i t y  
( C . E . H . ) ( K nu l l e  and Whar to n , 1 964 ) . 

Wa t e r  a t  amb i e n t  t e �pe ra t ure s and pre s sure s can e x i s t  as b o t h  
a gas and a l i qu i d . Re !a t ive humi d i ty m e a s u r e s t he ra t i o  o f  
a c t ual par t i al pre s s ure o f  w a t e r  V 3 p o u r  �nd � h e p o t e n t i al 
sa t u ra t i o n vap o u r  p r e s s u re , and  i t  t he r e f o re c a n n o t b e  u se d  to  
measure the c o nce n t rat i on  of  �ater  i n  s ol u t i o n . 
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Bu t t he u n i t " ac t i v i t y'' c a n  b e  u se d  f o r  b o t h  vapour and l i qu i d  
pha s e s ( s e e  Se c t i o n  1 . 1 2 . 3 ) . H e n c e  the t e rm cri t i ca l  
e qu i l i b r i um ac t i v i ty ( C . E . A . ) , r e p la c e s  c r i t i c al e q u i l i b r i um 
hu�i d i t y  ( �har t o n  and De v i ne , 1 9 68 ; Whar t o n  and A r l i an , 1 9 72 ; 
Whar t on and R i chard s ,  1 9 78 ) . The c a l c u la t i o n o f  C . E . A .  i s  
ex p l ai ne d  i n  se c t i o n  9 . 3 :  Re su l t s . 

The u p t ake o f  w a t e r  vapour f r o m  a i r  and t h e  C . E . A . o f  a t i ck 
spe c i e s  i s  o f  c o n s i derab l e  e c o l o g i c a l  s i g n i f i canc e . A s  
K nu l le and \vhar t o n  ( 1 96 4 )  have i n d i c a te d , t h e  C . E . A . o f  t i cks  
may be c lo se l y  r e l a t e d  t o  b e h a v i our p a t t e r n s , longe v i t y and 
c a pac i t y for surv i val , a nd t h e  h ab i t a t  i n  w h i ch t he t i ck l i ve s . 

I t  has b e e n  sugge s t e d  t h a t  H .  l ongi corni s c o u l d  have sur v i v e d  
o n  pas pal um se e d  i n tr o d u c e d  f r o m  Au s t ral i a . The r e l a t ive  
hum i d i t y in  mo s t  c e re a l s  wi t h  a wa ter  c o n t e n t  o f  1 4% i s  
app r ox i ma t e ly 70% ( K nul l e  and Whar t o n , 1 9 64 ) , al t ho ugh t h i s  
wo u l d  d e p e nd on t e mpera t ure . Do  l ar v ae o f  H .  longi c orni s 
surv i ve  a t  t h i s  hum i d i t y  o r  i s  t he C . E . A . ab ove 0 . 7 ?  

I n  t h e  f o l lowing e x p e r i me n t s , u n f e d  larvae , nymphs a n d  adu l t s  
o f  H .  l o n gi c orni s were d e s i c c a te d  and the ir sub s e q u e n t  we i gh t  

6 8 0 . c hange s a t  d i f fe r e n t  R . H . ' s , a t  2 C ,  were e x am 1 ne d .  

9 . 2 Mat e r i al s  and me t ho d s . 

S o u r c e  o f  t i ck s . The t i ck s  were from a labor a t o r y  c o lo ny 
ma i nt a i ne d  a t  Wal l ac e v i l l e  A n i m a l  R e s e a r c h  Centre . The t i ck s  
w er e  ma i n t a i n e d  a t  28° C i n  a C o n therm Pre c i s i on i nc u b a t o r  o v e r  
a s o lu t i o n  o f  H2 so4 t o  prod u c e  a R . H .  o f  96% ( S o l o mo n , 1 9 5 1 ) . 

Nymphs and adu l t s  were e ng o rge d on a c a l f  and larvae were fe d 
o n  a rabb i t ,  ac cordi ng t o  t he me t ho d s  o f  He a t h  ( 1 9 7 4 ) . The 
a du l t s  were from nymphs t ha t  had e neo rge d 60 days p r e v i o u s l y  
i . e .  we r e  45 days o f  age a l l ow i ng for  a p remou l t  p e r i od o f  
1 5  days . The nymphs were f r o m  larvae t h a t  had e ngorge d 

1 8 day3 p r e v i o u s l y  i . e .  8 days o f  age a l l ow i ng f o r  a premo u l t 

p e r i o d  o f  10  days . 



Larvae we r e  from fre shly ha t c h e d  e ggs t h a t  were la i d  b y  ad u l t s  
tha t had e n gorge d 3 8 days pre v i o u s ly . 

Hum i d i t y  C o n trol . The r e l a t i v e  humi d i t i e s  se le c t e d  were 100% , 

95% , 90% , 80% , 70% and 60% . F r o m  a pre par e d  s t o c k  s o lu t i on o f  

analy t i c a l  gr ade H2 so4 and w a t e r , o f  spe c i f i c  gr av i t y 1 . 5 0 7  a t  

20°C ( 60 . 8 g/1 00 g s o l u t i o n  o f  a c i d ) , we i ghed quan t i t i e s  o f  

a c i d  w e r e  added  t o  w e i ghed q u a n t i t i e s  o f  w a t e r  t o  p r o d u c e  the 

r e q u i re d  humi d i t i e s , accord i n g  to the grav i m e t r i c me t hod o f  

S o l omon ( 1 95 1 ) . The solu t i o n s  were  trans f e r r e d  t o  d e s i c ca t o r s  

( Jencons " Dry Seal " ) . \·lat e r  o n l y  was a d d e d  t o  the de s i c ca t or 

r e q u i r e d  f o r  1 00% R . H .  

A f t e r  t he d e s i c ca t or s  had b e e n  t r an s f e rre d t o  an i nc u b a t o r  a t  
28° C f o r  4 hours , hum i d i t i e s  were  c h e c k e d  •,.,ri t h c o b a l t  
thi o c ya n a t e  pap e r s  a s  de sc r i b e d  b y  S o l o m o n  ( 1 9 45 ,  1 95 7 ) . 
Pape r s  w e r e  i nse r t e d  i n to g l a s s  v ia l s  5 - 3 cm  long and 1 . 2 cm 
in d i ame t e r  and e x p o se d  f or 2 h o ur s . The papers were the n 
t ransfe r r e d  w i t h  f o rce ps  to par af f i n  o i l  and compar e d  wi t h  
s t andar d s  i n  a "Lo v i b ond" 1000 compar a t o r  wi th a l i gh t  b o x . 
Hum i d i t i e s  we re c he c1 aga i n  d u r ing  t h e  e x pe r i me n t . The 
humi d i t i e s  remai ne d as i n t e nde d t hrough o u t t he e x p e r i m e n t . 
No a t te mp t s  were made t o  r e d u c e  the  d e v e l opme nt o f  humi d i t y 
grad i e n t s  w i thi n t he de s i c c a t o r s  a s  t h i s was no t f ound t o  
cause a v a r i a t i o n  i n  resul t s  b y  Sauer a n d  Hair  ( 1 9 7 1 ) . 

Hand l i ng , d e s i c c a t i on and we i gh i ng o f  t i c �s . Ea c h  unfed 
s tage w a s  tes te d  at  6 humi d i t i e s  f o l l ow i ng d e s i c c a t i o n .  Eac h  
e x pe r i m e n t  was r e p l i c a t e d  o n c e . F i v e  ad u l t s ( 9 a d u l t s  i n  the  
rep l i c a t e ) were transferre d at  random to  each o f  6 glass v i a l s  
( 7 . 6 c m  l o ng and 2 . 4 c m  i n  d i ame t e r ) w i t h  a f i ne hai r  b ru s h . 
Glass v i al s  were covered w i t h  f i ne m e s h  teryle ne he l d  i n  place  
by a p l a s t i c  c ap w i th the ce n tre r e m o v e d .  

Adu l t s  were  we i gh e d  daily o n  a Sar t o r i u s  mode l 2 4 74 d i gi tal 
an�l y t i cal balance a c curate t o  � 0 .0 1  mg . The adu l t s were 

t r an s f e r r e d  by brush t o  a s m a l l e r  p rewe i gh e d  c o n t a i ne r  f o r  

e a c h  • . .,re i ghi ng . 

1 48 . 
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The adu l t s  were de s i c c a t e d  f or 2 4 hou r s  ( 5 adu l t s  p e r  R . H . ) o r  

48 hours ( 9 adul t s  p e r  R . H . )  o v e r  anhydro u s  CaC12 granul e s  a t  

28° c .  

Prepar e d  nylon b ag s  4 x 3 c m  w e r e  u s e d  b y  O sman ( 1 9 76 ) t o  s t u d y  
w e i gh t  c hange s o f  t i c k s  a t  v a r i o u s  humi d i t i e s .  I t  w a s  found 
that  t h e r e  was a large dai ly  var i a t i o n  i n  w� i gh t  o f  t e r ylene  
bags of  s i m i lar s i ze . Glass  v i al s  5 . 3 c m  l ong and 1 . 2 cm  i n  
di ame t e r  were t he r e fo r e  prepare d wi t h  a f i ne s te e l  m e s h  glue d  
( epoxy r e s i n  o f  p o l ym e r cap t an and po lam�de - C i b a-Ge i gy ) t o  a 

1 4 9 .  

1 c m  d i ame t e r  hole i n  the p la s t i c  cap . A f t er the glue har d e n e d  
the  we i gh t s o f  t h e  c on t a i n e r s  were c h e c k e d  a t  vari ous  hum i d i t i e s ; 
t he we i gh t s  rema i n e d  c o n s t an t . Thi s me t h o d  had t h e  added 
advant age that we i gh i ngs i n c l u d e d  the  w h i t e  guanine e x cre t i o n s  
o f  the  l arvae and nymph s . F o r  b o t h t h e  o r i gi na l  e x p e r i me n t  
and t h e  r e p l i ca te , 20  nymphs were trans f e r r e d  t o  pre numb e r e d  
t ub e s  i n  order o f  an ass i gned number from t a b l e s  of rand om 
numbe r s . 

For t h e  f i r s t  e x pe r i m ent 8 . 5  - 36 . 5  mg o f  larvae were tran s ­
ferre d t o  random i s e d  t ube s . In t he r e p l i c a t e  8 - 1 2 . 5  mg o f  
larvae were trans f e r r e d  t o  randomi sed t ub e s .  A l l  t h e  larvae 
d i e d  a t  the 2 l o we s t  hurni d i t i e s  in t he f i r s t  e x p e r i m e n t  and 
t h e se were coun t e d  and t he mean we i gh t  o f  a lar v a  p r i or t o  
de s i c c a t i on wa s c a l c ul a t e d  a s  0 . 052 mg  ( s e e  Tab l e  9 . 1 ) . The 

nymphs were d e s i c ca t e d  a t  2 8 ° c , over anhyd rous CaC12 granul e s  

f o r  2 8 hours and t h e  larvae f o r  4 hour s . Like t he adul t s , 
nymphs and larvae were  t h e n  t r ansfe rre d t o  6 d i f f e r e n t  
humi d i t i e s  and we i gh e d  dai ly . 

I 
� I 



9 . 3  Re s u l t s  

The mean weigh t  change s following de si ccation o f  t he 3 unfed 
instars of H. longi corni s are shown in T �b le 9 . 1 . 

1 50 . 

Unengorge d adults  were more re s i stant  t o  desic cation  than 
une ngorge d nymphs whi ch were more resi stant to des i c cation than 
une ngorge d larvae . As obse rved by Osman ( 1 976 )  de siccation 
limi t s  s urvival i n  the order adults ) nymphs)> l arvae . 

Table 9 . 1  

Mean we i ght change s of unfed larvae , nymphs and adults  of  
H .  longi c orni s d e s i c cated  for  varying periods . 

Ins tar Number Me an De siccati on Mean wei ght We ight  
Ini tial T i me Hours after  Change 
We ight de s i c c a t i on % 
mg mg 

Adult  5 2 . 322 2 4  2 . 2 30 3 . 96  

Adult  9 2 . 3 1 4  48 2 . 1 1 2 8 . 73 

Nymph 20 0 . 388 28  0 . 32 3 1 6 . 75 

Nymph 20 0 . 38 4  2 8  0 . 34 1  1 1 .20  
Larvae 430 0 .052 4 0 .0 4 70 9 . 45 

Larvae 202 0 .05 2  4 0 .0 466 1 0 . 4 7  

Sub seque nt we ight  change s followi ng desi ccat ion  and  transfer 
to the six humidi  t i e s  are shown in  Figure s 9. 1 ,  9. 2 ,  and .9. 3 .  

The results  o f  t he first  expe riment are shown o n  t he le f t  ( a )  
and o f  the repli cate o n  the r i ght  ( b )  in  each f i gure . 



1 5 1 . 

F i gu r e  9 . 1  

Mean weight change s ( expre ssed as a percentage o f  origi nal we igh t ) 
o f  une ngorge d l arvae o f  H .  l o n �i c orn i s  d e s i c c a t ed for 4 hours 

the n t ra ns f e r r e d  t o  6 r e l a t i ve hurni d i t i e s  and ma i n t a i ne d  a t 28 °C .  
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F i gure 9 . 2  

Mean we i ght change s ( e xpre s s e d  a s  a p e r c e n t age o f  o r i gi na l  we i gh t ) 
of  u ne ngorge d H. longi corni s nymphs de s i c ca t e d  for 28 hour s  then  

� 

tr �nsferred  to  6 r e lative humi d i t i e s  and mai ntained  at  28°C .  

R . H . 

Fi gure 9 . 2 a 

0 

Days a f t e r  

l ( c ) 

9 5% 
R . H .  

80% 

+ 70 

R . H .  : + 60 

+50 

-20 

-30 

Fi gure 9 . 2  b 

3 2 1 D 

d e si c ca t i on ( D) E 
0 



153 .  

F igure 9 . 3  

Me a n  we i ght c hange s ( e xpre s se d  as a p er c e n t age o f  o r i gi nal we i gh t )  
unengorge d H .  l o ngi c orn i s f e ma le s  d e s i c c a te d  for 2 4  hour s  

( fi gure 9 .3a ) or  4 8  hou r s  ( f i gure 9 · 3b) t h e n  t ra9s f e r r e d  t o  

6 r e l a t i ve hum i d i t i e s  a t  28°C .  
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A l l  the  larv ae de s i c ca t e d  for  4 hours and p l a ced  a t  60% R . H .  

and 70% R . H .  ( t < a ) and t ( b ) i n  F i gure s 9 . 1  a and 9 . 1  b ) were 
de ad af t e r  4� hour s . T he i r  cumu l a t i v e  we i gh t  loss a s  a 
p e r c e n t age o f  t he i r  o r i g i nal fre sh  we i gh t  w a s  in  m o s t  case s 
gr e at e r  t h an 40% and ranged f r om 35 t o  46% . 

A f t e r  6 days a t  a R . H .  o f  60% 18/20 nymphs were d e ad ( t C c ) i n  
F i gure 9 .2 a ) . The i r  cumu l a t i v e  we i gh t  l o s s  was c l o se t o  30% . 

A f t e r  48 hours d e s i c ca t i on , 5/9 adu l t s  were  d ead a f t e r  6 days 
at 60% R . H . ,  8/9 a f t e r  7 days and all were d e ad af t e r  8 days . 
( t C d ) , t < e ) , a nd 1 ( f ) i n  F i gure 9 . 3 b ) . In the  f i r s t  
r e p l i c at e  a l l  5 adu l t s  we re d e a d  a f t e r  6 d a y s  a t  60% R . H .  
( t C g ) , i n  9 . 3  b ) . A g a i n  wi t h  adu l t s  a we i gh t  loss  o f  40% of  
t he i r  f r e s h  we igh t  ap p e ars  to b e  t he c r i t i c a l  lev e l . I t  i s  
u n l ike l y  t h a t  t i ck s  are able t o  " shi f t "  dry  we igh t re se r v e s  t o  
m e tab o l i c  water ( Le e s , 1 9 46 ) ; Sauer and H a i r ,  1 9 7 1 ) .  

The c r i t i cal equ i l i b r i um ac t i v i ty ( C . E . A . ) 

F o l l owin g de si c c a t i o n , we i gh t  · c ha nge s i n  t i cks a t  d i f f e r e n t  
humi di t i e s  ne ed t o  b e  measur e d  for  m o r e  t ha n  2 4  hours t o  
e s t ab l i sh the C . E . A .  ( Knul l e , 1966 ) . In t h i s  e x p e r ime n t  an 
" e nd p o i n t " was reac h e d af t e r  2 days whe n lar vae at  t he lower 
humi d i t i e s  were all d e ad . S i m i lar ly adu l t s  (F i gure 9 . 3  a ,  
t C g )  d i e d  a f t e r  6 days a t  the  lowe s t  hum i d i ty t e s t e d .  The 

r e p l i c a t e  e xpe r i m e n t  for nymphs was t e rmi n a t e d  af t e r  3 days 
( see F i gure 9 .2b ) . T h e se days were  sele c te d  to  c a l c u l a t e  t he 
C . E . A . ' s  for each  i n s t ar .  

The C . E . A .  i s  c a l c u l a t e d  from re gre s s i o n  o f  % c hange i n  b od y  
we i gh t  o n  humi d i t y  ( A r li an ,  1 9 75 ) . T h e  re gre s s i ons  were 
c a l c u la t e d  for % c han ge i n  d e s i c ca t e d  we i g h t  for  t h o s e  
par t i c u l ar days me n t i oned above , a c c o r d i n g  t o  t he me t h o d  o f  
Sne d e c or and Co chran ( 1 96 7 ) . 

15 4 .  
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The regre s s i on s  and r e gre s s i o n  e qu a t i ons are shown i n  F i gure s 
9 . 4 a ,  9 . 5 a ,  and 9 . 6  a .  F i gure s 9 . 4  b ,  9 .5 b ,  and 9 . 6  b are 
the rep l i c a t e s . From the r e gr e s s i o n e q u a t i o n  where Y = 0 t he 
C . E . H .  i s  c al c u la t e d  a n d  when d i v i de d  b y  1 00 b e c om e s  the  C . E . A .  

I n  thi s experi m e n t  t h e  C . E . A . ' s  were appr o x i mate ly  0 . 8 for  
lar v ae , 0 . 7 f or  nymph s  an d  0 . 9 for adul t s . 
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F igur e  9 . 4  

R e g r e s s i o n o f  % c h a n g e  i n  p o s t - d e s i c c a t e d  b o d y  we i g h t  o f  u n f e d 

H .  l o n g i c o r n i s l a r v a e  o n  re lat i v e  humi dity ( 2  days a fter  

de s i c ca t i on . )  

9 . 4  a 
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Figure 9- 5 

Re gr e s s i o n o f  % c ha n g e i n  p o s t - d e s i c c a t e d  b o d y  w e i gh t  o f  u n f e d 

H .  l o ngi c o r n i s n ymphs o n  re lat ive hum i d i t y  ( 3  days a f t e r  

de s i c c a t i o n ) . 

+ 75 9 . 5  a 

.p 
+60 

y = 2 . 209x 
..c bO ·rl 
C1J ): +45 
» 

"0 
0 + 30 .0 

� 
·rl 

C1J 
+ 1 5 

bO 
� 
rd 

..c • 
() 

� - 1 5  

60 

+ 75 9 . 5  b 

y = 2 . 020x 
.p + 60 ..c 
bO 

·rl 
C1J + 45 :. 
» 

"0 +30 0 
.0 

� 
·rl + 1 5  
C1J bO s:: rd ..c: • 
0 

<R - 1 5 

0 

-

70 

-

• 

7 

1 82 . 2 7  

• 

80 

R . H . % 

1 40 . 2 9  

8 
R . H . % 

• 

C . E . A .  = 0 . 665 

• 

C . E . A . = 0 . 695 

• • 

0 1 0 



Figure - 9 . 6 

Re gr e s s i o n  o f  % c hange i n  pos t - d e s i c c a t e d  b o d y  we i gh t  f e d  

H .  longi corni s f e ma l e s o n relat i ve humi d i t y  ( 4  days after 
de si c c a t i on) . 
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9 . 4 Di s c u s s i o n  

�e i gh t  c h a nge s  o f  larvae 

The we i gh t  l osse s  of l arvae of 40 - 50% of origi na l  we i gh t  
< f ( a ) i n  F i gure 9 . 1  a ) and 35 - 42% ( f  ( b ) i n  F i gure 9 . 1 b )  

a t  70% R . H .  and 60% R . H .  are s i m i lar t o  t hose  r e p o r t e d  by 
He a t h  ( 1 9 74 ) f or  e ngorged lar vae he ld  at 2 5° C over CaC 12 
( 5% R . H . ) . The c umu la t i v e  we i gh t  l o s s  o f  the e ngorge d 
larvae was 50% a f t e r  48  hour s . A s  expe c t e d  ( s�e se c t i on 
1 . 1 2 . 3 ) un e ngorge d l arvae we re f o und t o  b e  very s u sc e p t i b le t o  
des i c c a t i on . Unfe d larvae o f  B .  mi crop lu s w i l l  surv i ve for 
1 2  days at  70% R . H .  a t  22 . 2 ° C ( H i t c hc o c k , 1 955 ) c ompar e d  w i t h  
only 2 days for H .  l ongi c o r n i s i n  t h i s  e x p erime n t . 

A t  humi d i t i es above t h e  C . E . A . there  was a large i n cre ase i n  
we i gh t  o f  H .  longi corni s lar v ae above t he p rede s i c c a t e d  we i gh t  
< > 70% a t  1 00% R . H . ) . A t  c on s t an t  t e mp e ra ture s  o f  2 8 ° C a t  
hum i d i t i e s  above t h e i r  C . E . A . ' s  marked i n creas e s  i n  we i gh t  
above pre d e s i c c a t e d  we i gh t s  h a v e  b e e n  o b se rved i n  lar v a l  

Hyalomma d r omedar i i  and f i r s t  nymphal i ns t ars o f  
Or ni thodo r u s  sav i gn y i  ( Haf e z ,  E l - Z i ad y , a n d  He f nawy , 1 9 70 b ) . 

We i gh t  c hange s o f  nymphs 

A s  shown i n  F i gure 9 . 2 a ,  1 8/2 0  nymphs were dead 6 days a f t e r  
d e s i c c a t i o n  ( R . H .  60% t ( c ) i n  F i gure 9 . 2 a ) w i t h  a c umula t i v e  
we i gh t  l o s s  o f  30;& . Howev e r , t he r e  was s o me i nd i ca t i o n  t ha t  
the we i gh t  loss o f  nymphs i n  t h e  rep l i ca t e expe r i m e n t  was no t 
as large ( se e  also  we i gh t  l o s s  o f  nymphs  i n  Tab l e  9 . 1 ) . The 
95% mor t a l i ty of u n e ngorge d nymphs af t e r  6 days at 60% R . H .  
was no t e xpe c te d  s i n c e  He a t h  ( 1 9 74 ) f o u n d  almo s t  1 00% 

surv i val  and moul t i ng o f  e ngorge d nymphs h e ld for  1 1  d ays 
over CaCl2 wi t h  a mean cumu l a t i ve we i gh t  loss of 2 8% . 
Howe v er , i t  i s  u n l i k e ly t ha t  e ngo rge d nymphs  w o u l d  have a 
r esponse t o  d e s i c c a t i on s i m i l ar to  t h a t  o f  une ngo rge d nymphs . 
The r e s p on se t o  d e s i c c at i on o f  e ngorge d s t age s i s  l i k e ly t o  
vary d u r i n g  the mo u l t i ng p r o c e s s .  
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1 60 .  

The n ymphs i n  f i r s t  exp e r i me n t  ( Fi gure 9 . 2 a ) had b e e n  c h i l l e d  
t o  f ac i li t a t e  handl i ng w he r e a s  i n  the r e p l i c a t e  e x p e r i me n t  
( F i gu r e  9 . 2 b ) t h e  nymphs w e r e  no t c h i l l e d . Thi s m ay have 
affe c te d  the we i gh t  loss of the c h i l le d n ymph s . I t  doe s s u gge s t  
we i g h t  l o s s  i n  e n gorged and unengorge d n ymp h s  o f  H .  longi c or n i s 
s ho u l d  b e  fur t he r  inve s t i ga t e d  under m o r e  c lo s e l y  c o n tr o l le d 
c o nd i t i ons . 

We i g h t c hange s  i n  adul t s  

Unfe d adul t s  o f  H .  long i corni s l o s t  approx i ma t e l y  4 . 0 - L� .5% o f  
t he i r  i ni t i a l  we i gh t  p e r  day when de s i c c a t e d  o v e r  CaCl2 a t  
2 8 ° C .  A t  25 °C ,  . d . 1 n  r y  a 1 r , t he we i gh t  l o s s  o f  Dermace n t o r  
re t i c u latus , D .  anderson i , a n d  Rhi ce pha l us sangu i ne u s w a s  o n l y  
1 - 3% day . Amb l yomma ca j e nne n se a n d  A .  mac u l a t um l o s t  5% o f  
the i r  ori ginal we i gh t  p e r  day ( Le e s , 1 9 4 6 ) . Thi s i s  s i mi lar to  
that r e c orde d here  for H .  l o ngi corn i s . The  rate  o f  wa t e r  l o s s  
o f  Ixodes  hexagonu s ,  I .  cani suga and I .  r i c i nu s  ma y e x c e e d  t ha t  
of  H .  l ongi cor ni s . I n  fac t i n  dry  a i r  a t  2 5 ° C ,  u n f e d  female 
I .  r i c i nu s  d o e s  no t su r v i v e  f o r  more t han 2 d a y s  ( Le e s ,  1 946 ) . 

Compar e d  w i t h  nymphs and l arvae , t he re c o v e r y  o f  wa t e r  b y  
adu l t  H .  lo ngi c orni s a t  humi d i t i e s  ab ove i t s  C . E . A .  was p o o r . 

I t  i s  asume d t h a t  all i n s t a r s  were f u l l y  hyd rat e d  a f t e r  be i n g  

he l d  a t  9 6% R . H .  a t  28 °C p r i or t o  t h e  e x p e r i me n t .  Howe v e r , t he 

adu l t s  of H .  l o n g i c o r n i s  w e r e  older  t han t h e  nymphs  a n d  larvae 

and the  C . E . A .  may no t be  as h i gh as 0 . 9 for  fre shly moul t e d  

spe c imens . 

I t  has r e c e n t l y  b e e n  shown that  t he ab i l i t y  to  r e c over  w a t e r  
b y  t i cks fol lowi ng d e s i c c a t i on ,  mus t  b e  i nc l u d e d  i n  

c o n s i dera t i o n s  o f  re s i st a n c e  t o  de s i c ca t i o n . F o r  e x amp l e  
Osman ( 1 9 78 ) , c o mpare d t he re si s t an c e  t o  d e s i c c a t i on and 
sub se que n t  up t ake  of wat e r  fol l o w i ng d e s i c c a t i on of t hre e 
sp e c i e s  o f  Amb l yomma . 

c 



I n  A fr i c a ,  A .  l epi dum i s  c o ns i de r e d  to i nhab i t  dr i e r  are a s  t han 
A .  heb raeum and A .  var i e ga t um , ye t e ngorged larvae and nymphs 
and u n f e d adul t s  of A .  le p i dum lose wa t e r  a t  a fas t e r  r a t e  t han 
the l a t t e r  two spe ci e s . Howe ver , f o l l o w i ng de si c ca t i o n , whe n 
ex p o s e d  t o  hum i d i t i e s  ab ove t he C . E . A . A .  lepi dum c an r e c ov e r  
t h e  e qu i v a l e n t  o f  1 0% o f  i t s  o r i g i nal we i gh t  wi t h i n 2 4 hours 
c ompar e d  wi th only 5% f or  the o t he r  2 sp e c i e s  ( Osman and 
Camp b e l l , 1 9 78 ) . I t  was c o n s i de r e d  that t he lat t e r  2 spe c i e s  
r e l y  o n  re s i s t an c e  t o  d e s i c c at i o n  whi l e  t he f orme r  spe c i e s  
r e l i e s  o n  r e c o v e r y  o f  wa te r . I t  was concluded  t ha t  t he 
r e s t r i c t i on o f  A .  lepi dum t o  dri e r areas was al s o  p o s s i b l y  
r e la t e d  to  the  l owe r v i ab i l i t y  o f  e ngorge d l arvae f o l lowing 
i mme r s i on in  w a t e r . 

The C . E . A .  f or  unfed  larvae , nymphs and adul t s  

The f i gure s pre se nted  here should b e  c o n s i dere d  only  as 
appr o x i ma t e  v a lue s as the age o f  t h e  i n s t ars var i e d .  It  has 
b e e n  s hown by L e e s , ( 1 946 , 1 9 6 4 ) , that  ne wly moul t e d and age d 
I .  r i c i nu s  d i d  no t take up w a t e r  from saturated  a i r  a ri d  t he 
C . E . A . o f  thi s sp e c i e s  i n c r e a sed  from 0 . 88 t o  1 . 00  over a 
p er i od o f  1 6 m o n t hs . Thi s was also observed  i n  t h e  argas i d  
Or n i t h o dorus moub ata  wh i ch , a f t e r  s tarva t i o n  for  5 months , 
grad u a l l y  l os t i t s capac i t y for sorp t i o n  o f  wa t e r  vapour . The 
C . E . A �  of f i e ld - c o ll e c t e d  a d u l t s  of Amb l yomma ame r i canum was 
c a l c u l a te d t o  b e  0 .85 by Sauer and Hai r  ( 1 9 7 1 ) . Howe v e r ,  
when r e c e n t ly moul te d  adu l t s  ( 3  + 1 we ek o f  age ) we re t e s te d ,  
the C . Z . A . was c a lculate d  t o  b e  0 .80 - 0 .82 ( H ai r , Sauer and 
Dur h am , 1 9 75 ) . I t  i s  l o g i c al that t h e  C . E . A .  wou l d  a l t e r  
wi t h  d e p l e t i o n  o f  re serve s ( Le e s , 1 969 ) . 

Whi l e  no t i gnori ng the age e f fe c t  o n  the C . E . A .  i t  i s  wor t h  
c o n s i d e r i n g  whe t her  the C . E . A .  d i f f e r s  amongst o t her i n stars  
o f  t h e same sp e c i e s .  It  was  first  no ted  by  K nu l l e  ( 1 96 6 ) , 
tha t t h e  C . E . A . ' s  o f  fre s h l y  mou l t e d  larval De r m a c e n t or 
ande r s on i  ( 0 . 8 ) and Amb lyomma c a j e nnense ( 0 .85 ) w� �e lowe r 
t h an t h a t  r e c o rded b y  Le e s  ( 1 9 46 ) for  adu l t s  o f  t h e s e  sp e c i e s  
i . e .  0 .8 8  and 0 . 90 respe c t i v e l y . 
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K nu l l e  ( 1 96 6 ) was cau t i ou s  i n  i n t erpre t a t i ng t hese d i f fe r e nc e s 
� i n c e  t h e  adu l t s  u s e d  b y  Le e s  were 1 - 4 m o n t h s  o l d . I n  
add i t i o n  t h e  C . � . A .  o f  fre shly moul t e d  larval Derma c e n t or 
vari ab i l i s  was f o u nd b y  Knu l l e  ( 1 9 6 6 ) t o  b e  0 . 85 wh i c h i s  t he 
same va lue sub s e qu e n t l y  found for  adu l t s  ( age 3 weeks � 1 we ek ) 

of  t h i s  spe c i e s  ( K nu l l e  and De v i ne , 1 � 72 ;  Hai r , e t  al , 1 9 75 ) . 
On the o t �er hand A e s c h l i �ann ( 1 9 6 3 - c i t e d  by K nu l l e , 1 966 ) 

re c o rd e d  a c . : . A . for ne w l y  mou l t e d  larvae o f  Amb l yomma 
c ompre ssum of  0 . 8 compar e d  w i t h  a C . E . A .  of  0 . 66 f or n e w l y  
mou l t e d  nymphs . Fur t h e rmore Hafe z , El - Z i ady and He fnawy 
( 1 9 7� ) al s o  r e c o r d e d  a progre s s i v e  i n cre ase in t he C . E . A . f o r  
e ac h  d e v e lopme n t a l  s t age o f  the  i x o d i d  Hyal omma drome d ar i i  and 
the arga s i d Or n i t hodorus savignyi .  They r e l a t e d  thi s t o  t h e  
ho s t s and hab i t a t s  o f  t h e  i n s t ar s . F o r  e x amp le , larval  
H .  dromedar i i  p a r as i t i s e s  smal l  burrowing mammals ,  hare s and 
l i z ar ds . �hi l e  t he ad ul t s , ( whi c h  have a hi gher C . S . A . and 
are more re s i s t an t  t o  de s i c ca t i o n ) , para s i t i s e large r  ho s t s  
i n c lu d i ng came l s . The larvae o f  2 .  d rome dar i i  r e q u i r e  b u r r ows  
to p r o t e c t  t h e �  agai ns t d e s i c c a t i on and the  C . E . A .  i s  e qu a l  t o  
o r  be low t h e  m e a n  annual R . H .  i n  the  b urrows o f  t w o  r o d e n t  
ho s t s . 

T h e  e v i de nc e  w o u l d  su gge s t  t ha t  t h e  C . E . A . ' s  found i n  t h i s  
s t u d y  for H .  l o ngi c orni s shou ld  b e  fur ther i nve s t i g a t e d  wi th 
i n s t ar s  al l  of t h e  same age . The r e s u l t s  a l so s u gge s t  u n f e d  
larvae would no t surv i v e  i n  paspalum se e d  bu t i t  i s  p o s s i b le 
that  unfed nymp hs could d o  so . 
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1 0 . The e ff e c t s  o f  i mmer s i on i n  wat e r  on Haemaphysal i s  
l ongi c orni s .  

10 . 1  Introdu c t i o n .  

In Se c t i on 1 . 1 2 . 3 t h e  e v i de n c e  avai lab l e  o f  t h e  e f fe c t s o f  
imme r s i on i n  wat e r  o f  var i ou s  spe c i e s  o f  t i cks  was r e v i e we d .  
The ab i l i t y  t o  w i t hst and f lo o d i ng var i e s  be twe en t i c k sp e c i e s  
and i s  also l i k e l y  t o  vary b e twe e n  the i ns t a r s  o f  the same 
sp e c i e s . Opi n i o n s  from farme r s  of the Ea s t  Coas t are a of the  
Nor t h  Island an d  Mye rs  ( 1 9 2 4 ) sugge s t e d  tha t f l o o d i ng 
d e c r e ase d  t he s u r v i val o f  H .  long i c orni s . Thi s p o s s i b i l i t y  was 
i nve s t i ga te d  unde r labor a t o r y  c o nd i t i ons . 

1 0 . 2  Ma t e r i a l s  and me t h od s . 

Sour ce  o f  t i c ks . Thi s wa s a s  de s c r i b e d  i n  Se c t i on 9 .  Larvae 
wer e  f e d  on rabb i t s  and n ymphs and adu l t s  o n  a c a l f  as d e s c r i b e d  
b y  H e a t h  ( 1 9 74 ) . A f te r  de t achmen t  a l l  s t ag e s  we re i ncub a t e d  a t  
28 ° C a t  9 6% R . H . The age o f  e a c h  i n s t ar i s  shown i n  t he 
sub se quent  t ab l e s  o f  re sul t s  ( t h i s  a l lows for  a premo u l t  
pe r i o d o f  1 0  d a y s  f o r  nymphs a n d  1 5  days f o r  adu l t s  and a n  
i n cub a t i o n  p e r i o d  for e ggs o f  2 7  days . 

Imm e r si on and t e mperature c o n t r o l . Une ngorged and engorge d 
s t age s wer e  p la c e d  i n  glass v i a l s  ( 7 . 6 cm  i n  length  and 2 . 4 cm 
in d i ame t e r ) c o v e r e d  by a plas t i c  c ap through w h i c h  a 1 c m  h o le 
was pu nched . T h i s  hole was c o v e r e d  wi th f i ne me sh  t e r y l e ne 
c l o t h . Samp l e  s i ze s  var i e d  w i t h  the numb e r s  avai lab le and 
samp l e s  were a s s i gned at random t o  i mmer G i on or  c on t ro l .  The 
i mmerse d i n s t a r s  were p l a c e d  in tap wa ter in  p l as t i c  trays 
f i l l e d  w i th wa t e r . Care was t ak e n  to  en sure a l l  air  was 
removed from v i al . The con t r o ls w e r e  p l a c e d  u p s i de down i n  

( 

o p e n  racks i mm e d i a t e ly ab o ve t he tray of wa t e r . 



Two t e mp e r a t ure s repre se n t i ng summer and w i n t e r  c o nd i t i o ns  
0 0 were se l e c te d  v i z . 9 C and 2 5  C .  For t h e  lower t e mpera t ure  

samp le s we re  p l a c e d  in  Con t he r m  Pre c i s i o n  r e f r i ge ra t e d  i n cub a t or 
( Mo d e l  1 90 ) se t a t  10 °C .  A c h e ck o f  t h e  wa t e r  and a i r  
tempera t ure i n  t h i s  i ncub a t or showe d t ha t  the  wa t e r  temp e r a t u r e  

0 was mai n t a i ne d  a t  1 C b e l o w  t h e  ai r t e mpera t ure f r o m  the  c oo l i ng 
e f f e c t  o f  e vap o r a t i on . A c he c k  o f  t h e  R . H .  w i thi n t he 
i n cub a t o r  w i t h  a M i cr ome ch hygro t hermogr aph ( M o de l MM 0 1 ) showe d 
tha t t h i s  rema i ne d  be t we e n  9 7  - 99% R . H .  

For the  h i gher t emp era ture a Contherm Pre c i s i o n i nc ub a t or was 
se t at  2 7°C to  give a wa t e r  t e mpera t ure o f  25 °C .  T he R . H .  
w i t h i n t h i s  i nc u b a t or v ar i e d  b e t w e e n  8 2 - 86% R . H .  Some samp les  
w er e  i n c ub a t e d  in  muddy wat er  o b t ai ne d  f o l lo wi ng rain  from  a 
p ad d o ck a d j a ce n t  t o  the Wal l a ce v i l l e  l ab o r a t ory . I n  ad d i t i o n 
some e ngorged a d u l t s  were h e l d  a t  28 ° C and 9 6% R . H .  t o  observe  
o v i p o s i t i o n  and egg ha t c h . F o l l o w i ng the  t e rm i na t i on o f  the 
ex p e r i m e n t  ( max i mum imme rs i o n  22  days ) sampl e s  w e r e  dr i e d  and 
r e p l a c e d in dr i e d  glass v i al s .  The e ngorge d adu l t s  we re d r i e d  
and p la c e d  s i ng l y  i n  i d e nt i f i ed t e rylene  s a c he t s . 

1 0 . 3 Re su l t s . 

The s e  are shown i n  Tab l e s  1 0 . 1  and 1 0 . 2 . The t e mpera ture s for 
the  c on t r o l s  are shown as e i t her  1 ° C above t he i mmerse d sample s 

0 ( l o w e r  t e mpe r a t ure ) or 2 C above the i mm e r s e d  s am p l e s  ( h i gher  
temp e r a t ure ) . In fa c t , t h e  t e mp e r a ture d i f fere n c e s  i mme d i a t e l y  
abo v e  t h e  t r ay o f  water may  no t have b e e n  as gr e a t  a s  t hi s .  
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Table 1 0 . 1  
Effe c t  of  i mmersi on i n  water on the  engorged s tage s of  

H .  longi corni s .  

Engorge d Adults  
n Temper­

ature 
Age of  Le ngth of 
i nstar i mmersion 

Remarks 

5 9°C 1 day 3 days 3/5 lai d normal batch  of  
eggs , 2 de ad . 

5 

5 

5 

5 

5 

5 

9 

9 
10 

10 

( tap water )  

1 day Control 

1 day 3 days 
( tap water)  

1 day Control 

1 day 96% R . H .  in  
an  incubator 

2/5 lai d large b a t c h  of  e ggs 
3 dead . 

4 dead , 1 /5 laid reduced  
batch  of e ggs . Le s s  than 
10% e ggs e mbryonated . 

4 dead , 1/5 laid large batch  
of  e ggs . 

5/5 laid e ggs . 

Examine d  a t  removal and after 2 4  days incubation a t  28°C 
at  9 6% R . H .  

En�or5ed N;rmEhs 
9°C 1 day 17 days 2/5 de ad , 3/5 i n  pre moult .  

( tap water ) 
9°C 1 ' day 17 days All 5 de ad 

( muddy water ) 
10°C 1 day Control 1 moulte d , 4/5 i n  premoul t .  

25°C 1 day 17  days All 5 dead . 
( tap wate r )  

25°C 1 day 1 7  days All 5 dead . 
· ( muddy wate r )  

27°C 1 day Control All 5 moulted . · 

Exami ned a t  removal and after 1 3  days incubation  a t· 28°C 
at 96% R . H .  

En5or�ed Larvae 
9°C 1 day 22 days 6 dead , 3 moulted  

( tap water )  
10°C 1 day Control 7 de ad , 2 moulted  
25°C < ,  1 day 22 days 6 de ad , 4 moulted  but  

( tap wate r )  nymphs dead . 
27°C 1 day Control 10 moul t e d . 

Examined  at removal and af ter 13  days incubation  a t  28°c 
a t  96% R . H .  



Table  10 .2  

Effe c t  of  immersion  in  water  on  the  unengorged stage s of  
H .  lqngicorni s . 

n 

10 
10 
10 
10 

25 
9 

25 
20 
20 

50 
50 
25 
25 

Une n�or�e d Adults 
Temper- � Len�th of  immersi on Remarks 
a ture 

9°C 42 days 22 days ( tap water )  All  al ive  
1 0°C 42 days Control All  alive 
25°C 45 days 18  days ( tap wate r )  All  a live 
2 7°C 45 days Control All  a l i ve 
Exami ned  a t  removal and after i ncubation f or 1 3  days a t  
28°C at  9 6% R . H .  

Unen�or�ed NymEhs 
9°C 87  days 22 days ( tap water ) All alive 
9°C 87  d ays 22 days ( muddy water)  All  alive 

10°C 8 7  days Control All  ali ve 
25°C 94  days 18 days ( tap water)  All  alive 
27°C 94  days Control All alive 
Examine d  a t  removal and after i ncubation for 13 days a t  
28°c at  96% R . H .  

Unengorge d Larvae 

9°C 1 day 22 d ays ( tap water)  All alive 
1 0°C 1 day Control All ali ve 
25°C 4 days 18 days ( tap water)  All  alive 
27°C 4 d�ys Control All alive 

Examined a t  removal and after i ncubation for 1 3  days a t  
28°C at  9 6% R . H .  
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1 0 . 4  Di scus s i o n . 

The r esu l t s  i nd i cat e  t ha t  the u n f e d  s tage s o f  H .  longi corni s 
c a n  survive  i mmers i on i n  wa t e r  a t  t e mpera t u r e s  o f  e i t h e r  9° or 
25°C for a t  l e a s t  18 o r  22  days . No end  p o i nt ( e . g .  50% 

m or t al i t y ) was reached b u t  i t  i s  p o s s i b le t h a t  unfe d s t age s can  
surv i ve mu ch l onger than 1 8  or 22 days . 

I t  i s  no t known how t h e  unfe d s t age s avo i d  anox i a  whi l e 
i m m e r s e d  i n  water . The e ggs and lar v ae o f  B .  m i c r oplus  c an 
ob t ai n  oxyge n from wat e r  c o n t ai ni ng 5% d i s s o l v e d oxyge n 
( S u thers t , 1 9 7 1 ) .  In t h i s exp e r i m e n t  no d i f fe r e nce  i n  surv i v al 
was observed b e twe e n  u n f e d nymph s  i mmer se d i n  muddy wat e r  and 
nymp hs i mm e r s e d  i n  t ap wa ter . The low rate  o f  me t ab o l i sm and 
h e n ce low oxyg e n  r e qu i r e m e n t s  of t i ck s  may a s s i s t  the i r  sur v i val 
wh i le imme r s e d  i n  wate r . In a pre l i m i nary e x p e r i m e n t  unf e d  
a du l t s  were removed a f te r  2 days i mme r s i o n  a s  t h e y  would no t 
re s p ond t o  a t ac t i le s t i mulu s . The se adul t s  were  very a c t i v e  
24 hours a f t e r  removal f r om w a t e r . I t  i s  a s s u m e d  t hat  t h e  
a du l t s  were i n  a comat o se s t a t e  whe n remov e d  f r o m  wat e r . A 
s i m i lar phe nomenon has b e e n  ob s e r v e d  b y  Su t he r s t  ( 1 97 1 ) whe n 
fe male B . m i c r oplus were removed from wa t e r  f o l l o w i ng i mme r s i on . 
A no t her  p o s s i b i l i t y  sugge s t e d  b y  Su t hers t ( 1 97 1 )  i s  t h a t  when 
o xyge n i s  a b s e n t , t i c k s  may be  ab le to u se the produc t s  of 
i n terme d i a t e  me tabo l i sm as ox i d i s i ng age n t s . 

N o ne o f  t h e  engorged nymphs i m m e r s e d  i n  e i ther tap  w a t e r  or 
muddy water a t  25°C were ali ve a f t e r  17 days whereas all t he 
c o n t r o l s  he ld over t he w a t e r  a t  a s l i g h t l y  h i gher  tempera ture 
m o u l t e d  to adu l t s . S i mi lar re sul t s  were found for  e ngo rge d 
larvae . O f  t hose immer s e d  i n  tap water  a t  25°C ,  4/10  mou l t e d  
b u t subse quen t ly d i e d  whereas a l l  10  c o n t r o l s  suc ce s s fu l l y  
m o u l t e d  t o  nymp hs . 

A f t e r  imme r s i o n  f or 3 days e ngorge d adu l t s  were remov e d  from 
w a t e r  a s  s i gn s  of b lo a t i ng were obser v e d . Four ad u l t s  from b o t h  
t h e  immerse d and c o n t r o l  gro u p s  d i e d . 



I t  i s  no t known why 4 a du l t s  i n  t he c on t r o l  group d i e d . I t  i s  
p o s s i b le t h a t  t he y  we r e  c o n tam i na t e d  wi t h  H2so4 i n  the 
de s i c c a t or . 

The i mme rse d  and c o n t r o l  group s o f  the engorged s t age s h e l d  at  
9 ° o r  1 0°C sh owe d  s i m i lar mor t al i t i e s . The se r e su l t s  p r ob ably 
re f l e c t  t he i n t e rac t i o n  of  t e m p e r a ture . 

The e x p e r i me n t a l  f i nd i ngs i nd i c a t e  a marke d d i f f e r e n c e  i n  
surv i val b e t we e n  u n f e d  an d  e ngo rge d s t age s whe n i mm e r s e d i n  
wat e r .  The var i ab le r e s u l t s  found wi th e ngorge d s t age s show 
the ne e d  for f urt h e r  i nve s t i ga t i on . The survi val  o f  e ngorge d 
s t age s ,  f o l l owi ng imme r s i o n , ne e d s  t o  be  i nv e s t i ga t e d  i n  a 
fac t o r i a l l y  de s i gned e x p e rime n t  whi c h  cons i d e r s  pre c ond i t i oning 
( t e mp e r a t ure s m a i n t a i n e d  at  prior  to  imme r s i on ) , age o f  t he 
i ns t ar , the l e v e l  o f  oxyge na t i on o f  t he wat er , va r i o u s  wa t e r  
t e m p e r a t u r e s ,  and t h e  r e l a t ive  hum i d i t y a t  t he sub s e q u e n t  
i nc ub a t i on f o l l owi ng i mm e r s i on . 

The shor t age o f  t i me  me a n t  t h a t  the experiment  c o u l d  no t be  
re p l i ca t e d . I n  ad di t i on , max imum survival per i o d s  were  no t 
ob t ai n e d  for t he unfe d s t age s � h e n  i mme r s e d  in wat e r . Other  
u n f e d  t i cks su ch a s  De rma c e n t or re t i cu l a t u s  have been  re p or t e d 
t o  surv ive  under w a t e r  a t  1 0° C for more than 1 1 0 days 
(Honzak o v a , 1 9 7 1 ) .  Lar ge number s  of H .  l ong i c o r n i s are re q u i r e d  
t o  demons t r a t e  t h i s s o  t h a t  i mme r s e d  samp l e s  c a n  b e  r e m o v e d  a t  
r e gular i n t er vals and mor tal i ty c an be analyse d by  pro b i t analys i s . 

No d i f fe r e n c e s  were d e t e c te d  be t we e n  surv i val i n  muddy water  and 
t ap w a te r . I t  i s  assum e d  that t h e  leve l of o x yge na t i o n  of t ap 
w a t e r  was h i gher t han t h a t  o f  t h e  muddy wa t e r . The su r v i v al of  
e ngorge d and unfe d spe c i e s  o f  some ixodi d t i cks  was found  t o  be  
m u c h  sho r t e r  i n  wat e r  c o n tam i na t e d  wi t h  organ i c  mat t e r  c o mpared 
wi t h  c l e an water ( Honzakova , 1 97 1 ) .  

< .'  



< '  

Unf e d  larvae , nymphs and adul t s  o f  H .  longi c orni s were obse rve d 
c l i m b i ng up t he wal l s  o f  glass  v i a l s  whi le imme r s e d  i n  w a t e r . 
Howe v e r , c l i m b i ng b e hav i ou r  was no t s t ud i e d  i n  t h i s expe r i me n t . 
There are d i f f erence s b e t w e e n  i x o d i d  t i c k s  i n  t he i r  ab i l i t y  to  
c l i mb whi le i mme r s e d  i n  w a t e r . S m i t h  ( 1 973 )  has shown t h a t  
Rhi p e c e phalu s appendi c u l a t u s  c l i m b s  more ac t i v e l y  u nd e r  w a t e r  
t h a n  Amb lyomma va ri e g a tu m . Thi s b e hav i our i s  po t e n t i a l l y  
i m p o r t a n t  no t onl y  i n  c l i mb i ng above surf a c e  wa t e r  during 
r a i n fall bu t also  i n  ho s t - se e k i ng duri ng r ai n .  



1 1 .  Summary and c o nc l u s i ons . 

1 70 .  

In 1 9 74 the  d i s t r i b u t i on and p r e v a l e n c e  o f  t i cks i n  t h e  Eas t  
Coa s t  and Hawke� Bay are a s  was i nv e s t i ga t e d  wi t h  the  u s e  o f  a 
p o s t a l  q ue s t i onna i re . Onl y a f e w  farm e r s  ( 7� )  r e p o r t e d  t i ck s  i n  
C e n t ral Hawke s Bay b u t  i n  t he N o r t hern  H . B .  and Eas t  Coast  are a s  
t i ck s  w e r e  pre se n t o n  the  ma j o r i t y  ( 59% ) o f  far � s . On m o r e  t h a n  
half t he l a t t e r  farms t i cks were  c o ns i d e re d a s i gni f i cant  
p r ob lem . Ti ck d i s t r i b u t i on was compare d w i th a l t i tude , rai n­
fall , t e mp e rature  and so i l  t yp e . There wa s a ge neral a s s o c i a t ­
i o n  o f  t i ck s  w i t h  h i gh annual rai nfall c om b i ne d  w i t h  
re l a t i v e ly h i gh  wi n t e r  t e m p e r a t ure s .  Ti c k - i nfe s t e d  farms w e r e  
c o n f i ne d  almo s t  e x c l u s i ve ly t o  a r e a s  b e l o w  300 m a . s . l . I t  
was c on c l u de d  t h a t  t h e  fac t o r s  d e term i n i ng t i ck p r e val e nc e  a n d  
d i s t r i b u t i o n c a n  o n l y  b e  e x p la i ne d  whe n m o r e  de t a i l e d  s t u d i e s  
are under taken u nd e r  c o n t r o l l e d  c o nd i ti o n s . 

The f r e quency d i s t r i b u t i o n  o f  t i ck cou n t s  was ske w e d  and whe n 
t i ck c ou n t s  e x c e e d  a mean o f  5 p e r  she e p  t h e  c o u n t s  mu s t  b e  
trans forme d for s t a t i st i c a l  analys i s .  S q u are roo t c o nv e r s i o n s  
o f  t h e i nd i v i dual  t i ck c ou n t s  are su i t ab l e  for s t a t i s t i c al 
analys i s .  T i ck  c o u n t s  of the e ars of she e p  were ade q u a t e  f or 
samp l i ng b u t  t here  was a lack o f  cons i s t e n t  corre l a t i o n 
b e t we e n  ear and b od y  count s .  Analys i s o f  i nd i v i dual  cou n t s  o f  
she e p  i nd i c a t e d  t h a t  they d e v e lop  a v a r i a b l e  le v e l  o f  
re s i s t ance t o  H .  l o n g i corni s .  

The e f f i c acy of ami t raz aga i n s t  t i ck s  was  compare d ·� i th 
Chlo r f e nv i nphos and a l though am i t raz was i ni t i a l ly super i o r  
i t s  p e r s i s te n c e  w a s  no t as l o n g  as t h a t  o f  chlorfe nvi npho s . 
Ce nsu s i n forma t i o n  f rom farme r s  i n  t he N or thern H . B . and 
Eas t  C o a s t  are as showed t h a t  m o s t  ( 76% ) have a c c e s s  t o  
ade qua t e  fa c i l i t i e s  for i n se c t i c i dal t r e a t m e n t  o f  she ep , b u t 
only a f e w  ( 1 1%)  app l y i n se c t i c i d e s  a t  a t i m e  �h i ch wi ll  
p r o d u c e  maxi mum t i c k m o r t a l i t y .  



Eve n  w i t h  t h e  p r e s e nce o f  more ho s t s  p e r  u n i t ar e a  t i ck 
mor t al i t y  was h i gher i n  shor t e r  p a s t ure c ompar e d  wi t h  l onger  
p a s t u re and  i t  is  su gge s t e d  that  t h i s may have  been  re l a t e d  to  
the  l ower humi d i t i e s  i n  the more  c l o s e l y  grazed pas t u re . 

Unfe d nymphs re q u i re d  a r e l a t i v e  h u m i d i t y  a t  or above 70% t o  
mai n t a i n  t he i r  water b a l ance  wh e r e a s  unfe d l arvae re qu i re d  80% 

and unfe d adu l t s  90% . A t  h�m i d i t i e s  be l o w  t he C . E . A .  t he r a t e  
o f  water  l o s s  w a s  fas t e r  i n  u n f e d  larvae t h a n  u n f e d  nym p h s  
t h a n  u nf e d  adu l t s  a n d  the ra t e  o f  w a t e r  re c overy at  humi d i t i e s  
above t h e  C . E . A .  was i n  the reve r s e  orde r . I am no t aware o f  
thi s i n t r i gu i ng d i ffe r e nce be i ng r e p or t e d  f o r  the 3 i n s t ars o f  
a n y  o t he r  3 - ho s t  i xo d i d .  Larvae and e ggs  o f  H .  lonGi c o r n i s 
are very su s c e p t i b le t o  de s i c ca t i on and the re s u l t s  su gge s t  
t h a t  a d u l t s  may also  b e  su s c e p t i b l e  t o  d e s i c ca t i on i n  a dry 
sum�e r . 

Un f e d  larvae , nymphs and ad u l t s  s u r v i v e d  i mme r s i o n i n  w a t e r  
f o r  a t  l e a s t 1 8 o r  22 days . S ome une ngorge d larvae , nymphs 
a nd adu l t s  s u rv i ved i m�er s i on in w a t er at lowe r  te mpera t ure s 
( 9° C ) b u t  t he i r  mor t a l i t y was h i g h  whe n i mm e r s e d  i n  �a t e r  a t  
25 °C .  More de t a i l e d  s t u d i e s  are n e c e ssary t o  e v a l u a t e  t he 
e f fe c t s  o f  i mm e r s i o n  o n  the f e d  and unfe d s t age s o f  
H .  l o ng i c or n i s .  �he r e  f lo o d i ng  o c curs  some  p l an t s  may 
pro trude ab o v e  t he wat e r  leve l so  t ha t  t he c l i mb i ng b e hav i ou r  
u nder w a t e r  o f  H .  l o ng i corni s r e q u i re s  i nve s t i ga t i on .  The 
e f fe c t s  on  the  i mmob i le egg s t age of i mm e r s i o n  in w a t e r  sho u l d  

a l s o  b e  e x am i ne d . C i r c u m s t an t i a l  e v i de n c e  o f  r e su l t s  o f  a n  

i nve s t i ga t i o n  i nt o  d e a t h s  i n  d e e r  ( App e nd i x 33 ) s u g�e s t e d  t ha t  

H .  l ongi c o r n i s can b e  o f  �a j o r  e co nomi c impor t anc e . 

A m a j o r  ob j e c t i v e  o f  thi s s t u d y  w a s  to  a t t e mp t  t o  d e t e rm i ne 

e c o logi c a l  f a c t o r s  w h i c h  affe c t  t he pre v a l e nc e  and d i s t r ib u t i o n  

o f  H .  l o n g i c o r ni s for  as  The i l e r  ( 1 95 9 ) h a s  i n d i c a te d ,  a s t udy 

o f  the e c o l ogy o f  t he paras i t e is  a s i ne qua � be f ore c o n t r o l  

me asure s are con t e mp l a t e d . T i c k  numb e r s  appe a r  t o  f l u c t u a t e  

w i de ly f r o m  year to  year a n d  i t  i s  obv i ou s t h 3 t  t h i s i n  par t 

mu s t  b e  re l a t e d  t o  c li m3 t i c  fac t o r s . 

1 7 1 . 



Ti cks b i t e s  produ c e  a char a c t e r i s t i c  le s i on i n  l amb p e l t s  and 
i t  is sugge s t e d  that fre q u e n c y  and e x t e n t  of the s e  l e s i o n s  
c o u l d  b e  moni t or e d  a t  a fre e z i n g �orks i n  a t i ck-ar ea . The se 
mu s t  be moni t o re d for at  le a s t  10 ye ar s . The re s u l t s  c o u l d  
t h e n  be r e l a t e d  t o  vari ous c l i ma t i c  parame ters  a n d  a 

c orre la t i o n e s t ab l i she d . W h e n  the c l i ma t i c  parame t e r s  are 
known i t  is poss i b le t h a t  i nc r e a s e s  and de creas e s  in t i ck 
numbe r s  c ould be pre d i c te d  as  t here i s  p o s s i b ly a lag e f fe c t  
on t he t i ck cyc l e . 

< i  
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�PPENDIX 1 
COPY OF A QUES T I ONNA I R E  POSTED T O  FARMERS I N  DECEMBER 1 9 74 

Ministry of Agriculture &FISheries 

FARM OR STAT ION NAME : 

O WN ERS N AM E : 

A DDRESS : 

DAT E :  

T H E  N E W  ZEALAN D CATTLE T I C K  

QUESTIO NNA I RE 

I t  appears that the N . Z .  Cat t l e  T i c k  i e  becoming an increasi ng 

problem i n  t he di stri c t . Te m e a sure t he e xtent to whi c h  c a t t l e  

t i c k  i e  spreadi ng a n d  t he economic  l o se i t  i e  cau s i ng , i t  wou l d  

be appre c iated i f  you could compl e t e  thi s que st i onna i re and post 

or re turn to : 
F . J . A .  Nei l eon 

Field Ve t e r i nar ian 

M i ni stry o! Agr i cultur e & Fi she r i e s  

P . O .  Box 724 
GI SBORNE 

1 73 .  
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2 .  

- 2 -

Do e s  c a t t l e  t i c k  o c c u r  o n  your pro p e r t y  

( No t e  - i f  c a t t l e  t i c k  do e s  no t o c c u r  o n  
yo u r  pro p e r t y  t he r e ma i n d e r  o f  t h i s 
q u e s t i o nna i r e  does net r e q u i r e  a n s we r i ng )  

I f  c a t t l e  t i c k  o c curs on your p r o p e r t y , i s  

( a ) becom i ng more o f  a prob l e m  

( b ) becomi ng l e s s  o f  a p r ob l e m  

( c )  same as u sual 

( d )  a p r o b l e m  only i n  some s e a s o n s  

( e )  no pro b l e m  a t  a l l  

3 . O n  your p r o p e r t y  has c a t t l e  t i c k  -

i t  

( a ) a l wa y s  b e e n  pre s e n t  ( mo r e  t ha n  1 0  y e a r s )  

( b )  o nl y  r e c e n t l y  a r r i v e d  ( 1  t o  1 0  year s )  

( c )  b e e n  p r e s e nt and now d i s a p p e a r e d  

( d ) do n ' t know 

-

. 4 .  O n  your pro p e r t y  do e s  c a t t l e  t i c k  c a u s e  d e a ths i n  

( a )  lambs 

( b ) e w e s  

( c ) c a l v e s  
, .  

( d ) c o w s 

T i c k  a l l  bo xes i f  a l l  a p p l y  

1 74 .  

P l a c e  a t i c k  b y  t he 
appropr i a t e  a nswer 

YES 

NO 
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v"' 

/ 
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5 - ( d i p ) s t o c k  D o  y o u  s p r a y  

- 3 -

fo r c o n t ro l  o f  c a t t l e  t i c k  

L a m b s  

r 
Ewes 

C a t t l e  
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YES NO 

V 

v 
-vi 
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6 .  

7 .  

8 .  

Do you t r y  a n d  l o n g  p a s t u r e  t o  c o n t ro l  ru s h e s  

t o  c o n t ro l  c a t t l e  t i c k 

a s  a r e s u l t o f  c a t t l e A r e  l a m b s  s l o w  t o  fa t t e n  

t i c k  i n f e s ta t i o n  

Y o u  s p ra y  ( d i p ) s t o c k  N o w  o f t e n  do 

O n c e  

T w i c e  

T h r e e  t i me s 

Fou r o r  mo r e  

b L a m  s 

v 

9 . C o mme n t s 

� ,(,..--:) 

Y E S  

N O  

YES 

NO 

E w e s  C a t t l e  
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Appe nd i x  2 
Lo c a t i o n  o f  owne r s  o r  manage r s  o f  f ar m s  i n  t he C o o k  Cou n t y  who 

r e p l i e d  to the q ue s t i o nna i r e . T h i s is a p h o t o g r ap h  of a l a r ge 

s c a l e  ( 1  63 , 360 ) t op o gr a p h i c a l  map . The c o l o u r  c o d e  i s :  

b lu e , no t i ck s  o n  prop e r t y ; g r e e n ,  t i c k s  p r e s e n t  b u t  n o t  

c o n s i d e r e d  a p r ob l e m ; r e d , t i c k s  p r e s e n t  a n d  c o n s i d e r e d  a 

p r o b l e m . 

COOK COUNTY 
5<olo 1 63)60 

1 76 .  



Appe nd i x  3 
L o c a t i on o f  owne r s  or manager s  o f  f ar m s  i n  t he Wai kohu Coun t y  
w h o  r e p l i e d  t o  t h e  qu e s t i o n n a i r e . Thi s  i s  a pho t ograph o f  a 

l arge s c ale ( 1  : 6 3 , 360 ) t op ographi cal  map . The co lour c o d e  
i s :  b lue , no  t i c k s  o n  prop er t y ;  gre e n ,  t i cks  pre s e n t  b u t  no t 
c o ns i d e r e d  a prob l e m ; 
p r ob l e m . 

r e d , t i ck s  p re se n t  and c o n s i de r e d  a 

1 77 .  



Appe nd i x  4 
Lo c a t i o n  o f  owner s  or  manager s  o f  farms  i n  t he Wai ap u  Coun t y  
w h o  r e p l i e d  t o  the  que s t i onnai re . Thi s i s  a p h o t ogr ap h o f  a 
lar g e  s cal e  ( 1 : 6 3 , 360 ) topograp hi c a l  map . The c o l our c ode 
i s :  b lue , no t i cks o n  prop e r t y ;  g re e n , t i ck s  p r e s e n t  b u t  no t 
c o n s i d e re d  a prob l e m ; re d ,  t i c k s  p r e se n t  and c o n s i de r e d  a 
p r o b le m . 

1 78 .  



Appe n d ix 5 

Lo c a t i on o f  owner s  or manage r s  o f  f arm s i n  the Wai r o a  C o u n t y  
w h o  re p l i e d t o  t h e  qu e s t i onna i re . Thi s i s  a pho t ogr ap h  o f  a 
large s c a l e  ( 1  : 63 , 360 ) t op o gr ap h i cal m ap . The  c o l ou r  code 
i s :  b lue , no t i cks  o n  p r o p e r t y ;  gree n ,  t i cks  p r e s e n t  b u t  no t 
c o n s i d e re d a prob l e m ; 
prob l e m . 

r e d , t i cks  p re se n t  and c o n s i d e r e d  a 

WAIROA COUNTY 

1 79 -
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APPENDIX 6 
T i ck Cou n t s  o f  Tre atment  Gr ouE ( Ami t r a z  0 .03% ,  a . i . ! 

v /v ) 
Da;z: 0 ( 1 . 1 2 . 77)  Da;z: 7 ( 8 . 1 2 . 77 )  
Tag Le f t  R i ght Body Le f t  R i gh t  Body 
Numb e r  Ear Ear Ear Ear 
G 1 0 0 0 0 0 0 
G 2 3 2 2 0 0 0 
G 3 6 4 5 0 0 0 
G 4 6 7 2 0 0 0 
G 5 3 1 6 0 0 0 
G 6 2 0 2 0 0 0 
G 7 1 0 0 0 0 0 
G 8 3 6 2 5  0 0 0 
G 9 2 0 0 0 0 0 
G 10 0 3 0 0 0 0 
G 1 1 1 1 3 0 0 0 
G 1 2  0 1 0 0 0 0 
G 1 3  2 8 6 0 0 0 

G 1 4  0 0 1 0 0 0 

G 1 5 0 0 0 0 0 0 

G 1 6  1 1 1 Mi ss i ng 
G 1 7  7 5 2 1 0 0 

G 1 8 1 0 0 0 0 0 

G 1 9  0 2 0 1 0 0 
G20 5 2 0 0 0 0 

G2 1 8 2 1 5  0 0 0 
G22 12  3 0 0 0 0 
G2 3 1 0 0 0 0 0 
G2 4 1 0 0 0 0 0 
G25 4 7 0 0 0 0 
G26 2 1 5 0 0 0 
G27 7 5 2 M i ss i n g  
G28 1 1 5 0 0 0 
G29 0 4 1 7  Mi s s i ng 
G30 3 2 5 0 0 0 
G3 1 6 3 5 0 0 0 
G32 0 0 0 0 0 0 
G33 1 0 0 0 0 0 
G34 1 3  0 5 0 0 0 
G 35 5 3 0 0 0 0 



APPENDIX 7 
T i ck Cou n t s  o f  Tre atm e n t  GrouE ( Am i t raz 0 .03% , a . i . v/v ) 

Da;z: 0 ( 1 . 1 2 . 77 )  Da� 7 ( 8 . 1 2 . 77 )  
Tag Le f t  R i g h t  Body Le ft  R i gh t  Bo d y  
Numb e r  Ear Ear Ear Ear 
G36 1 1 4 0 0 0 
G3 7 6 7 1 0  M i ss i ng 
G38 0 1 0 M i s s i ng 
G39  0 0 4 0 0 0 
G40 2 1 0 0 0 0 
G 4 1 0 2 1 0 0 0 
G42 0 0 1 0 0 0 
G43  0 0 0 0 0 0 
G 4 4  1 0 1 0 0 0 
G 45 0 1 0 0 0 0 
G46 8 3 2 M i s s i ng 
G 4 7  2 0 0 0 0 1 
G48 2 1 0 0 0 0 
G 49 6 3 3 0 0 0 
G50 0 0 0 0 0 0 
G5 1 6 2 0 0 0 0 
G52 1 0 4 0 0 0 
G53 4 2 1 5  0 0 0 
G54 1 3  1 2  1 1 0 0 
G55 0 1 2 0 0 0 
G56 3 1 1 0 0 0 
G57 0 1 0 0 0 0 
G58 0 0 5 0 0 0 
G59 0 3 0 M i s s i ng 
G60 0 2 0 0 0 0 
G6 1 3 1 2 0 0 0 

G62 2 0 2 0 0 0 
G63 0 2 1 0 0 0 
G 6 4  0 0 0 0 0 0 
G65 4 1 3 M i ss ing 
G66  0 0 0 0 0 0 
G 6 7  9 5 2 0 0 0 
G68 7 1 0  1 2  0 0 0 
G69 0 1 0 0 0 0 
G 70 4 2 7 0 0 0 
T o t a l  1 9 7  1 40 1 9 7  3 0 1 



APPEN DI X  8 

Ti c k  C o u n t s  o f  Tre a tme n t  GrouE ( A m i t raz 0 .0 3% , a . i . , v!_v ) 

Da;:t: 1 3 ( 1 1 . 1 2 . 7 7 )  Dal 20 ( 2 1 . 1 2 . 77)  
Tag Le f t  R i gh t  Body Le f t  R i g h t  Body 
Number Ear Ear Ear Ear 
G 1 0 0 0 1 0 1 
G 2 0 0 0 2 0 4 
G 3 0 0 0 1 2  5 5 
G 4 1 0 0 22 6 10  
G 5 0 0 0 5 0 2 
G 6 0 0 0 1 0 0 
G 7 0 0 0 4 3 5 
G 8 0 0 0 2 0 7 
G 9 0 0 0 1 0 0 
G 10 0 0 0 1 0 0 
G 1 1 0 0 0 1 0 2 
G 1 2 0 0 0 5 1 2 
G 1 3 0 0 0 3 4 5 
G 1 4  0 0 0 2 1 0 
G 1 5  0 0 0 0 0 3 
G 1 6  0 0 0 1 2 20 
G 1 7 1 1 0 9 5 2 
G 1 8  0 0 0 1 1 3 
G 1 9  0 0 0 2 0 0 
G20 0 0 0 1 3 6 1 
G2 1 0 0 0 3 4 1 2  
G2 2 0 0 0 3 5 2 
G2 3 0 0 0 0 1 1 
G 2 4  0 0 0 0 1 2 
G25 0 0 0 2 2 1 
G 2 6  0 1 0 3 4 8 
G2 7 M i s s i ng M i s s i ng 
G28 0 0 0 0 3 0 
G29 Mi s s i n g  0 0 1 
G30 M i s s i ng 4 1 2  8 
G 3 1  0 0 0 10 5 1 
G32  0 0 0 2 7 2 
G 3 3  0 0 0 3 3 0 
G 3 4 0 0 0 3 6 1 
G35 0 0 0 6 4 10 



A PPENDIX 9 
T i ck Coun t s  o f  Tre a t me n t  GrouE ( Am i t raz 0 .0 3% ,  a .  i . ,  v/v ) 
Da;z: 1 3 ( 1 4 . 1 2 . 77)  Day 20  ( 2 1 . 1 2 . 7 7 )  
Tag Le f t  R i gh t  Body Le f t  R i gh t  Body 
Numb e r  Ear Ear Ear Ear 
G3 6 0 0 0 2 3 2 
G37 0 0 0 1 0 0 
G38 0 0 0 4 1 3 
G39 1 0 0 7 4 4 
G40 0 0 0 3 0 4 
G 4 1  0 0 0 1 6 2 
G42 0 0 1 4 1 4 
G 43 0 0 0 1 3 0 
G44 0 0 0 0 2 1 
G45 0 0 0 0 2 1 
G46 M i s s i ng M i ssi ng 
G47 0 0 0 0 1 2 
G48 0 0 0 2 4 1 
G49 0 0 0 1 3 3 
G50 0 0 0 0 0 1 
G5 1  0 0 0 3 0 0 
G52 0 1 0 2 0 3 
G5 3  0 0 0 3 2 10 
G5 4 1 0 0 1 6  10 22 
G55  0 0 0 0 1 5 
G5 6 0 0 0 2 2 1 
G57 0 0 0 3 8 4 
G58 0 0 0 4 2 5 
G59 0 0 0 4 2 1 
G60 0 0 0 1 4 5 
G6 1 0 0 0 4 1 2 
G62 0 0 0 3 5 5 
G63 0 0 0 2 0 5 
G64 0 0 0 1 1 0 
G65 0 0 0 3 1 0 
G66 0 0 0 2 6 6 
G67 ' 0  0 0 5 7 1 
G68 0 0 0 3 4 5 
G69 0 0 0 0 2 0 
G70 0 0 1 3 2 6 
To t a l  4 3 2 2 1 7  1 8 1  2 35 



1 8 4 . 

A PP-ENDIX JO 
T i ck Count s o f  Tre a tment  Group ( Am i traz 0 . 03% ,  a . i . ,  v/v ) 

Dal 2 7  ( 2 8 . 1 2 . 77 )  Dal 34 ( 4 .  1 • 78 ) 
Tag Le f t  R i gh t  Body Le ft  R i g h t  Body 
Number Ear Ear Ear Ear 
G 1 0 2 0 2 0 0 
G 2 3 5 1 1  5 6 20 
G 3 8 2 7 9 3 6 
G 4 6 4 6 9 5 7 
G 5 4 2 1 8 4 8 
G 6 0 1 4 0 0 0 
G 7 0 3 4 2 1 1 
G 8 2 4 7 1 1 2 1 7 
G 9 1 0 0 4 2 0 
G 1 0  8 5 2 1 0  3 4 

G 1 1 1 2 2 9 5 1 1  
G 1 2  1 1 8 12  3 1 6  
G 1 3 3 1 2  2 2 3 1 1  6 
G 1 4  1 2 1 4 0 5 
G 1 5  2 1 1 0 1 2 
G 1 6  0 2 2 5 1 2  6 
G 1 7 8 2 0 1 4  5 2 
G 1 8  0 0 2 0 1 2 
G 1 9  4 3 1 8 1 0 
G20 15  4 2 25 1 2  1 4  

G2 1 2 5 7 20 1 3 40 
G22 3 7 7 2 1  1 1  1 7 
G2 3 0 0 1 0 0 3 
G2 4 0 0 2 0 0 1 
G25 4 2 2 3 1 1  4 
G2 6 4 3 9 4 2 5 
G2 7 M i s si ng M i s s i ng 
G28 0 0 0 0 0 9 
G29 Mi s s i n g  M i s s i ng 
G30 8 9 8 1 4  1 3  2 1  
G3 1 6 4 7 4 4 7 
G32 0 0 0 0 0 ' 3 
G33 2 0 0 7 2 2 
G3 4 4 1 0 1 1  0 2 
G35 _ 6 5 2 12 4 1 8  



APPENDIX 1 1  
Tick Counts  o f  Tre a t ment  GrouE ( Am i t raz 0 .03% , a . i . ,  v/_v ) 
Day 2 7  ( 28 . 12 . 77 )  Da:z: 34 ( 4 . 1 . 78 )  

Tag Le f t  R i gh t  Body Le f t  Right  B o d y  
Numb er  Ear Ear Ear Ear 
G36 1 0 3 2 · o 1 7  
G37 1 2 1 4 4 3 
G38 2 3 6 4 3 5 
G39 7 1 0 5 4 1 5  
G40 2 0 4 1 0 1 4  
G4 1 2 2 0 4 3 1 
G42 0 0 1 4 0 5 
G43 2 3 0 3 3 12  
G44  3 2 0 1 6  0 1 3 
G45 0 1 0 8 5 8 
G46 M i s s i n g  Mi ss i ng 
G47 Mi s s i ng 2 2 7 
G48 1 5 0 6 1 7  8 
G49 0 0 7 9 0 5 
G50 0 0 0 0 1 4 
G5 1 3 0 2 2 1 1 
G52 0 0 2 1 6  4 2 
G53 2 1 7 0 0 1 7  
G54 5 28 38 2 3 25 15  
G55 0 0 8 0 3 8 
G5 6 1 4 0 1 6 1 0  
G5 7 3 1 0 7 1 1 
G58 0 0 6 3 2 1 4  
G59 1 2 2 1 3 0 5 
G60 1 2 9 2 1  1 1 7  
G6 1 0 3 3 23 7 1 5  
G62 0 0 0 10 1 7 
G6 3 1 1 2 0 0 7 
G6 4 0 0 0 2 3 3 
G65 3 1 8 8 5 1 4  
G66 7 7 4 8 1 6 

c' 
G67 2 7 0 18  7 4 
G68 2 3 4 24 1 2 2  
G69 1 0 4 1 1 3 
G79 1 1  7 7 2 4 1 4  
To t a l  1 70 1 79 2 36 506 252 56 1 



APPEN DI X  1 2  
T i ck C ou n t s  o f  Tre a t m e n t  Group ( Am i t raz 0 . 05 , a . i . ,  v/v ) 

Day 0 ( 1 • 1 2  • 77) Day 7 ( 8 • 1 2 . 77 )  

Tag 
Numb e r  

B 1 
B 2 
B 3 
B 4 
B 5 
B 6 
B 7 
B 8 
B 9 
8 10 
8 1 1 
B 1 2  
B 1 3 
8 1 4  

B 15 
8 1 6  
8 1 7, 
B 1 8  
8 1 9  
820 
82 1 
822 
823 
82 4 
825 
826 
82 7 
828 

829 
B30 

83 1 
B32 

B 3 3  
B3 4 
B3 5  

Le f t  R i gh t  Bod y  
Ear Ear 

1 4 2 
1 0 0 
2 3 0 
0 0 1 
6 1 0 
0 1 0 
0 0 0 
0 3 1 
1 1 1 

5 6 0 
0 0 0 
0 2 2 
0 0 0 

6 3 0 

5 0 1 
7 4 1 
0 0 0 
0 0 1 
1 1 1 . 
0 0 4 
0 0 0 

1 6  1 6  2 
1 4 2 
0 0 1 

3 0 0 
10 6 1 0  

0 0 0 
0 0 0 
6 6 0 
0 0 0 
0 
8 
1 
0 

- 1 

1 

3 
0 
1 
2 

0 

3 
0 
1 
4 

, ·  

Le f t  R i g h t  Body 
Ear Ear 

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 

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 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 
M i s s i ng 

0 0 
0 
0 

0 

0 

0 

0 
0 

0 

1 � 6 . 



APPENDIX 1 3  
Day 0 ( 1 . 1 2 . 77)  Da;t 7 ( 8 . 1 2 . 77 )  
Tag Le f t  R i gh t  Bo dy Le f t  R i ght Body 
Numbe r  Ear Ear Ear Ear 
B36 0 0 0 0 0 0 

B3 7  Mi s s i ng 0 No t 0 d i p p e d  
B38 0 3 3 0 0 0 

B39 0 1 9 0 0 0 
B40 1 1 3 0 1 0 
B 4 1  0 0 0 0 0 0 
B42 3 8 5 0 0 0 
B43 2 1 1 0 0 0 
B44  2 10 1 4  0 0 0 
B45 7 15  1 1  0 0 0 
B46 3 2 6 0 0 0 
B47 0 0 1 0 0 0 
B48 0 2 2 0 0 0 
B49 2 1 0 0 0 0 
B50 1 0 0 0 0 0 
B5 1 1 0 0 0 0 0 
B52 7 2 0 0 0 0 
B53 0 0 0 0 0 · o  
B54 1 0 2 0 0 0 
B55 1 0 0 0 0 0 
B56 1 1 0 0 0 0 
B57 2 3 0 0 0 0 
B58 0 0 0 0 0 0 
B59 0 0 2 0 0 0 
B60 1 3 0 0 0 0 
B6 1 0 0 6 0 0 0 
B62 0 3 0 0 0 0 
B63 0 3 3 0 0 0 
B64  2 1 0 0 0 0 
B65 M i ss i ng 0 No t O d i p p e dO 
B66 3 2 1 0 0 0 
B67 1 1 0 0 0 0 
B68 Di e d  

B69 0 0 0 0 0 0 
B70 4 1 3 0 0 0 
To t a l  1 2 6  1 32 1 10 0 1 0 



APPENDIX 1 4  
Ti ck C o u n t s  o f  Tr e a tme n t  Gro up ( Ami traz 0 .05% , a . i . , v/v ) 
Day 1 3  ( 1 4 . 1 2 . 7 7 )  Day 20 ( 2 1 . 1 2 . 77 )  
Tag 
Numb e r  
B 1 
B 2 

B 3 
B 4 

B 5 
B 6 
B 7 
B 8 
B 9 
B 1 0  
B 1 1 

B 1 2  
B 1 3  
B 1 4  

B 1 5  
B 1 6  

B 1 7  
B 18 
B 19 
B20 
B2 1 
B22 
B23 
B2 4 
B25 
B26 

B2 7 

B28 

B29 
B30 

B3 1 

B32 
B33 
B34 

B35 

Le f t  R i gh t  Body 
Ear Ear 

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 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 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 
0 

0 
0 

0 
0 
0 
0 
0 

,; 
0 
0 
0 
0 
0 

Le f t  R i gh t  Body 
Ear Ear 

4 4 1 
0 0 0 

9 3 0 

1 1 2 
1 2  2 0 

3 1 0 
1 0 0 

4 1 2 

0 1 3 

3 1 0 
0 0 1 
6 7 4 
0 1 0 

1 0 1 

5 1 1  0 

9 3 1 

2 0 0 
1 2 0 
3 9 0 

3 1 4 
0 0 6 

2 5  30 10 

1 1 1 
0 1 1 

5 0 0 
1 8  1 3  2 

1 4 1 
0 0 1 

5 1 5  2 
2 1 2 
0 
1 
4 
0 

3 

0 
1 
1 
0 

5 

1 
9 
1 
0 
0 

I V V  e 



APPENDI X  1 5  
T i c k  Counts  of  Tre a t me n t  GrouE ( Ami t raz 0 .05 % ,  a .  i . ,  v /v ) 
Daz 1 3 ( 1 4 . 1 2 . 77 ) Day 20 ( 2 1  • 1 2 .  77 ) 
Tag Le f t  R i g h t  Body Le f t  Ri gh t  Body 
Numb e r  Ear Ear Ear Ear 
B36 0 0 0 1 1 2 
B37 0 N o tO d i p pe dO 1 N o t  Od i p pe d 1  
B38 0 0 1 0 2 0 
B39 0 0 0 0 0 5 
B40 M i s s i ng 3 2 1 
B4 1 0 0 0 0 0 1 
B42 0 0 0 7 1 3  8 
B43 0 0 0 0 0 0 
B44  0 0 0 1 0 0 
B45 0 0 0 2 4 2 
B46 0 0 0 1 1 0 
B47 0 0 0 0 0 0 
B48 0 0 0 M i ss ing 
B49 0 0 0 1 1 3 
B50 0 0 0 2 2 3 
B5 1 0 0 0 1 0 5 
B52 1 0 0 1 2  1 8  1 
B53 0 0 0 1 1 7 
B5 4 0 0 0 2 0 5 
B55 0 0 0 2 0 2 
B56 0 0 0 1 0 7 
B5 7 0 0 0 1 3  8 0 
B58 0 0 0 0 0 1 
B59 0 0 0 2 1 0 
B60 0 0 0 1 0  8 0 
B6 1 0 0 0 1 1 2 
B62 0 0 0 2 1 1 
B63 0 0 0 0 0 0 
B6 4 0 0 0 1 1 1 
B65 0 No t O d i pp e dO 0 No t 1 d i pp e d 4  
B66 0 0 0 2 0 0 
B67 0 0 0 3 6 0 < ,  

B68 

B69 0 0 0 0 6 4 
B?O 0 0 0 4 2 0 
To t al 1 1 1 2 07 199  1 1 7 



1 90 . 

A �PEN DIX 1 6  
T i ck Cou n t s  o f  Tre a t m e n t  GrouE ( Am i t raz 0 .05%, a .  i .  2 

v/v )  
Da;z 2 7  ( 28 . 1 2 . 77) Day 34 ( 4 . 1 . 78 )  

Tag Le f t  R i gh t  Body Le f t  R i g h t  Body 
Numb e r  Ear Ear Ear Ear 
B 1 4 3 1 6 2 1  1 6  

B 2 0 0 0 0 1 4 

B 3 8 1 1  3 2 6  1 4  1 1  

B 4 0 0 4 4 2 1 4  

B 5 6 2 2 1 4 3 
B 6 0 0 1 0 0 10 
B 7 0 3 0 0 0 2 
B 8 5 4 1 1 3 1 7  0 
B 9 5 3 1 2 4  4 3 
B 1 0  1 3 1 2 5  1 6  1 4  
B 1 1 0 0 0 1 1 5 

B 1 2  1 6  1 1  1 1 3  1 6  2 

B 1 3  0 0 2 3 2 1 3 
B 1 4  4 1 1 8 2 1 7  
B 1 5  3 2 1 1 3  1 2  2 
B 1 6  8 0 0 1 4  0 0 

B 1 7  1 0 2 6 2 9 

B 1 8  2 0 1 0 00 4 
B 1 9  5 1 7  4 1 2  9 2 4  
B20 0 0 2 1 0 8 

B2 1 0 0 0 0 0 2 
B22 5 1 42 18 1 4  1 0  1 4  
B23 0 3 2 0 2 5 
B24 0 0 3 1 3 1 9 

B25 4 1 4  0 7 6 0 

B26 4 1 2 10 1 0  1 0  
B27 1 1 2 3 7 1 
B28 1 1 2 0 0 6 

B29 1 9 3 1 1 1 9  6 
B30 3 2 7 1 3  1 7  20 

B3 1 0 0 0 1 0 6 

B32 ,; 0 0 5 9 2 1 7  
B3 3 0 0 0 0 0 1 
B34 0 0 2 1 1 3 

B35 0 1 2 M i ss i ng 



1 9 1 .  

APPENDIX 32 
Ti ck Count s  o f  Tre atment  GrouE ( Ami traz 0 . 05% ,  a . i .  v /v ) 

Da;r 2 7  ( 28 . 1 2 .  77 ) Da:z: 3 4 ( 4 . 1 .  78 ) 

Tag Le f t  R i gh t  Body Le ft Right Body 
Num b e r  Ear Ear Ear Ear 

B36 1 0 2 8 3 10 

B3 7  0 No t Odi p p e dO 1 No t 1 di p p e d5 

B38 0 2 0 3 1 0  6 

B39 1 1 2 4 0 1 2  

B40 2 3 1 5 0 6 

B 4 1  1 0 1 0 0 4 

B42 3 9 3 7 1 6  9 
B43 4 2 3 1 5  2 3 4 
B44 0 0 1 4 2 1 7  
B45 6 8 6 23 1 0  7 
B4 6  0 1 0 1 3 26  1 3 
B4 7 3 1 5 9 4 2 
B48 2 1 2 4 3 1 
B49 0 3 1 3 2 4 
B50 2 2 7 3 3 9 
B5 1 1 1 2 8 5 1 8  
B52 2 3  2 8  4 14  1 0  36 
B53 0 0 3 1 1 1 1  
B5 4 2 0 3 0 0 8 
B55 2 4 3 0 9 1 
B5 6 5 6 8 26 1 4  3 1 
B5 7 22 1 3 1 23 2 1  1 7  
B58 1 0 1 0 0 5 
B59 0 1 1 0 1 6 
B60 8 3 0 1 9 1 4  1 3 
B6 1 0 0 1 0 0 3 
B62 0 0 0 0 0 0 
B63 0 0 3 0 0 2 
B6 4 0 0 0 0 0 4 
B65 6 No t 2 d i pp e d 1 3 3 No t 5dippe d 1 4  
B66 0 0 1 1 0 0 
B6 7 ' 

2 3 0 29 4 7 
B68 

B69 D i e d  - pro lapse d r e c t um 
B70 4 4 0 20 8 4 

To t al  228 2 30 1 4 1  482 389 5 4 1  



APPENDIX 1 8 
T i c k  Count of  Tre a t m e n t  Group ( Supona 0 . 06% , a . i . ,  v/v ) 

Day 0 Day 7 

Tag 
Numbe r 

Or 1 

Or 2 

Or 3 
Or 4 

Or 5 

Or 6 

Or 7 

Or 8 

Or 9 

Or 10 

Or 1 1  

Or 1 2  

O r  1 3 

Or 1 4  

Or 1 5  

O r  1 6  

O r  1 7  

Or 18  

Or 1 9 

Or 20 

Or 2 1  

Or 22 

Or 2 3 

Or 2 4  

Or 25 

Or 2 6  

Or 2 7  

O r  2 8  

Or 29 

Or 30 

Or 3 1 

Or 32 

Or 3 3  

Or 34 

Or 35 

Le f t  R i gh t  Body 
Ear Ear 

0 

0 

3 
2 

0 

2 

1 

0 

1 

M i ss i ng 

0 

0 

3 

7 
0 

0 

0 

4 

1 

1 0 

0 0 

1 3 
0 0 

7 1 0  

0 0 

2 0 

Mi s s i ng 

M i s s i ng 

2 0 

1 2  7 
7 7 
2 

3 
1 

1 

3 

1 

1 

0 

0 

0 

1 

10  

3 

1 

0 

2 

0 

4 

4 

0 

0 

1 

1 

1 

6 

2 

0 

5 

5 
0 

0 

0 

1 4  

1 

0 

4 

1 

1 1  

3 
6 

0 

0 

0 

1 5  

5 

3 

1 4  

0 

2 

1 

0 

2 

0 

0 

0 

1 

9 

3 

Le f t  Righ t  Body  
Ear Ear 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Not  d ip p e d  

0 0 

0 0 

M i s s i ng 

0 0 

0 0 

0 0 

0 0 

Not d i p ped  

Not  d ipped  

0 0 

M i s s i ng 

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 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 92 . 



APPENDIX 1 9  
T i c k Cou n t s  o f  Tre a t me n t  Group ( Supona 0 . 0 6%, a . i . , v/v ) 
Day 0 Day 7 

Tag 
Numb e r  

Or 3 6 

Or3 7 

Or 38 

Or3 9  

Or40 

Or4 1  

Or42 

Or 43 

Or 44 

Or 45 

Or 46 

Or 4 7  

Or48 

Or49 

Or 5 0 

Or5 1 

Or 5 2 

Or 5 3  
Or 5 4  

Or 5 5  

Or 5 6 

Or 5 7  

Or 5 8  

Or 5 9  

Or 60 

Or 6 1  

Or62 

Or6 3 

Or 6 4  

Or 65 

Or6 6  

Or 6 7  

Or 6 8  

Or 6 9 

Or70 

To t a l  

Le f t  R i ght Body 
Ear Ear 

0 0 0 

0 1 0 

2 1 1 

0 1 0 

0 

4 

0 

4 
2 

3 

0 

0 

0 

15  

0 

0 

0 

1 

1 

3 

0 

1 

0 

2 

3 

0 

0 

1 

0 

0 

7 

5 
4 

1 

1 

1 2 7 

2 

3 

0 

1 

2 

5 

0 

2 

0 

1 5 

0 

0 

0 

8 

1 

0 

2 

0 

0 

2 

8 

0 

0 

0 

0 

0 

5 

0 

2 

1 

2 

1 2 8  

0 

3 

0 

4 

1 3 
1 1  

0 

0 

6 

12  

1 

0 

0 

0 

0 

0 

5 

1 

1 

0 

2 

0 

0 

1 

0 

0 

0 

0 

4 

0 

3 

1 73 

Le f t  Righ t Body 
Ear Ear 

0 0 0 

0 0 0 

1 0 0 

0 0 0 

Mi s s i n g  

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 1 

0 0 

0 0 

0 0 

0 0 

M i s s i n g  

0 0 

1 
0 

0 

· o  

2 

0 
0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

5 

1 9 3 -
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APPENDIX 20 
T i c k  C o u n t s  o f  Tre a t me nt Grou p ( Su_eona 0 . 06% ,  a . i . ,  v /v ) 

Day 1 3 ( 1 4 . 1 2 . 7 7 )  Day 20 ( 2 1 . 1 2 . 7 7 )  

Tag Le f t  R i gh t  Body Le f t  R i ght Body 
Numb e r  Ear Ear Ear Ear 
Or 1 0 0 0 0 0 4 
Or 2 0 1 0 2 2 6 

Or 3 0 0 0 4 0 1 2  

Or 4 0 0 0 1 0  5 1 

Or 5 0 0 0 4 6 6 

Or 6 2 0 0 0 1 2 

Or 7 0 0 1 5 1 7 

Or 8 0 0 0 0 0 1 

Or 9 0 0 0 3 1 1 

Or 10 No t d i p p e d  2 6  No t 30 d i p pe d 1 9 

Or 1 1  0 0 0 6 4 3 
Or 12  0 0 2 3 2 6 

Or 1 3 0 0 0 1 0 4 

Or 1 4  0 0 0 1 1 1 0  

Or 1 5  M i s s i n g  1 0  5 1 

Or 1 6  0 0 0 1 7 1 5  

Or 1 7  0 2 1 1 3 3 
Or 1 8  N o t  d i p p e d N o t  d i p p e d  

Or 1 9  No t d i p p e d  N o t  d i pp e d  

Or20 0 0 0 1 2 6 

Or2 1 0 0 0 1 6 1 0  

Or22 0 0 0 5 7 1 

Or2 3 0 0 1 2 1 7 

Or2 4 0 0 0 5 3 1 0  

Or2 5  0 0 0 1 1 3 
Or2 6 0 0 0 0 0 5 

Or2 7  0 0 1 1 1  7 3 1 

Or2 8  0 0 0 2 0 4 

Or29 0 1 0 4 7 7 
Or30 0 0 0 2 6 1 0  

Or 3 1 0 0 0 2 0 2 1  

Or 32 1 1 0 0 3 5 

Or33 0 0 1 0 0 4 

Or 34 2 0 0 9 4 1 5  

Or 35 0 0 0 Mi s s i n g  
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APPEN D IX 2 1 
T i c k  Cou n t s  o f  Treatment  Gr ouE ( SuEo na 0 . 06% . a .  i • •  

v l_v ) 
Dal_ 1 3 Dal_ 20 
Tag Le f t  Right  Body Le f t  Right Body 
Numb e r  Ear Ear Ear Ear 
Or3 6 0 0 1 2 0 0 
Or3 7 0 1 0 · o 0 0 
Or 38 0 0 0 5 1 1 
Or3 9  0 0 0 3 4 3 
Or40 1 0 0 3 3 0 
Or 4 1  0 0 0 0 2 1 
Or 4 2  0 1 0 5 4 1 4  
Or 4 3 1 2 0 5 1 2 
Or 44 0 1 1 9 7 20 
Or 45 0 1 0 6 6 35 
Or 4 6  0 0 0 1 0 1 2 
Or 47 1 0 0 1 1 9 
Or48 0 0 1 0 0 1 0  
Or 49 1 0 0 7 4 9 
Or 50 0 0 0 3 1 8 
Or5 1 0 0 0 1 2 2 

< Or 52 0 0 0 0 0 4 
Or 5 3 0 0 0 5 1 5 
Or 5 4  0 0 0 2 0 1 
Or 55  0 0 2 5 5 5 
Or 5 6  0 0 0 3 5 3 
Or 5 7  0 0 0 1 7 1 4  
Or 58 0 0 0 0 0 6 
Or 59 0 0 0 4 3 3 
Or60 1 0 0 5 7 4 
Or 6 1  0 0 0 0 1 0 
Or 6 2  1 0 0 2 0 5 
Or 6 3 0 0 1 4 1 1 
Or6 4 0 0 1 0 0 4 
Or 65 0 0 0 1 0 9 
Or66 0 2 0 12 16 35 
Or6 7 0 0 0 

c; 
4 2 4 

Or 68 0 1 0 1 1 5 
Or69 0 0 0 4 2 6 
Or 70 1 0 1 0 0 1 0  
T o tal 12 1 4  1 5  200 1 72 4 7 1  
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APPENDIX 22 
T i ck Cou n t s  o f  Treat me n t  GrouE ( SuEo na 0 .06% , a . i . ,  v /v ) 
Da;y: 2 7  ( 28 . 1 2 . 77 )  Da:z: 34 ( 4 . 1 . 78 )  
Tag Le f t  R i gh t  Body Le ft R i gh t  Bo d y  
Number  Ear Ear Ear Ear 
Or 1 0 0 2 0 0 4 
Or 2 2 1 0 2 1 1 1  
Or 3 7 2 3 1 0  3 1 0  
Or 4 1 0 0 1 4 8 
Or 5 1 0 3 6 1 3 7 
Or 6 1 0 3 0 0 0 
Or 7 2 3 0 4 2 4 
Or 8 2 2 0 10 0 1 
Or 9 2 0 0 3 0 3 
Or 1 0  6 N o t 1 8 d i p p e d 2 4  4 N o t  O d i p pe d 1 6 
Or 1 1  3 4 2 0 1 5 
Or 1 2  1 0 4 2 0 7 
Or 1 3 0 1 6 0 3 1 
Or 1 4  1 1 3 2 0 1 2  
Or 1 5  6 5 2 33 8 1 6  
Or 1 6  1 2 4 1 3 5 1 0  
Or 1 7  1 1 0 3 0 2 
Or 1 8  No t d i p p e d  N o t  d i ppe d 
Or 1 9  No t d i p p e d  N o t  d i pp e d  
Or2 0  0 0 2 0 5 0 
Or2 1  0 1 4 M i s s i ng 
Or2 2  4 4 2 8 7 9 
Or2 3 2 1 0 1 2 3 
Or2 4  0 0 1 2 0 5 
Or2 5  0 0 1 2 1 3 
Or 2 6  0 0 4 0 0 1 
Or2 7 4 2 1 6  6 6 9 
Or28 2 0 0 8 5 1 
Or2 9  1 4 0 4 2 3 
Or30 2 3 2 2 6 1 1 
Or 3 1 0 2 3 9 8 7 
Or 32 2 1 2 2 8 0 ,_. 

Or 33 1 3 1 0 1 3 
Or 3 4 8 0 0 50 2 6  8 

Or35 5 4 0 6 4 1 1  
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APPENDIX 22 
Ti ck Cou n t s  o f  Tre a tme n t  GrouE ( SuEona 0 . 06% , a .  i . ,  v/v ) 
Dal 2 7  ( 28 . 1 2 .  7 7 )  Day 3 4 ( 4 . 1 . 7 8 )  

Tag ie f t  R i ght Body Le ft  R i gh t  B o d y  
Number Ear Ear Ear Ear 

Or 3 6 1 1 2 2 3 4 

Or3 7 1 0 0 0 0 1 

Or 38 5 3 4 4 6 2 

Or 39 1 1 1 3 2 1 

Or 4o 1 7 3 30 1 4  1 0  

Or 4 1  2 2 1 5 9 7 

Or 42 2 0 2 2 2 4 

Or 43 3 4 1 7 4 1 3 

Or 44 1 3 1 1  0 0 1 4  

Or 45 1 1  10  1 12  1 1  1 2  
Or 46 1 1 2 0 2 1 2  

Or47 0 0 0 3 1 1 7  
Or 48 1 2 1 0 3 6 

Or 49 4 5 8 15  1 2  1 1  

Or 50 0 0 4 0 0 8 

Or 5 1  3 0 1 1 2 6 

Or 52 0 0 0 1 0 3 
Or 53 1 1 0 4 2 1 

Or 54 1 0 3 1 0 1 

Or 5 5  0 3 1 1  2 6 1 7  

Or 5 6 1 0 0 2 5 6 

Or 5 7  0 0 4 0 0 3 

Or 58 2 0 8 3 0 1 4  

Or 59 2 4 0 2 7 4 

Or60 3 9 4 8 1 2  1 0  

Or6 1  0 1 0 0 1 3 

Or62 1 1 3 1 1 5 
Or 63 4 1 1 3 1 7 
Or 6 4  1 1 4 2 3 8 

Or 65 0 0 8 1 2 1 3 
Or 66 9 1 5  9 1 3 22  1 6  

< ;  
Or 67 5 2 2 7 4 2 
Or 68 1 0 1 0 0 3 
Or69 2 1 1 2 0 1 0  

Or 70 - 0 2 3 7 1 1 1  

To tal 1 32 1 2 7  1 74 3 32 259 440 



APPENDIX 2 4  
T i ck Coun t s  o f  Control Group s  

Day 0 ( 1 . 1 2 . 77 )  

Tag 
Numb e r  

w 1 

w 2 

w 3 

w 4 

w 5 

w 6 

w 7 

w 8 

w 9 
W 1 0  

W 1 1 

W 1 2  

W 1 3  

W 1 4 

W 15 

W 1 6  

W 1 7  

W 1 8  

W 1 9  

W20 

W2 1 

W22 

W23 

W2 4 

W25 

W2 6 

W2 7 

W28 

W29 

W30 

W3 1 

W32 

W33 

W3 4 

W35 

Le f t  R i gh t  Bo d y  
Ear Ear 

4 5 5 

1 0 1 

0 4 0 

0 0 0 

1 0 0 

2 1 5 
1 0 3 
1 1 1 

3 2 1 

0 0 0 

0 0 3 

2 

4 

2 

6 

0 

0 

3 

1 

8 

1 

0 

0 

2 

3 

1 

2 

1 

0 

1 

2 

0 

0 

2 

0 

1 

4 

0 

3 

0 

· 1  

0 

2 

3 

0 

0 

0 

2 

2 

0 

8 

0 

1 

5 
1 

1 

0 

2 

0 

2 

4 

0 

6 

2 

0 

6 

1 

1 

1 

0 

6 

2 

1 

0 

2 

0 

0 

0 

8 

3 
0 

2 

1 

Day 7 ( 8 . 1 2 . 77 )  

Le f t  Ri ght  Bo d y  
Ear Ear 

1 1 0 

0 0 3 

1 0 2 

0 0 0 

1 0 0 

0 0 0 
0 0 1 

0 0 2 

0 0 1 

2 0 0 

0 1 0 

0 1 

2 2 

M i s s i ng 

0 1 

0 0 

0 0 

0 0 

1 1 

0 0 

0 0 

2 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

1 1 

0 0 

0 0 

0 0 

2 0 

0 0 

0 

1 

1 

0 

0 

0 

1 

2 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

1 98 . 
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APPENDIX 2� 
T i c k  Coun t s  o f  Co n t r o l  Group 
Da;t: 0 ( 1 1 . 1 2 . 77 )  Da;t: 7 ( 8 . 1 2 . 77 )  
Tag Le f t  R i ght Bo d y  Le ft  R i gh t  Body 
Numb er Ear Ear Ear Ear 

W36 0 1 0 0 0 5 
W37 8 3 4 0 0 0 
W38 3 1 2 0 0 1 
W39 1 4 1 0 0 1 
w4o 2 1 0 1 0 0 
W4 1 0 0 0 0 0 2 
W42 0 0 1 0 0 0 
w43 2 3 4 0 0 2 

W44 1 1 1 0 0 3 
W45 8 5 0 2 1 1 
w46 1 0 0 0 0 0 

W4 7 3 2 3 1 1 0 
w48 1 0 0 1 0 0 
W49 0 2 1 1 0 3 
W50 3 10  9 0 3 1 
W5 1 0 0 0 0 0 0 
W52 0 0 0 0 0 0 
W53 0 0 1 0 0 0 
W54 0 0 0 0 0 0 
W55 2 1 2  2 4 3 4 
W5 6 1 2 0 0 0 0 
W5 7 2 1 7 0 0 4 
W58 3 1 0 0 0 1 
W59 2 2 8 2 0 1 
w6o 0 0 1 2 1 0 
W6 1 3 5 0 1 1 0 
W62 0 1 0 0 0 0 
W63 4 0 7 1 1 0 
w64 2 2 1 4  1 0 0 
W65 7 6 3 0 0 2 
w66 4 4 1 2 2 0 
W67 1 0 2 <._' 0 0 0 
w68 6 5 2 M i s s i ng 
\v69 0 1 2 0 0 0 
W70 3 1 3 0 0 0 
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A PP ENDIX 2 6  
T i c k  Cou n t s  o f  Control Group 

Da;t: 0 ( 1 . 1 2 . 77 ) Da;t: 7 ( 8 . 1 2 . 77 )  

Tag Le f t  Righ t  Body Le f t  R i g h t  Body 
Num b e r  Ear Ear Ear Ear 

W 7 1  2 1 0 0 0 0 

'fl72 3 0 1 0 0 0 

W73 1 1  1 1  42 3 2 0 

W74 2 5 3 0 0 2 

W75 0 0 0 0 0 0 

\06 0 1 0 0 0 0 

W77 0 1 0 0 0 0 

W78 0 0 2 1 1 1 

W79 1 2 0 0 1 0 

w8o 0 1 3 0 0 0 

W8 1 1 3 0 2 0 1 

w82 1 3 0 0 0 0 

W8 3 M i s s i ng 2 0 3 

w84 2 1 4 0 0 4 

W85 0 0 0 0 0 0 

H86 0 4 0 0 0 0 

W8 7 0 0 0 0 0 2 

w88 1 1 2 0 0 0 

W89 0 2 1 0 0 0 

W90 0 3 1 0 0 1 

W9 1 Mi s s i ng 0 0 2 

W92 3 0 0 0 0 0 

W93 0 0 0 0 0 0 

W9 4 1 0 0 0 0 0 

W95 0 1 0 1 0 0 

\'19 6  0 0 0 0 0 0 
W97  0 2 9 0 0 2 
W98 1 0 0 0 0 2 
W99 3 1 0 0 0 0 
\v 100 3 1 0 0 0 0 
To tal 159 1 69 2 1 4  4 1. 2 6  6 9  

< 



APPEND I X  22 
T i ck Cou n t s  o f  Control  

Dal 1 3  ( 1 4 . 1 2 . 77 )  

Tag Le f t  R i ght 
Num b e r  Ear Ear 

w 1 1 1 
w 2 1 0 

w 3 2 0 
'" 4 0 0 

\i 5 0 0 
w 6 1 0 

'·" 7 0 0 
w 8 0 0 
w 9 0 0 
W 1 0 0 0 
W 1 1 0 0 
W 1 2  2 1 
W 1 3  2 2 
W 1 4  0 0 
W 1 5  0 0 
W 1 6  0 0 
W 1 7  0 1 
\" 1 8  0 0 
W 1 9  1 1 
W20 1 2 
W2 1 0 0 

W22 1 0 
W23 0 0 

W24 0 0 
W25 0 1 

W26 0 0 

W27 1 0 
\o/2 8  1 0 
W29 1 2 
W30 0 0 
W3 1 0 2 
W32 0 0 
'w3 3  0 0 

W34 0 0 

W35 - 0 0 

Group 

Body 

1 
0 

2 
0 
0 

1 
0 

1 
2 
0 
0 
1 
2 
0 
2 
0 
0 

0 

3 
0 
0 

0 
0 

1 
2 
0 

1 
0 
0 
2 
0 
1 
0 

1 
0 

20 1 . 

Day 20 ( 2 1 . 1 2 . 77 )  
Le f t  R i g h t  Body 
Ear Ear 

30 30 3 4 

3 1 20 

0 0 2 6  
2 0 2 

1 1  6 1 6  

3 1 1 7  
3 1 2 7  

3 5 33 
0 3 2 7  
1 0 4 

3 4 28 

15  20  !+O 

5 9 2 1  
1 2  . 1 29 
15 1 8  7 1  

8 3 7 
3 0 7 
3 5 1 1  

2 1  1 8  2 3  
7 1 5  42 
5 5 25  

4 5 2 6  
2 1 48 
2 6 22  

1 7  9 29  

1 1 6 

2 1 3 1  

0 1 3 
3 6 1 3  
7 1 1  6 

30 1 2  22  
0 3 18  

1 4 8 
4 7 1 3  
9 6 1 3  
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A PPEND IX 28 
T i ck C o u n t s  o f  Co n t rol Group 
Da;z: 1 3  ( 1 4 . 1 2 . 77 )  Day 2 0  ( 2 1 . 1 2 . 77 )  
Tag Le f t  R i gh t  B o d y  Le f t  R i ght Body 
Numb e r  Ear Ear Ear Ear 
W36 0 0 0 2 3  3 5 1  
W37 1 1 0 1 3 10 19  
W38 0 0 0 2 9 33  
W39 0 1 0 1 0 1 7  
w4o 1 0 0 2 3 46 
W 4 1  0 0 0 3 1 2 1  
W42 0 0 1 1 0 1 5  
W43 1 0 1 1 2  6 30 
w44 0 0 2 5 1 1 7  
W45 0 0 0 20 15 2 5  
W46 0 0 1 1 0  7 35 
W47 0 1 0 20 20 25 
w48 0 0 0 0 0 45 
v/49 1 0 0 7 10 40 
W50 1 1 0 7 1 3  48 
W5 1 0 1 3 1 5 25 
W52 0 0 0 1 2 1 8  
W53 0 0 0 6 1 38 
W54 0 0 0 6 3 1 9  
W55 1 1 1 26  27 57 
W56 1 0 0 6 5 1 5  
W57 0 0 1 30 1 2  40 
W58 1 0 1 2 7 1 1  
W59 0 0 0 7 4 38 
w6o 0 0 0 2 3 6 
W6 1 0 1 1 9 2 15 
W62 0 1 0 2 2 1 3  
W63 1 1 0 8 12  20 
w64 0 0 1 8 3 1 4  
W65 0 2 1 30 15 20 
w66 1 0 0 2 3  20 40 
\i67 0 0 o '"' 10 9 1 0  
\v68 M i s s i ng Mi s s i ng 
W69 0 0 0 1 2 25 
vi?O 1 0 0 6 5 1 9  
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APPEND I X  29 
Tick Counts  of C o n t r o l  G r o up 

Day 1 3  ( 1 4 . 1 2 . 77 )  Da� 20 ( 2 1 . 1 2 . 77 )  
Tag Le ft  R i gh t  B o d y  Le f t  Right B o d y  
Numb e r  Ear Ear Ear Ear 

w 7 1  0 0 0 2 0 1 7  
w 72 0 1 0 3 8 1 5  
w 73 1 0 1 23 28 78 

w 74 1 0 1 1 8  1 1  2 2  

w 75 0 0 0 0 0 1 1  
w 76 1 0 0 1 1 1 
w 77 0 0 2 9 7 2 0  
\'I 78 0 0 0 5 3 1 6  
w 79 0 0 1 1 2  1 0  2 3  
w 80 0 0 0 1 0 1 7  
vi 8 1  0 0 0 1 6  1 0  2 2 
w 82  1 0 2 6 4 32 
w 8 3 M i s s i n g  9 4 3 1  
w 8 4  0 0 1 8 9 48 
w 85 Mi s s in g 0 1 1 5  
w 8 6  1 0 0 1 1  15  1 3  
w 8 7  0 0 1 0 2 6 

w 88  0 0 1 1 0 3 7  
w 89 0 0 0 1 1 30 . 
\'1 90 1 0 0 6 0 2 0  
w 9 1  0 1 2 9 7 47 
w 92 0 0 1 7 5 1 6  
w 9 3  1 0 0 8 0 1 4  
w 9 4 0 0 1 5 3 1 1  
w 95 0 0 0 6 8 1 0  

w 9 6  0 0 1 6 1 1  6 7  
w 9 7  0 2 2 19 15 70 
W· 98  1 0 1 4 3 30 
w 99 0 0 1 4 2 38 
W 100 0 0 0 10  1 7 
To t al 34 28  5 6  755 624 2 462 
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APPENDI X  30 
Ti ck C o u n t s  of Control  Group 

Dal 2 7  ( 28 . 1 2 . 77 )  Day 3 4  ( 4 . 1 . 78 )  
Tag Le f t  R i ght Body Le f t  R i gh t  B o d y  
Numb e r  Ear Ear Ear Ear 

w 1 1 3  6 1 4  1 3  1 1  1 3  
w 2 2 4 10 1 0 10 

w 3 3 2 7 2 0 1 5  

w 4 0 2 9 0 0 6 

w 5 2 1 9 5 9 1 0  

VI 6 3 2 4 5 1 10 

w 7 3 0 9 2 2 1 5  
w 8 7 3 8 5 1 1 2  
w 9 2 1 6 6 2 1 2  

W 1 0  0 0 2 0 3 5 
W 1 1 6 6 2 3 1 5  2 1  12  
W 1 2  1 2  1 3  3 3  2 5  1 2  3 1 
W 1 3  1 6  7 8 1 5  5 7 

W 1 4  1 4  0 1 5  1 4  4 1 6  
W 1 5  2 3 32 6 2 6 
W 1 6  4 1 7 M i s s i ng 

W 1 7  2 3 6 5 6 8 

W 1 8  6 2 5 1 2  4 4 

W 1 9  6 7 2 1 1  1 4  10 
W20 �1 i ss i ng 1 3 1 0  
W2 1 2 0 1 0 0 8 

W22 7 1 2 3 0 1 5  

W23 0 0 1 2  1 1 2 3  

W24 1 6 44 1 4 1 1  

W25 1 4  4 1 1  15  2 6 

W26 1 1 0 1 3 6 

W2 7 2 3 38 4 3 7 

v/28 0 1 2 4 0 2 

W29 1 4 0 2 3 3 

h'30 M i s s in g 8 1 1  6 

W3 1 1 4  9 1 7  1 4  5 1 8  

W32 
< ,  

3 3 6 3 2 8 

W3 3  1 1 1 0  1 0 8 

W3 4 1 1 9 8 24  6 1 3  

W35 1 6 1 7  2 7  2 6  3 3  
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APPEN DI X  3 1.  
T i c k  C o u n t s  o f  Co n t r o l  Gr oup 

Day 2 7  ( 28 . 1 2 . 77 )  Day 34 ( 4 . 1 . 78 )  
. Tag Le f t  R i gh t  B o d y  Le f t  Ri !;h t  B o d y  

, >  
Num b e r  Ear Ea r Ear Ear 
W36 1 2  9 6 9 6 1 7  

\t/37 M i s s i n g 1 3 8 5 

H38 8 1 0  7 1 3  6 9 

\-139 2 3 2 2  1 3  2 1 6  
\�40 0 3 2 1  1 6  9 1 0  
W4 1 1 1 4 1 3 5 
W42 Mi s s i n g  5 0 1 0  
W43 0 1 6 6 4 1 7  
w44 4 2 7 1 1 1 5  
W45 2 7  30 7 1 7  25 1 7  
w46 7 2 2 1 4  5 1 9  
W47 4 3 2 7  1 7  1 1  36  
w48 3 6 5 2 0 2 4  
W49 3 3 4 3 6 1 7  
W50 3 7 9 4 6 1 5  
W5 1 1 4 9 1 1 3 
W52 Mi s s i ng 3 0 5 
W53 0 0 1 7  1 0 1 6  
W54 5 5 6 0 5 8 
W55 1 9  2 1  1 7  10 7 7 
W56 3 2 3 0 0 4 
W57 1 7 7 23 6 3 2 0  
W58 1 3 7 1 2  3 1 3  
W59 5 3 2 1  7 1 1 7  
w6o 1 2 6 2 2 1 1  
W6 1 1 2 6 5 4 1 8  
W62 3 7 2 9 8 1 0  
W63 6 3 2 6 3 5 
w64 1 4  1 3 22 7 8 25 
W65 1 9  8 20 1 6  1 3 1 2  
w66 6 6 1 1  1 5  1 6  1 7  
W67 4 1 7 3 5 8 
w68 Mi s s i ng Mi ssi ng 
W69 2 1 1 7  5 3 7 
W70 1 0  9 0 Mi s s i n g  
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APPEND IX 32 
Tick Cou n t s  of  Co n t r o l  Gr oup 

Daz 2 7  ( 28 . 12 . 77 )  Da;L 34 ( 4 .  1 .  78 )  
Tag Le f t  R i ght B o d y  Le f t  R i g h t  B o d y  
Number Ear Ear Ear Ear 

w 7 1  0 0 3 0 0 1 2  
w 72 4 3 1 0 5 6 
w 73 32 2 7  8 3  35 40 4 6  

w 74 10 1 4  35 3 7 1 4  
w 75 0 0 0 1 1 2 
w 76 1 2 3 0 0 8 
w 77 3 1 7 4 0 2 
w 78 5 1 2 3  2 0 9 
w 79 4 1 2  20 2 3 28  9 
w 80 0 2 0 3 0 5 
w 8 1  10  4 7 1 7  7 2 1  
w 82 3 1 7  1 3  3 1 2  1 3  
w 8 3  1 1 28  0 0 4 
w 8 4  5 5 22  8 8 2 7 
w 85 2 3 8 4 4 9 
w 86 2 4 5 2 6 2 4  
w 8 7  0 1 1 4  2 0 2 

w 88 0 0 1 4  0 1 3 
w 89 0 1 2 0 0 1 0  
w 90 1 1 9 3 5 9 
w 9 1  2 1 9 4 0 1 1  
w 92 M i s s i ng 15 9 5 
w 93 0 1 6 7 1 2 
w 94 0 0 1 2  2 1 1 1  
w 95 10 5 4 6 2 2 

w 9 6  M i s s i n g  9 1 6  3 1  
w 9 7  6 1 3  2 7 M i s s i ng 

w 98 0 0 5 0 1 5 

w 9 9  3 3 6 12  5 4 
\-/ 100 5 0 6 1 6  0 7 

(; To t al 46 1 4 1 0  1072 674 493 1 1 30 



Appe ndi x  33 

Anae m i a and dea ths i n  Re d De e r  ( Ce rvus  e l aphus ) asso c i a t e d  w i t h  

he avy i nf e s t a t i o n s  o f  Hae maphysal i s  lonei c or n i s .  

33 . 1  I n t roduc t i o n .  

� e r  s ho t  i n  t he Whaka t ane R i v e r  Val l e y  a r e a  Eas t o f  Whaka t ane 

in t he North Isl an d  of  New Zealand have b e e n  r e p o r t e d  as 

carryi ng heavy i nf e s ta t i on s  of H .  long i c o rni s ( Newbo l d , 1 963 ) . 
The au t ho r  s t a t e d  t h a t  3 spe c i e s  of  C e r v i dae , Sambar 

2 0 7 . 

( C . u n i c o l or ) , Ru s a  ( C .  t i mo r i e ns i s )  and R e d  Deer were p l e n t i fu l  

i n  the area and b y  i nfe r e nce i t  i s  assume d a l l  3 spe c i e s  of  

deer  c ar r i e d  t i ck s . The same ar t i c le i n d i c a t e d  t hat  the de e r , 

de sp i t e  carryi ng l ar ge numb e r s  of t i cks , were i n  good 

condi t i on . It has also b e e n  sugge s t e d  t h a t  more t han 50 t i cks  

p e r  ve l v e t an t le r  di d  no t appear t o  al t e r  t he ge ne ral 

cond i t i on of Re d De e r  a l t hough hae moglob i n  conce n t ra t i o ns wer e  

ob serve d  to be i n  a lower range ( 9 . 6  - 1 4 . 0 g/d l )  t han norm a l  

( 1 2 . 4 - 1 9 . 0  g/d l )  ( Wi l s o n , 1 9 79 ) . 

33 . 2  H i s t ory .  

O n  a 30 he c t are  d e e r  farm i n  the W a i r o a  Coun t y , 3 young fawns 

d i e d  5 days af t e r  the onse t of  calving i n  De c e mb e r  1 9 79 . 
The s e  d e aths were n o t i nve s t i g a t e d . Dur i ng the ne x t  8 t o  15  
days , 30 fawns , 3 m a t ure hi n d s  and one s t ag d i e d . Some of 

these animals wer e  e xami n e d  and a l l  had heavy i n f e s t a t i o ns o f  

H .  l o n g i corni s .  N o  ne crop s i e s  were p e r f orm e d  b u t  based  o n  t he 

anae m i a observed c l i ni c a l l y , i t  was a s sumed t h a t  d e a ths were 

from b l o o d  loss c a u s e d  b y  t he  t i cks ( D . H .  Mossman , pers . comm . )  

Two fawns that had d i e d  1 5  days a f t e r  b i r t h  were e x a m i n e d  b y  

myse l f  th e  day af t e r  d e a t h . The se fawn� : had b e e n  s t ore d i n  a 

deep  f re e ze so ne c r ops i e s  were not  per forme d and no sample s 

were c o l le c t e d  for hi s t o p a t hol ogy . 
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Ti cks w e r e  s t i l l  a t t ached t o  t he animals and t h e r e  were  
ap p r o x i ma t e ly 1 60 adu l t  t i ck s  per  e ar . B ase d on she e p  coun t s  
thi s c o u l d  re pre s e n t  ab out  8 00 t i cks  p e r  ani ma l . A t  t h i s  v i s i t , 
blood sa� p l e s  we r e  c o l le c t e d  f r om 4 l i ve fawns . 

33 - 3  F i ndings . 

The d e a d  f awns a l l  showe d  s i g n s  of anaemi a  v i z . whi te  mu c o u s  
membrane s o f  the mout h s  a n d  c o nj u nc t i vae . T h e  r e s u l t of  
hae ma t o lo g i c a l  e x am i na t i on of b lo o d  samp l e s  from t he 4 fawns 
i s  shown i n  Tab l e  10 . 1 . For c ompar i s o n  t he "normal range " o f  
b lood  v a l u e s  for R e d  D e e r  i s  s h o w n  i n  Tab le  33 . 2 . 

Tab l e  3 3 . 1  

Haema t o l ogi c al  e x am i na t i o n  of  4 fawns . 

Fawn 1 Fawn 2 Fawn 3 F awn 4 

Haemo g l o b i n  g/d l  5 . 4 5 - 7 5 . 8 1 5 .0 
1 2  Er y t hr o c y t e s  X 1 0  /l 3 . 72 3 - 33 3 . 1 5 8 . 43 

HaE7a t o cr i t l/l 0 . 1 8 0 . 1 6 0 . 1 8 0 . 4 1 
H . C . H . C .  g/d l  30 . 0  35 . 6 35 . 2  3 6 . 5 

H . C . V .  f l  48 . 4 48 . 0  5 7 . 0  48 . 6 

N . C . H .  p g  1 4 . 5  1 7 . 1 1 8 . 4 1 7 . 8 

On c l i n i c al e xam i na t i o n  Fawn 4 ap p e a r e d  he a v i e r  t h a n  t he o t he r s  
wi t h  norma l  c o l o u r  of t h e  mu c o u s  memb ra ne s . The s e  a n i m a l s  had 
b e e n  t r e a t e d  wi t h  c oumaphos so i t  was n o t  p o s s i b l e  to re la t e  
t i ck c o u n t s  t o  t h e  haem a t o l ogy . 
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Tab le  3 3 . 2  

Normal va lue s for c e l lul ar c on s i t u e n t s  o f  Re d De e r . 

Chapman ( 1 9 77 ) M c A l lum (pe r s . 
c o:nm . ) 

He  an Range He an  S . E .  

Haemog l o b i n  g/d l  1 6 . 2  1 2 . 4 - 20 . 6 1 7 . 1 2  + 0 . 1 4 

Ery t hr o c y t e s  x 1 0 1 2/l 1 1 . 3 7 . 1  - 1 6 . 5  
Haema t o c r i t 1/l 0 . 45 0 . 3 3  - 0 . 5 5  0 . 4 77 + 0 . 00 4 

-

M . C . H . C .  g/dl  3 6 36 . 1 1  + 0 . 3 7 
-

M . C . V .  f l  40 
M . C . H .  p g  1 4 

Age 1 m - 2 yr o l d  9 m - 1 8 m 

Numb e r  o f  samp l e s  1 60 1 10 

33 . 4 Di s c u s s i on . 

The anae m i a  ob ser v e d  was ma c ro c y t i c . Mo s t  macro c y t i c  ana e m i a s  
are trans i t ory ; t h e y  are c ommonly se e n  i n  ani ma l s  recov e r i ng 
from a n  a c u te b l o o d  l o s s . I t  i s  sai d  t o  r e f l e c t  an a c t ive  phase 
o f  e r y t hrocyt e  r e g e n e ra t i on  ( C o le s ,  1 96 7 ) . 

A s  ne c r op s i e s  were  n o t  perf ormed on  any o f  the d e a d  animals t he 
p o s s ib l e  role o f  o t h e r  age n t s  mu s t  rema i n  unc e r t ai n .  Howeve r , 
i n  v i e w  o f  the youn g  age o f  the  animals , i nt e s t i na l  paras i t i sm 
as a c au se o f  t h e  �naemi a ,  c a n  be ruled  o u t . The d e a t h s  
c o i n c i d e d  wi t h  t h e  approx i ma t e  peak o f  a d u l t  t i ck numb e r s  f o r  
t h e  d i s tr i c t . A l t h o ugh t h e  e v i dence i s  o nly  c i r cu m� t a n t i a l , 
i t  s e e m s  l ike ly t ha t  t i cks  were the  maj o r , i f  no t t he sole 
cause of the dea t h s  of the d e e r  calv e s  a n d  pe rhap s of the 
adul t s . 

The f i nanc ial l o s s  f rom t h e  d e a ths was e s t i m a t e d , o n  t he bas i s  
o f  p r i c e s  paid f o r  d e e r  i n  1 9 79 , t o  b e  $ 28 , 000 . 



The d e e r  farm i n  que s ti o n h ad  bee n  opera t i ng for 6 ye ar s . The 
manage r had d e l i ber a t e ly ke p t  t he prope r t y  u nder-s t o cked  s o  

2 1 0 .  

t ha t  hay and/o r  c o n c e nt r a t e s  were n o t  re q u i r e d  f o r  supp l e m e n t ary 
fe e d i ng o f  the d e e r  duri ng the w i n te r . Ov e r  the  previ o u s  
6 years , t i ck s  h a d  b e e n  s e e n  o n  d e e r  b u t  o n l y  i n  low numb e r s . 
The p a s t ure  had ne ve r  b e e n  gr aze d heav i ly b y  c a t t le or she e p . 

I t  i s  p o s s i b l e  t ha t  t i ck numb e r s  had i ncre a s e d  o n  the farm 
b e c au se of i ns u f f i c i e n t  gra z i ng p r e s sure . The b lackb e rr y  and 
l ong p ast ure pre s e n t  provi de d  i de al cond i t i o n s  for t i ck 
sur v i val . Re d De er and o t h er  s t o ck gra z i n g  i mme d i a t e ly ad j ace n t  
t o  t h e  farm i n  q ue s t i on w e r e  repor t e d  t o  b e  c arryi ng o n l y  l o w  
numb e r s  o f  t i cks . O n  t h i s  a d j ace n t  area , pa s t ure was muc h  
shor t e r . 

The re  are d e e r  farms i n  o t her are as o f  t he N o r t h  Island o n  
Ne w Z e aland where c o nd i t i on s  are sui t ab le for t i ck surv i v al . 
I t  w ou ld  be  prud e n t  t o  e nsure t h a t  pas t ure s are grazed  
ade q u a t e l y  to  make cond i t i o ns less  su i t a b l e  for  t i ck surv i v a l  
so t ha t  t i ck numb e r s  do  no t b u i ld up . Peak adu l t  t i ck 
a c t i v i t y c o i n c i de s  w i t h  c a l v i ng whe n animals are usual ly  le f t  
unsuperv i se d  and i t  i s  d i f f i c u l t t o  hand le and t r e a t  animals 
a t  t h i s  t i me . 
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