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ABSTRACT 

This the sis records in part I studies  on th e e c ology of the fre e 
living stage s  of Cooperia curt icei , b oth under c ont roll e d  and natural 
c onditi ons . 

At  cons t ant t empe ratures  free  living stages develop ed throughout 
0 the temperature range of 1 0-37 c. At all t emperatures each larval stage 

occ upied th e s ame  p r op ortion of the to tal developmental time t o  reach 
the infec tive stage . The  relati onship be tween  the  rate of deve l opment 
in l og days and t emperature wa s  found to  be linear . Under natural 

c onditions the rate of development was most  strongly c orrelated with 
m e an maximum air t emperat ure and was not significantly d ifferent to  that 

obs erved under controlle d conditions . When  faecal cultures  were kept at  
10° C, 27°C and 37°C a higher prop ortion  of  eggs c ompl e t e d  d evel opment 

t o  the inf e c tive s t age at  27°C than at the  o ther t e mperatures .  Unde r  

natural c o nditions t h e  percent age rec overy was influenc e d  b y  weather 
c onditions particularly rainfall . 

Submergenc e of  the free living stages in wate r  inhibited  their 
further developme nt . First  and s e c ond stage larvae survive d  longest  at 
t emperatures  b e tween 5°C and 1 5°C but for a much-shorter time than in

fectiv e  l arvae . Between the extreme s of -6 and 52°C, the long e s t  s ur
vival of  inf e ctive larvae was 3 1 2  days at 1 0°C. 

Techniques are described for th e rec overy of Cooperia c urticei  
larvae from sample units  of  pasture, soil  and faec al p ellet s .  Unde r  
natural conditions the maximum survival of larvae from monthly experi

ments range d  from 9 - 2 6  weeks . Naximum survival was particularly 
influenced by t emperature . Infe c tive larvae survived through th e 
winter . There was an exp onential r elationship b e t ween  the perc entage 
survival and percentage of larvae recovered from the herbage . Vertical 
migration of larvae appear ed to b e  primarily affe cted  by rainfall and 

evaporation . 

It  is c onclude d  that infec tive larvae of Cooperia cur t ic ei 

are available to  grazing sheep throughout the year . The oret ic al ly 

the nemato d e  can c o mp le t e  from 9 - 1 1  generations in each year . 
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Part II of this the sis r e c ords experiments on the relationshi p  

b etween Cooperia c urt i c e i  and the h os t  sheep . 

Experiments carri ed  out in � and in vitro d emonstrated that 

infe c t iv e  larvae o f  C . cur t i c e i  exshe ath under c ondi t ions provided by 
the rumen . The proce ss of exshe athment was similar to  that d escribed 
f or H . cont ortus. 

A seri e s  of experimental obs ervati ons were made on the effe c t  of 
Cooper ia cur t i c ei infection in  sheep using animals of differing age s , on 

d ifferent d i e t s  and with vari ous s izes  of inf e c ti on .  The prepatent 
period of infe c ti on was 1 4- 1 6  days . Peak egg c ounts  were re c orded 5 - 7  
days af ter inf e ction became pat ent . There aft er th ey d e cl ined gradually  
in  sh e ep given 1 0 , 000 larvae but  in she ep given 50 , 000 to  1 00,000 lar
vae the decl ine was more abrupt. The .egg output per female worm was 
found to range up to  1 , 958 e ggs per day. 

No c linic al sign of inf e c tion was obs erved from any experiment
al animal . Body weights , w o ol growth and blood anal yse s  sh owed no 
signific ant changes  and no gro s s  les ions or significant hist opathologi
cal changes were obs erve d . Th e results  ind i cate a well balanc ed  

relati onship b et w e en C . curtic e i  and the she e p .  

The distribut ion o f  the C . curt icei  i n  the small int e stine was 

skewed , and most of the worms were re c overed from 5-1 0  feet from th e 

gastric pylorus . A pred ominanc e  of  f emal e  worms was obs erved at all 

levels of  the small int e s t ine. Maximum per c entage r e c overy of C.curt i 

££i was observed in sheep given 1 0 , 000 larvae. Experimental animals 

with h igher dos e s  besides  giving a lower rat e  of  recovery showed inhibi

tion of d evelopme nt and stunte d  growth of  w orms . 

Serum and int e s tinal mucus sample s  from inf e c t e d  animals wer e 
t e s t ed for pre cipitating antibodies by gel diffusion against five 
antigens . Ant igens were prepared from first stage, s e cond s t age , 

ensheathed  third s tage ,  exsheathed third stage larvae and exsh eathing 
fluid . Variabl e  numbers of pre cipitin lines were obtained with s erum 
and mucus from infec t e d  sh e ep more than 6-7 months old . She ep 2-3 

m onths old showed no s uch resp onse but did show evidence  of an 
ac quire d  resistance to inf e c t i o n .  
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INTRODUCTION 

About 50 spe c ie s  of nematode  parasites  have been  r e c orded  from 
sheep and c onsid ering the relatively wide range of ec ological c o nd it ions 
under whi ch domes t i c  she ep occ ur it  is ·surpris ing to  find that s o  many 

of  the species  inf e c t ing th em have an e qually wid e d istribution . S ome 
of the most pathogenic species  are found i n  the suborder Strongylata .  

Strongylate  nemat odes  are pre s ent in sheep throughout New Z e a

land. Among them are the spe c ies  of the genus Cooperia and of par t ic u
lar interest is  Cooperia curti c e i .  

This  nemat ode  i s  normally found i n  th e small int e s t ine and has  
fre quently b e en d is missed  as be ing relatively non-pathogeni c .  Howev e r , 

i t  is pre s e nt i n  a high proportion of sh eep and o f t en in larger numbe r s  
than h a s  generally b e en reported  elsewh ere i n  the world . 

Str ongylate nemat odes  have many c ommon f eatur e s  but there ar e 

specific d if ferenc e s  whi ch frequently have important impli c at i ons in the 
epidemiology and p athogenesis of inf e c t ions . 

Res e ar ch work has been dir e c t e d  mainly t o  the s tudy of tho s e  
s trongylat e nemat odes whi ch a r e  b e lieved to  be o f  maj or e c onomic imp or
tanc e . As a result the st udy of spe c i e s  usually c onsidered to have lit tle 
or no path ogenic significance  has tend e d  to be c omparat ively ne gle c t ed . 
Among th e se1 Cooperia cur t i c e i  is  an out standing example . Sinc e Co oEeria 

I 

cur t i c ei is  present in large numb ers in New Zealand sheep , ( Charlest on , 

pers.comm. ) ,  it  was c onsidered important t o  inv e s t igat e the signifi
cance of thi s  paras it e to  the host . The resul ts of exper imental 
infecti ons of sheep with this paras it e are rec orded  in Part I I  of  this 
thesis . 

At the s ame time it was felt d esirable  to  invest igate th e epid
emi ological fac t ors that might give rise  t o  the re latively high burd ens 
of  CooEeria curtic e i  encount ered in she ep in this  c ountry . 

There is  an ext ensive lit eratur e on th e e cology of the f r e e  
living stages of strongyla t e  nemat ode  b u t  t h e  rep orted obs ervations are 

fr e quently contradi c t ory and d if ficult t o  interpret . Often the c on-
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ditions und e r  which the y  have been  made and the t e chniques used  have 

been  inad equate l y  d e sc r ibed and sometime s inappropriate. Att empts  t o  
c orrelate ext ens ive and detailed laboratory observations with d e tail e d  

field observations using a single isolat e are lacking . ObVi ousl y  s om e  
attempt at s ynth esis is neces sary t o  avoid c onfusion i n  the appl i cat i on 
of the r e sults of various invest igat ors. From the literature, it is  als o 
obvious that various strains of parasite from different ge ographical 

areas of the world  are distinctly different in biology . Studies  on the s e  
is olated strains und er laboratory and f i e l d  c onditions would be  e sp e c ial
ly useful in trac ing adaptations to spe c ific  environments ( e c o t ypes ) . 

The f irst part of the the s is presents a planned stud y  of Cooperia 
curti c e i  und er laboratory and s imulate d  field c onditions. It was int e nd 
ed  to c orrelate th e laborat ory an� f i e l d  observations with the h ope th at 

this might  provid e a mod el which c ould be  applied to other sp ecie s  o f  
strongylat e nema t od e .  
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Chapter I REVIb,W OF LITERATURE 

l . I .  CLASSIFICATION AND_GENERliL DESCRIPTION OF THE GENUS COOPERIA:-

?he maj ority of nematologists believe that Strongylate nematodes 

originated from free living ancestors of todays rhabditiforms . Even today 

strongylate nematodes preserve numerous features common to their putative 

ancestors including characteristics of both a morphological and physiological 

nature . There i s  a great number of stron�Jlate species  distributed 

exceptionally widely throughout all areas of the globe and many of these cause 

serious diseases of domesticated animals . In l�inants nematodes of the 

superfamily Trichostrongyloidea are particularly important . 

nematodes are species of the genus Cooperia. 

Amongst these  

The superfamily Trichostrongyloidea ( Cram, 1927 ) includes the family 

Trichostrongylidae (Leiper , 1912 ) and within this is the subfamily Cooperiinae 

( Skrjabin et al , 1952 ) which includes the tribe Cooperiea ( Skrjabin and Schulz, 

1937 ) .  This tribe contains three genera , namely Cooperia (Ransom, 1907a) ,  

Cooperioides  (Daubney, 193 3 )  and Paracooperia (Travassos , 1935 ) .  The 

speciation within the genus Cooperia has been revised by a number of workers 

( Skrjabin et al . ,  1954; Yamaguti ,  1961 ) .  

In 1890 Curtice first described a nematode from sheep which he named 

Strongylus ventricosus (Rudolphi , 1809 ) .  Giles in 1892 established that the 

species described by Curtice was an independent form and called it Strongylus 

curticii, while Ransom ( 1907a) placed the species in the genus Cooperia as 

Cooperia curticei . 

Soulsby ( 1965 ) listed four species occurring in sheep and goats, 

namely C . curticei , C . oncophora , C.mcmasteri and C . serrata ( syn . Paracooperia 

serrata) ,  but the main sheep parasite of this genus is  Cooperia curticei. 

Cooperia punctata and Cooperia pectinata may be found in sheep but their 

principal host is cattle . 

parasites of cattle. 

Cooperia oncophora and C .mcmasteri are primarily 

Tetley ( 1934,  1937 ) studied the nematodes of sheep in the :Manawatu 

district of New Zealand and reported the occurrence of Cooperia curticei, 

Cooperia punctata , Cooperia oncophora and C.mcmasteri . Cooperia curticei 
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i s  now known to be widespread in distribution throughout the world though 
said to be generally present in small numbers in individual animals  (Gordon, 

1950; Parnell et al . ,  1954; Soulsby, 1965 ) .  However in New Zealand, Cooperia 
--

curticei are often found in sheep in large numbers,(Charleston, pers.comm.). 

The known hosts  of Cooperia curticei are sheep (Ovis aries ) ,  goat 

(Capra hircus ) ,  cattle (Bos  taurus ) ,  red deer (Cervus elephus ) and fallow deer 

(DaL� dama) (Skrjabin et al . ,  1954 ). 

I .  2. MORPHOLOGY AND DEVELOPMENT OF THE PRE-PARASITIC STAGES AT DIFFERE1'T 

TEMPERATURES : -

i )  The egg: - The egg o f  Cooperia curticei has a typical strongylate 

morphol05f (Fig.  I ) .  The size of the eggs of Cooperia curticei has been 

recorded by various authors and tl1eir findings are summarised in Table I . 
Tetley (l94la) compared the sizes of Haemonchus contortus eggs from the nematode 

uterus with those  recovered from faeces of sheep and noted that swelling of the 

eggs took place during the interval between laying and their appearance in the 

faece s .  Tetley also suggested the sizes o f  nematode eggs also vary with the 

strain of nematode , the host species and the technique used to recover the eggs , 

although he presented no evidence in support of this . These factors may 

account for the variations in s ize recorded by different authors . 

Experimental work on embryonic developnent of gastro-intestinal 

nematodes of sheep has been carried out mostly utilising Haemonchus contortus 

and Trichostrongylus m_. (Ransom , 1906; Veglia ,  1915; Ross  and Gordon, 

1936 ;  Shorb , 1944; 

and Bizzall , 1960; 

1965 ) .  

Dinaburg, 1944; Silverm&� and Campbell, 1959; 

Wang, 1964; Crofton and Whitlock, 1964, 1965; 

Ciordia 

Croft on, 

Crofton and ��itlock (1964 ) examined the rates  of hatching of eggs of 

different species of trichostrongyle and showed that under controlled and 

standardised conditions of incubation, different phenotype s  could be detected 

whose  response to temperature differed .  These  phenotypes  were derived from 

different geographical locations and reflected the selection of phenotypes  

under different environmental conditions . This may explain the variation in 

results obtained by different workers using the same nematode species derived 

from different geographical locations . Crofton and Whitlock (196 5 )  als o  
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Table I 

The dimensions of Cooperia _curticei eggs 

according to various authorsg-

Breadth Iviean Reference . 
IJ Jl 

30 - 32 Hall (1924 )  

3 4  - 42 Wood (1931 ) 

30 - 35  Ros s  & Gordon (1936 ) 

35  - 41 76 . 8  X 37 . 7 Shorb (1939 ,  1940) 

& 
Shorb & Kate s  (1943 ) 

34 - 39 Tet1ey (194la ) 
30 - 40 77 . 5  X 35 . 6  Cunliffe & Crofton (195 3 )  

Egg o f  Cooperia curticei 

magnification x 1000 



produced evidence that the volume of the egg i s  correlated with the time 

required for development to the hatching stage . 

6. 

The only work on the egg of Cooperia curticei i s  that of Crofton ( 1965 ) •  

He examined the time taken for eggs of Cooperia curticei to hatch under c onstant 

temperatures in aerated water and found that no hatching occurred at 
0 0 0 tempei·atures below 16 C or above 38 C ;  at 17-18 C hatching occurred after 7 

days incubation , at 20°C after 48 hours incubation, at 2 5°C after 24 hours , and 

at 38°C after 15  hours . Crofton concluded that the eggs of Cooperia curticei 

require a relatively high temperature to hatch compared vri th other tricho-

strongyles . The culture of C.curticei used was derived from South West England. 

There is  no literature on the hatching or embryonic development of  other 

species of Cooperia. Silverman and Campbell (1959 ) while studying the embryonic 

development of H . contortus under controlled conditions s tated that for hatching 
0 a temperature above 9 C was necessary. They also found that eggs placed in 

well  aerated water developed rapidly, whereas eggs kept in water that was not 

aerated or in faecal pellets saturated with water became inhibited. It  was 

considered that this was due to an interference with aeration , presumably 

resulting in a decreased availability of oxygen. 

ii) First and second stage larvae:- There i s  no literature on devel opment 

of the pre-parasitic larvae of Cooperia curticei and other species of Cooperia , 

under controlled conditions but Andrews (1939 ) studied the morphology and 

development of preparasitic s tages of Cooperia curticei cultured at "room 

temperature" .  He noted that the newly hatched rhabditiform larvae were 

approxinately 300 Jllong and that they grew to a length of approximately 500 Jl 
within about 12 hours after which they entered a period  of lethargus . Later 

they became active again and cast their sheaths approximately 30 hours after 

hatching. The second stage larvae resembled those of the first s tage, except 

that they were larger and the intestinal cells contained more granules. The 

second stage larvae fed actively for ap�roximately 48 hours before entering 

the second lethargus , v.rhich lasted about 12 hours . About 90 hours after 

hatching the larvae became active again and ULDderv1ent an incomplete moult 

and reached the third ensheathed larval stage , which i s  the infective stage. 

Silverman and Campbell ( 1959 ) s tudied the larval development of 

H . contortus under constant temperatures and their results  are shown in Table 2 • .  
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Table 2 

The relationship betwe.c:m various constant temperatures and the rate of 

embryonation, survival and hatching of Haemonchus contortus 

(From Si l verma11 and Campbell , 1959 ) 

Temrerature 
o

c 0.0 7 . 2  ll . O  14 . 4  21 . 7  37 . 0  
oF 32 . 0  45 . 0  51.0 58 . 0  71 . 0  98 . 0  

Time (days ) required for development from blastomere stage 

EGGS 

Morula 

Minimum 3 l 0.5 0 . 5  0.25 

Median 8 2 l 0 . 5  0.6 

Gastrula 

1viinimum 6 2 l l 0 . 2 5  

Median 18 3 2 l 0. 5 

Tadpole 

Minimum 14 3 l l 0 . 5  

Median 20 5 4 2 0 . 67 

Pre-hatch 

Minimum 16 4 2 l 0 . 5  

Median 24 8 5 3 1 
LARVAE 

First stage 

Minimum 6 3 2 0 . 5  

:Median 10 6 4 1 . 5  

Second stage 

Minimum 7 6 3 l 

Median 13 10 5 2 

Third stage 

Minimum 15 9 5 3 

Median 20 12 8 4 

Mean survival % 
Minimum l 60 50 50 10 

1\!J:aximum 10 90 80 70 30 
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iii ) Third stage infective larvaeg- Mo:rL11ig (1931 ) while comparing the 

infective larvae of several different species of the Trichostrongylidae 

described the infective larvae of Cooperia ill2.£• Dikmans and Andrews (1933a) 
studied the third stage infective larvae of Cooperia curticei and stated that 

larvae measured from 711 to 850!1 in length including the sheath. The buccal 

cavity was globular and the posterior end of this structure was cuticularised 

giving the appearance of two oval bodies . The genital primordimn was situated 

340 to 448 !1 from the anterior end . The tail of the larvae was broadly rounded 

and 58 to 70 !1 in length. The tail of the sheath proj ected 39 to 52 !.! beyond 

the end of the larva proper and terminated in a sharp point . The distance 

from the anus to the tip of the sheath ranged from 97 to 122 !.!. Late� Andrews 

( 1935 ) published a figure showing that the third stage larvae is characterised 

by having a band of fibres surrounding the buccal capsule . Andrews (1939 ) 

later criticised his own observation and said that the band shown in figure 

of his 1935 paper were actually the transverse striations of the cuticle .  

Much of  the data on  the development of Trichostrongylus and Haemonchus 

larvae to the infective stage relates the rate of development to different 

temperatures, an aspect with obvious epidemiological significance .  The 

temperatures at which the infective larvae of sheep nematodes show optimal 

development , in terms of both rapid development and low mortality appear to fall 

between 20 to 30°C ( Crofton, 1963 ) . At lower temperatures ,  dovm to 9 - l0°C, 

some development may take place but the rate is much slower . At temperatures 

above 30°C ,  to about 36-37°C ,  development is  more rapid than at the optimum 

levels , but mortality is  higher , and larvae die rapidly at temperatures 
0 above 40 C .  

There ap:pears to be no published information relating to the effec t  of 

temperature on the development of larvae of .Cooperia curticei to the i:r1fective 

s tage . Rose ( 1963 ) while studying the development of Cooperia oncophora , 

found that at 22-23°C the times for development to the infective stage ranged 
0 0 6 from 3 to 9 days , at 14-16  C ,  7 to 21  days and at 10-11 C ,  21  tu 5 days. 

Larval development of Haemonchus and TrichostY"ong:ylus at different 
temperatures was studied by Ransom , 1906 ; Veglia , 1915; Ross and Gordon , 1936; 

Shorb , 19449 Eerberian and Mizzelle ,  19579 Silverman and Campbell , 1959 ; 

Ciordia and Eizzall , 1960 ; Gupta , 1961 and Conway, 1964. Except for Silverman 

and Crunpbell ( 1959 ) these investigations have been only concerned with the time 
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taken by larvae of species of these two genera to reach the infective s tage at 

specified temperatures .  In all cases the observation has been that within 

certain limits the rate of development increases with temperature . Observations 

of the minimum9 optimum and maximum temperatures at which development of  a 

single species will occur show variations which are prorJably accounted for by 

phenotypic variations within nematode species and variations in technique used. 

It does not seem aprJropriate to cite the findings of these workers in detai l .  

The experiments on Haemonchus contortus carried out by Silverma...n and 

Gampbell ( 1959 ) ho\lever , 11ere far mo:ce detailed than any of the others . They 

examined the rates of development of all the larval s tages9 up to the third 

stage , under constant conditions using one isolate of H . contortus. Their work , 

the results of which are summarised in Table 2 1 is a model of careful 

experimentation. They obtained development of the infective larvae at 

temperatures of from ll°C to 37°C and a maximum rate of survival at ll°C .  

The rate o f  development was expressed as mini1:1um and median times . 

The meaning of "mediantt as used by these authors is  not clear. 'I'hey 

state ,  f!The term median is however qualified here to have reference not to the 

total population, but to that part of it vrhich comrJleted development . 11 

(Silverman and Cal!lpbell9 1959 ) . 1tMedian11 may refer to the time when the 

maj ority of the developing larval population reach a particular stage of 

development . It is not defined in terms of the percentage of the population 

that has developed to the stage in question. Silverman and Campbell ( 1 9 5 9 )  

observed that some individuals i n  the larva� population may take much longer to 

develop than the maj ority of the population so  that the maximurr1 development 

time can be " several weeks" longer than the median time. 

SURVIVAL OF PRE-PArtASITIC STAGES UJ:IDER 11\..EORATORY Co:I:ffiiTIONS : -

The development of the pre-parasitic s tages of strongylate and other 

nematodes is  only possible within certain defined temperature €Lmits . The 

temperatures to vnlich these developing stages are subjected under natural 

conditions frequently fall outside this range. It is of some interest from 

an ecological and epidemiological s tandpoint to examine the ability of the 

different pre-parasitic stages to survive at temperatures outside the range 

that allows development so that they may resume development when the temperature 

returns to within that range . In general it has been found that in the 
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presence of adequate moisture the infective third stage larvae of s trongyla t e 

nematodes are better able to survive extremes of temperature than the earlier 

pre-parasitic stages . 

i ) The eggg- Nothing has been reported on the survival of eggs of any 

species of Cooperia under controlled laboratory conditions . Survival of eggs 

of Trichostrongylus spp_ . has been studied by Ross and Gordon ( 1936) , Poole 
( 1954), Wang ( 1964), and Anderson et al . (1966). Their findings were that eggs 

survived better at lower than at higher temperatures and em�onated eggs were 

more resistant than Ullemblfonated eggs . Storage at 40°C and above for periods 

longer than 4 days was said to be lethal . 

Silverman and Campbell ( 1959) reported that saturatior. of faecal 

cultures with water inhibited development of eggs of H . contortus although the 

6 
0 0 eggs survived 2 1  to 8 days at 7 . 2  C, 45 to 81 days at 11  C ,  4 0  to 56 days at 

l4 . 4°C and 26 to 33 days at 21 . 7°0. 

ii ) First and second stage larvaeg- There is little iruormation on the 

survival of the pre-infective larvae of strongylate nematodes under controlled 

conditions . This is probably due to the difficulty in securing preinfective 

larvae at a particular stage of development free from other stages . This would 

necessitate a detailed knowledge of development times of each larval stage at 

different temperatures .  

Prasad (1959) and Anderson e t  al (1966) stated that preinfective larvae 

of Trichostrongylus spp. resisted freezing for up to a month and at temperatures 

of 0 to 4°C, they survived up to 4 months . Maintenance at 40°0 was lethal in 

24 hours . 

iii ) Third stage infective larvae�- The survival of the infective larvae 

of Cooperia curticei appears not to have been studied under controlled 
conditions . Cooperia oncophora has been studied b;y Rose (1963) and he stated 

that infective larvae can survive for more than 2 years at temperatures of 6 to 
0 0 0 ll C ,  whE�reas longevity was 15  months at 15�16 C and 13  months at 24-25  C .  

Infective larvae survived up to 2 4  weeks when kept frozen in water at - 4  to 

-6°c. 
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The survival of the infective larvae of Trichostrongylus spp. has been 

studied by Monnig (1930), Nnochiri (1950), Poole (1954)� Prasad (1959), Gupta 

(1961), Anderson et al. (1966) and Herlich (1966). The findings vary from one 

author to another which can presumably be accounted for by the different species, 
strains and techniques used. In general infective larvae survive extremely 
well at lower temperatures. The most dEtailed data is provided by Anderson 
et al (1966). They found that at 4°C, 75% of infective larvae were alive 
after 425 days, at 20 to 30°C maximwu survival ranged from 128 to 312 days. 
Storage at 45 to 50°C was said to be lethal. High proportions of larvae 

0 survived 4 day periods at -10 c. Gupta (1961) concluded that larvae of 
T.retortaefoimis which had developed at various temperatures have different 
survival rates under controlled conditions. He found in his experiment that 

the most favourable temperature for survival was l0°C when the infective larvae 
0 had developed at about 20 C. 

I. 4. 

i) 

ECOLOGY OF FREE-LIVING STAGES g-

General considerationsg- Stron�Jlate eggs are passed in the faeces, 
and under natural conditions are subject to complex ecological influences: 

Climate and vreather influence the microclimate of the eggs and infective larvae 

until they are ingested by the final host. In nature there are a number of 
factors which moderate or othervtise influence the effects of weather and climate 

on nematodes in soil and on herbage. Por instance, soil t;ype, particularly 

in relation to particle size is thought to influence the structure of moistt1.re 

films in the soil and the ability of the soil to retain moisture. Most of the 

work on this subject has been related to phyto-parasitic nematodes and has been 

reviewed by Wallace (1961, 1963). Info:cmation on the relationship of soil 

type and survival or migration of larvae of zoo-parasitic nematodes is scanty. 

Observations on Ascaris eggs indicate that the eggs remain viable longer in 

heavy clay soils than in other soil types (Beaver, 1952). There is evidence 

to suggest that strongylate ir�ective larvae migrate most readily in sandy 

soils (Payne, 1923; Bruns, 1937, cited by Wallace, 1961; Lucker, 1938). 

The type of herbage and the presence or absence of a herbage mat 

moderates the effects of changes in air temperature and humidity (Crofton, 

1963). Thus, it has been found that a cover of clover (Trifolium repens & 
T. subterraneum) favour survival of infective larvae of H.contortus more than 

a cover of ryegrass (Lolium perem1e) and velvet grass (Holcus lanatus). The 
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clover sward had the greatest abundance of foliage and heavier mat (Knapp, 

1964). The type of herbage also affects the formation of moisture films which 

are necessary for larval migration (Crofton, 1954). 

The size and persiste.nce of the faecal mass are also factors to be 

considered and there are marked differences in effect according to the host 

species involved. The faecal mass deposited by cattle has a much greater 
moderating influence on the micro-environment than the faecal pellets produced 

by sheep (Christie, 1963). The influence of the faecal mass is, in turn 

affected by the microbial and invertebrate fauna of the soil which, together 

with rain, lead to the destruction of the faecal mass. It seems li1wly too, 

that these organisms may exert e, direct effect on the survival of nematode eggs 

and larvae through what may loosely be termed 1predation1 (Wallaee, 1963). It 

is not known how quantitatively important this direct effect is. 

The environment influences both the development of infective larvae and 

their survival and the conditions l':'hich favour one process may not favour the 

other. For example the optimum temperature for development is generally higher 

than the optimum temperature for survival (Levine, 1963). Within limits, 
survival time decreases with increasing tem};Je:ratures. Unfortunately, most 

reports of critical laboratory studies on temperature effects on development of 

strongylate nematodes have not been correlated vrith field events. Many workers 

have also failed to differentiate betw0en development and survival, so that it 

is impossible to analyze their findings adequately. 

ii) Ecology and develoDment of free living stages: - Nematode larval 

development is strongly influenced by temperature, though moisture and aeration 

also have appreciable affects on the rate of growth (Silverman and Campbell, 
1959). Although the warm period of SU111Iller is the one when egg and larval 
development is most rapid, it is not to be expected that hot weather will 

inevitably result in a more rapid expansion of population. Silverman and 

Campbell (1959) stated that an increase in temperature has a two-fold effect, 
the first is a direct acceleration of developmental rate, the second is an 

indirect iru1ibition, through desication. The net result clearly depends upon 

the time at which the drying process overtakes the development process. The 
changes in the physical conditions of faecal pellets tal-ce place !!lore rapidly 

in the superficial than in the deeper parts so that there is a differential 
effect on the developmental rates of contained nematode eggs according to 



13·. 

their situation. These concli tions lead to an extension of the time limits 

of appearance of third stage larvae. However, faecal pellets are not permanent 
structures and their rate of disintegration has an important influence on the 

duration of this effect on larval development. 

Christie ( 1963) suggested that disintee,rra tion of faecal pellets is due 

to rain9 insects9 bacteria9 fungi and earthworms. In Scotland he observed the 

complete disintegration of faecal pellets in as short a time as 6 days and few 

pellets persisted as long as 3 months. vVhen faecal pellets ·were thoroughly 

wetted by rain immediately after being dropped on the pasture9 they very soon 

became mushy, and rain on subsequent days produced rapid disintegration9 but 

when there was no rain in first 24 hours, the pellets were much more resistant 

to subsequent wetting. Faecal pellets persisted longest when dried rapidly 

immediately after deposition. 

There is no literature on the develorment of the free living stages of 

Cooperia curticei under natural conditions. Rose (1963) reported the outdoor 

observations on the rate of development of the free living stages of Cooperia 

oncophora at different times of the year. During the winter the majority of 

the eggs in cattle faeces deposited on pastures at Weybridge, England failed to 

develop into infective larvae. During the remainder of the year mortality was 

lower and the rate of development was more rapid as the temperatures increased. 

During the months of April to SE:JlJtember the time talcen for larvae to reach the 

infective stage ranged from less than a week up to 3 weeks. The greatest 

numbers of infective larvae were recovered from faecal pats during the summer 

despite the dry rrea ther prevailing. Dissemination of faeces over pastures 

during summer months influences development and the precise effect is determined 

principally by the weather. During a dry spell it may limit the development, 

whereas under moist conditions it may facilitate development. 

Monnig (1930) suggested that the eggs of Trichostrongylus spp. can 

develop to infective third stage larvae on pastures in the cold dry winter of 

South Africa provided the eggs can reach the complete embryo stage. Crofton 

(1948b) reported on the rate of hatching of eggs of T.retortaeformis in Britain. 

When maximum temperatures were below 50°F9 there was no hatching; when the 

maximum temperature was 50 to 55°F eggs hatched after between 8 to 15 days and 

when the maximum temperature was 60 to 80°F eggs hatched in 8 days or less. 

Gibson and Everett (1967) studied the development of the free living stages of 
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T.colubriformis at Weybridge, England. The observations were carried out for 
3 years and in general similar results Ytere obtained in each year. Eggs placed 

on the ground from November to February failed to develop (temperature range was 

In March a large pro�ortion of the eggs disintegrated and those 
that survi\n.::d took 8 to 12 weeks to develop to infective third stage larvae. 

Later in the season development was more rapid, taking 8 weeks in April, 6 weeks 

in Nfay, and l week in June, July and August. 

Dinaburg (1944) studied the effect of climate on the development of 

Haemonchus contortus eggs from sheep of Eeltsville, I\'[aryland, U.S. A. Infective 

larvae did not develop when monthly mean maximum temperature was below 65°F 

(18.3°C), regardless of rainfall but when mean maximum temperature was between 

66 to 84°F (18. 9 to 28.9°C), the numbers of larvae recovered under a cover of 

ryegrass in flovter pots placed outside varied with the amount of rainfall. 

Dinnik and Din...11ik (1958) stated that in Kenya the temperature is high enough 

(range 53 to 75°F) throughout the year to permit the development of H. contortus. 

However, the development of larvae was largely confined to those seasons of the 
year when there was adequate rainfall. Silverman and Campbell (1959) reported 

that under British field conditions the development of infective larvae of 

H.contortus require upwards of 2 weeks in summer and considerably more at other 

times of the year. They fu.ether stated that from preliminary studies on other 

strongyloid species, the evidence indicates that their cycle of development is 

even more prolonged and that their ability to endure adverse conditions is 

better developed. 

iii) Ecology and survival of infective larvae:- Infective larvae differ 

from the other pre-:parasitic stages in tbat they do not feed but subsist on food 

reserves stored in the intestinal cells. The ability of infective larvae of 

strongylate nematodes to survive under various climatic conditions has been 

studied by a number of workers in various countries, with conflicting 
conclusions. Crofton (1949? 1952) demonstrated that the microclimate of the 

field vms more important than the macroclimate and difference in management and 

stocking of the fields effectively altered the rate o.f increase of larval 
population. 

Some of the earliest vrork on survial of infective larvae of Cooperia 

curticei was that of Baker (1939). He reported that infective larvae can 

survive for 21 months on New York State pastures. Baker gave no weather data. 
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Shorb (1942) stated that infective larvae of Cooperia curticei disappeared in 

summer after 3i, 2i and 2 months exposure on pastures in Maryland, U. S.A. He 

supported the view of Leiper (1937) and Taylor (1938) that larvae of sheep 
nematodes die rapidly in the open� but his weather data was empirical. 

Dinaburg (1945) reported that no infective larvae were obtained from eggs of 

Cooperia ill?12.• in Maryland when the mean maximum tem1;erature during about 14 days 

fell below 42°F and mean minimum belovr 29°F. He concluded that low temperature:: 

probably killed the infective larvae in a fortnight on :pasture during winter. 

Kates (1943, 1950, 1965) studied survival of infective larvae of sheep parasites 

in Maryland, using parasite-free lwlibs to graze contaminated pasture at different 

times of the year. 

2i months in summer. 

In 1943 he stated that Cooperia larvae survived less than 

He later reported (19509 1965) an optimum survival for 

Cooperia �· of 2 months or more in warm moist weather; intermediate survival 

of 1 to 2 months in cool moist and in warm dry weather and little or no survival 

in cool dry weather or over winter. 

Using test animals to graze pasture contruninated in summer, Goldberg 

and Rubin (1956) in the U.S. A. found that larvae of Cooperia punctata and 

Cooperia curticei remained available for 122 days and those of Cooperia oncophora 

for 256 days. In similar work Go.l dberg and Luck_!er (1959) reported that 

Cooperia punctata remained available for 63 days and Cooperia oncophora for 329 

days. In these papers insufficient information is given on temperature and 

precipitation. Drudge et al. (1958) and Anderson et al. (1964) also reported 

the survival of Cooperia oncophora and C.punctata for several months over the 

winter period in Kentucky and Illinois, U.S.A. 

Rose (1963) re}:orted that the infective larvae of Cooperia oncophora 

survived on the herbage of the experimental plots in Weybridge, England, for 

almost 2 years and in the faeces until such time as the pats had disintegrated, 

which varj.ed from 6 to 16 months. He further stated that the ability of the 

infective larvae to over-winter suggests a good degree of tolerance to low 

temperatures. 

In England survival of the infective larvae of Trichostrongylus � · 

on pasture was studied by Taylor (1938), Crofton (1948b) Gibson (1966) and 

Gibson and Everett (1967). ':I:he maximum survival varied from 39 to 50 weeks 

for T.colubriformis and 20 weeks for T. retortaeformis. 
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In Canada the survival of the infective larvae of Trichostrongylus �· 

was studied by Griffiths (1937), Swales (1940) and Srlith and Archibald (1965); 

in U.S.A. by Dinaburg (1945), Kates (1943), Hawkins et al. (1944, 1947), Shorb 

(1942), Seghetti (1948), Goldsby and Eveleth (1947), Levine (1963) and Anderson 

et al. (1965) 9 and in Australia by Du.rie (1961), and Donald (l967c). In 
general their findings were that fcn:Y, if any infective larvae of T1·ichostrongylu: 

spp. survive the winter. 

Anderson et al. (1965) are reported to have carried out detailed 

observations on T. colubrifoi.�nis. Their results however, have only been 

:published in abstract fol� and are difficult to interpret. Each vveek from 

April to August 9 Ande1.·son and his eo-workers contaminated grass plots with 

faeces contai11ing eggs and recovered infective larvae each vieek for 10 week 

periods after the faeces were :put out. Development was slowest in April (mean 

soil surface temperature 5l.4°F) and fastest in July and August (mean soil 

surface temperature of 86.5°F and 85. 6°F respectively). However, it is 

difficult to reconcile their re la ti ve recovery rates ·with the meteorological 

data provided because the :presentation of the data appears to be erroneous in 

that the soil temperatures quoted are consistently higher than the mean air 

temperature. The authors comment that only in "early spring" (presumably 

April) did larvae survive 10 vreeks and then only in small numbers. In general, 

they could not be recovered for nore than 5 to 6 treeks during the surnmer. 

Levine (1959, 1963) studied the 11:potential transmission periods" for 

Haemonchus and Trichostrongylus spp. in sheep, in Illinois, U. S. A. The 

":potential transmission }Jeriod" was based on monthly mean tem}Jerature ancl 
0 monthly precipitation. For Hae:monchus, the temperature range was 15 to 37 C 

with a soil-water deficiency of not more than 2 cm and for Trichostrongylus 

6 to 20°C with a soil-water deficiency of not more than 2 cm. 

Survival of Haemonchus conto,�tus infective larvae on pasture in the 

U.S. A. was studied by Di_!,lc.'TiaD..sanc:. Andrews (l933b) Doll and Hull (1946) Goldsby 

and Eveleth (1947) Seghetti (1948), Dinaburg (1944) Kates (1943, 1950), and 
Kna:pp (1964). In general all authors reported little or no survival over 

winter. Katcs (1950) stated that a small number of infective larvae can 
survive the winter depending on the time of :past-u.re contamination. When 

pasture -,;as contaminated in June and July there was no winter survival, but 

vrhen pasture was contaminated in August and September a fE-:-tr larvae survived 
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the winter . Becklund and Gilmore ( 1955 )  reported that infective larvae of 

H . contortus can survive 27-112 days in New Mexico depending on when pasture was 

contaminated.  S1."'tales (1940 ) reported no survival of H . contortus larvae in 

winter in Canada. Kauzal ( 1933 9  1941 ) stated that under 207� of H . contortus 

infective larvae survived 7i weeks in Australia when minimUJ:t temperature was 

40-50°F ,  maximum temperature 60-65°F and rainfall 2-3  inches . 

iv) Migration of infective le.rvae : - Several workers have investigated the 

effec t  of environment£,1 conditions on the movement and behaviour of infective 

larvae on herbage . The main factors affecting the migration of infective 

larvae a:ce moisture , temliGrature and light . 

Effect of moisture : - Larval stages are dependant upon a moist  

environmcmt for normal activity and survival . Adequate rainfall and high 

atmospheric humidi ty maintain adequate mois ture su:>:>rounding nematode larvae in 

soil . Consequently , in order for free larvae to become available to grazing 

animals , they must  migrate to stems and leaves of pasture vegetations in thin 

films of water when suitable temperature and moisture conditions prevail .  

Crofton ( l954b ) demonstrated that larvae followed existing water film pathways 

in soil and that vertical migration of larvae on to the pasture plants was due 

to random movements in all directions independent of gravity. He stated that 

vertical migration may be described without reference to geotropi sm or 

undescribed special receptors in the larvae . Rogers ( 1940 ) stated that 

moisture in the grass  was fou...YJ.d to favour larval migration . More than 0 . 12 ml 

of water per square cm of soil surface , howevor 9 retarded larval movements .  

Increasing quantities of moisture in the soil up to 8 5% saturation assisted 

larvae to move on the grass .  Above -this value larval migration vras retarded. 

It was found that 1-:resence of 1.'.'a ter on the soil surface tended to lessen the 

ability of larvae to move on the grass .  Rees ( 1950 ) stated tbat high hu_midity 

( continuous preci1)i tation) favou:: s migration and low humidity (absence of rain) 

inhibits vertical migration on the grass . 

Effect of temperature g - The effect of  temperature on  l arval migration 

has bGen studied by Rogers ( 1940 ) , Kauzal ( 1941 ) and Crofton ( 1948a) . 

( 1940 ) reported that infective larvae of Trichostrongy-lus , Haemonchus , 

Ostertagia and Chabertia spp . Yiere found to move up the grass in larges t  

Rogers 

Kauzal ( 1941 ) sts ted that larvae survive for 

longer periods in soil  than on herbage and contarninate the herbage only ·when 
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there is suitable temperature and moisture. Crofton (l948a) stated that 
during periods when the maximum temperature never exceeded 55°F,  little or no 

migration of larvae occurred and that at temperatures above 55°F migration 

increased. Rise in temperature was however associated with increase in the 

rate of evaporation and high rates of eva})Oration reduced the number of larvae 

migrating on the grass blades . 

Effect of light :- Infective larvae are said to be phototropic and are 
attracted by light of moderate intensity, but repelled by strong ligl1t. 

During the day highest numbers of larvae have been recovered from the grass 

early in the morning with a second but smaller peak of recovery occuring in the 

evening (Rogers, 1940 ; Rees, 1950). Rees (1950) stated that provided 
temperature and humidity are favourable, light intensity is of great importance 

in determining the time of the day at which the maximum numbers of larvae are 

on grass blades. She also stated that the evening peak was not as well 

defined as that in the morning, even though the light intensity, temperature 

and humidity was similar at both times. The time of the morning maximum 

became progressively earlier passing from winter to summer and the time of the 

evening maximum progressively later. The reverse was true in the second half 

of the year. She further stated that infective larvae respond more readily 

to light of comparatively low intensity, a condition obtaining shortly after 

sunrise and before sunset. The light intensities measured at the time of 

maximum recovery were low, varying from 15 to 560 foot c&ndles, the majority 

being below 200 foot candles. 

Crofton (1948b) stated that larvae normally occur on the lower portion 
of the herbage, near the base of the blades, where there is least climatic 

change. The type and density of the herbage modifies the effect of climatic 

factors which influence the extent of their movement. 

The work of Silang�va and Todd (1964) has shown that fewer larvae may 

migrate onto the herbage than was widely believed . They demonstrated that 

only 2 to 3"/o of sheep trichostrongyle larvae present at the base of the grass 
migrated up the blades ar1d of these about � reached the first inch above the 

soil and a mere 0.8"/o (of 2 to 3%) reached more than 5 inches. 

There is no literature on the migration of the infective larvae of 
Cooperia curticei. Rose (1963) studied the rate of migration of Cooperia 



oncophora larvae from the cattle faecal pats on to the herbage at Weybridge , 

England. In the first series of observations , started in June , larvae were 

recovered from the herbage until August and the numbers recovered reached a 

peak in November . In the second series , started in July of the following year , 
larvae were recovered from the herbage within a few days of becoming infective 

and recovery of increasing numbers was made throughout August to reach a peak 

in September . He stated that the differences in two series of ex1Jeriments  

were due to changed weather conditions . In the first series of experiments ,  

the sur.uner was dry and sunny with little rain and whole pat dried out completely 

in a few days ; during the second series of experiments the summer was quite 

different , rain fell frequently and faecal pats remained soft and moist for most 

of the time . He further stated that the rate of migration of larvae from 

cattle faeces on to the herbage de vends on the condition of the faecal pats . 

The infective larvae were virtually una1)le to migrate from the hard dry pats 

but migrated readily from those which r:ere soft and moist . Rose  found that at 

all times of the year 1nost of the larvae were in the lower l evels of the herbage 

i . e .  less than 2 inches above soil level but that at times large numbers could 

be recovered more than 2 inches above the soil . 

I .  5 .  SEASONAL VARIATIONS OF VJOru\1 BURDENS OF COOPERIA CURTICEI IN SHEEP � -

The factors which influence the rate and extent of infection of sheep 

with gastro-intestinal nematodes  a.re complex. Almost  every animal of the flock 

harbours worJUs and the environment is contaminated continuously. The fac tors 

which determine the numbers of helminths in individuals  of a group of animals at 

any point in time , are complex . They include the micro-climate for the 

development , survival and migration of larvae , the physiological condition and 

immune status of the host and the rate of uptake of infective larvae . This 

last is in turn affected by grazing patterns and intensity. There are s easonal 

variations in worm burdens and consequent disease patterns in various parts of 

the world which depend principally on climate . Within similar geographic  and 

climatic  regions the seasonal patterns of fluctuations of yarasite populations 

may be predicted. 

Tetley (l94lb , 1949 , 1959a ,  b ) described the epidemiology of low plane 

nematode infection in sheep in Manawatu district ,  New Zealand. He noted 

the seasonal incidence ( temperate , So11thern hemisphere ) of Cooperia �· by 

slaughtering the animals at two monthly intervals and by faecal egg counts .  
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He stated that infection of Cooperia curticei vms acquired throughout the year. 

and vvas present in all age groups .  The nematode appeared to �ccumulate over a 

long period in the animal ? so tJ.o..a t it  was not unti l  the second year of the 

sheep 1 s life that 110rm numbers were at a maximum. Following the elimination of 

the greater part of the early infection ,  low nu.rnbers of1vorms persisted . It was 

found the�t in Sfring large numbers of C .  curticei existed in 1 year-old sheep 

while this species was starting to accumulate in lambs . In this situation the 

year-old sheep proba.bly influenced the intensity of infection in the lamb s . 

A flock of spring-born lambs , were reared free of y;arasi  tes .  One group 

of these  lambs was exposed to infection in the field in late summer ,  one group 

in autumn and one in winter . Large¥ populations of C . curticei were found in the 

lambs exposed in late summer than in the other two groups .  The build up of the 

larval population in the summer ?� the subsequent high rate of infection was 

correlated with rainfall .  However , ther�?.was evidence that the phenomenon of 

hos t  resistance came into operation to curtail rapidly the intensi ty of 

parasitism. Small populations found in sheep grazed in the late autumn and 

winter vrero associated \Vi th dry autumn cond.i tions and with the onset  of frost s .  

Brunsdon ( 1963b ) also reported that infective larvae o f  Cooperia curticci are 

mos t  numerous on pasture in autumn and early winter in the arGa close to 

Wallaceville , New Zealand. 

Morgan et  al . (1951 ) described the seasonal variation in the worm 

burden of Scottish hill sheep and noted that Cooperia curticei increased in 

num.bers in the spring and. tended. to persist throughout the surrnner . This 

increase was due to larvae \7hich had ovenrintered ? being ingested at that time , 

for there viaS no evidence that any were lying dormant throughout the winter 

in the mucous membrane of the small intestine 9 and -being involved in the spring 

rise  of the ewes . 

The incidence of helminths in sheep in winter rainfall region of 

Aus tralia Viere studied by Gordon ( 1953 , 1958a ) and Forsyth (1953 ) . They noted 

that worm bu:r·dens tended to shm7 an increase in the late winter and early spring 

and a decline in late spring and early summer. Heaviest  infections were 

generally recorded. in March to Ar,ril before the autUlll..n seasonal rains bring 

fresh gro·wth to pastures .  Durie ( 1961 ) reported the seasonal fluctuations in 

population of nemo.tode larvae in e a  ttle in Australia and he recovered the larvae 

of Cooperia spp . at all seasons . 
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Crofton (1954a 1 c ,  1955 ) described the seasonal incidence of helminth 
parasites of sheep in Great Britain and noted that Cooperia �· were present 

in small numbers throughout the yGar but their number increased greatly in late 

summer (June and July) and au tUJJLYl. 

Later Crofton (1957 ) suggested tha t  the pattern of seasonal incidonce 

is not necessarily one that can be attributed to seasonal changes of climate but 
rather vras a consequonce of the life history pattern of individual species, 

being directly connected vrith the rate of egg production and the time required 

for the development of each generation. He stated that the minimu.'1l. time 

required for the development of the infective stage of Cooperia curticei under 

the most favou:cable field conditions is five days 1 and 15 days of prepatent 

p eriod, make the generation interval 20 days. A weeks delay in devolopment of 

Cooperia �· increases the generation time by less than 35% 9 similarly 14 and 

28 days delay in development increases the generation time to 7o% and 14C>r� 
respectively. He postulates that delays in generation time will have greatest 

effect on the rate of increase of these species Yihich are the most prolific e gg 

layers and have the shortest generation tiine and least effect on the less 

prolific species with the longer generation time. If the egg laying capacity 
of H .contortus is represented by 100, the corresponding figures for other species 

are Trichostronp,-ylus §.l212.· 20 ; Cooperia curticei 20 9 and Ostertagia Iilll!.• 55 . 

As Trichostrong;ylus and Cooperia Iilll!.• have short generation times with 
relatively low fecundities, their rate of increase is much slower than that of 

H .contortus and Ostertagia spp. This explains the occurrence of peak numbers 

of c .curticei larvae on pasture late in the year. 

As can be seen there is little factual information on the biology of 

Cooperia curticei. It could be ex_pected th.a. t observations on other strongylate 

nematodes could be extrapolated 9 if only in general terms, to Cooperia curticei. 
However, there is even controve::csy and doubt about the basic facts of the 

biology of these nematodes, particularly in terms of larval ecology. This is 

attributable to some extent to the inadequately controlled experiments carried 

out and the qualitative nature of many of the observa.tions. Differences 

between species of strongylate nematode and the existence of different strains 

within s_uecies make it impossible to extrapolate from detailed data on one 
nematode isolate to another -vri th any degree of certainty. This situation is 

aggravated by the diversity of technique used by different workers. It is 

surprising to find that, apparently , no-one has atter:rpted a det.qiled study of 
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the biology of the free-living stages of a single isolate under laboratory and 

field conditions . It would be difficult for any one person to encompass every 

aspect of the larval ecology but enough is known to indicate the most important 

lines  of investigation. Without a complete set of observations on one i solate 

it  is surely difficult to establish realistic generalisations and hypotheses 

which may apply to other similar organisms . 



Chapter II . G:t;NERAL 11'1ATERIALS AND ]/iiDTHODS 

II . I .  GEOGRAPHICAL DEFINITICN o:E I·,LUJAWAT1J g -

23 . 

Observations on the development and survival of C . curticei have boc.;n 

made outdoors under natural conditions , so it  is pertinent to describe briefly 

the geographical definition of the area . 

Massey Univer..,.sity is  situated in the district of Manawatu which is  

regarded as that portion of the basin of the :Manawatu :r:iver which i s  c ontained 

by Southern Oroua , Kairanga and Manawatu Counties . It has an area of s ix 

hundred and fifty one square miles  most of which i s  alluvial less than lOO feet 

above s ea level . The soils of the district range from clayey silts to sandy 

loams and is  devoted mainly to sheep farming and dairying. The climate is  

temperate and al though the seasons are well defined ,  it is not characterised by 

severe extremes .  Rainfall i s  moderate and evenly distributed throughout the 

year . In the s�%iler and autumn it  i s  insufficient to prevent parching o f  

grassland. Summer tem�eratures are not excessive and in the shade , they 

seldom rise above 80°F ( 26. 7
°C ) . li'rost may be recorded over eight to t en 

months of the year , and winter minimum temperature on grass s eldom goes below 

20°P ( -6. 7°C)� 

II . 2 .  THE ESTABLISH1:IEUT AN-:D IvJAINI'.GNANCE OF ! PU ,ill CULTUHE OF COOPERIA CUHTICEI 

Specimens of Cooperia curticei were collected from the small intestine 

of sheep slaughtered in the Post mortem room of Animal Health Department ,  

Massey University and from the Abattoir (Freezing Works) , Longburn, Palmerst on 

North. The female nematodes were C8.refully washed in physiologi cal saline 

solution until they ·were entirely free from the debris and were then cut up in a 

petri-dish with a fine scalpel . The e[;gs thus liberated were cultured in a 

mixture of sterile sheep faeces and vermiculite . The mixture was placed in 

small wide mouthed bottles with lids on and was left in the incubator at 27°C 

temperature for 8 days . The infective larvae that developed from the eggs 

were then removed from the culture using a Baermann technique . The infective 

larvae suspended in v;ater vrere administered C � by means of a plastic 

pipette to a parasite-free sheop . This process of giving infection was 

repeated three times in the same sheep until a patent infection was developed 

in the host .  After infection this donor sheep r.ras kept as a source of  material 
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for the infection of other sheep . At least two donors were always kept and 

fae cal pellets were collected by means of faecal bags . 

II . 3 .  TECFfNTQUE UGED FOB. EGG COUJii"'TS g -

�HO gram faecal pellets were weighed on 1 Harvard trip 1 balance and were 

transferred to a wire sieve ln a porcelain cup 9 era in diameter and 3 cm in 

depth . 28 ml of saturated salt solution was added to the faecal pelle t s .  The 

faecal pellets while immersed in the salt solution were broken on the s i eve with 

a plastic spoon and the coarse fibres collected in the sieve were removed .  The 

suspension was thoroughly mixed with a Pasteur pipette , 1VIciV1'1ster slidE.$ were 

filled. Eggs on both sides of the IvicMaster slide were counted microscop ically 

and total numbers of egg per gram ( e . p . g. ) were estimated by multiplying the 

numbers of eggs counted by 50 .  

modified McMaster method.  

The technique will be referred to as the 

II .  4 .  ROU'l' INE CULTUHE O:P FAECES g -· 

The faecal pellets V!ere broken up in a plastic bag and were transferred 

to a large tray (45 x 30 x 3 cm) . Then vel�iculite and water was added .  

material VIas mixed thoroughly with the hands until the moisture content 17as 

judged satisfactory and was transferred to 1 or 2 pint scre'"' cap glass j ars . 

The 

Lids were loosely screwed down on the jars to control water evaporation. The 

material was incubated for 8 days at 27°C in a 1 Qualtex 1 water jacketed incubator 

The infective larvae v1ere recovex·ed by means of a Basrmann technique and were 

s tored in tap water at 10°C in a 1 Gallenkamp 1 cooled incubator with a 
+ 0 temperature control of - 1-2 C .  

II . 5 .  TECHNIQUE USEil FOR LARVAL COUI-J':PS 

The folloning teclmique was primarily used in the estim2.tion of larval 

numbers for administration to experimental animals .  The larval suspension 

was shaken thoroughly in a v:ide mouthed glass bottle until there v1ere no clumps 

of larvae . ·�vi th a one ml graduated pipette 1 ml of the larval suspension vYas 

removed and diluted in 9 ml of tap water and 0 . 1  ml of larval suspension vras 

similarly diluted in 9 . 9  ml of tap water . Five samples of 0 . 1  ml and 1 rn.l 

respectively were taken from each dilution and the larvae pre.sent in thes e  

samples counted  using a dissecting microscope . The mean of the ten counts was 



then calculated and total numbers of larvae per ml of or�ginal suspension 

estimated.  

II . 6.  PAHASITE-FREE SfiEEP 

The sheep used in all the c-;xperiments described in this thesis wore 

Homney x Perendale or Romney x Romney. Most were removed from their mothers 

when 24 hours old and reared artificially on cows milk. They were gradually 

weaned onto a mixture of lucerne chaff and a concentrate feed. 'rhey were 

subsequently maintained on this concentrate feed .  Some of the lambs l<ere born 

of ewes  brought indoors and treated with pyrantel tartrate as an anthelmintic . 

The ewes were removed when the lambs were a1)proximately 8 weeks old and the 

lambs were then maintained on the same concentrate food as the other sheep . 

Precautions were taken throughout to avoid the introduction or trans-

mission of helminths in the sheep . Initially? the sheep 1vere kept on concrete 

which was cleaned daily and later on a slatted floor. At no time was any 

helminth infection found in any of the� sheep in the house .  Sheep under 

experiment ':mre transferred to another building and kept in individual cages 

with slatted floors . 

Composition of Concentrate feed. 

Lucerne meal 6o% 

Barley meal 

Wheat husk 

2o% I 

2Cf/o 

Vitamin A and D3 , a standard mineral mixtu.re and a special suprlement 

of anhydrous molybdenum sulphate ( 1 . 8  s�/1000 lb ) and sodium sulphate 

( 2  kg/1000 lb ) were added.  The molybdenum and sodium sulphates were necessary 

to avoid  the copper poisoning which othervrise occurs with this diet . 



Chapter III STUDY ON DEVELOPM&'\IT AI',ID SURVIVAL OF THE FREE LIVING 

STAGES OF COOPERIA CURTTCEI UNDER LABORATORY COl{DITIONS 

Introduction : Adult Cooperia curticei occur in the small intestine of sheep 

and related rwninants , and eggs are passed in the faeces . Under suitable 

conditions of temperature and moisture , they develop to first ,  second and third 

stage larvae , which w�y migrate onto the vegetation and subsequently be ingested 

by grazing animals .  Two main processes are thus involved, development from the 

egg to the infective larva , and survival thereafter. Within limits , the rate 

of development increases with increasing temperature , whe1:eas survival time 

decreases with increasing temperatures . But nematode species differ in their 

response to envirorMental conditions . It is  desirable ,  therefore , to  determine 

the factors affecting development and survival of the free living stages of 

Cooperia curticei under laboratory conditions . Amongst other things this i s  

necessary for the understanding of  the performance of the nematode under field,  

i . e .  natural conditions . From the time the eggs are deposited on the ground 

and the infective larva i s  ingested by a host animal the free-living stages are 

exposed to complex and variable enviroTh�ental conditions . The microenviron-

ment of the egg or larva i s  affected by changes ,  chiefly of a meteorologi cal 

nature , in the macroenvironment . Under natural conditions those enviror®ental 

factors such as temperature , humidity and precipitation are subject to long and 

short term fluctuations and are related to one another in a complex fashion . 

In order to examine the effect of single factors in the environment , laboratory 

studies are necessary where environmental variations are minimised,  except in 

respect of the factor being studied .  

Experiments were carried out to investigate the effect of temperature and 

of moisture on the development and survival of the preparasitic stages . 

III . I .  DEVELOPMENTAL STUDY OF COOPERIA CURTICEI AT DIFFERE�"T TEl\ll.PERATURES : -

i ) Materials and methods : - Pelleted faeces were collected from sheep with 

a pure infection of Cooperia curticei (refer II . 2 ) . For embryonic studies  

faecal pellets were obtained from the rectum of  the donor animals and for larval 

studies faecal pellets were allowed to accumulate in a faecal bag for 16 to 18 

hours (from about 4 . 00 p .m .  in the evening to 8 . 00 a . m .  in the morning) . Egg 

counts e stimated by a modified i\'Id{J.C.ster method ranged from 700 to 1800 eggs per 

gram. 

tray. 

Faecal pellets were broken in a plastic bag and were transferred to a 

To each lOO grams of broken faecal pellets , 60 to 6 5  grams of 
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vermiculite and 170 to 180 ml of water were added and mixed thoroughly. 

Cultures prepared in this way will be referred to as having 1 normal 1 moisture 

content . Culture vras carried out in a pint glass jar ,  i to i filled with 

loosely packed faeces . The j ars were covered with lids to control loss of 

water through evaporation . Each collection of faeces v.ras divided into equal 

parts for comparison of development at different temperatures . Observations 

v:ere made on cultures kept at constant temperatures of 6°C (42 . 8°F ) , l0°C ( 50°F ) , 

l 5°C ( 59°F ) ,  20°C ( 68°F ) , 27°C (80 . 6
°
F ) , 32°C (89 . 6°F ) , 37°C (98 . 6°F )  and 42°C 

( l07 . 6°F) . 0.�lture samples were taken as frequently as conditions warranted. 

Three to 5 replicate samples were cultured at each temperature , 

For the embryonic study eggs were recovered by a concentration technique . 

The faecal sample was suspended in water and centrifuged for 3 minutes at 1000 

rpm . and the supernatant was removed .  The material was then mixed with satur-

ated sugar solution and again centrifuged for 3 minute s .  �he upper layer of 

the sugar solution containing the eggs was collected on a coverslip and was 

examined microscopically. For the recovery of larval stages faeces were placed 

on a wire screen in a glass funnel filled with water at 37°C and closed with a 

clipped ��bber tube .  This was left for 2 to 3 hours and the larvae whi ch had 

gravitated to the bottom of the funnel were m off . l\iicros copic observations 

were made on larvae killed and stained with aqueous iodine solution. For each 

set of observations lOO individuals wex·e classified according to developmental 

s tages . The classification categories comprised three:: egg and three larval 

sta[;es ;  eggs in mo�la and gast�la (E1 ) , tadpole or early vermiform (E2 ) ,  late 

vermiform to prehatch larva (E3 ) ,  first stage larva (11 ) ,  second stage larva 

( 12 ) ,  and third stage larva (13 ) .  

Observations on the percentage recovery of infective larvae were made at 

10 , 27 and 37°C .  Faecal pellets ( lOO grams ) were cultured with vermiculite and 

1 normal 1 moisture , as described above . Egg counts were repeated 5 times by the 

modified Mc:Master method and taking the mean count the total number of eggs per 

culture was e stimated. 
0 

The material was then incubated for 40 days at 10 C ,  8 

d t 27°C d - d t 37°C ays a an ) ays a • The time of cultivation chosen were based  on 

observations of the time taken for 90;lo or more of the larval population to reach 

the infective stage at these temperatures . To examine the effect of leaving 

the faecal pellets intact on the percentage larval recovery, lOO gram samples of 

faeces werG cultured .  The pellets were sprayed vli th distilled water before the 

jars were closed to ensure continual saturation of the atmosphere in the j ars 

with water . Culturing was only carried out at 27°C for eight days . Larvae 
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were obtained by the Baermann technique and total numbers of infective larvae 

from each culture were estimated by counting the larvae from 0 . 5  to 1 . 0 ml of the 

larval suspension under a dissecting microscope .  Volumes of suspension examined 

were measured in a one ml graduated pipette . 

each temperature . 

Five replicates were set  up at 

ii ) Results : - I t  was observed the. t ege::;s o f  Cooperia cu:cticei in the s8J-ne 

culture may develop at different rates and may fail to develop or die at any 

stage from unknown causes . Unembryonated eggs cultured at 6°C (42 . 8°F ) failed 

to develop beyond the gastrula stage . All eggs were found to be disintegrated  

at 55  days . Hatching did not occur uEless the eggs were maintained at  a temp

erature of l0°C ( 50°F ) or above . At a temperature of 42°C (107. 6°F ) unembryo

nated eggs died very rapidly and failed to develop . 

Newly formed first stage larvae were observed to emerge from the egg 

through a hole that had been produced by their sharp pointed tail and not by 

prodding through with their heads as described by Veglia (1915 ) . Hatching was 

thus similar to that described by Silverman and Carnpbell (1959 ) for H . contortus . 

Because of variation in tl1e rate of embryonation, the data on develop-

ment rates have been presented as minimum and T90 times . The term 1 minimum 1 

refers only to the time when a very small proportion of any given population 

(less than 5%) and 1 T90 1 refers to the time w·hen 900/o or more of the total 

population had completed development of that stage . 

The relation betv:een temperature and the rate of development of 

Cooperia curticei froin egg to the third stage infective larvae is  summarized in 

Table 3 .  At a constant temperature of l0°C ( 50°F ) , 15°C ( 59°F ) , 20°C (68°F ) , 

2 7°C (80 . 6°F ) , 32°C (89 . 6°F ) and 37°C (98 . 6°F ) with 1 normal 1 moisture , freshly 

passed Cooperia curticei eggs require about 2 2 , 12 9 6 , 5 , 4 ,  3 , and 2 . 5  days 

respectively, before the first of them reach the third larval stage . For 9o% 

or more to become third stage infective larvae , it  requires 40 , 23 , 1 3 ,  8 ,  6 ,  

and 5 days respectively ( see fig. 2 ) . These data are mean figures derived 

from at least three replicates at each temperature . In the studies of 

embryonic development on the egg there were no detectable differences between 

replicates .  During larvae development after hatching differences between 
0 

replicates ranged from up to 6 hours at 20 C and above , to up-to 12 hours at 
0 temperatures below 20 C .  
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Table 3 

The relation l)etween various constant tempere iures and 

the rate of development of Cooperia curiicei . 

Temi;era ture : l0°C l5°C 20°C 27°C 32°C 37°C 

50°1<' 59°F 68°F 80 . 6°F 89 . 6°F 98 . 6°F 

m� .L .LlriG (days ) required for development from 

blastolilere s tage 

El '  Gastrula 

:U'Iinimum l 0 . 2 5  0 . 25 0 . 2 5  0 . 25 < 0 . 2 5  

T90 2 0 . 75 0 . 50 o .  50 < 0 . 50 < o .  50 

E2 '  Tadpole 

Minimum 2 0 . 75 0 . 50 0 . 2 5  0 . 2 5  0 . 2 5  

T90 4 2 l 0 . 7 5  0 . 50 < o .  50 

E3 '  
Prehatch 

Minimum 4 2 l 0 . 50 0 . 50 < o .  50 

T90 7 3 l .  75  l < 1 0 . 75 

1
1 , First stage larvae 

Minimum 7 3 l .  50 1 0 . 75 0 . 7 5  

T90 10 5 . 5 3 l .  75  1 . 50 1 . 2 5 

1
2 , Second stage larvae 

:Minimum 10 5 2 . 75 1 . 5  1 . 2 5 1 

T90 2 2  12  6 . 75 4 . 2 5 3 . 25 2 . 75 

1
3 ' Third stage larvae 

Minimum 2 2  1 2  6 . 5  4 3 2 . 50 

T90 40 2 3  1 3  8 6 5 
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To examine further the relationship between temperature and rate  of 

develo:pment the log time of development was plotted ggainst the tempero,ture . 

A straight line was obtained (Fig. 3 ) ,  the slope of which is  -0 . 03 3  (Appendix I )  

and i s  constant throughout the temperature range of 10 to 37°C .  The slope 

indicates that the development tine to the infective stage changes by 0 . 0 3 3  log 

units of time for each degree centigrade change in temperature . The obs erved 

development time at 10°C appeared slightly longer than would. be expected from 

the calculated regression line but this difference is not statistically 

significant . 

Table 4 show the total percentage time taken for development of firs t 1  

second and third infective laJ."val stage a t  T90 a t  differ0nt tGmpera tu:ces .  An 

analysis of variance was carried out on the data given in Table 4 after arcsin 

transformation of the percentage to st, bilize the variance .  The analysi s  is  

shown in Appendix 2 .  The variance 1 1Betv1een temperatures 11 i s  not significantly 

greater than the error variance .  The result suggest that each o f  the larval 

stages occupies the same proportion of the development time throughout the 

temperature range of 10 to 37°C .  This also indicates that the slope of a 

regression line of development time on temperature will be the sar:te for all the 

larval st2�ge s .  

Table 5 shmvs the 95% confidence limits for development of the first 

stage larvae whi ch occupies 2 2 . 50 to 2 5 . 35% of the time 9 second stage 28 . 40 to 

30 . 7Cf/o and third stage infective larvae occupies 45 . 00 to 48 . 00}0 of the time 

at T90 stage . 

Percentage recovery of infective larvae at different temperatures is  

given in Table 6 . Iflaximum recovery of 87 . 6  to 95 . 1% (mean 92 . 16%)of infective 

larvae was observed at 2 7°C and mininum 5 . 1  to 12 . o% (mean 7 . 14%) at 37°C .  

Percentage recovery at 10°C ranged. from 31 . 9  to 47 . 5% (mean 40 . 22�;) . 

Percenta,;e recovery of infoctive larvae f:roB intact faecal pellets cultured  at 

2 7°C was markedly lower than after routine culture of faeces with vc�rmiculite 

and ' normal 1 moisture t:'tt 27°C 9  and ranged from 28 . 0  to 47 . 2  per cent (mean 

35 . 24%) .  



Temperature 

1
1 , First stage 

larvae 

1
2 , Second stage 

larvae 

1
3 , Third stage 

larvae 

Table 4 

Total percentage time for development of first ,  

second and third stage infective larvae to T90 

at different temperatures . 

Percentage of the total time for development 

25 . 0  2 3 . 9  21 . 8  2 5 . 0  

30 . 0  28 . 2  31 . 3  

45 . 0  47 . 9  48 . 1  45 . 9  

32 . 

2 5 . 0  

30 . 0  

45 . 0  



Stage of 

Development 

First 

s tage 

larvae 

Second 

stage 

larvae 

Third 

stage 

larvae 

Table 5 

Confidence limit of 95% on the *percentage of 

the total time taken in each larval stage 

development at T90 

Total of all l\�em1 Standarcl 

temperature 

175.16  

197 . 69 

2 57 . 84 

percentage Variance Deviation 

29 . 29 0 . 80 0 . 9  

32 . 94 0 . 46 0 . 7  

42 . 97 0 . 63 0 . 8  

* After arcsin transformation. 

of 

Confidence 

Limit 

Lower and 

Upper 

28 . 34 

to 

30 . 24 

32 . 20 

to 

3 3 . 64 

42 . 12 

to 

43 . 82 

3 3 . 

True 

Limits  

Lower and 

Upper 

2 2 . 500/o 

to 

2 5 . 35% 

28 . 40% 

t o  

30 � 7vfo 

45 . 0o% 

to  

48 . 0o% 



Table 6 

Percentage recovery of infective larvae of Cooperia 

curticei at different temperatures . 

Temperatures �  

Days of 

incubation 40 8 5 

34 . 

Sample 

number 

Percentage recovery of infective larvae 

l 

2 

3 

4 

5 

Mean 

47 . 5 

42 . 6  

34 . 0  

31 . 9  

45 . 1  

40. 22 

94 . 0  6 . 1  

95 . 1 1 · 3 

93 . 4  5 . 1  

90 . 7  12 .. 0 

87 . 6  5 . 2 

92 . 16 7 . 14 



III . 2 .  EFFECT OF EXCESS MOISTURE ON DEVELOPMENT OF THE EGGS 

AND PREINFECTIVE LARV.fili OF' C001fER.IA CTJRTICEI AT 27°C :  

3 5 . 

When eggs and preinfective larvae of strongylate nematodes are cultured 

in the presence of excess vra ter interference in aeration occurs . This experi-

ment we.s designed to examine the development of the eggs and preinfecti ve larvae 

of Cooperia curticei 9 when cultured in oxcess vra ter . 

i ) Materials and methods : -

Eggs : - Freshly obtained faecal 9ellets containing eggs of Coo�eria 

curticei were broken up in ·water . 'rho suspension was sieved ( 60 meshes per 

inch) and centrifuged to deposit the eggs . The supernatant i7as removed and the 

deposit v;e,s then re suspended in water and centrifuged. Thi s  procedure was 

repeated four times . The eggs collected as the final s ediment were suspended 

in water and this comprised the stock sus}Jension .  The nu..li!ber o f  eggs i n  the 

stock suspension was estimated by a modified I\Icl':Iaster egg count substituting 

2ml of suspension for 2 grams faeces . An estimated 2 50 eggs per ml were 

present . 

From the stock susrJension three different types of culture were s et  up . 

l .  Stock suspension containing eggs was i_)laced in pint glass jars in 1 cm 

depth of waterc 

2 . The stock suspension of eggs was mixed with vermiculite to give a creamy 

( semi-liquid ) consistency and placed in pint jars . 

3 .  Stock SUSl)ension was }!assed through a filter paper to  retain the eggs 

and the v1et filter paper and eggs placed in a closed petri dish .  

Faecal pellets ( 700 e . p . g. ) were placed in  water in  jars so that they 

were just submerged. Other pellets were just lightly sprayed rri th water and 

similarly placed in glass j ars to provide 1 normal 1 conditions for larval 

development . 

All cultures were incubated at 2 7°C and material was examined as  

frequently as conditions v1arranted. Eggs were recovered by a flotation 

technique using saturated sugar solution. 

Baermann technique ( see page 27 ) .  

Larvae were obtained by the 



3 6 .  
Preinfective larvae g - First and second stage larme were obtained from 1 and 3 

0 day old normal cultures at 27  C .  The larvae were free from other stages of  

development and were kerJt in  l cm depth of water in Hide mouth glass  bottles . 

Control cul t0.res •Here sc,t up by mixing vermiculi te vti th suspensions of 

first or second stage larvae until the moisture content was judged the same as 

that used in 1 normal 1 routine culturos .  Duplicate cultures \iere set  up for 

bo th larval stages and development was examined at 27°C ,  Larvae were examined 

microscopically and daily observations were carried out until all larvae: vrere 

dead. 

ii ) Results � - The effect o f  excess \ia ter on the development o f  the egg i s  

surmnarisod in  Table 7 .  It can be seen that embryonation was considerably 

iP�1ibited. Few eggs reached the tadpole stage and none developed further . 

Normal faecal pellets or eggs on filter papers developed to the third 

infective larval stage in 8 days . Eggs with vermiculite in semi-liquid 

cultures developed to the third larval s ta '::e in 6 to 15 days but only in small 

numbers . 

No further development of the first stage larvae was observed when  kept 

in water at 27°C .  All larvae were dead after 7 days incubation . Control s  

kept in ven:1iculite nith ' normal ' moisture developed to the second larval s tage 

in 3 to 5 days and to the third larval stage after 6 to 9 ds,ys . 

The development of the second. stage larvae 111hen kept in water at 2 7°C 

i s  shown in Table 8 .  For the first 2 to 3 days most of these  larvae were . .  

active , later they became lethargic . Afte:r 7 to ll  days of incubation only 2 

to  5 _per cent had reached the third larval stage and the others had died .  In 

controls , cultured with vermiculite and ' normal ' moisture contcnt 9 90 to  9 5% 

developed to the third larval stage in 5 days . 



Table 7 

Effect of excess moisture on the rate of embyonation of Cooperia 

curticei eggs at 27°C (80. 6°F) & 

T i m e ( d a y s ) r e q u i r e d f o r d e v e l o p m e n t 

l 2 3 4 5 

Eggs Eggs in Eggs with Eggs in Eggs on 

Suspended faecal pellets vermiculite faecal pellets filter 

in water submerged in (semi-liquid (normal papers 
water consistency) culture) (normal moisture) 

Eggs morula stage 0. 5 o . s  0.5  0 . 25 0. 25 
Eggs gastrula stage l to 9 l to 9 l to 9 0. 25 to 0. 50 0 . 25 to 0. 50 
Eggs tadpole stage l to 15 l to 15 l to 9 0 , 50 to l 0 . 50 to l 
Eggs prehatch stage - - l to 6 1 to 2 1 to 2 

First stage larvae - - 6 to 7 1 to 3 1 to 3 

Second stage larvae - - 6 to 9 3 to 5 3 to 5 
Third stage larvae - - 6 to 15 4 to 8 4 to 8 

\)J -.J 
.. 



Table 8 

Effect of excess water on the development 

of the Second stage larvae of Cooperia 

curticei at 27°C (80 . 6°F) . 

Period (day-s ) of 

incubation at 

27°C (80 . 6°F )  

Larvae 

in 

excess  water 

Controls 

l 

3 to 5 

7 

ll  

All 12 active 

Most 1
2 

lethargic 

and no1_ stage 
5 

All 1
2 

active 

90 to 9570 

developed to 1
3 

2% developed to 1
3 

5% developed to 1
3

• 

All others dead. 

1
2 

Second stage larvae . 

1
3 

Third stage larvae . 

Do . 

Do . 

38 . 



III . 3 .  EFFECT OF I1IOISTUHE O:N SU.;[VIVAL C'F THE EGGS OF COOPERIA G'"J:H_TICI:I 

A'l1 DIFFEREr1T 'Yf.'i'ilPER.ATTJTiES � 

3 9 .  

When faecal )ellets were saturated with water , the contained eggs 

bece.llle inhibited and this  apr1ears to be due to interference with aeration 

(refer Chapter III . 2 ) .  The present experiment vtas designed to determine the 

ability of the eggs of Coope:;::-ia curticei to survive when kcpt in v1ater at 5°c 
0 and 27  C �  

i )  Material s and methods : - Faeces were obtained from the donor sheep. 

Faecal pellets were broken up in water , sieved (60 meshes per inch) and the 

material was resusyended and centrifuged 6 times with clean water . Eggs were 

then suspended in tap water and were kept in wide mouth pint glass  jars in a 

depth of 5 cm of water at 5°C ( 41°F)  and 27°C (80 . 6°F ) . One ml of material 

contained approximately lOO eggs as estimated by the modified Mci,Iaster method, 

(2 ml of material was substituted for 2 grams of faecal pellets ) .  Faecal 

pellets ( 700 e.p.g . ) were also kept at 5°C ( 41°F ) .  Eggs were in the morula 

stage at the start of the experiment . 

The survival of the eggs was judged on their ability to resume develop-

ment when transferred to a more favourable enviromnent . Sam}::le s of eggs in 

water were taken at 5 day intervals  and 2 ml of the suspension was placed on a 

filter paper and incubated at 27°C in a closed petri dish. At the same time 

2 gram of the faecal pellets stored at 5°C were mixed with verniculite and v1ater 
0 to  give a ' normal ' mixture and cultured in 17ide mouthed glass bottles at 27 c .  

Culture was continued for 4 to 5 days and then attempts were made to  

recover larvae using the Baerman.n technique . 

s copically. 

Larvae were exrunined micro-

At the same time as eggs in water and faeces  were taken for continuing 

culture , eggs were also recovered by sugar flotation and examined micro

s copically. 

At the commencement of the whole experiment a sample of faeces was 

cultured under 1 normal 1 conditions as a check on the viability of the eggs used. 



4o. 
ii ) Results : - Culture under 1 normal 1 conditions o f  a sa'Ilple o f  faecal 

pellets used in the experiment sho�ed that eggs were viable and the maj ority of 

them reached the infective stage after 8 days . 

Eggs stored in Hater died and disintegrated with time . As the eggs 

degenerated the cells of the embryo became indistinct l eaving an amor1)hous .cass  

wh:Lch became progressively shrunken ; egg shells became thinner and finall;y 

disap}!eared. At 2 7°C over 900/o of the eggs were affected and contained shrunken 

embryonic remains after 2 5  days incubation. At 5°C approximately 2crfo were 

affected after 2 5  days incubation , 35% after 35 days , 5� after 45 days , 7 5% 

after 5 5  days and more than 901� after 6 5  days . Similar changes in the eggs 

were seen in faecal pellets niaintained at 5°C . In these  a::;;proximately 5cr;;� 

were distorted after 2 5  days incubation , 8a{o after 45 days and over 9� after 

50 days . 

The results of the observations on the ability of eggs to resume 

development after storage are suw�ari zed in Table 9 .  Even after 5 days storage 

a comparatively small proportion of eggs v:ere capable of resw11ing development . 

This  and the subsequent recoveries  parallel the disintegration of the eggs 

·with storage . There vms a noticeably longer survival of a small number of 

eggs in water at 5°C than at 27°C .  :!:iven in faecal pellets the survival of 

eggs was distinctly limited and no larvae could be recovered after the pellets 
0 

had been s tored for 50 days at 5 C .  



Table  9 

Perc ent age survival of Cooperia curticei e ggs in 

water  and in fae c al pellets  at 
different temperatures G 

P eriod Survival in wat e r  Survival i n  
i n  faec al p ellets  

days 27° C ( 8 0 .  6 °F )  5oC ( 41 °F )  5°C ( 4 1 °F )  
% % % 

5 1 3 27 1 6  
1 0 1 0  2 0  1 4  
1 5  5 1 5  1 2  
20 1 8 8 . 7 
2 5  0 . 3  7 2 . 7  
3 0  0 4 1 . 2 
3 5  2 . 5  o . 6  
40 2 0 , 4  
4 5  1 0 . 0 1  
50 0 , 6  0 
5 5  0 . 4  
60  0 . 2  
6 5  0 .. 1 
70 0 



III . 4 .  SURVIVAL .QE. § � LIVING STAGES .QE. COOPERIA CURTICEI 
!! DIFFERENT TEMPERATURES : 

The survival of the free  living stages of gastro-intestinal nematodes  in 
nature , depends on complex ecological phenomepa but t�mperature and. �gi st4re are 
important . This experiment was designed to test the effect of vario4s con�tant 
temperatures on the survival time of the free living s.tages of Co?_peria ���-��-cei 
in water. 

i )  W�terials and methods : - Three different free living stages were 
studied,  first , second, and third stage irJective larvae . These  were obtained 
by incubating the faecal material from the donor sheep with a monospecific 
infestation of Cooperia curticei for predetermined periods of time at 27°C . 
First stage larvae were recovered after one day, second stage larvae aft er 3 
days and infective larvae after 8 days of incubation. At these  times larvae 
could be secured free of the other stages and overlapping in development time 
was avoided. Observations were recorded separately for each group of fre e  
living stages .  

The effect of storage temperatures on firs t ,  second and third stage 
infective larvae was determined by placing 200 freshly harvested larvae each in 
3 ml tap water in screw-cap 'Universal ' glass bottles ( capacity 28 ml ) .  The 
depth of  the water was one cm which allowed observations at each time as larval 
development is inhibited in the water (refer chapter III . 2 ) .  Five replicate 
samples were kept at temperatures  of 5°C (41°F) ; 8°C ( 46 . 4°F) ; l0°C ( 50°F ) ; 15°C 
( 59°F) ;  20°0 (68°F ) ; 27°C (80 . 6°F) ; 32°C (89 . 6°F) ;  37°0 ( 98 . 6°F) ;  40°C ( 104°F) ; 
45°0 ( 113°F ) ; and 52°C (12 5 . 6°F) .  The samples were examined regularly for 
activity under a dissecting microscope wl1en the temperature of the larval 
suspensions had been allowed to equilibrate with room temperature . 

To determine the effect of freezing temperatures  (-3 to -6°C ) samples 
of infective larvae were kept in ' Universal ' glass bottles and were first kept 
at 8°C for half an hour and then at 5°0 for 2 hours to avoid sudden shock of 
falling temperature . After each time interval , one sample was removed from 
the storage chamber and activity was observed after allowing the larvae to 
equilibrate at room temperature for 1,  2 ,  3 and 24 hours . Controls were kept 

0 at 10 C temperature . 



43 .  
1 Survival 1 was judged on the basis  of the numbers of larvae showing 

mobility .  

ii ) Results : - The average percentage survival o f  first and second s tage 

larvae at the temperatures and time intervals indicated are given in Tables  10 

and 11 . r!faximum survival times are shown in Fig. 5 .  In general 9 a higher 

percentage of second stage tb.an the first stage remained alive at most  

temperatures and times tested. Maximum survival of 21 to 2 3  days for first 

stage larvae was observed at 5° 
to 10°C (41° to 50°F ) and for second stage 

larvae maximum survival of 35 days was seen at 15°C ( 59°
F ) (Fig. 5 ) . At 

extremely high or low temperatures neither stage survived well . First and 

second stage larvae survived up to l day and 2 days respectively at 40
°C (1 04

°
F ) 

and up to 1 . 5  hours and 2 . 5  hours only at 45°C (113°F ) . Survival at freezing 

temperatures of -3 to -6°C ( 26 . 6  to 21 . 2°F ) for first and second stage was only 

up to 24 hours . 

larvae . 

The infective third stage larvae survived longer than preinfective 

Table 12 gives the mean per cent survival of third stage infective 

larvae at the temperatures and time interval s  indicated.  Fig. 4 shows 

essentially the same information graphically. Fig .  5 shows the maximum 

survival times plotted against temperature . While  the infective larvae died 

quite rapidly at the temperature extremes ,  they survived extremely well ( 312  

days ) at 10°C ( 50°
F ) and modera�y so ( 187 to  312 days ) from 8 to 20°C (46 . 4° 

to 68°F ) . After 118 days storage at l0°C ,  75% were alive and active when 

brought to room temperature , 5o% were still alive after 176 days , and 2 5% were 

s till  alive after 225  days . 
0 

At temperatures above 10 C the percentage survival 

was inversely proportional to the temperatures as can be seen most clearly in 

Figs . 4 and 5 .  Survival at 8°C (46 . 4°F ) and 5°C (41°F ) was up to 187 and 74 

days respectively, survival at 40°C (104°F ) was up to 13 days , but storage at 

45°C (113°F ) and 52°C ( 125 . 6°F ) was ra}Jidly fatal to the infective larvae and 

survival was 4 hours and three-quarters of an hour respectively. 

Survival of the infective larvae at freezing temperatures i s  given in 

Table 1 3 .  At freezing temperatures of -3° to -6°C ,  5% of the infective larvae 

survived as long as 6 days . It was observod that larvae which had been stored 

at freezing temperature were not active for l to 3 hours after return to room 

temperature and most  of them took a longer time to regain activity. 



Table 10 

Survival of first stage larvae of 

Cooperia curticei in water at 

various constant temperatures . 

Temperatures Survival in days 
o

c ( o
F ) 75% 5o% 25% 

5 ( 41 ) 10 13  15 
8 ( 46 . 4)  ll  14 16  

10  ( 50)  15 19  21  
15 ( 59 ) 9 12 14 
20 ( 68)  5 6 7 
27 ( 80. 6 )  3 5 6 
32  ( 89. 6 )  l 2 3 
37  ( 98 . 6 ) l 1 . 5  l .  75  
40 ( 104) up to 1 day 

45 (113 ) up to  1 . 5 hours 

44 .  

o% 

21 
22  
23 
16 

10 

7 

5 
2 



Table ll  

Survival of Second stage larvae of 

Cooperia curticei in water at 

various constant temperatures .  

Temperatures S'urvi val in days 
o

c 
(o

F
) 75% 5C!fo 2 5% 

5 ( 41 ) 3 5 8 
8 ( 46 . 4 ) 5 8 13 

10 ( 50 ) 10 14 19 
15 ( 59 )  18 2 3  28  
20  ( 68 ) 14 16 20 
27 ( 80 . 6 )  5 7 10 
32 ( 89 . 6 )  3 5 9 
37 ( 98 . 6 )  1 . 5  2 3 
40 ( 104)  up to  2 days 

45 ( 11 3 ) up to 2 . 5 hours 

CFfo 

16 
21  
2 5 
3 5  
2 3  
15 
ll  

5 



Table 12 

Survival of third stage infective larvae 

of CoorJeria curticei in water at 

various constant tenperatures .  

Temperatures Survival in days 
o

c 
( OF) 75% so% 25% 

5 ( 41 ) 49 55 62 
8 ( 46 . 4 )  7 1  117 152 

10 ( 50 )  118 176 22 5 
15 ( 59 ) 106 162 214 
20 ( 68 ) 80 122 164 
27  ( 80 . 6 ) 24 46 60 
32  ( 89 . 6 )  16 24 37 
37 ( 98. 6 )  5 8 14 
40 ( 104 ) 4 7 10 

45 ( 11 3 ) up to 4 hours 

52 ( 12 5 . 6 )  up to 4 5  minute s  

46 . 

CP/o 

74 
187 
3 12 

2 99 
206 

86 

52 

19  
13  



o/o of 

. 

75 

50 

25  

40\ \37 

0 40 80 12 0 1 60 2 00 240 28 0 32 0 Days. 



L 3  

of 

0 ��----�--��--��--������ 
-5 0 1 0 2 0  3 0  4 0  50 



Period 

frozen in 

days 

0 . 25 

0 . 5  

0 . 75 

1 

2 

3 

4 

5 

6 

7 

8 

Table 13 

Survival of infective larvae of Cooperia 

curticei at temperatures  

below freezing point . 

Percentage activity at room 

temperature after 

1 hour 2 hours 3 hours 24 hours 

53  70 85 99 

32 46 69  95 

19 37  61  92  

15 17 21 84 

11 18 2 2  78 

10 16 2 5  64 

5 7 19  38 

3 5 10 20 

0 2 3 5 

0 0 0 0 

0 0 0 0 

Daily 

temperature s  

Min. 1\IIax. 
o

c 
o

c (o
F ) 

(oF ) 

-6 . 1  -4 - 4  
( 2 1 )  ( 2 4 )  
-6 . 1  -5 . 0  
( 2 1 )  ( 2 3 )  
-5 . 6  -4 - 4  
( 22 ) ( 24 ) 
-6 . 1  -4 - 4  
( 2 1 )  ( 2 4 )  
-5 . 6  -3 . 3 
( 22 ) ( 2 6 )  

-6 . 1 -3 . 3  
( 2 1 ) ( 2 6 )  
-6 . 7  -5 . 6 

( 20 )  ( 2 2 ) 

-6 . 1  -5 . 6  

(2J ) ( 2 2 ) 

-6 . 7  -5 . 6 
(20 ) ( 2 2 ) 

-6 . 1  -6. 1 
( 21 ) ( 2 1 ) 

-6 . 1  -5 . 6 
( 2 1 )  ( 2 2 ) 



I II . 5 •  SUMMARY OF EXPERIMENTAL FIND INGS : -

S tudies on the larval d evel opment and survival of the fre e  living 
stages of  Cooper ia curt ic e i  were carri ed out und er c ons tant temperatures 
and the f oll owing observat ions were r e c orded . 

1. Individual eggs of Cooperia cur t i c ei were found to  d evelop at differ
en t rates  and s ome faile d t o  d evelop or  died at any s tage from 
unknown causes . 

2 .  Hat ching did not oc cur unless  the eggs were  maintained at a t e mper
ature of  1 0°C and above . At  a t emperature of  42 °C eggs d ied  v e r y  

rapidly and failed t o  d evelop . 

3� At c onst ant t emperature of  1 0°C ( 50°F ) ; 1 5°C ( 59°F ) ; 20°C ( 68 °F ) ; 27°C 
( 80 . 6°F ) ; 32 °C ( 8 9 . 6°F ) ; and 3 7°C ( 98 . 6 °F )  with adequate  moistur e , 

freshly passed C . curt ic ei  eggs r e quired about 22 , 1 2 , 6 , 5 , 4 1 3 ,  and 
2 . 5  days respec tively be fore th e first of th em  reach the infec tive  

third larval s tage . For 90% or  more t o  bec ome third stage  inf e c t iv e  
larvae , 40 , 23 , 1 3 , 8 , 6 ,  and 5 days respec tively were r e quir e d . 

4 .  0 Thr oughout th e t empe rature range of 1 0  t o  37 c ,  the rate of d ev e l op-
ment of infectiv e  larvae was al tered  by  0 . 033 l og uni t s  of t ime  f or 
each d egr ee  c e ntigrade t emperature change . 

5 · All larval s t ages o c cupied the same  proportion  of the development time 
throughout th e t empe rature range of 1 0  t o  37°C .  For 9o% or more t o  

bec ome first stage larvae 22 . 5  t o  2 5 . 3% o f  the total time was r equired 
whereas s e c ond and third stage  inf e c t ive larvae o c cupie d  28 . 4  t o  30 . 7% 

and 4 5 . 0  t o  48 . o% of the time respe c t ively ( 9 5% confid enc e limit s ) .  

6 .  The perc entage of e ggs whi ch c ompl e t ed deve lopment w the infec t iv e  
larvae varied with t emperature . I n  ' rout ine ' cultur e  t h e  mean perc en
tage r e c overy of  the infe c t ive larvae at 1 0°C ( 50°F ) , 27°C ( 80 . 6°F )  and 

37°C ( 98 . 6°F )  was 44 . 22 ( range 31 . 9  t o  47 ¥ 5% ) , 92 . 1 6  (range 87 & 6  t o  
96 . 1% ) , and 7 . 1 4  ( range 5 · 1  t o  1 2 . 0% )  resp e c tively .  Whe n  intact  faecal 

pellets  were cultur ed at 27°C ( 8 0 . 6°F )  the r e c overy was markedly l ower 
than in routine c ulture and ranged fr om 28 . 0  t o  47 . 2% (mean 3 5 - 24% ) onzy. 



51 . 
7 .  Development of the eggs 9 firs t ,  and second stage larvae was inhibited 

in excGss water at 27°C ,  probably due to interference with aeration.  

8 .  Over 9o% of the eggs stored in water at 5°C and 27°C \Vere disintegrated 
after 65 fend 25 days respectively. All eggs in faecal pellets stored 

at 5°C were disintegrated after 50 days . 'Jlhe period of survival of the 
eggs as judged by their ability to resume development when removed to a 
favourable  enviro��ent paralleled the observed degeneration of the eggs 
held in vra tor at different temperatures . 

9 .  At various constant tcr.1peratures the maximum survival time o f  the pre
infective larvae in water was much less  than that of the infective 

larvae . The mc:t:x:imun survival of the n • + ' I lrs v s-cago larvae was 21  to 2 3  

days at 5 t o  10°C .  For s econd stage larvae 9 maximum survival o f  2 1  to 
0 35  days was observed at 8 to 15  c. 

10 The maximum survival of the infective larvae in water at 10°C was 312 
days . 0 At tempere.tures above 10 C survival decreased and was inversely 

0 0 related to temperature . Survival at 5 C and 8 C was also poorer than 
0 at 10 C . The maximu� survival time at different temperatures are as 

follows , 5°C - 74 days ; 8°C - 187 days ; 10°C - 312 days ; l 5°C - 299 
days ; 20°C - 206 days ; 27°C - 86 days ; 32°C - 52 days ; 37°C - 19 dayf 
and 40°C - 1 3  days . Larvae died after 4 hours at 45°C and after 45 
minutes  at 52°C .  

11.  At freezing temperature (-3 to -6°C )  the maximum survival of the 
infective larvae was 6 days . Larvae vlihich had been s tored at these 
temperatures took up to 24 hours to regain activity. 
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III . 6 .  DISCUSSION� 

Ls.boratory experiments on the cievelopment of the embryonic and larval 
stages of Coo·peria curticei under cons tant temperatures demonstrated  that this 

ner.:Jatode confirms in general terms to the pattern which might be expected from 
studies  made by several workers on other strong>Jlate nematodes ( Ransom , 1907a ;  

Veglia , 1915 ; Hoss  and Gordon , 1936 ; Shorb , 1944 9 Berberian and I!Iizzelle , 

1957 ;  Sil verman and Camp-bell , 1959 ; Gupta , 196 1 :;  Ciordia and lli2zall, 1960 i 
Crofton , 1963 ; Rose , 1963 ) . However , only few have been studied  in the 
detail described in this thesis cond with the known occurrence of different 
strains of species of nematode adapted to different temperature conditions 
( Crofton and Vihit lock , 1964 , 1965 ) 1n""ke the detailed compari son of the present 
results with those of other workers difficult .  

I t  is apparent that the temperatures at which larval development oocurrec 
fall  into the same general range ( 10° to 37°C ) as that compatible with develop-
ment of other s trongylate nematodes (Crofton, 1963 ) . Although the minimum 
temperature at which hatching would occur was not 8.ccurately determined because 
of the lack of suitable apparatus it  was found that with the strain of 
C . curticei being used that this minimum tGmperature fell  between 7°C and 9°C .  
It i s  noteworthy that Crofton (1965 ) in his experiment with a strain of 
C . curticei from S .W. England found that 16°C was the minimum temperature at 
v:hich hatching would occur. Although Crofton ke:pt his eggs in aerated water 
and in the present experiment eggs were in vermiculite-faeces mixtures , it  i s  
unlikely that this would account for the differences in the two sets of 
observations . It i s  most likely that this may be due to s train differences 
which indicates that the t tNew Zealand" s train is adapted to develop at lower 
temperatures than the one examined by Crofton. This result i s  surprising. 
The temperature range in Bristol , England, where Crofton was working, is lower 
than that occurring in Palmerston l�orth, Nevr Zealand. It  would be expected  
therefore , that the strain of  nematode from Bristol would be adapted to l ower 
temperatures th�� the local strain. 

It was observed by Sil verman and Camp bell (1959 ) in their v:ork on 

H . contortus that the rate of development of individual eggs varied  considerably 
at constant temperatures . This may be linked as suggested by Crofton and 
Vfuitlock ( 1965 ) to v�riations in the volume of individual eggs . Wnilst i t  i s  
c omparatively easy t o  determine 1 1minimuin11 times o f  development , it i s  
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imprac ticabl e t o  consid er maximum development t im e s  i . e .  when 1 00% of  the 

larval p opulation have reached a particular stage of d evel opment . It  was 
nec e s sary ,  therefor e , t o  adopt s ome other criterion t o  mark th e end p oint 

of  a particular pha se of  d evelopment . For this purpose the time taken f or 
90% or  m or e  of a given p opulation t o  reach th e stage in quest ion was us e d .  

The term 1 1me diann as use d  by  Silverman and Campbell ( 1 95 9 )  but n o t  cle arly 
d efined by  them , was not c onsidered appropriate as thi s  t erm has specific  

mathematical connotations which do  not apply to  the  situation being d e s 

c ribe d .  The use o f  t h e  uT90n proved highly satisfac t ory i n  the present 
experiments . 

Th e relationship b e t ween  nT901 1  t imes  for d evelopment of th e inf e c t 
ive larvae and t e mperature was found t o  be logarithmi c ( fig .  2 )  and the 
data were f i t t ed almos t  per f ec tly t o  a linear regr ession of log days on  

t empe ratur e ( fig . 3 ) . This linear r elationship permi t t e d  the  quant ification 
of  the e ff e c t  of  t emperature on devel opment rat e . On examining the data on 

larval development of  H . cont ortus and T . re t ortae formis d e s cribed b y  Silver
man and Campbell ( 1 9 59 ) , Berberian and Mi zzelle ( 1 9 57 ) , and Gup t a  ( 1 96 1 ) ,  a 

linear relationship between log rat e of  development and t empe rature was ap
parent . Using the nmedian" tim e s  of d evelopment of the  inf ec t iv e  larvae f or 

H . cont ortus at  different t empe ratur es ( Silverman and Campbe ll , 1 95 9 )  a 
regr es s ion slope of  - . 024 i s  obs erved . -This shows t hat a change of one d e 
g r e e  c entigrade of  t e mp erature will al ter  th e rate o f  development of  H .  
c ont ortus b y  0 . 024 log uni t s  of  time . Thi s  compar es with a change o f  0 . 033 
log units  for  Cooperia curti c e i  ( Appendix I ) . It  s eems pr obable that a 

linear regression of log d evelopment t im e  on t emp erature could b e  s imilarly 
cal c ulat ed f or oth er nemat ode s . 

The r e sult s on the relati onship  be tween d evelopment and temp erature 

limits  within whi ch the metaboli sm of  the  developing larvae c an fun c t i on are 
not surprising . A c onstant relationship of  t emp erature and d evelopm ent would 

be exp e c t e d  sinc e these  animals are p oikiloth ermi c . The fact that the  pro
porti on of the  time  taken for int e rvening stages up to  the  inf e c tive s t age 

was approximately c onstant at  all the t emp eratur e s  at  which d eve lopment pro
c e ed e d , indicates  that the effect  of t emp erature on development rat e s  is 

virtually the  same at al l  stage s .  If thi s were not th e case  one would have 
t o  propose the existence  of differ ent me tabolic me chanisms at different  

s t ages of d eve lopment . The l ogari thmic r elationship of t emp erature and rate 

of development can simply  be  explained on the basis of  the effect  of in

c reasing t emperature on the  speed of chemi cal reactions whi ch als o  inc r eas es 

exp onent ially�  



The linear relationship o f  t eElperature and development demonstrat e d ,  if 

i t  is assume d  to ap}1ly t o  o ther s trongylate nematodes , has useful imp l i cations . 

In order to arrive at a s tandard l ine from whi ch the developmental t ime o f  the 

infec tive s tage at different temperatures may b e  cal culat e d ,  it is only 

necessary to e s tab l i sh , as 1w cura t e ly as p o s sible 9 the 1 1 T9o" time s at two or 

three c onstant t emperatur e s . Obviously the larger the nw�ber of temperature s  

t e s t e d ,  the more ac curate the cal culat e d  regre s s ion s lope w i l l  be . But for 

pract i cal purp o s e s  i t  would appear that a suffi c i ent c l o s e  approximation t o  

reality c ould b e  obtained with c omparatively l i t t l e  w or k .  The value thi s may 

have in predic ting rat e s  of development under natural c ondi tions wil l  b e  

dis cu s s e d  later. 

Percentage development of the infective larvae also varied v:i th t empera

ture ; in faecal cultures when the p e l l e t s  were broken and mixed with 

vermicul i t e , the mean percentage recovery of the inf e c t ive larvae was 40 . 2% at 
0 ' 0 ..A 0 ( ) 10 C 9  92 . 2% at 27  C and 7 . 1% at 37  C Tab l e  6 • Intac t  faecal p e l l e t s  

however , only yi e lded a me�D perc entage recovery of 3 5 . 2% at 27
°

C . I t  i s  

sugge s t e d  that the lmver recovery from faecal p e l l e t s  was due to an interference 

with migration o f  larvae which reduced their chanc e s  of re c overy and probably 

to variati ons in the micro-enviromnent of the developing eggs and larvae 

s i tuated in vari ous p o s i t i ons in the fae cal p e l l e t  .. 

It c ould be argu.ed that the use of intac t faecal p e l l e t s  for the experi

mental observations as was done by Silverman and Cam:pbel l  ( 1959 ) wou l d  more 

c l o s e ly s imulate f i e l d  condi t ions . However , as S i lverman and Campbe l l  p o inted 

out , she ep fae cal pellets vary c onsi derably in size and c ons i s tency , and th0ir 

use only adds a further variab l e  to the experimental o b servati ons . In any case , 

under fi e l d  c ondi ti ons faecal p e l l e t s  are not perrnanent s truc ture s  and when 

wetted by rain may di sintegrate in a few days ( Chri s t i e , 1963 ) . 

Little work has been carri e d  out to measure pre c i s e l y  the oxygen 

requirement s of developing nematode e ggs or larvae (S chVTab e , 1957 ; Desowi t z ,  

1962 ) 4 In the pre s ent expGriments where the atmo sphere was excluded by the 

pres ence of water , development o f  the eggs , and first and s e c ond larval s tage s 

was inhi b i t e d .  I t  i s  as sume d  that thi s was due to a redu c t i on in the amount 

of oxygen avai labl e .  The maj ority o f  first and s e cond s tage l arvae d i e d  

after a few days in water. Embryonation of the eggs be came inhibi t e d  a t  the 
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tadp o l e  s tage o f  development and only a small proportion o f  the s e  eggs were 

capable of re suming development (Tab l e  9 ) .  

The survi"\"e.l o f  the eggs i n  water was b e t t e r  at 5
°

C than at 27°C but i t  

would appear from the survival rat e o f  eggs i n  fae cal p e l l e t s  that a t e�pera�ure 

of 5
°

C i t s elf cau s e d  a c omparatively rapid mortal i ty of the eggs . It might 

have b e en exp e c t e d  that the eggs in the faecal pe:L l e t s  rrould survive longer than 

thos e  in '.":ater , but their Haximum survival was l e s s  then e ggs kep t in wat e r .  

Thi s  sugge s t s  that there was some advantage in survival t o  the eggs i n  vmt er and 

that in s ome we,y or o ther the oxygen defi c i ency pro t e c t 8 d  the eggs against the 

effe c t s  of l mv t emperature . The interaction of t er.1perature 9 hypoxia and larval 

development i s  c ompl ex and wa:crant s  s ome careful inves tigation . 

Inhib i t i on of the development of nem8.tode eggs saturat e d  -,:;i th wat e r  has 

also b e en observed by Vegl i a  (191 5 ) ? Shorb ( 1944 ) ; Si lverman and Camp b e l l  

( 1959 ) and Ander s on e t  al . ( 1966 ) . The s e  latter two groups of workers a l s o  

o b s erved that survival o f  eggs saturated with water was generally b e t t e r  a t  

lower than a t  higher t emperatures .  I t  i s  no tab l e  that eggs of H . c ontortus 

survive d l e s s  well at 7 . 2°c than at l l
°

C al though thi s was no t c omment e d  on by 

the authors ( Silverman and Campbe l l , 1959 ) �  

The obs ervations tha t the devel optKJnt o f  the pre-inf e c t ive 1arva8 c ould 

b e  re tarded by keeping them in water 9 al lm7e d c ompari s on of their rat e s  o f  

survival a t  different temperatures . 

infe c t ive l arvae was al s o  s tudi e d .  

At the sa.'lle t ime the survival of the 

I t  was found. that the me,ximum survival time was closely relat e d  to 

t empe rature but not in a linear fashi on ( figtlre 5 ) .  The maximum survival of 

first s tage le,rvae ( 2 3  days - Tabl e  10 ) was obtained at 10
°

C and above and b e l ow 

thi s t empereture survival t imes were shorter . Simi l arly s e c ond s tage larvae 

showed a maximum survival ( 35 days - Table 11 ) at 1 5
°

C and on either s i de o f  

thi s  temperature survival rete s  decreas e d .  Maximum survival o f  third s tage 

larvae rva s  obtained at l0
°

C ( 312 days - Tab l e  12 ) and again survival rat e s  

decreas e d  b o th above and. b e l ow thi s t emperature . The s e  re sul t s  sugge s t  tha t , 

as wi th eggs satura t e d  with water 9 the eff e c t  of decreas ing temperature i s  rw t 

s imply t o  indu c e  a reversible s tate of hibernation , the depth of which i s  

direc tl y  relat ed t o  t emperatur e . I n  thi s  c01me c t i on i t  i s  inter e s t ing t o  no t e  

that the optimum t emperature s  for survival approach that below whi ch no 



hatching of eggs occur. So it may be  hypothesised that temperatures l ower than 
those  giving optimal survival cause  irreversible daBage to the metabolism of the 

nematode . At tem)�'eratures above that compatible with maximum survival the 

situation is complicated  by the possible effects of increased  metabolism , 
eY..hausting supplies of stored metaboli tes ,  though one would expect this to apply 

particularly to the third stage larvae which does  not feed. In these experi-

ments , obviously, dessica tion vras not involved in the larval mortali ty. 

The maximum survival of third s tage larvae at the optimum temperature 

considerably greater than that of first and s econd stage larvae at 

their optima. It is generally assu.rned that the sheath of the infective larvae 

protects them against dessication and adverse conditions (Rose , 1955 ) .  But in 
a limited study Marquardt and Anderson ( cited by Anderson et al . 1966 ) found 

that cutting off the ends of the sheath of the infective larvae of tricho-
strongylids did not seem to affect larval survival . So it  is  not clearly 

understood just why infective larvae survive better than pre-infective ones .  

In spite of the fact that infective larvae could not feed they survived longer 
and it  appears that something more subtle than ensheathinent must be offered as 
an explanation for their longer survival . It might be suggested that this may 
be  due to a difference in the requirerter,t of oxygen for metabolism between the 
infective larva , which neither feeds nor grows , and the first and second larvae , 
which do both . 

In the present experiment , in relation to temperatures , egg5 and infectivE 
larvae were more resistant than pre-infective larvae . The maximu.m survival 

times at 5°C were for eggs 6 5  days ; first s tage larvae - 21 days ? second stage 
larvae - 16 days 9 aml for third s tage larvae 74 days . Similarly at 2 7°C  the 
maximum survival were for eggs - 30 days ? first s tage larvae 7 days ; s econd 
stage larvae - 15  days and third stage larvae 86 days . This observation 
further confirms the widely held view that of all the preparasitic s tage s  of 
s trongylate nematode s 9  the eggs and. the infective larvae are most resistant to 
environmental variations ( Crofton , 1963 ) .  

The observations on the ability of the infective larvae to survive 
free zing temperatures for short periods of time are in general agreement with 

those of other workers (Monnig, 1930 9 Stewart and Douglas , 1938 ; Pool e , 1954 ; 
Prasad, 1959 9 Rose , 1963 9 Anderson et al , 1966 ) .  The maximum survival of the 
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infective larvae at temperatures ranging from -3 . 3

°
C to -6 . 7

°
C was 6 days . A 

notable feature of this experiment was the long l'eriod necessary at room temp
erature for maximmn numbers of larvae to regain their motility .  



Chapter IV THE ECOLOGY OF TF_E FREE LIVING STAGES OF 

COOPERIA CURTICEi g -

A s  infection with gastro-intestinal nematodes is  acquired by sheep 

following the ingestion of infective larvae whilst grazing, a study of develop

ment and survival of the infective larvae of the nematodes concerned is relevant 

to the control of parasitic gastro-enteritis in sheep . This  work i s  a part of 

a larger study devoted to the ecology of the free living stages of Cooperia 

curticei , since relatively little attention has been paid to this species . 

IV .  I .  MATERIALS AND METHODS : 

Observations were made on the rate of development of the free-living 

stages in faecal pellets and on the migratory activity and longevity of larvae 

in faeces , on herbage and in soil each month of the year. All observations 

were carried eut using herbage grown in flower pots 9 cm high and 5 cm in 

diameter . To avoid contamination with other nematodes  the soil was sterilised 

(400°F for 3 hours ) and it was placed approximately 6 cm deep in the flower pots ; 

the soil was watered with tapwater and perennial rye grass was sovrn.  The pots 

were not watered thereafter. When the herbage had grown for 2 months it  was 

clipped to a height of 4 cm before the s tart of each experiment . The total 

faecal output of two donor sheep , with monospecific infestations of Cooperia 

curticei was collected during the preceeding day by means of a faecal collecting 

�ag. The faecal pellets were first thoroughly mixed to ensure , as far as 

possible , an even distribution of Cooueria curticei eggs . The faecal egg count 

was estimated by modified Mc��ster method and an average of ten counts on two 

samples was recorded.  Then 10 gm of faecal pellets was spread evenly over the 

herbage in each of 65 to 75 flower pots and these were placed outdoors so that 

they were exposed to the local climatic  conditions . To check the eggs ' ability 

to develop to third stage infective larvae , faecal pellets from each experiment 

were cultured with vermiculite and ' normal ' moisture at 2 7°C .  

Examination o f  the faecal material was carried out daily until first 

s tage larvae apreared ,  then on alternate days until  third stage infective larvae 

appeared in the faecal pellets . Eggs were recovered by a flotation technique 

using saturated sugar solution , the stages of development were determined and 

the percentage which had reached each stage of development was recorded.  

Further faecal pellets were placed on alternate days on a small Baermann 
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apparatus to recover any first , second or third stage larvae . 
observations were made on iodine stained preparations . 

Microscopic 

During the winter months when larval development was poor larvae were 
obtained from faecal pellets by Baermann technique and then the same fae cal 
pellets were examined by sugar flotation technique to determine the stages  of 

development of eggs , if any. Even when no larvae were recovered by Baermarm 
apparatus , faecal examinations were continued until ej_ther eggs could no longer 
be found in faeces or until the faecal pellets finally disintegrated.  In each 

observation lOO individuals were classified according to developmental s tage s .  
The classification categories comprised three egg and three larval stage s ,  eggs 
in morula and gastrula (E1 ) , tadpole or early vermiforms (E2 ) , late vermiform 
to prehatch larva (E3 ) , first stage larvae (11 ) ,  second stage larva (12 ) and 

third stage larva (13 ) .  

To determine the migratory activity and longevity of larvae in faeces ,  
on herbage and in soil , 4 samples were taken from each flower pot •.vhich consisted 
of whole faeces ,  herbage clipped from 2 cm above in height , 0 -- 2 cm in height 
from soil level and l cm top soi l . This  procedure yielded quantities of 
herbage per sample unit of u1; to 5 grams wet weight . 
weekly intervals  in duplicate .  

Sarnples were examined at 

Separation of the infective larvae fror.1 faecal pellets , herbage and 
soil  is  discussed in detail in the Chapter 9 IV 2 ,  v:i th a test of the technique . 

All samples were collected in the morning and observations were carried 

out until  two consecutive collections were free from Cooperia curticei larvae . 

In each monthly experiment , v1hen infective larvae developed outdoors 
from the faecal pellets , five rer;lica te samr:les of 200 infective larvae not more 

than a week old were obtained from faeces cultured at 27°C and placed in water 
outdoors adjacent to the pots . The larvae were kept in water , 1 
screw cap ' Universal ' glass bottles . Their survival (percentage 
observed at weekly intervals using a dissecting microscope (refer 

cm deep in 
motile ) was 
III , 4 (i ) ) , 

A complete series of the experiment described above was set up in the 

first week of the months of March , April and ·May , 1 968 , and then on the first 
day of each month throughout the year from June 1968 , to :B'ebruary, 1969 . 



Meteorological records were obtained during the whole of the period of 
observation from Grasslands Division ,  D . S . I .R . , Palmerston North , which is 
about one quarter of a mile from the site of this experiment . 

60 . 



IV. 2 .  TEST OF ! TECHNIQUE FOR THE RECOVERY OF INFECTIVE LARVAE 

OF COOPERIA CURTICEI FROM SMAl L SAUPLE UNITS : -

61. 

A number of methods for the recovery and counting of infective larvae in 

samples of pasture has been des cri bed ('I'aylor , 1939 ; Crofton , 1954b ? Parfi tt , 

1955 ; Durie , 1 959 ;  Donald , 1967a ) . Most  of these were designed to deal ·with 

bulked samples of the order of 8oz . or more . Taylor (1939)  described the 
separation of larvae from pasture which involved grass washing and sedimentation 
followed by concentration on filter pa1jer ancl subsequent separcdion of the larvae 
from the sediment in a Baermani1 funnel .  The inefficiency of the Baermann 

funnel separation and the loss of larvae during sedimentation was recognized  
by Taylor . Crofton ( 1954b ) described the separation of  larvae from pasture by 
a flotation method using a saturated solution of zinc sulphate .  He also s tated 

that zinc sulphate solution dehydrates the infective larvae which form a curl 

in a tight spiral , thereby reducing the number of larvae vrhich can be examined 
carefully. Parfi tt (1955)  reported that when known numbers of larvae ·w·ere 
placed on grass ,  his technique , based on flotation, yielded an average of 43% 
recovery, and the rest were lost during the processes  of flotation,  
sedimentation and washing. Lurie ( 1 95 9 )  tested his technique which relies  on 
the difference in density of larvae and debris under the influence of a s tream 
of water flowing upv;ards at a gradually decreasing flow rate . The soil and 
pasture sediment was treated with a saturated solution of iodine in potassium 
iodide , to kill the larvae . By adding knovm numbers of larvae to sediment 
obtained by washing samvles of pasture which were free of infective larvae , 
recovery from pasture ranged from 61 to 94%, with an average of 74% and from 
soil ranged from 55 to 94% with an average of 78%. Donald ( l967a) described a 
technique for the recovery of strongylate infective larvae from small sample 
units ( 25 gm herbage ) of pasture by flotation of the sediment with saturated 
potassium iodide solution ;  his technique yielded approximately 9o% recovery. 
But in all these techniques mentioned above , it was difficult to establish 
whether the larvae were alive or not at the time the pasture v;as sampled . 

In order to estimate efficiently the frequency distribution and survival 
of infective larvae in :tJasture , soil and faecal pellet sample s 1  a simple 

technique is required which will  recover a high proportion of larvae from each 
sample unit  and also isols"te the larvae sufficiently to allow them to be counted 
individually in a living condition 1 as motility appears to be the only simple  
criterion of life in  infective larvae . 
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Hence the follorling technique was devised which relies on the active 
migration of the larvae from the medium , under the stimuli provided by 
temperature , moisture , light and gravity. 

i )  Description of the technique : - For studies  on the distribution and 
survi VD.l of infective larvae of Cooperia curticci in random samr;les perennial 

rye grass grown in flov,'er pots ( 9 x 5 cm in diameter) on sterilised soil were 
used.  The sam]Jle units consisted of herbage clipped at 2 cm and above in  
height 5 and 0 - 2 cm  in height from the soil  surface . This 1-rocedure yielded 
quanti ties of herbage , up to 5 grams lJer sample 1.mi t vret weight . Top soil t o  
a depth o f  1 cm and faecal pellets ( 1 0  grams ) y:ore chosen a s  separate sample 

units . 

a )  Separation of infective larvae from herbage � - Each sample  of the 

herbege is  soaked in glass tealwrs for 24 hours in 500 ml of warm water 
( initially at a temr1erature of 37°C )  for 5 grams of herbage and 2 50 ml of warm 
water for l gram of herbage 9 and i s  stirred at interv2"ls .  The bulk of the 
herbage is  then lifted out vdth a spatula and transferred to other beakers 
containing the same quantity of warm water , and is  soaked for another 2 4  hours . 
Each lot of herbage 'Nashing is  passed through a sieve of 60 meshes to the l inear 
inch, in order to remove remaining blades of grass and i s  allowed to stand for 
6 hours . The supernatant v:atE::r i s  s;;yhoned off to leave the sediment in about 

lOO ml of water which is transferred to a lOO ml glass beaker and is again 
allowed to settle overnight . The surJerna tant fluid i s  then agai:::1 s;yphoned off 
to leave the sediment in about 2 5 ml of water which is transferred to a 'rrJniversaJ 
glass bottle ( capacity 28 ml ) . The bottles are centrifuged at 500 rpm for 
10 minutes or sediment is allowed to settle for 6 hours . The supernatant fluid 

i s  then carefully drawn off to leave the sedim8nt in about 4 ml of water.  At 

this point 3-4 drops of dilute aqueous Lugol ' s  iodine solution is added to the 
sediment collected from each samr>l e  and living infective larvae present in the 
sediment are counted  microscopically at a magnification of lOO diameters . 

This dilution of aqueous Lugol ' s  iodine solution kills the free living larvae 
but not the infective larvae of Cooperia curticei . 

b )  Se  pare, tion of infective larvae from .19.:J2 soil surface of flm.-er pots  • -

The separation o f  the larva e from to;: soil i s  carried. out in a modified Baermann 
appandus containing a glass  funnel and a sieve strainer ( in place of s creen) 
which also holds the flov:er pot . Between the soil surface and the sieve i s  



place d  one layer of ' Snowte x ' tissue . The flower pot  cont ai ni ng s oi l  is 
kept ups i d e  down on the s ieve in the Baermann apparatus and 1 cm of t o p  

s o i l  i s  all owed to  remain immersed  in water for 2 days . At int ervals  of  
24 and 48 h ours , 25  ml  of  liquid are drawn off i n  nuniversal" glass b o t t l e s  
and larvae are c ounted  after s e t t ling , as described f o r  herbage sampl e s . 
With this me thod , rec overy of living infective larvae fre e from s oi l  d ebris 

from t op s oi l  can be  obtained . 

c ) Separat ion of inf ec tive larvae from faec al pellet s : - Fae cal pellets  
c ontai ning inf e c t ive larvae are placed on a small s ieve and kept in a Baer
mann apparatus . Faecal pelle t s  ar e allowed t o  remain immers ed in wat er for 

2 days . At 24 and 48 h our intervals 25 ml of the liquid is drawn off  i n  
"Universal" glas s bott les and larvae are count ed after set tling a s  d e s crib
ed  f or herbage samples . 

i i ) Tests  of the te chnique : - In t e s ting the t e chni que for the r e c overy 
of  inf e c t ive larvae , from herbage , soil and fae cal pell e t s  s amples , known 
numbers of  fooEe ria curticei  infective larvae were added to parasite -free 
samples . Perennial r ye grass ( herbage ) gr own in the  lab oratory in f lower p� 
with s terilised  s oil and parasite-free  faec al pell e t s  were us ed as s amples .  

Eigh t y  lot s  of  living CooEeria curticei inf e c tive larvae wer e  
c ount e d  individuall y .  The 80  l o t s  cons ist ed of 5 r eplicates within each o f  
the 4 sample groups c overing the range 0- 50 , 1 00-200 1 300- 500 and 800- 1 200 
larvae respe c t ivel y .  Each l ot of larvae was placed e ither on h erbage , s oi l , 
or fae c al pellet samples . In order t o  t e s t  all s tages o f  the t echnique in

cluding t o  s ome ext ent the separat ion of th e larvae from the sampl e s , the 
larvae were allowed to s tay for half an h our i n  the sample , s o that wat e r  
c ontai ning larvae c ould b e  abs orbed and the inf e c t ive  larvae c ould adhere  
t o  s oi l ,  fae cal pelle t s  and herbage sample s .  

Each sample contaminat ed wi th known numbers of larvae was pr o cossed  
as d e s cribed above and the  numbers of larvae rec overed are shown in Table 1 4 and 1 7. 

The percentage recovery in i ndividual t rials on 1 and 5 grams o f  her
bage ranged  from 79  to 92 . 4  with a mean of 8 5 . 6  and 60 . 0  to 7 5 . 1 with a mean 
of  64 . 5  respec tivel y .  The percentage r e c overy from soil and faecal pellets  

ranged from 57 . 3  t o  7 5 . 2  with a mean of  64 . 6  and 50 . 0  t o  66 . 3  with a me an 

of 58 . 3  resp e c tively . The overall rec overy rate from all th e sample s  
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�a'ble 14 

The recovery of infective larvae of Cooperia curticei after 
adding varying numbers to one gram weight of herbage . 

Range of Actual No . of larvae recovered 

larvae in no . larvae Rinsing of Total Percentage 
each group added Counting slides  tubes  & rEocovered recovery 

I II pipettes 

0- 50 l ) 22  16 2 0 18 81 . 8% 
2 )  31  24 2 l 2 7  87 . 1% 
3 )  40 35  2 l 38 86 . 4% 
4 )  50 39 6 0 45  9afo 
5 )  50 38 4 0 42 84% 

lOO- 200 l ) 101 69 10 " 82 81 . 1% / 

2 )  124 103 3 l 107 86 . 3% 
3 )  1 54 129 ,.. l 1 36 88 . 3% 0 

4 )  172 143 1 3  3 1 59 92 . 4% 
5 )  196 169 6 l 176 89 . 8% 

300- 500 l ) 308 268 10 l 279  90 . 5% 
2 )  3 53  294 2 1  l 316  8 9 . 5% 
3 )  405 298 2 2  5 32 5 80 . 2% 
4 )  453 3 50 1 5  6 371 81 . 9% 

5 ) 496 3 56 34 9 399 80 . 4% 

800-1200 l ) 828 578 67  12 657 79 . 3% 
2 )  937  647 12 5 2 774 82 . 6% 
3 )  1009 823 56 8 887 87.. o/;0 
4 )  1119 972 3 5  2 1009 9afo 
5 ) 1197 913 79 5 997 8 3 . 3% 

Mean recovery : - 85. 6% 
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1�c.1J1e 15 

The recovery of infective larvae of Cooperia curticei  after 

adding varying numbers to five grams y:eight of herbage . 

No . of larvae recovered .  

Range of Actual Rinsing of 
larvae in no . larvau Counting ;Jlides tubes & Total Percentage 

each group added I I I  pipettes recovered recovery 

0- 50 l ) 2 1  13  l 0 14 6 7% 
2 )  30 18 l 0 19  6 3 . 3% 
3 )  40 20 4 0 24 6oojo 

4 )  46 27 3 0 30 6 5 . 2% 
5 )  50 2 9  5 1 35  7 5% 

lOO- 200 1 ) 102 64 5 3 72 70 . 6% 
2 )  124 55  15 4 74 6oojo 

3 )  154 96 4 2 102 6 6 . 2% 
4 )  175  102 6 6 114 6 5 . 1% 
5 )  198 122 6 l 129 6 5 . 1% 

300- 500 l ) 305 161 16  8 185 6o . 6% 
2 ) 344 197 1 3  11 221 64 . 2% 
3 )  404 213  24 10 247 6 1 . 1% 
4 )  449 212 42 9 263  6oojo 

5 )  499 344 26  5 375  7 5 . 1% 

800-1200 1 )  808 467 24 10 501 6 2% 
2 )  910 494 53  11 552 60 . 6% 
3 )  1015 543 59 7 609 6o% 
4)  1106 618 7 1  9 698 64 . 5% 
5 )  1196 649 107 27 783 6 5 . 4% 

Mean recovery : - 64 . 5% 



Range of 
No . larvae 
in each 
group 

0- 50 l ) 
2 )  

3 )  

4 )  

5 )  

100- 200 l ) 
2 )  

3 )  
4 )  

5 ) 

300- 500 1 )  
2 )  
3 )  

4 )  

5 )  

800-1200 1 )  
2 )  

3 )  
4 )  
5 )  

Table 16  

The recovery of infective larvae 
after adding varying nuinhors 

of 
to 

Cooperia curticei  

soil surface .  

66 . 

No . of larvae recovered .  

Actual Rinsing of 
no . larvae Counting .�;lides tubes  & Total Percentage 
added I II pipettes recovered rec overy 

20 12 2 0 14 7o% 
31 17 6 0 2 3  74 . 2% 
40 21  8 0 29  12 .  sa;� 
45 21  5 l 27 6o% 
49 2 5 5 0 30 6 1 . 2% 

101 44 30 '"' 76 7 5 . 2% c_ 

126 58 21 3 81 64 . 3% 
154 71 16 5 92 60 . 3% 
175  85  13  9 107 6 1 . 1% 
198 112 25 8 145 7 3 . 2% 

303 153 40 4 197 6 5% 
346 182 2 5 8 215 62 . 1% 
410 195 48 12 2 55 6 2 . 2% 
447 237  3 3  5 275  6 1 . 5% 
497 278 17 3 298 6o% 

811 465 55 6 526 6 4 . 8% 
899 516  40 8 564 6 2 . 7% 
986 529  124 5 659 6 6 . 8% 

1101 569 66 ll  647 58 . 7% 
1196 520 156 9 686 57 . 3% 

Iviean recovery : - 64 . 6 5% 
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Tatle 17 

The recovery of infective larvae; of Coo.:2.eria curticei after adding 

varying numbers to ten graos weight of faecal pellets .  

Ho . of larvae rocove:red. 

Range of 

No . larvae Actual Rinsing of 

in each no . larvae Counting sUdes  pipettes 'Jlotal Percentage 

group adtied I I I  &.' tubes recovered recovered 

0- 50 1 )  22 10 1 0 ll 5o% 
2 )  3 3  18 2 0 20 60 . 6% 
3 )  41 2 7  0 0 2 7  65 . 8% 

4 )  45 2 3  0 0 2 3  51 . 1% 
5 )  50 2 9  2 1 32  64% 

lOO- 200 1 )  104 50 7 2 59 56 . 7% 
2 )  123 70 3 1 74 60 . 1% 
3 )  152 7 6  10 2 88 57 . 9%  
4 )  174 91 12 5 108 62 .CP/o 

5 )  195 101 14 2 117 6o% 

300- 500 1 )  302 146 l7 4 167 5 5 . 3% 
2 )  355  183 8 7 198 5 5 - 7% 
3 )  403 198 30 3 2 31 57 . 3% 
4 )  452 2 35  10 5 2 50 5 5 . 3% 
5 )  494 285  14  6 305 61 . 7% 

800-1200 1 )  828 367 71 9 447 54% 
2 )  912 479 47 7 533  58 . 4% 
3 )  1006 574 8 3  10 667 6 6 . 3% 
4 )  1103 5 33  81  8 612 55 - 4% 
5 )  1196 607 82  9 698 58 . 3% 

Mean recovery � - 58 .  3% 



68 . 

was 68 . 25% 

An analysis of variance was carried out on the percentage recovery date. 
in Table 14 to 1 7 ,  after arcsin transformation of the percentage to stabilize 
the ve.riance . The ane.lyses  vJere carried out to see  if there was any significant 
cliffe}:·ence in recovery rate due tr:; the ]!resence of differing numbers of larvae 
in the samples. 

These  anal;y·ses are shown in Appendices  3 to 6 .  In  all cases  the mean 
squares  for 1 1Betw0en groups "  is not significantly greater than the errors mean 
squarE: . These  results suggest that the recovery efficiency of the techniques 
is independent of the numbers of infecti VG larvae pi·ese:nt V!i thin the range 

tested .  

Analysis  of  variance was also ca�rried  out bf;tweon 4 treatment groups 
( data in tables 14 ,  15 , 16  and 17 ) c-cnd the percontage varis tion bet\:re8n the 
groups v1as signific.�nt 9 due to a highur 1:ercente.ge recovery from one gTalli 
herbage samples (Appendix 7 ) . But when analysis  of variance was carried out 
on the 1�ercentage recovery of infective larvae from three groups , herbage 5 gram , 
faecal pellets and soil samples ( ciata in te.bles 15 , 16 , and 17 ) aftsr arcsin 
transformation , the variation wo s not significant (Aprendix 8 ) . 

ri'his  analysis  indicr: tes  the.t avurage percentage of the recovery for 
each treatmont grour (5 grams herbage 9 faecal pellets and soil seJnples ) i s  
uniform, However 9 from one gram herbe.ge samples the mean l'ercentage recovery 
rate ( 85 . 6%) was significantly higher (P<  0 . 01 ) . It  would apl'Gar that the 
lowered efficiency of the recovsry :fTom the larger quantitos of herbage i s  
related to  the comparative difficulty with i7hich larvae can b e  extricated from 
a larger and more complex matrix of grass blades .  



IV. 3 . RESULTS t 

i ) Development of the free living st:;; ,�;8�� - The development of thG egg of 
Cooleria curticei to third stage infective larvae , in faecal pellets , under 
natural conditions vras investigated throughout the year from rhrch 1 968 to  

Febrtl&ry 1969 . Obsorv.<J,tions on the rate of development shm:od that free living 

st2.ges developed at different r2.tes and many eggs f�.:dled to develop and died 
due to weather conditions . Because of these variable reactions the data on 
development rates have been presented as minimum and maximum times . The term 
1 rainimum 1 refers to the period tn.ken fer only a sm2.ll pro·portion ( < 5%) of the 
popul2.tion to reach a given stage . For pre-infective larvae 1 maximu..m 1 refers 
to the time when 7o% or more of the total population completed development ; 
this endpoint was selected because of the observed wide range of development 
rates  within the population . For infective larval stages ' maximum ' refers to 
the time when 9o% or more of the total population had completed development on 
tLe day of examination . 

At the time faecal pellets were placed in Experiment I conditions for 
development were good  (mean air temperature 69. 3°F ,  20 . 8°C ) . Faecal pellets 
were de110si ted on 6th M2.rch ,  1968 , and maximum development of the infective 
larvae was recorded on 14th March , 1968 . The rate of development of the free 
living stages is shown in Table 18 . l',linimum and maximum time for development 
of infective larvae Ylas 6 and 9 days vli th lo<{o and l 7% recovery from two samples .  
The daily fluctuations in meteorological data for the period  up to maximum 
development of infective larvao are given in Appendix 9 .  Air temperature 
ranged from 57 . 0  to 8L 2°F ( 13 . 9  to 27 . 3°C ) with a mean minimum and mean 
maximum of 62 . 0°J:i' (l6 . 7°C ) and 76 . 6°F (24 . 8°C ) respectively. Minimum 
temperature on grass ranged from 49 . 9  to  65 . 3°F ( 10 . 0  to  l8 . 4°C ) ana the 

relative humidity rar;ge , total rainfall and total evaporation were 61 to 91% , 
0 . 65 inches 2-nd 0 . 86 inches res�. e ctively. A replicate experiment was set up 

on 8th March and infective larvae were recovered after 10 days , with similar 
results to those show::; in Table 18 . 

In Experiment 2 ,  faecal pellets were deposited on 7th A]Jril ,  1968 . 
Develorlffient was slmv in later stages probably due to decreasing temperatures but 

perce:ntage recovery of i:nfecti ve larvae �7as higher than in Experiment l .  

�;Iinimum and maximum time for development of infective larvae y,ras 10 and 21  days , 

with 12 . 7% and 2 3 . 4% recovery from duplicate samples . The rate of development 
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Table 18 

Rate of development of the free living stages of Cooperia 
Curticei in faeces under natural conditions 

during the month of March 1968 . 

Stages of development Time (days ) required for Development 

E1 , Gastrula 
Ivii11imum 
Maximum 

E2 , Tadpole 

Minimum 

Maximum 

E7 , Prehatch 
.) 

Minimum 
Maximum 

11 , First stage larvae 
Minimum 
Maximum 

12 , Second stage larvae 
Iviinimu;n 
�:Iaximu1n 

13 , Third stage larvae 

Minimum 
lv:Iaximmn 

Percentage recovery of infective 

larvae from duplicate samples 

Date 

6 .  3 .  68 

6 . 3 . 68 

7 · 3 .  68 

7 .  3 .  68 
8 .  3 .  68 

8 .  3 .  68 

9 ·  3 . 68 

9 .  3 .  68 

ll.  3 .  68 

ll . 3 .  68 

14.  3 .  68 

Days Percento.ge 

l E l 91�� 
E 2 9% 

2 El 
= ?o0 �; 

E2 900/o 
E� ) 

= 8% 

3 E 3 9 3% 
11 7% 

4 E3 = 1% 
11 = 72% 
12 27% 

6 11 1% 
12 84% 
13 1 5% 

9 12 4% 
13 96% 

10 & 17% 
(mean 1 3 . 5%) 



7 1 . 
is  shm·m in Table 1 9 .  Daily fluctuations i n  weather records for the r;eriod up 
to maximum developnent of infective larvae are given in Appendix 10 . Air 

temperature ranged from 40 . 6  to 77 . 6°F ( 4 . 8 to 2 5 . 4°C )  with a mean minimum and 
mean maximum of 49 . 5°F ( 9 . 7°C )  and 6 3 . 2°F (l7 . 3°C)  respectively. Minimum 
tem1�erature on grass ranged from 3 5 . 4  to 59 . 4°F (1 . 8  to l5 . 3°C)  and the relative 
humidity range , total rainfa1l and total evapora.tion were 66 to 97%, 4 .  09 inches 
and 1 . 41 inchss respectively. 

By the time fae cal pellets v.:ere placed on 3rd May, 1968 9 in Experiment 

3 ,  tempere.tures were decreasing with a few· frosts  at night (mean air t emverature 
0 0 53 . 0  F ,  ll . 7 C ) . The rate of development was very slow (Table 20)  and maximum 

development of infective larvae was recorded on 30th �!iay, 1968 . Ninimum and 
maximum time for development to infective larvae Vias 12 and 28 days vvi th 6 .  82 
and 1 3 . 6% recovery from duplicate saL!}Jles . Daily fluctuations in met eor-
ological records for the period of development are given in Appendix 11 .  Air 

t emperature ranged fron 3 3 . 8  to 66 . 2°F ( 1 . 1  to l9 . 0°C)  with a minimum and 
maximum mean of 45 . 6°F ( 7 . 6°C )  and 65 . 0°11, ( l8 . 3°C) respectively.  Minimum 
temperature on grass ranged from 26 . 2  to 5 3 . l°F ( - 3 . 2  to l l . 7°C ) and the 
relative hu.midity range , total rainfall and total evaporation were 76 to 9 9%, 

4 . 66 inches and 1 . 14 inches res_1.,ectively . 

At the time when faecal pelh:ts were deposited in Experiment 4 on 
lst  Jun�_:: , 1968 , the v:eather conditions for development were unfavourabl e  with 
In� ..... ost"  t . ht ( . .l.. ..t.. " 9  2°F 9 8°C )  0 ., f n ·  t t o a nlg mean alr veffil)era vure LJ- • , • • n�y a ew I lrs s age 
larvae vrere recorded after 24 days of exposure and no further developEJent was 
observed ( Table 21 ) .  Eggs were disintegrated after 7 3  days of exposure and 
most of the faecal pellets werG broken do-vm. into the soil due to 9 successive 
wet days with a total of 2 . 49 inches of rain .  Meteorological records for the 
month are shovr:n in Ap1Jendix 12 . Air t emperature ranged from 29 . 8  to 5 9 . 7°F 

( -1 . 1  to l5 . 4°C)  vvi th minimum and me.ximu..m means of 43 . 2°F ( 6 . 2°C ) e.nd 5 6 . 2 °F 
( l3 . 3°C)  respectively. Minimum temrerature on grass ranged from 21 . 2  t o  49 . 9°F 

(-6 . 0 to l0 . 0°C )  and the relative humidity range , total rainfal1 and total 
evaporation were 55 to 96%, 6 . 02 inches and 0 . 90 inches respectively . 

In Ex-periment 5 faecal pGllets vere deposited on lst July , 1968 9 and 
the conditions for development were still unfavourable (mean air tem�erature 

46 . l°F , ? . 8°C) . Fey; second s ta[e 1arvae were recorded on 5th AugJ.s t ,  1 968 . 
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Table 19 

Rate of development of the free living stages of Cooperia curticei in 
faeces under natural conditions during the month of April  1968 

Stages of development Time ( days ) required for Development 

Date Days Percentage 

E
l ' Gastrula 

MinimUJ.ll 7 . 4 ·  68 1 unembryonated 44% 

(morning) E
l 

56% 

Maximwn 7 . 4 ·  68 1 . 5 E
l 

92% 

( evening) E2 8% 

E2 ' Tadpole 

Minimum 7 .  4 .  68 

Naximura 8 .  4 .  68 2 El 
2% 

E2 90% 

E
3 

= s% 
E

3 ' Prehatch 

MinimUJ.ll 8 .  4 .  68 

68 
E2 

= 2% 
Maximum 9 . 4 .  ":1: ./ 

E
3 

78% 

1
1 

2o% 

1
1 , First stage larvae 

Minimum 9 . 4 .  68 

I'IIaximum 10 . 4 .  68 4 
E

3 
8% 

1
1 

7 6% 

1
2 

tt)% 

1
2 , Second stage larvae 

Iviinimm.1 10 . 4 . 68 

Maximum 16 . 4 .  68 10 
1

1 
2% 

1
2 

91% 

1
3 

7% 

L3 ' Third stage larvae 

Minimum 16 . 4 ·  68 

Maximum 2 7 .  4 .  68 2 1  
1

2 s% 
1

3 
92% 

Percentage recovery of infective 12 . 7  & 2 3 . 4% 

larvae from duplicate samples (mean = 18 .0%) 



Table 20 

Rate of development of the free living sta�:es of Cooperia curticei in 
faeces under natural conditions during the month of May 1968 

Stages of development Time ( days ) required for Development 
Date Days Percentage 

El , Gastrula 
Minimum 3 .  5 .  68 l mos tly 

(morning) unembryonated 
lvlaximum 3 .  5 · 68 1 . 5  El 93% 

( evening) E2 7% 

E2 ' Tadpole 
:Minimu1n 3 .  5 .  68 
lVIaximum 4 .  5 . 68 2 =: 

El 3% 
E2 84% 
E3 1 3% 

E3 ? Prehatch 

Minimum 4 .  5 .  68 E 27� 
Maximum 5 . 5 .  68 3 l 

E 13% 2 
E3 84% 
Ll 

= 1% 
Ll ' First stage larvae 

Minir.1um 5 .  5 - 68 E3 2% 
Maximum 8 .  5 .  68 6 Ll 96% 

L2 
= 2% 

12 , Second stage larvae 
Minimum 8 . 5 . 68 11 8% 
Maximum 14. 5 .  68 12 L2 87% 

L3 5% 
1� ,  Third stage larvae 

) 
Minimum 14.  5 . 68 L2 8% 
Maximum :; 30.  · 5 .  68 28 =: L3 92% 

Percentage recovery of infective 6 .• 8 & 1 3 . 6% 
larvae from duplicate samples  (mean 10 . 2%) 
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Table 2 1  

Rate of development o f  the free living stages of Coo-peria curticei i n  

faeces under natural conditions during the month o f  June 1968 

Stages of development 

El , Gastrula 
Minimum 

J':Iaximum = 

E2 ' Tadpole 
M:inir:mm 

Maximum 

Ey Prebatch 
Minimum 

Maximum 

Ll ' First stage larvae 

Minimum 

Maximum 

L2 , Second stage larvae 
Minimum = 

:Maximum 
L3 , Third stage larvae 

Minimum 
Maximum = 

Time (days ) 
Date 

l .  6 .  68 

3 .  6 .  68 

3 . 6 .  68 

12 . 6 .  68 

12 . 6 .  68 

24 . 6 .  68 

All eggs disintegrated in 73  days time . 

required for Development 

Days Percentage 

1 unembryonated 

more tr.an 907s 

3 unembryo = 5% 
E l 8 3% 
E2 12% 

unembryo = 5% 
1 2  El 2o% 

E2 
72% 

E3 3% 

unembryo = o% 
24 El 

= 2 1% 
E2 ·-s

ot ) ;o 
E3 1 6% 
Ll 

= 5% 



after 36 days of exposure but no further development was observed . 
7 5 .  

(Table 22 ) .  
All eggs weTe disintegrated after 64 days and faecal pellets in most  o f  the 
samples were broken down into the soil after 44 days , when total ra.infall 
reached 4 . 04 inches . Vl0ather records for the month al'e given in Appendix 13 . 

Air temperature ranged from 30 . 8  to 6l . l°F ( -0 . 6 to l 6 . 1°C )  with minimum and 
maximum means of 39 .0°F ( 3 . 9°C )  and 53 . 1°F ( ll . 7°C )  respectively. Minimum 
temperatures on grass ranged from 2 3 . 5  to 48 . 5°F ( -4 . 7  to 9 . 2°C )  and the 
relative humidity range , total rainfall and total evaporation were 69 to 98%, 
2 . 93 inches and 0 . 78 inches respectively. 

vv'hen faecal pellets were deposited on lst August , 1968 , in Experiment 6 ,  
weather conditions for development were still relatively unfavourable . 
Development  was recorded up to second stage larvae but with a high rate of  
mortality probably due to frequent frost at  nights 9 only a fe\'1 infective larvae 
were rec.orded on 2nd Se}Jtemba· 9 1968 , after 3 3  days of exposure (Table 2 3 ) . 

After 36  days eggs were not present in samples . Meteorological records for 
the month are given in Appendix 14 . Air temperature ranged from 31 . 6  to 65 . 0°F 
(-0 . 4  to 18 . 3°0 )  with minimum and maximum means of 41 . 4°F ( 5 . 2°0 )  and 56 . l°F 

( 13 . 3°C )  resr;ectively. Minimum on grass ranged from 2 5 . 2  to 47 . 8°F ( - 3 . 9  to 
8 . 8°C )  and the relative humidity range , total rainfall and total evaporation 
were 74 to 96% ,  2 . 51 inches and 1 .36 inches respectively. 

By the time faecal pellets  were deposited on the first day of September , 
October and Uovembc,r , 1968 , in Experiment 7 ,  8 and 9 ,  the weather conditions 
v,'ere just favourable for development (mean air temperature ranged from 50 . 7  to 

52 . 1°F ,  10 . 5 to l l . 2°C )  and there was little difference in fluctuation in 
temyeratures in these three months . Maximum time required for development to 
infective larvae ranged from 23 to 25 days . The rates  of development for the 

month of Se}:Jtember � October and November,  1 968 , a,re shown in Tables 24 9 25 and 
26 1 and the percentage recovery of infective larvae from duplicate samples was 

4 . 5  and 18 . 3 , 10 . 76 and 14 . 88 ,  and 6 . 46 and 12 . 65 respectively. Daily weather 

data for the period up to maximwll development of infective larvae for 
experiment 7 ( September ) , 8 (October) and 9 (November ) are given in Appendic&s 
15 , 16 and 17 respectively. I'-Teteorological data for the period of develop-
ment for these experiments are SUJilDarised as follows . 

For experiment 7 ( September) air temperature ranged from 35 . 1  to 65 . 5°F 
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Tab.le 22 

Rate of development of the fre8 living stages of Cooperia curticei in 
faeces under natural conditions during the month of July 1968 

Stages of development Time ( days ) required for Develo1Jment 

E1 , Gas tru.la 
Minimum 

N..aximum 
E2 , Tadpole 

Minimum 

M.aximum = 

Prehatch 

r:!inimum = 

Maximum 
11 , First stage larvae 

!VIinimurn 
Maximum 

12 , Second stage larvae 

Minimum 
Maximum 

13 , Third s tage larvae 

:r.Iinimum = 

Maximum 

Date 

5 '  7 .  68 

5 '  7 .  68 

14 ,  7 .  68 

14 . 7 ,  68 

26 . 7 .  68 

5 ·  8 .  68 

All eggs disintegrated in 64 days time . 

Days 

l 

5 

14 

Percentage 

unembryo = s9% 
E = 11% 1 I 

unembryo = 5% 

unembryo = 2% 

Eggs damaged = 3% 
26  

36  

n% 

57% 

Eggs damaged = 19% 
= 

E2 = 64% 

E:>; = 7% 
_/ -

11 2% 
1" = 4% 

c. 
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Table 23 

Rate of development of the free living stages of Cooperia cu-r·ticei in  

faeces under natural conditions during the month of  August 1968 

Stages of development 

El , 

E2 ' 

E
y 

Lp 

L2 , 

L3 

Gastru.la 
Minimum 

Maximum 
Tadpole 

Minimum 

Maximum 

Prehatch 

First 

Minimum 

> �  • JYlSXlmum 

stage 
Minimum 

Maximum 

Second s tage 

Minimum 
Maximum 

Third stage 

Minimum 
Maximum 

larvae 

larvae 

larvae 

Time ( days ) 

Date 

l .  8 .  68 

2 .  8 .  68 

2 .  8 . 68 

5 .  8 .  68 

5 .  8 .  68 

10 . 8 .  68 

10. 8 .  68 

15 . 8 .  68 

1 5 .  8 .  68 

2 .  9 . 68 

required for development 

Days Percentage 

l unembryo = 9Cf1� 

El 
= lo% 

unembryo = 8r� 
2 = El 82% 

E2 lo% 

E 3% = 

5 l 
= 81% E2 

E3 16% 

E 1% 
10 l 

E2 n% 
E3 84% 
Ll 4% 

E3 6% 
15 Ll 90% = 

L2 4% 

Eggs damaged 
3 3  = L2 few ( 14 )  

L3 few ( 5 )  

Total larvae 

recovered 

19 only 
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T.able 24 

Rate of development of the free living stages of Coo<jeria curticei  in 

faeces under natural conditions during the month of September 1 968 

Stages of development Time ( days ) required for development 

Date Days Percentage 

El , Gastrula unembryo 85% = 

IvTinimum 1.  9 .  68 l E 1 5% = 

l 
Tviaximum 2 .  9 .  68 2 unembryo = 3% 

El 
= eo% 

E2 17% 

E2 , Tadpole 

Minimum 2 .  9 .  68 unembryo 2% = 

Maximmn 4 .  9 .  68 4 El 3% 
E2 

= 6 <' 8 ;fo 
Kz; 9% 

./ 

Ey 
Prehatch 

Minimum 4 .  9 . 68 El }% 
Maximum 6 .  9 .  68 6 = E2 16% = 

E3 
7% 

Ll = 2% 

Ll , First stage larvae 

MinimU.i1l 6 . 9 .  68 E3 Few 
J\Ta.ximw:n = 9 . 9 · 68 9 Ll 9 6% 

12 4% 

12 � Second stage larvae 

Minimum 9 .  9 .  68 Ll 2% 
1vTa.ximum 15 . 9 .  68 15 12 91% 

Lz .) 
7% 

13 '  Third stage larvae 

Minimum 15 . 9 .  68 1 6% 
Maximmn 25 .  9 .  68 2 5 

2 
13 94% 

Percentage recovery of infective 4 . 5 & 18 . 3% 

larvae from duplicate samples (mean 11 . 4%) 



Table 25 

Rate of development of the free living stages of Cooperia curticei in  

faeces under natural conditions during the month of  October 1968 

Stages of development Time (days ) required for development 

E1 , Gastrula 
IVTinimum 

Maximum 

E2 , Tadpole 

Minimum 
l\·1aximum 

Prehatch 

Minimum 
Iviaximum 

11 , First stage larvae 
Mininum 
Maximu1n 

12 , Second stage larvae 
Minimum 

13 , Third stage la�rae 
I!Iinimum 

Date 

l . 10 . 68 

2.  10 . 68 

2.  10 . 68 

3 .  10 . 68 

3.  10 . 68 

4.  10 . 68 

4 - 10 .  68 

7 .  10 . 68 

7 .  10 . 68 
12 . 10 " 68 

12 . 10 .  68 
2 3 .  10 . 68 

Percentage recovery of infective 
larvae from duplicate samples 

Days 

l 

2 

3 

4 

7 

12 

2 3  

= 

= 

Percentage 

unembryo = 61% 
E1 == 39% 

unembryo = 4% 

E1 87% 
E2 9% 

2% 
94% 
4% 

E2 12% 

E3 == 71% 
11 ::: 1 7% 

Eggs = Few 

11 ss% 
12 12% 

1% 
87% 
1 2% 

10 . 76 & 14 . 88% 
(mean 12 . 8%) 
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Table. 26  

Rat e  of development of  the free li vj_ng stages  of CooJ. eria curticei in 
faeces under natural conditions during the month of November 1968 

Str,�ges of development Time (days ) required for development 

E1 , Gastrula 
Minimu.m 

Maximum 

E2 , Tadpole 
Minimum 
Maximum 

E3 ' Prehatch 
Minimwu 
Maximum 

11 , First  s tage 

Minimum 
Maximum 

12 , Second stage 

Minimum 
Maximum 

13 ' Third stage 
rhnimum 
Maximum 

larvae 

larvae 

larvae 

Date 

l .  ll .  68 
(r:10rning) 

1 .  n .  68 
(evening) 

1 11 . 68 -'- •  

2 .  ll . 68 

2 .  ll . 68 

3 .  l l .  6 8  

3 .  ll . 68 
6 .  ll . 68 

6 .  l l .  68 
12 . ll . 68 

12 . ll. 68 
2 3 .  ll . 68 

Percentage recovery of infective 
larvae from duplicate samples 

Days 

l 

1 . 5  

2 

3 

6 

12 

23 

= 

= 

Percentag-e 

unembryo = 697� 

E1 = 31% 
4 urwmbryo = 4�o 

E = 87% l 
E 9% 2 

El 14% 
E2 82% 
E3 4% 

El o7� 
E 2 l6at e 
E3 82% 
11 2-f {-? 

E3 Few 

11 88% 
12 12% 

11 4% 
12 8�/o 
13 7% 

12 2% 
13 98% 

6 . 46 & 12 . 65% 
(mea..'1 8 . 5%) 
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(1 . 7  to l8 . 5°C ) 1  with a minimum and maximum mean of 44 . 2°F ( 6 . 8°C )  and 57 . 1°F 

( l 3 . 9°C )  respectively . Minimum temr1erature on grass ranged from 28 . 2  to 49 . 5°F 

( -2 . 1  to 9 . 7°C ) , and the rdative humidity range , total rainfall and total 

evaporation were 68 to 95%, 2 . 06 inches and 1 . 67 inches respectively. 

For experimsnt 8 ( October ) air temperature ranged from 34 . 9  to 64 . 6°F 

(1 . 7  to l8 . 1°C ) , with a minimum and maximun1 mean of 46 . 1°F ( 7 . 8°C )  and 58 . 1°F 

( l4 . 4°C )  respectively. Minimum temperature on grass ranged from 30 . 9  t o  52 . 8°F 

( -0 . 6  to l l . 6°C )  and the relative humidity range , total rainfall and total 

evaporation were 60 to  97%, 3 . 51 inches and 2 . 15 inches respectively.  

For experiment 9 (November) air temperature ranged from 37 . 0  to 6 9 . 8°F 

( 2 . 8  to 21 . 0°C )  with a minimum and maximum mean of 47 . 3°F ( 8 . 5°C )  and 62 . 0°F 

( 16 . 7°C )  respectively. Minimum temperature on grass ranged from 3 3 . 8  t o  5L 4°F 

( 1 . 0  to l0 . 8°C )  and the relative humidity range , total rainfall  and total 

evaporation were 54 to 83;1�, l .  3 7 inches and 3 . 10 inches respectively . 

In experiment 10 faecal pellets were deposited on lst  December , 1 968 . 

Data on the rate of developmer.t are shown in Table 27 . Minimum and maximum 

development of infective larvae was in 9 and 15  days time with 3 . 050 and 8 . 56% 

recovt..�ry from dulJlicate saP-1ples . The daily weathc;:r chart for the jJerio d  of  
0 developnent is given in Appendix 18 . Air temperature ranged from 37 . 1  to 71 . 1  F 

( 2 . 8  to 2l . l°C )  with a mini:G1um and maximum mean of 50 . 7°F ( 10 . 4°C )  and 65 . 7°F 

( l8 . 7°C )  respectively . 1\Iinimu.'ll temperature on grass ranged from 31 . 6  to 54 . 5°F 

( -0 . 9  to  12 . 5°C )  and the relative hlunidity range , total rainfall and total 

evaporation were 58 to 98%, 3 .  37 inches and. 2 .  83  inches respectively . 

At the tim0 when faecal pellets vrere placed outside on the first days of 

January and of February1 1969 , for ex}-;eriments ll and 12 , conditions for 

development were good (mean air tem})erature 62 . 1  to 62 . 7°F ,  16 . 8  to l7 . l° C )  and 

rate of development was ra]1id as shown in Tables 28 and 2 9 .  Minimum and maxi-

mu_rn development of infective larvae v1ere 6 to 8 and 10 days and perce.m.tage 

recovery from duplicate sam�les  for experiment l l  and 12 was 0 . 2 3 and 1 . 34 9  and 

11 . 9 and 36 . 2  respectively. Poor recovery in ex.IJeriment ll  (January) vms 

probalJly due to dry vmather during the first week, through which the faecal 

pellets became very hard and dry. A replicate experiment was set up on 9th 

January , 1969 and results v:ere similar to  tJ:,ose  shown in TablE 28 . The 

infective larvae (maxirilum > 90 ) were developed in ll days with a poor percc,ntage 
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Table 27 

Rate of development of the free living stage s  of Cooperia curticei in 

faeces under natural conditions during the month of December 1968 

Stages of development Time (days ) required for development 

E1 , Gastrula 

Minimum 

Maximum 

E2 , Tadpole 

Minimum 

Maximum 

Prehatch 

Minimuin 

Maximum 

11 , First stage larvae 

Minimu.m 

Maximum 

12 , Second stage larvae 

Minimum 

Maximum 

13 , Third stage larvae 

Minimum 

Maximum 

Date 

l .  12 . 68 
(morning) 

l .  12 .  68 
(evening) 

L 12 . 68 
2 .  12 . 68 

2 .  12 . 68 

3 . 12 . 68 

3 .  12 . 68 

5 .  12 . 68 

) .  12 . 68 

9 .  12 . 68 

9.  12 . 68 
15.  12.  68 

Percentage recovery of infective 

larvae fron duplicate samples 

Dsys 

l 

1 . 5  

2 

3 

5 

9 

15 

= 

Percentage 

unembryo = 55: 

E = 1 45% 
u:nembryo = 5% 

El 88% 
E2 7?� 

unembryo = 2% 
E l 
E2 
E3 

El 
E2 
E 3 
11 

20% 
76% 
2% 

2d ;v 
15% 

= 7afo 
1 3% 

Eggs = few 

11 82% 
12 18% 

11 
= 2% 

12 
= 92% 

13 
= 6% I 

12 4% 
13 96% 

3 . 0 & 8 . 56% 
(mean 5 - 7%) 



Table 28 

Rate of development of the free living stages of Cooperia curticei in 

faeces under natural conditions during thG month of January 1969 

Stages of  development Time 

El , 

E2 ' 

E3 ' 

11 ? 

1,.., , c. 

13 ' 

Date 

Gas trula 

Minimum 

l-/Iaximurn l .  

Tadpole 

Minimum l . 

lVIaximum 2 .  

Prehatch 

Mi nimu.m 2 .  

Maximum 3 .  

First  stage larvae 

JI/Iinimum 3 .  

Maximum s .  

Second stage larvae 

1!Iinimmn s .  
Maximum 8 .  

Third stage larvae 

Minimmn 8 .  

Maximum 10 . 

Percentage recovery of infective 

larvae from dul;licate samples 

(clays ) required 

Days 

L 69 1 

l .  69  
l .  69 2 

l .  69 
l .  69 3 

l .  69 
l .  69  5 

l .  69 
l .  69  8 

1 .  69  
1 .  69 10 

for develo:pment 

Percentage 

unembryo = 9oi ;0 

El 89'% 

E2 2% 

unembryo = l% 
El 15% 
E2 81% 
E 3 3% 

E2 3% 
E 3 62% 
11 35% 

11 700/o 
12 3o% 

11 2% 
12 8L1% , J  

13 14% 

0 . 23 & 1 . 34% 
(mean 0 . 7%) 
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Table 29 

Rate of development of the free l iving stages of  Coo:r;eria curticei  in  
faeces under natural conditions during the month of J:i'ebruary 1969 

Stages of development Time ( days ) required for development 

El , 

E2 ' 

E3 ' 

11 , 

12 , 

13 ' 

Gastrula 
Minimum 
Iv1aximum 

Tadpole 
Minimum 
Maximum 

Prehatch 
"" If " • 1v1lnJ.mum 

Maximum 

First stage 
]' . . _;LJ.nlmUlTI 
Maximmn 

Second s tage 

Minimurn 
illaximwn 

Third s tage 
Minimum 
Maximum 

Date 

l .  

l .  
= 2 .  

2 .  

3 .  

larvae 

3 .  

4 .  

larvae 

4 . 
:;:: 8 .  

larvae 
8 .  

10 . 

Percentage recovery of infective 
larvae from duplicate samples 

2 .  

2 .  

2 .  

2 .  

2 .  

2 .  

2 .  

2 .  
2 .  

2 .  
2 .  

Days 

69 l 

69 
69 2 

69  

69  3 

69 
69 4 

69 
69 6 

69 
69 10 

Percentage 

unembryo = 2% 
El 8 3% 
E2 1 5% 

unembryo = 1% 
El = 8% 
E2 85% 
E3 6% I 

El 2% 
E"' 

,: 
19% 

E3 69% 
11 le% 

Eggs = few 

11 
= 9 6% 

12 
= 4% 

11 2% 
12 81% 
13 17% 

11 . 9  & 36 . 2% 
(mean 24 o o%) 



recovery. Meteorological records for the period of l!laximum development of 
infective larvae for experiments ll  and 12 are given in Appendices 19 and 20 
respectively. Weather data for the period of development of experiment s 11  and 

1 2  are summarised as follo·ws ; 

For exf·eriment ll  (January) air temperature ranged fron 51 . 0  to 79 . 5°F 
( 10 . 6  to 2 6 . 4°C ) cvith a minimum and J;,aximum mean of 54 . 6°F ( l2 . 5°C )  and 70 . 7°F 

( 2L 5°C) respectively. }Iinimum temperature on grass ranged from 45 . 9  to 60 . 2°F 
( 10 . 0  to l5 . 7°C )  and the relative hurnidi ty range , total rainfall and total 
eVaiJOration VJere 57 to 88%, l .  76 inches ancl 1 . 43 inches respectively. 

For experiment 12 (February ) air tG!!lloGra ture ranged from 4 3 .  0 to 7 5 .  7°F 
( 6 . 1 to 24 . 3°C ) with a minimum and maximum mean of 54 . 5°F (12 . 5°C) and· 69 . 7°F 
(20 . 9°C)  re spectivsly. 1/Iinirri\l .. � te:w1Jer: � ture on grass ranged from 43 . 0  t o  58 . 2°F 

( 6 . 1  to 14 . 5°C ) and the relative humidi ty range , total rainfall and total 
evaporation were 60 to 90'%, l .  83  inches and l .  36 inches respectively. 

The results on development of the infective larvae throughout the year 
from idarch , 1968 to February, 1969 , and their corresponding meteorologi cal 
records are given in Table 30 . From this table it  ap1;ears that the rate of  

development was strongly influenced by temperature .  Relative humidity and 

rainfall may have produced effects on the rate of survival and percentage 
recovery of the infective larv2e but they did not appear to influence the rate 
of development . Development of the infective larvae was not recorded when mean 
air temr..erature was belo·w 50°F ( l0°C )  and mean maximum air temperature was 

between 53 to 56°F ( 11 . 7  to 1 3 . 3°C ) but a few eggs developed to first and second 
larval stages . vfuen mean maximum air tem} erature was between 57 to 65°F (14  to 

18°C ) infE:ctive larvae were developed in 15 to 28 days and when mean maximum air 

temperature was betvieen 65 to 77°F ( 18 to 2 5°C )  the development was rapid  and 
infective larvae dE:vclopGd in 9 to 1 5  da3'S . 

To test the rate of developm<:::nt of the infective larvae (maximum > 9o%) 
under natural conditions agc:tinst the mean maximum air temperature during the 
period of development these  data y,;ere compared (Table 31 ) , with the predicted 
days of development after log transformation from the regression l ine equation 
prepared under constant temperatures (refer Appendix 1 ) . Analysi s  of variance 
v:as carried out ancl is shown in Aj,.pendix 2 1 .  The variance "botv:een develop-
ments "  under natural and laborc:.tor:l conditions vms not significantly greater 



Ex:psriment 

No. 

1 

2 

3 

4 

5 

6 

'ra.ble 3.Q. 

Rate of development of the free living stages of Cooperia curticei in fae cal pellets 

deposited out-of-doors at different times of the year , with Meteorological records. 

Infected 

faeces Time :in development 

derosited to th:ird stage Jarvae Air 

rut-of-doors (days) temp. 

in 1968 . Minimum :Maximum (range) °F 
> 9Cifo 

57 : 0  
March 6 9 to 

81. 2 

April 10 21 40 . 6  
to 

'J7 . 6  
( 

3 3 . 8 
May 12 28 to 

66 . 2  

2 9 . 8  
June - - to 

59 - 7  

30 . 8  
July - - to 

61 . 1  

31 . 6  
August - - to 

65. 0 

Mean 

Mean Minimum 
:Max. a:ir air 

0 
'Thmp . F 0 'IEm.p. F 

76 . 6  62 . 0  

63 . 2  49 - 5 

65 . 1  45 . 6  

56 . 2  43 . 2  

53 . 1  3 9 . 0  

56 . 1  41 . 4  

Min:inum 
Mean temp.on ReJative 

Air grass 9f 

Tffi!P. � ( r-aXJge ) 

49 � 9  
69 . 3  to 

65 . 3  

56 . 3  3 5 · 4  
to 
59 . 4  

26 . 2  
53 . 0  to 

53 . 1  

2 1 . 2  

49 . 2  to 
49 . 9 

23 . 5  
46 . 1  tc 

48 . 6  

2 5 . 2 
48 . 7  to 

47 · 8 

hunidity 

(mnge) 

61-91 

66-97 

76-99 

5 5-96 

69-98 

74-96 

Total 

:rainfall 
(:inches ) 

0 . 65 

4 · 09 

4 . 66 

6 . 02 

2 . 93 

2 . 51 

Total 

evaporation 
(:imres ) 

o . 86 

1 . 41 

1 . 14 

0 � 90 

0 . 78 

. 1 . 36 

00 0\ 
• 



'!'able 20 continued 

ExperjmE:J:rt  Infected 

Ho . faeces Time in development lVIean Ivli.ni.mwn 
&posited. to ild.:Dl stage larvae Air MEan lVf:inim.:un Nee.n tomp. on fulative Total Total 

rut -of-doom (days ) fum.p .  JI{Jax:,air air a:l r a_, grass .l! humidiii)T m:i..nf1ill ev-aporation 

in 1968 Mi.n:imLlm Ivl:J,xinmm (ralloDB ) °F Temp. � 'furnp. °F 'llimp. cp (range )  (r-d.l1ge ) (inches ) (inche s )'  

> 900/o 

35 . 1  28 . 2  
7 :::Bptem 1)er 15  2 5  to  57 . 1  44 . 2 50 . 7  to 68-95 2 . 06 1 . 67 

65 . 5 49 . 5  

34 . 9  30 . 9  
8 October 12 2 3  to 58 . 1  46. 1  52 . 1  to 60-97 3 . 51 2 . 15 

64 . 6  52 . 8 

3 7 . 0  3 3 , 8  
9 November 12 2 3  t o  62 . 0  47 . 3  54 . 7  to 54-83 1 . 37 3 . 10 

69 . 8  51 . 4 

37 . 1  31 . 6  
10 December 9 15  to  65 . 7  50 . 7  58 . 2  to 58-98 3 . 37 2 . 83  

71 . 1  54 . 5  

1969 51 . 0  45 . 9 
11  January 8 10 to 70. 7 54 . 6  62 . 7 to 57-88 l .  76 1 . 43 

7 9 - 5 60 . 2  

43 . 0  43 . 0  
12 February 8 10 to 69 . 7  54 . 5  62 . 1  to 60-90 1 . 83 1 . 36 

7 5 . 7  58 . 2  • 

00 ....:� 
.. 
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Table 31  

l\fonth Time for maximum Predicted log days 

( > 9o%) development of development of 

of infect2ve larvae Mean infective larvae (T90 ) 
Actual Log :Maximum from regression slope 

days days air temp . -0 . 033  (Appendix 1 )  

I'f1arch 1968 9 0 . 9542 24. 7°C 0 . 9699 
( 76 . 6°F) 

April 21 1 . 3222 17 . 3°C 1 . 1222  
( 6 3 . 2°F )  

May 28 1 . 4472 18 . 3°C 1 . 1818 
( 6 5 . 1°F) 

June , July no 

& August development 

September 25 1 . 3979 13. 9°C 1 . 3118 
( 57-. 1°F) 

October 2 3  1 . 3617 14-. 4°C 1 . 3096 
(58., 1 °F ) 

November 2 3  1 . 3617 16. 7°C 1 . 2 330 
( 62 . 0°F) 

December 15 1 . 1761 18 .. 7°C 1 . 1673 
( 6 5 . 7°F )  

January 1969 10 1 .0000 2 1 ..4°C 1 .0755  
( 70 .. 7°F) 

February 10 1 . 0000 2 1 . 0°C 1 . 0934 
( 69 . 7°F) 

Total : - 11 . 0210 10 .4645 
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than error variance within m onth s o The s e  resul t s  suggest that under · 

natural c onditi ons rate of d evelopment is s trongly c orrelated  with mean 
maximum air temperatur es  over the peri od during whi ch development t o  the 

infective stage oc curs . 

The maximum d evelopment t ime in days f or each month is  plot ted  i n  
Fig .  6 .  Conversion o f  the days t o  logarithms c onverted this curve t o  a 

straight  line ( figure 7 )  and the s l ope of  this line was calculated 
( Appendix 22 ) .  The s l op e  of th e regression line was -0 . 04<),. Thi s  slope 
indicates  that the rat e o f  d evelopment of the infect ive larvae ( > 90% ) 

change s  per degree  c entigrade by  0 . 049 log unit s  of  time . Thi s  is little ,. 
different from th e s l ope of th e regression line ( - O � C 33 ) obtained und er 

c onstant temperatures (refer Appendix 1 ) .  The dif f er enc e in the regres
s ion line under natural c ondit ions may  be  a c c ount ed for by  diurnal 

fluctuat i ons in temperature during changing seas ons ( f igure 6 r. Chi 
s quare test  was applied to find out th e go o dness of fit of  this regres

s ion line pr epar ed under na tural conditions . The cal culat ions are  given 
in Append ix 23 . The c alculated line is  not s ignificantly different f r om 
the observed data ( p  <0 . 0 5 ) . The two regres sion lines were c ompared . 
The 1 1T901 1  t imes for temperatures of 1 5°C ,  20°C and 2 5°C were obt ained 
from the regression line s fr om laboratory and field data ( Appendix 24 ) . 
The difference in intercept is shown in Appendix 2 5 .  The results ind i 
c at e  that there was n o  s tat ist ically s ignificant difference b etween the 

two slope s -. 
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ii ) Survival of the inf e ctive larvae : - After more than 90% o f  the 

larval stages r e c overed  had reach e d  th e infe c tive stag e , th e surv ival 
of  the s e  inf e c t ive larvae was r e c or ded . Dupli cate  samples were examined 

each week throughout th e year from Mar ch , 1 968 t o  Feb ruar y ,  1 96 9 . Examin
ation of th e samples  fr om each month  ( experiment 1 -3 ,  and 7 - 1 2 )  was 

c ontinued unti l  no inf e ctive larvae were r e c overed in two success i v e  
weeks �  N o  obs ervati ons were mad e  o n  eggs  deposited  i n  June , Jul y  and 
Augus t since no infec tive larvae were r e c overed at any time from th e s e  
samp l e s  ( s ee  chapter I V  3 ( i )  ) . 

The numb ers of  infec tive larvae r e c overed from herbage t o  2 cm 
and>2 cm in h eight , from the faecal pellets  and the soil surface  are  

given in Append ix tab le s  26 to 34 , togeth er wi th the  percentages of  lar
vae that survived and larvae that migrated  onto the herbage . 

The perc entage survival and th e total perc entage of larvae whi ch 
had migrated  ont o the grass f or each month in whi ch obs ervations were  
made  are  summari s e d  in tables  32 to  40 . The maximum survival , maximum 
perc entage r e c overy and maximum perc entage migrated are given for each 
m onth t oge th er with m e t e or ological data in t gble 4 1 . Maximum survival 
in ascending ord er wi th m e t e orol ogical data i s  given in table 42 . Week

ly larval recoveries and migration wi th me te orological data are sh o wn in 
figur e s  8 to  1 6 .  Th e survival of the infec tive larvae kept in 1 c m  

depth of water with each monthly experiment i s  summarised  i n  tab l e  43 , 
and th e survival maxima fr om tab l e  42 are pr oT.ide d  for comparison . 

To examine the influence of me t e or ological fac t ors on max imum 
survival , c orre la t i on c o e fficients wer e  calculated on data given i n  t able  

42 . Correlat i on c oefficients are sh own in Appendix 3 5 ·  The c alculat i ons 

indic ate that ther e  was significant negative c orrelati on between maximum 
survival and mean maximum air t emperatur e . There  was no correla t i on be
twe en survival and t otal evaporati on . A s igni f ic ant posi tive correlation 

ca.n b e  demons trated  betwe en maximum survival and relative humi d i t y  and 
t otal rainf al l .  However , th e maximum survival of the inf e c tive larvae 

kept in one cm depth of  water was almost  pre c is ely  th e same as tha t 
oc curring on herbage and soil  through out th e year ( Tabl e  43 ) . Thi s  

suggests  that i n  th ese  exp eriment s only fluctuations in th e air t emper-



Period 
in 

weeks 

1 

2 

3 

4 

5 

6 

7 
8 
9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  
1 7  

1 8  
1 9  

2 0  

Tabl e  3 2  

Perc entage survival and verti cal migrati on o f  th e 
inf e c t ive larvae of Cooperia curti9�i under natural 

c ondi t i ons from Experiment 1 ( March , 1 968 ) .  

First  r eplicate S e c ond r eplicate Mean 

92 . 

Mean 
Percentage Fe:rcen:tage Perc entage Ierc entage Fe re En tag e Ierc entage 
migrat e d  survival migrated survival migrated survival 

1 . 00 1 7 a 00 o . 62 1 0  .. 00 0 . 81 1 3 . 50 

O o 70 7 o 3 0  1 e 5  4 . 20 1 . 1 0  5 o 75 

0 . 46 6 . 24 0 o .  50 0 . 23 3 . 1 4  

0 . 50 6 . 40 o .  1 8  1 . oo 0 . 34 3 . 70 

1 . 24  5 · 50 1 ., 68 4 . 3 0  1 . 46 4 . 90 

1 . 40 3 . 00 1 . 28 2 . 00 1 . 34 2 . 50 

1 . 00 2. 52 o . 6o 1 . 8 0 o . 8o 2 . 1 6  

1 . 46 1 . 8 2 0 . 66 0 . 74 1 . 06 1 . 28 

1 . 06 1 . 24 0 o . 6o 0 . 53 0 . 92 

o . 4o O o 92 0 .. 3 0  0 . 70 0 . 3 5  0 . 8 1  

0 . 66 0 . 66 0 . 42  0 . 48 o .  54 o .  57 

0 . 32 0 . 32 O o 20 0 . 22 0 . 26 0 . 27 

0 . 0 5  � s 1 0  O o 07 O o 3 5  o . o6 0 . 22 

O i> 02 0 . 1 2  o . o1  0 . 1 2  0 .. 02  0 . 1 2  

o . o s 0 . 0 5  o . o6 o . o6 0 . 0 5  0 . 06 

0 0 ., 1 2  0 O o 08 0 . 03 0 . 1 0  

0 0 . 00 5  0 0 0 0 . 002  

0 0 . 08 0 0 0 o . o4 
0 0 0 0 Nil Nil 
0 0 0 0 Nil Nil 
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Table  33 

Perc entage survival and vertical migration of the 
infe c tive larvae of Cooperia curticei  under  natural 

c onditions from Experiment 2 ( April , 1 968 ) .  

Period First  replicate S e c ond replicate Mean Mean 
i n  Per centage Perc enl:age Percentage Peroeniage Percentage Percenla:lge 

weeks migrate d  survival migrated  survival migrat e d  survival 

1 o . 6  23 . 4  2 . 3  1 2 . 7  1 . 4 5  1 8 . 0 5  

2 1 5 . 58 20 . 8 5  1 5 . 70 1 9 . 90 1 5 . 64 20 . 37 

3 1 2 .37 1 8 . 70 1 3 . 2 5  1 8 . 0  1 2 . 8 1  1 8 . 3 5  

4 1 7 . 1 6  2 1 . 1 3 1 7 . 96 1 9 . 5  1 7 . 56 20 . 3 2  

5 1 3 . 3 1 7  · 3 5  4 . 47 7 . 04 8 . 8 9  1 2 . 20 

6 8 . 26 1 1  . 1 1  6 .  58 9 . 0  7 . 41 1 0 . 56 

7 5 · 70 6 . 66 2 . 8 5  4 . 0  4 . 28 5 · 33 

8 5 . 08 6 .. 70  4 . 43 5 . 1 0  4 . 76 5 - 90 

9 6 . 34 7 . 64 4 .  59  6 . 5  5 · 47 7 · 07 

1 0  2 . 6 1 3 .. 02 2 . 23 2 . 83 2 . 42 2 . 98 

1 1  0 . 63 0 . 7 5 o . 6o 0 . 68 0 . 62 0 . 72 

1 2  0 . 26 0 . 3 5  o . 41 o . 46 0 . 34 o . 42 

1 3  0 . 38 0 . 47 0 . 29 0 . 32 0 . 34 o . 4o 

1 4  0 . 48 o .  52 0 . 34 0 . 38 o . 41 o . 4 5  

1 5  0 . 70 0 . 74 0 . 23 0 . 26 0 . 47 o .  50 

1 6  0 . 23 0 . 27 0 . 1 3  0 . 1 8 0 . 1 8  0 . 23 

1 7  0 . 1 9  0 . 21 0 . 1 1  0 . 1 2 0 . 1 5  0 . 1 7  

1 8  0 . 1 4  o .  1 5  o . o6 0 . 1 1  0 . 1 0  0 . 1 3  

1 9  0 . 07 o . o8 0 ., 06 0 . 06 0 . 07 0 . 07 

2 0  o . o4 0 . 0 5 0 . 03 0 . 04 o . o4 0 . 0 5  

2 1  o . o4 0 . 04 0 . 02 0 . 02 0 . 03 0 . 03 

2 2  o . o6 0 . 06 0 . 01 0 . 01 0 . 04 o . o4 

23 o . o4 0 . 04 o . o4 0 . 04 

24 0 . 03 0 . 03 0 . 03 0 . 03 

2 5  0 . 01 0 . 0 1  0 . 0 1  0 . 01 

2 6  0 0 Nil Nil 

27 0 0 Nil Nil 



P er i od 
in 

we eks 

1 

2 

3 
4 
5 
6 

7 
8 

9 
1 0  
1 1  
1 2  
1 3  

1 4  
1 5  
1 6  
1 7  

1 8  

1 9  

20 
2 1  
22  
23 
24 

2 5  
26  

27  
28  

Tab l e  34 

Perc entage survival and v ertic al migration of the 
infect ive larvae of Cooperia curtic ei  under natural 

c ondit i ons from Exp eriment 3 (May , 1 968 ) .  

First replicate S e c ond replicate  Mean 

?4 .  

Mean 
Fe :rce nt� Pe:rcertage Perceni:ag::l Pa-cent� Percentage Percentage 
migrated survival migrated survival migrated survival 

5 - 20 1 3 . 6 1 . 63 6 . 82  3 . 42 1 0 . 2 1  

7 . 0 5 1 4 . 0  2 . 1 2 8 . 20 4 . 59 1 1 . 1 0 

4 . 0  1 2 . 0  2 . 1 0 8 . 0  3 . 0 5  1 0 ., 0  

7 - 32 1 2 . 2 5 5 - 1 5  8 . 0 5  6 . 24 1 0 . 1 5  

8 . 0  .. �c . 6 5 4 . 1 7  5 · 37 6 . 0 9  8 . 0 1  

2 . 1 0  7 - 93 2 . 28 4 . 73 2 . 1 9  6 . 33 

3 - 52 9 . 0  3 · 59 8 . 1  3 - 55 8 . 5 5 
2 . 5 5 6 .  52 2 . 70 5 · 72 2 . 63 6 . 1 2 

3 ·  57 6 . 4  2 .  50 4 . 40 3 . 04 s . 4o 

1 . 7 5  3 . 0  1 .  93 3 . 0  1 . 8 4  3 . 00 

4 .. 42 5 . 20 2 . 1 5  3 . 6 5  3 . 29  4 . 43 

2 . 62 3 . 72 2 . 8 5  3 - 55 2 .. 74 3 . 64 

1 .  56 2 . 20 1 . 55 2 . 1 5  1 .  56 2 . 20 

1 . 30 1 ., 8 0  0 . 70 1 . 32  1 . 00 1 " 56 
1 . 2 5  1 . 9 5  1 . 32  1 . 6 5  1 . 29  1 . 80  

2 . 1 5  2 . 80 1 . 40 2 . 02 1 . 78 2 . 41  
1 . 6 5  2 . 1 5 1 . 60  2 . 07 1 . 63 2 . 1 1  
1 - 37 2 . 40 1 . 24 1 . 90 1 . 32  2 . 1 5  
o .  57 1 .  50 0 . 57 1 .  50 

o . 8o 1 . 0 5  o . 8o 1 . 0 5  

0 . 77 1 . 00 0 . 77  1 . 00 

0, 67 o .. 8o  0 . 67 o . 8o 

o .  50 o . 62 o .  50 0 . 62 

0 . 3 5  0 . 3 5  0 . 3 5  0 . 3 5  
0 . 1 7 0 . 1 7  0 . 1 7  0 . 1 7  
0 . 02 0 . 02 0 . 02 0 . 02 

0 0 Nil Nil 
0 0 Nil Nil 
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Tabl e  3 5  

Perc entage survival and vertical migra�1on of the 
inf e ctive larvae of Cooperia cur tic e i  under natural 

conditions from Experiment 7 ( September , 1 968 ) .  

P eri od Firs t  replicate  S e c ond repli cate 
in Percentage Percentage Percentage Percentag e  

weeks migrated sur vival migrated  survival 

1 1 . 0 1 8 . 3  0 4 . 5  

2 0 . 6  7 o 30 o . 4  2 .  52 

. 3 8 . 6 1 4 . 1 2 5 .88  8 . 44 

4 8 . 28 1 0 . 24 3 ·  56  5 - 40 

5 1 0 . 4  1 6 . 08 8 . 0 1 1 . 72 

6 8 . 48 1 3 . 28 5 - 0  9 . 08 

7 5 . 1 6  7 . 04 2 . 6  4 . 04 

8 4 . 0  4 . 64 2 . 8 4  3 .. 73 

9 1 . 9 3 . 1  1 . 8 3 . 0  

1 0  1 .  76 2 . 8 4  1 . 4 1 .  92 

1 1  2 . 1 0 3 . 40 1 . 4 1 . 84  

1 2  1 . 64  3 . 32 1 . 0 1 . 44 

1 3  1 . 4 1 . 60  0 . 4  o . 4  

1 4  1 . 3 6  1 .. 56 0 .. 6 0 . 7  

1 5  1 . 1 2 2 . 6  0 . 6  0 . 7  

1 6  2 .  52 2 . 62 1 . 1 ?  1 . 1 2  

1 7  0 . 3  0 . 3  0 0 

. 1 8  0 0 0 0 

1 9  0 0 0 0 

Mean 
Perceniage 
migrated 

0 . 5 
0 . 5  

7 . 1 4  

5 - 92 

9 . 20 
6 . 74 

3 .8 8  
3 . 42 
1 . 90 
1 .  58 
1 . 7 5  
1 . 32 
0 . 9  
0 . 98 
0 . 8 6  

1 . 82  
0 .3 
Nil 
Nil 

Mean 
Perc entage 
survival 

1 1 . 50 
4 . 91 

1 1 . 28 
7 . 87 

1 3 . 90 
1 1 . 1 5  

5 · 54 
4 . 1 9  
3 . 1 0 
2 . 38  
2 . 62 

2 . 38 

1 . 00 
1 . 1 3  
1 . 6 5  

1 . 8 7  
0 . 3  
Nil 
Nil 



Tabl e  36  

Perc entage survival and vertical migrati on of the 
infe ctive larvae of  Cooperia cur ti c e i  under natural 

conditi ons from Experiment 8 ( Oc t ober , 1 968 ) .  

P eriod First repli cate S e c ond repli c a t e  Mean Mean 

9 6 . 

i n  Perc entage Thrcentage Thrcentage Per centage 
we eks migrat ed  survival migrated survival 

Percentage Per centege 
migrat ed  survival 

1 1 . 0 1 1 . 40 1 . 8 1 0 . 76 1 . 40 1 1 . 08 

2 1 0 . 88 1 4 . 88 8 . 46  1 0 . 52 9 . 67 1 2 . 70 

3 24 . 30 2 9 . 44 22 . 1 6  29 . 38 20 . 23 2 9 . 41 

4 9 . 8  1 0 . 6  8 .  52 5 . 80 7 . 80 9 ·  56  

5 1 . 32  2 . 32 1 . 30 1 . 8 6  1 . 3 1  2 . 09 

6 1 . 1 4  2 . 20 0 . 88 1 o 7 1 .  0 1  1 . 4 5 

7 7 . 2  8 . 0 5 · 4  7 . 42 6 . 3 7 . 71 

8 1 . 74 2 . 1 2  0 . 92 1 . 22 1 . 33 1 . 6 7  

9 1 . 0 1 . 22 o .  58 0 . 92 0 . 79 1 . 07 

1 0  o .  56 0 . 88 0 . 20 o .  50 0 . 38 0 . 69 

1 1  0 . 36 o . 48 0 . 90 1 . 04 o .£3 0 . 7 6  

1 2  1 . 24 1 . 24 0 . 20 0 . 28 0 . 72 0 . 76 

1 3  0 .. 24 0 . 30 0 . 1 8 0 . 1 8  0 . 21 0 .. 24 

1 4  0 0 0 0 Nil Nil 

1 5  0 0 0 0 Nil Nil 



Period 
of 

weeks 

1 
) 2  
3 

4 
5 
6 
7 

8 
9 

1 0 

1 1 

1 2  
1 3  
1 4  

Table  37  

P er centage survival and vertical migration of the 
infec tive larvae of  CooEeria curticei  under  natural 

c ond i t i ons fr om Experiment 9 ( November , 1 968 ) .  

Fir s t  r eplicate S e c ond r ep li c a t e  Mean 

97 . 

Mean 
Perc arlBge Percentage Perc entage Percentage  Perc e."l tage Per<En ta g  e 
migrated  survival migrated survival migrat ed survival 

0 . 2  8 . 95 0 . 3  6 . 46 0 . 2 5  ? . ? 1  

1 . 80 9 . 8? 3 . 40 8 . 8 5  2 . 60 9 . 3 6  

? . 8? 1 1 . 57 2 . 1 0 ? . 01 4 . 98 9 . 2 9  

9 . 20 1 2 . 6 5  9 . 40 1 1 . 59 9 . 30 1 2 . 1 2  

1 1 . 20 1 2 . 20 5 · 90 6 . ?0 8 .  50 9 . 4 5  

3 . 1 1  4 .  50 1 . 43 2 . 30 2 . 2? 3 . 40 

1 . 8 5  3 . 00 2 . 1 2  2 . ?0 1 .. 9 9  2 • 8 5 

1 . 1 6  1 . ?0 1 . 00 1 . 40 1 .08 1 . 5 5 

o .  50 0 . ?? o . 4o o .  57 0 . 4 5  o . 6? 

0 . 3? o . 4o 0 . 22 0 . 26 0 . 30 0 . 33 

0 . 0? o . o? 0 . 01 0 . 01 0 . 1 0 . 1 

0 . 01 o ... o 1  0 0 0 . 00 5  0 . 00 5  

0 0 0 0 Nil Nil 

0 0 0 0 Nil Nil 



Period 
in 

we eks 

1 
2 
3 
4 
5 
6 

7 

R 
9 

1 0  
1 1  

1 2 

Tab l e  38  

Percent age survival and v erti cal migra�2on of the  
infec tive larvae of Co operia curticei under natural 

c onditions from Experiment 16 (Dec ember , 1 968 ) .  

Mean M ean 

98 . 

Firs t  replicate 
Percentage Perc en� 
migrate d  survival 

S e c ond rep li cat e 
Perc entage Percentage 
migrated  survival 

Perc entage Percenta ge 
migrat e d  survival 

0 2 5 . 24 0 1 8 . 6 5 0 2 2 . 03 
0 8 .  56 0 3 . 00 0 5 - 78 

3 . 22 7 . 63 1 . LI-O 6 . 73 2 . 3 1  7 . 1 8  

2 . 26 4 . 84 1 . 3 7  2 . 68 1 .. 82 3 . 76 

1 . 70 2 . 3 5  1 . 1 4  1 . 61 1 .. 42 1 . 98 

0 . 1 3 0 . 4 5  o .  1 7 0 .. 43 0 . 1 5 0 . 44 
0 . 28 0 . 45 0 . 20 0 . 2 5  0 . 2 1 0 .3 3  

0 . 3 1  o . 41  0 . 1 3  0 . 22 0 . 22 0 . 32  
0 . 1 7  0 . 2 5 0 . 1 3  0 . 1 4  0 . 1 5 0 .. 20 
0 . 0 5  0 . 1 0 o .. o4 0 . 0 5  o . o s o . o8 

0 0 0 0 Nil Nil 

0 0 0 0 Nil Nil 



Peri o d  
in  

w e e ks 

1 

2 
3 
4 
5 
6 

7 

8 
9 

1 0  
1 1  

Tabl e  3 9  

Per c entage survival and vert ical migration o f  th e 
inf e c t ive larvae of Cooperia curti c ei under natural 

c ondi ti ons from Experiment 1 1  ( January , 1 96 9 ) . 

First  r eplicat e Sec ond repli cate 
Percentage Percent age Percmiage Percentage 
migrated survival migrated  survival 

0 1 . 1 9  0 0 . 64 

0 . 92 1 .34 0 . 1 0 0 . 23 
1 . 30 1 .  59 0 . 28 o . 44 

0 . 2 1 0 . 2 5  0 . 09 0 . 1 4  

0 . 3 1  o . 4o 0 . 1 4 0 . 20 

o . o6 0 . 0 9  0 . 03 o . o8 
o . o4 o . o6 0 0 

0 . 02 0 . 0 5  0 . 02 0 . 02 

0 . 02 o . o4 0 0 

0 0 0 0 

0 0 0 0 

Mean 
Perc entag e  
migrated 

0 

o .  5 1  
0 . 79 
0 . 1 5 
0 . 23 
0 . 0 5  
0 . 02 
0 . 02 
0 . 01 
Nil 
Nil 

Mean 
Perc entage 
survival 

0 . 92 
0 . 79 
1 . 02  

0 . 20 
0 . 30  
0 . 0 9  
0 . 03 
0 . 04 
0 . 02 
Nil 

Nil 
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Table  40 

Perc entage survival and vertical migrat ion of the 
infe ctive larvae of Cooperia curti c ei under  natural 

c ondit i ons from Experiment 1 2  (February , 1 96 9 ) . 

Period First replicate S e c ond replicate Mean Mean 
in Percent:lge Percentage Perc e ntage Percentage Percentage Perc ent ag e 

weeks migrated survival migrat e d  survival migrat e d  survival 

1 0 3 6 . 2  0 1 1 . 9 0 24 . 50 

2 9 . 06 2 9 . 34 5 · 97 2 5 . 9 5 7 ·  52 2 7  .. 6 5  
3 1 4 . 82 1 9 . 94 1 2 . 30 1 7 . 98 1 3 . 56 1 8 . 96 

4 1 1 . 54 20 . 90 6 . 30 8 . 55 8 - 92 1 4 . 73 
5 4 . 80  8 . 28  4 . 2 1 6 . 02 4 .  5 1  7 - 1 5  

6 2 .LJ: · 1 4 . 1 5  1 . 1  0 2 . 08 1 . 76  3 . 1 2  
7 4 . 6 5  5 · 9 5  3 . 83  4.  52 4 . 2 5  5 - 24 
8 1 . 37  3 .76 1 . 76 2 . 66 1 .  56 3 . 2 1  

9 c . 82  1 . 8 7  0 . 68 1 . 47 0 . 76 1 . 67 
1 0  1 . 44 5 . 48 0 . 43 0 . 97 0 . 94 3 . 23 

1 1  0 . 27 1 . 33 0 . 1 8  0 . 42 0 . 23 o . 88 

1 2  0 . 38 0 . 42 0 . 89  G . 22 0 . 24 0 . 32 

1 3  0 . 72 0 . 90 0 . 1 2  0 . 20 0 . 42 0 .. 5 5  
1 4 o . 46 0 .48 0 . 03 0 . 0 5  0 . 2 5  0 . 27 

1 5  0 . 37 0 .. 46 0 . 03 0 . 06 0 .20 0 . 26 

1 6 0 . 1 2  0 . 1 2  0 . 0 5  0 . 0 5  o . o8 o . o8 

1 7  0 . 01 0 . 01 0 0 . 02 0 . 00 5  0 . 02 

1 8  0 0 0 0 Nil Nil 

1 9  0 0 0 0 Nil Nil 



Table 4 1  

Maximum survival o f  the inf e c tive larvae of Co9Eeria c urticei und er natural c ondi ti ons at different time of the year wi th m e t e orological r e cords 

Experim ent Inf e c t e d  Haximum Haximum Maximum Means for the  maximum period of T otal T otal No . faec e s  survival percentage percentage survival :r· ainfall evapcration d eposit e d  in weeks recovery migrate d He an Mean Mean Mean outdoors from mtal minimum maximum minimum r elat ive 
recovery air temp. air temp. t emp , on humidity 

grass 
oF OF OF % inch e s  inch e s  

1 968 
1 Mar ch 1 8  ·n . so 1 • 46 47 . 3  6 1 . 4 42 . 5  8 5 1 7 . 40 6 . 872 

2 April 2 5  2 0 . 37  1 f7 .. 56 42 . 9  56 . 5  38 . 1  86  2 1.. 4 5  7 . 943 

3 Hay 26 1 1 . 1 0 6 . 24 43 . 4  56 . 9  3 9 . 4  83  2 1 . 54 1 1 . 960 

4 , 5 & June ; July Inf e c t ive larvae c ould n o t  d evelop 
6 & August re fer table  C::1 , C2 ,  2.3 , & 3 o. 

7 S eptember 1 7  1 3 . 90 9 . 20 4 9 . 1  63 . 6  4 5 . 7  7 5  1 5 . 80 1 7 . 02 5 

8 October 13  2 9 . 4 1  20 . 23 5 1  . 1  6 6 . 0  47 . 5  74 1 2 . 07 1 4 . 640 

9 November  1 2  1 2 . 1 2  9 . 30  53 . 4  68 . 9  49 . 1  7 5  1 1 . 48 1 4  0 500 

1 0  D e c ember 1 0  22 . 03 2 . 3 1  5L1- . 7 70 . 1  so . 5 74 8 . 49  1 1 . 430 
1 96 9  

1 1  January 9 1 . 02 0 . 79 54 . 7  70 . 1  49 . 7  74 4 . 39 9 . 66 1  

1 2  February 1 7  27 . 6 5  1 3 · 56 49 . 5  63 . 6  43 . 9  79 8 . 70 1 1 . 843 --" 
0 
--" 
• 
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Tab l e  42 

Survival in as cending ord e r  o f  the i nf e c t ive larvae of  
Cooperia cur t ic ei throughout the 

Star t ing Maximum Mean Mean 

year with mete orologi cal 

Mean Relativ � T otal 
Months survival maximum minimum minimum humidity  rainfall 

& ( we eks ) air temp. air tem:[:b on graE:S ( mean) ( inch e s ) 
Exp . No . 

1 1  Jamary 9 70 . 1 °F 54 . 7°F 49 . 7°F 74 4 . 3 9  
1 96 9  ( 21 . 1 ° C ) ( 1 2 . 6°C ) ( ( 9 . 8 °C )  

1 0  Decem ber 1 0  70 . 1 °F 54 . 7°F 50 . 0°F 74 8 . 49 
1 968 ( 2 1 . 1 °C ) ( 1 2 . 6°C ) ( 1 0 . 3° C )  

9 Na.rember 1 2  68 . 9 °F 53 . 4°F 49 � 1 °F 7 5  1 1 . 48 
1 968  ( 20 . 5°C ) ( 1 1 . 9°C )  ( 9 . 4°C )  

8 �tober 1 3  6 6  • 0 °F 5 1  • 1 °F 47 . 5°F 74 1 2 . 07 
1 968 ( 1 8 . 9°C } (  1 0 . 6°C )  ( 8 . 6 °C )  

7 Septem ber 1 7  63 . 6 °F 49 . 1  °F 4 5  .. 7°F 7 5  1 5 . 8 0  
1 968 ( 1 7 . 6°C )  ( 9 . 4°C )  ( 7 . 6°C )  

1 2  February 1 7  63 . 6 °F 49 , 5°F 43 .-9°F 7 9  8 . 70 
1 969  ( 1 7 . 5°C )  ( 9 . 7°C )  ( 6 . 7°C )  

1 March 1 8  6 1 , 4°F 47 . 3°F 42 . 5°F 8 5  1 7 . 40 
1 968 ( 1 6 . 3°C )  ( 8 . 4°c )  ( 5 o 9°C )  

2 April 2 5  56 • 9°F 42 . 9°F 38 . 1  °F 8 6  2 1 . 4 5  
1 968  ( 1 3 . 6 °C )  ( 6 . 1 °C )  ( 3 . 3°C )  

3 May 26 56 . 9°F 43 . 4°F 3 9 . 1 °F 83  2 1 . 54 
1 96 8  ( 1 3 . 8° C )  ( 6 . 3° C )  ( 4 . 1 ° C )  

r e c ords 

Total 
evap oration 

( inch e s ) 

9 . 6 6 1  

1 1 . 430 

1 4 . 500 

1 4 . 640 

1 7 . 0 2 5  

1 1 . 8 43 

6 . 872  

7 . 943 

1 1  .. 960  
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Tabl e  43 

Maximum survival o f  the infective larvae of Cooperia curticei in 
water (depth 1 cm ) unde r  natur al c ondi tions at' d i fferent time s  

of the year 

Experiment 
1 2 3 4 ,  5 7 8 9 1 0  1 1  1 2  No . 

&: 6  
Months Mar ch April May June Sep t .  Oct .  Nov . D e c . Jan . Feb. 

1 968 July 1 96 9  
&: 

August 

Period 
in w e ek s  p e r c e n t a g e s u r V i V a 1 

1 1 00 1 00 1 00 :z 0 1 00 1 00  1 00 1 00 1 00 1 00  

2 92 1 00 98 1-'• � 1 00 1 00 1 00 97 93 99 
3 8 7  98 98 H, 1 00  98 98 97 78 99 (I) (') 
4 6 5  97 98 c+ 99 96 95 93 7 1  95 1-'· 

44 96 
<l 

94 96 92 90 59 8? 5 97 (I) 

6 97 1-' 32 95 P> li 91 87 90 8 1  50 .• 79 
7 20 96 9 5 <l 90 8 5  8 5  62 },5' 77 P> CD 
8 1 8  96 91 p, 8 7  79  64 46 1 9  7 5  

96 
(I) 

56 34 2 1  4 68 9 1 5 90 < 72 (I) 

1 2  9 5 90 1-' 1 0  0 '"0 64 36 1 9 3 1 60 
1 1  -t O  95 8 6  (I) · 56  22 3 0 0 51 p, 
1 2  4 90 8 1  I-'• 36 - 9 0 36 � � ---

1 3  2 84 7 5  c+ I:Y' 21  3 ( 1 0 )  (9)  23 
1 4  1 78 ?·2 (I) 1 0  1 ( 1 2 )  1 1  Cll CD 
1 5 0. 5 6 5  60 8 3 0 6 

0 
1 6  0 . 5 50 42 � 1 2 c+ 
1 7  ·e . .., 3 5  3 1  

I:Y' Cll 0 ( 1 3 ) 0 

1 8  23 2 5  RO - (') 

1 9  · { 1 8 )  1 5  23 0 ( 1 7 ) ( 1 7 )  8 '"0 
20 .5 20 P> 'i 1-'• 
2 1  2 1 2  Cll 

The figures in bracke ts ar e the 0 
22 2 1 0  � 

maximum survival in weeks of Cll 
23 1 8 � larvae i n  p ot exp eriments , 

0 
24 - 0 4 c+ 

s 
0 Sll 2 5  p.. CD 

( 2 5) • 

( 2 6 )  
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ature strongly aff e c t e d  the maximum survival of the inf e c tive larvae 

of Cooperi� curti cei and that  the apparent correlation betwe en surviv al 
and rainfall or relativ e  humidity is spuri ous . 
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iii ) Vertical migration of the infe c tive larvae : - Vertical migra-
t i on of the inf e c tive larvae of  Cooperia curticei from 0 t o  2 cm and 

> 2 cm in h eigh t  was recorded  at weekly int ervals fr om duplicate s amples  
thr ough out the year fr om March , 1 968 t o  Februar y ,  1 96 9  ( Experiment s 1 to  
3 and 7 t o  1 2 ) . Ac tual numb ers of  larvae r e c overed are given in App endix 
tables  26 to  34 . The numbers of larvae migrat e d  onto the herhage have 

b e en c onverted to  a percentage of  the numbers of larvae the ore tical l y  
available i . e .  t h e  number of eggs put out . The perc entage migrat i on on 

th e h erbage in re lat i on t o  survival for each m onthly experiment is given 
in t ables  32 to 40. From exp eriment s 4 , 5  and 6 (June , July and Augus t , 
1 968 ) inf ec tive larvae did  not d evelop ( refer IV 3 ( i ) ) .  

From Appendix tables 26 t o  34 , it  app e ars  tha t in th e first 2-3 
weeks most  of th e larvae wer e on th e herbage at 0 to 2 cm in height but 
after a m onth or so  the number increased on herbage > 2 cm in height . 

Thi s  may be  ac c ount ed  for in part by the gr owth of the perennial rye 
gras s  as well as by me t eorologi cal effect s .  

The relationship between survival , vertical migrat ion and met e or o

logi cal r e c ord is shown in figures  8 t o  1 6 .  From the s e  figur e s  in mos t 
cases  it  appears that vertical migration was aff e c t e d  by rainfall and 

evap orat i on .  

Ins p e c t ibn of th e data sugg e s t e d  a str ong c orrelation b e twee n  the 

pero ent age migrating and th e percentage surviving . To examine the r elat
i onship be tween vertical migrati on and survival , a Sp earrnan Correlat ion 

c o ef f i c i ent was c alcula t e d  on data given in table s 32 to 40. Cal c ulati ons 

ar e s e t  out in Appendi� 36 and c orrelat ion c oe ffic ient is summarised in 
Tab l e  44 . It ind ic at e s  that t h e  c orre lation be tween the p erc entage sur
vival and perc ent age migration was highly significant . 

Percentage migrati on in re lat i on to survival of the infec tive 
larvae i s  given in Table 45 • When to tal survival throughout the ye ar 
( expe riment 1 t o  3 and 7 to  1 2 )  ranged  fr om 0-0 . 5% ,  the mean vertical 
migrat ion was 0 .,33% .  S imilt rly when t otal perc entage survival range d  

from 0 . 5 t o  1 . 0 ;  1 . 0 t o  1 0 .0 ;  1 0  t o  2 0  and 2 0%  and above , then mean 



Table 44 

Correlation c oe ffi ci e nt b etween survival and vertical migration 
throughout the year for each monthly experiment 

Months Correlation Results  
Coefficient 

March + o .83  Signi f icant a = . 00 1  
1 968 

April + 0 . 99 Signifi cant a ::: . 001 

May + 0 . 96 Signi ficant a = . 00 1  

September  + 0 . 62 Signi ficant a = . 01 

October + 0"" 99 Signifi cant a = . 00 1  

Novemb er + 0 . 88 Significant a = . 00 1  

De c emb er + o . 8 9  Significant a = . 01 

January + 0 .• 98 Siguific ant a = . 001  
1 96 9  

February + 0 . 9 5 Signifi cant a = . 00 1  



Tabl e  45 

Mean p erc entage migrat ion in relation to survival of th e inf e c t ive l�rvae of 
CooQ�ria  curticei  through out the  year from March , 1 968 to  February , 1 96 9 .  

Mean p erc entage vertical migration 
Total 

perc entage 
survival 

Exp . 1 Exp . 2 Exp . 3 

March Apri l  May 

1 )  0-0 .. 5 = o . 84 

2)  0 . 5- 1 . 0 = o . 47 

3 )  1 . 0- 10.0 = 0 . 90 

4 )  10. 0-20.0 = 0 .  8 1  

5 )  20 . 0  - = -

over  

0 . 1 6  0 . 1 8 

0 . 62 0 .. 58 

4 . 23 2 . 38 

7 . 64 4 . oo 

1 6 . 60 -

Exp . 7 

Sept emb er 

0 .3 0  

-

2 . 07 

5 . 89 

-

Exp . 8 Exp . 9 Exp . 1 0 Exp • 1 1  Exp o 1 2  

Oc tober November D e c ember January February 

� . 21 0 .• 1 4  0 . 1 6  o � 8 o  0 . 1 6  

o .  58 o . 4 5  - o .  51 0 . 32 

3 . 0 9  3 . 0 9  1 . 8 5 0 . 79 2 . 30 

5 · 53 9 . 30 - - 1 1 . 24 

20 . 23 - - - 7 .  52 

= 

= 

= 

= 

= 

Mean 
p erc entage 

migrat ion 

O o 33 

o .  50 

2 . 30 

6 . 34 

1 4 . 78 

� 
� 
0\ 
• 
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migration on herbage was O c 5lf� ;  2 . 30% ; 6 . 34% and 1 4 . 78% r e s p e c t i v e ly .  

The r elation o f  migration t o  survival appears t o  b e  logarithmi c . 

After  arc sin transformation , a r egress ion line was f i t t e d  on the 
p ercentage migrat ion data given in table 4 5  and the slope of the regr e s
sion line was 0 . 688 ( refer Figure 1 7 ) . A Chi-squar e t es t  was appl i e d  to  

find out  the goodness of fit of  this regression line . The cal c �lations 
are given in Appendix 3 7 . The cal culate d  line i s  not signi fi c antl y  

different from the obs e rved data ( p < 0 . 0 5 ) . 
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IV 4. SUHMARY OF EXPERIHENTAL F INDI NGS : 

S tudie s  on th e d evelopment , s urvi val and migrati on of the fre e  
living s t ages o f  Co operia c ur t i c e i  were  c arried out f or one ye ar from 
Mar ch , 1 968 to  February ; 1 96 9 ,  under natural conditi ons . 

1 .  Te chniqu e s  are d e s crib ed for th e r ecovery of Cooperia c urt i c e i  
inf e c tive l arvae from small samp l e  uni t s  of pasture , soil  and 

faecal pellets . The s e  t echniques do not kill the l arvae and 
c ounting is the r efore great ly facilitated • .  Tes t s  of the t e ch
ni ques  have shown that they will r e c over 8 5 . 6% and 64 . 5% of the 
larvae from 1 and 5 gram herbage s amples  r espec tivel y .  From 
s oil  and fae cal p e ll e t  s amples  the r e c overy wil l  b e  64 . 6% and 
58 .3% r e spe c tively.  Th e ov erall rec overy rate from all s amples  

will b e  68 . 2 5% .  Analys is of varian c e  has  sh own that the  e ff i c 
i ency of  this t e c hnique i s  ind ependant of the numbe r  of  larvae 

present within the range t e s t ed . 

2 .,  Studie s  on devel opme nt showed  t hat  und er natural conditions rate 

of d evel opme nt is strong ly c orrelated wi th mean maximum air 
t emperature over th e p er i o d  during whi ch more than 90% develop 

to the inf e c tive th ir d  stage . Relative humidity  and rainfall 
appear e d  to  influenc e the percentage r e c overy of inf ec tive lar

vae but they d i d  not app e ar to influe nc e the rate of devel opm ent . 

3 o  Devel opment of the inf e ct i ve larvae was not r e c or d e d  in the win

t e r  m onths ( June , July and August )  whe n  mean air t emperature was 

below 50°F ( 1 0°C )  and m ean maximum air temperatur e  was be tween 

53  and 56°F ( 1 1 . 7 and 1 3 . 3°C )  but  a few  eggs developed  to  f ir s t  
o r  s e cond larval s tage s . Eggs plac e d  outd o or s  in th e months of  

June and July were  found t o  be disintegrat ed  after  73 and 64 
days resp e c t ivel y e  

4 .  Hore than 90% o f  the infe c tive larvae were  devel ope d  in · 1 5  t o  
2 8  days , when mean maximum air t emperat ur e  was be tween 57 and 
6 5°F ( 1 4 and 1 8 °C )  in th e months of April , May and S ept emb e r  

t o  De c emb e r , 1 968 .  When mean · maximum air t emperatur e  was 
b e twe en 6 5 and 77°F ( 1 8  and 2 5°C )  in the m onths of Januar y ,  
February and Harch , d evel opment was r ap i d  and m or e  than 900;6 
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of the inf e c tive larvae deve l op e d  in 9 to  1 5  days . 

5 . Thr oughout the mean �aximum air t emperatur e range of 57 t o  77°F 

( 1 4 t o  2 5°G )  the rat e  of  d evelopment of the infe c ti ve larvae 

was alt ered  by 0 . 049  log uni t s  for each d egre e  c entigrade 
t emperature change . This i s  lit t l e  different to the rate of  
change under cons tant temperatur e s  • 0 ., 033 log uni t s  and this 
differenc e i s  statistical ly not significant . 

6 .  Clima t i c  cond i ti ons greatly influenced  the percentage d e v e l op
m ent of  the  inf e c tive larvae . Rec o very of the  inf e ctive larvae 

nanged from 3 . 0  t o  36 n 2% t hroughout the ye ar except f or the 
month of January , the p oor rec overy of  0 . 23 to 1 . 34% was due 

t o  dry weather when faecal p e ll e ts be came very hard and d ry . 

? . The survival of  t he inf e c ti ve larvae on herbage , soil  and faec al 
p ellets  thr oughout the year was influence d  by mete orologic al re

c ords . There was significant negative corr e lation betwe e n  m ax
imum survival and mean maximum air temperatur e .  I t  also  appe ar
ed that there was significant positive c orrelation b e twe e n  

maximum survival and relative humidity and t o tal rainfall .  
The r e  was no c orrelation be t we en s urvival and t oia� evaporat i o n �  

8 .  Thr oughout the ye ar the maximum survival o f  the infe c tive larvae 

was 2 5  t o  26  we eks when minimum and maximum mean ai r t emperat
ure throughout the period was 42 . 9  to 56 . 9°F ( 6 . 1  t o 1 3 . 8 °C )  

relativ e  humidity 8 3  t o  8 6% and total rainfall 2 1 . 4 5  t o  2 1 o 54 

inch e s . The maximum survival was 1 7  t o  1 8  we eks when the s e  
values  were 4? . 3  t o  63 . 6°F ( 8 � 4  t o  1 ? . 6 °C ) , 7 5  t o  8 5% and 8 o ?O 

t o  1 4  .. 40 inches r espe c tively :  the maximum survival was 1 2  t o  
1 3  weeks wh en the s e  value s w ere 5 1  .. 1 t o  68 . 9°F ( 1 0 . 6  t o  2 0 . 5°C ) , 

74 t o  7 5% and 1 1 . 48 t o  1 2 . 07 inches respe c t ively and the maxi
mum survival was 9 to 1 0  w e eks  when  these value s  were 54 . 7  t o  

70 . 1 °F ( 1 2 . 6  t o  21 . 1 °C )  ?4% and 4 . 3 9  t o  8 . 4 9  inche s  resp e ct ive
ly.  

9 . The inf e c tive larvae of C o ope ria cur tio� survived over w inter  

( June , July and August ) when  mean minimum t emperature on grass 



ranged from 34 . 3  t o  38 . 6°F ( 1 . 2  t o  3 -3 °C )  and me an air t emp

erature was appr oximately  50°F ( 1 0°C ) . 

1 0 . The maximum survival of  the inf e ctive larvae kept in 1 cm 

1 21 a 

d epth of water with each monthly experiment was almost pre

cis ely the same thr oughout the year as oc curring on herbage and 
soil . This sugges ts  that , in thes e  obs e rvat ions survival o f  
infect ive larvae was only related t o  t emperatur e and that the  
apparent effects  of relative humid ity and rainfall were  not 

r eal . 

1 1 .  Th e maximum perc entages of inf e c t ive larvae surviving was ob
served f or 1 t o  4 weeks after  d eve l opment and ranged from 1 . 02 

to 2 9 . 4% .  Subse quent perc entage re c overies  sh owed a regular 

d e c l ine . 

1 2 .  Vertical migrat ion of the inf e c t ive larvae was affected  by 
rainfall and e vaporation . The perc entage  of larvae rec overed 

from herbage was usually incre as ed  after rain . 

1 3 . The c orrelat ion b etween percentage survival and perc entage 
migration was highly s ignificant . The r elationship of  survival 
and migration was not linear but became so after arc sin trans
formation of the data . The r e gress ion line calcula t e d  from the 
transfor�ed  data had a s lope of 0 . 688 . �nen th e t otal survival 
throughout the ye �r ranged  from 0 .  to 0 . 5% the mean percentage 
of larvae on grass was 0 . 33% , similarly whe n  t otal per c e ntage 

survival was 0 . 5 to 1 . 0 ,  1 t o  1 0 , 1 0  t o  20 and 2�fo and abov e , 
the mean percentage of larvae migrating ont o herbage was 0 . 50% ; 

2 . 30% ; 6 .34% and 1 4 . ?8% r e sp e c t ively. 
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I V .  5 DISCUS S ION 

A l though th e r e  is  an ext ensive literature on the sub j e c t ,  there 

have b e e n  few attempts at a syst ematic s tudy of the effe c ts of climatic 

c onditions on the  d eve l opment , survival and migration of  the inf e c t ive 
larvae of a sing l e  i s olate  of one species  of strongylate nema t od e . Even 

where  workers have c onc e ntrat e d  on a s ing le spe ci e s , the obs ervatio ns 
have b e e n  inc omplet e . Difficulty aris e s  be cause fre quent l y  the me thods 

us ed and the c ondit i ons under wh ich obs ervati ons have been  made hav e  
b e e n  p o orly d e signed and inade quately d efine d . Attempts t o  correlat e  

laborat ory and field  observations are lacking . 

E c ologi cal stud i e s  under natural c o nd i ti ons have b e e n  carried  
out by many i nvest igato rs employing three  bas i c  me thod s i . e .  experiments 
on specially prepar e d  grass plo�, fi e ld exper iment s  and observati ons on 

the s easonal and geographical distributi on of sp ecies  in outbreaks of 
diseas e .  The s e  s everal m e thods  each have their a t trac tions and th e ir 

d isadvantag e s . Pre ci s e  simulati on of pasture c onditions i s  ext r emely  
difficul t . However , plots  or  pots  sown with grass have fre quently b e e n  
u s e d  in a n  att empt t o  imitate pastur e  conditi ons o n  a smal l and manage
able s cale . A d isadvantage of th e grass p ot is i t s  lack of s om e  f e a

tur e s  o f  the microenvir onment provid e d  by the t herbage mat ' whi ch is 
pres ent under natural fi e ld c onditi ons . For this  re as on gras s  grown 

i n  pots  i s  like ly t o  provide  a micro-habitat which varies  more rapidly 
with change s  i n  macro-env ironment than permanent pasture . 

However ,  experiments wi th sp ec ially s own grass plots  or p o t s  
allow t h e  inv e s tigator t o  exert c onsid erable c ontrol  over his  me th od s �  

the  type of herbage and t he rate of c ontaminati on of t he h erbage , whil e  
e nsuring expo sure t o  the  prevail ing weather  c o nditions . Th e small p o t  
t echni que , alth ough rather laborious , als o re quires very lit tl e  i n  the 
way of  faci li ti es whi ch i s  advant ageous wh ere resour c e s  ar e limi t e d .  

I n  the pr esent  expe riment s ,  s tud i e s  on the fre e  livi ng s tage s  of 

Cooperia cur t i c e2 were carried out e ach month for one year und e r  s imu

lated natural c onditions using pots  s own wi th gras s .  Obs ervati ons were 

made in relati on to  me t e orologi cal c onditi ons on th e rate of embryonic 

and larval development , the pe r c e nt age r e c overy of t h e  pre-paras i t i c  
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s tages , maximum survival of the inf e c tive larvae and percentage sur

viv ing , and the  number of  larvae migrat ing on th e herbage in rela ti on  
t o  survival . 

T o  minimi s e  variation , the  h erbage or soil  was c ont amina t e d  once 
i n  e ach m onthly exp eriment wit h  known numbers of eggs after  c lipp ing the 
herbage at a height of 4 cm . Thereafter  the herbage was all ow e d  t o  
gr ow t o  obtain d ata o n  th e t otal percentage rec overy and migrati on o f  
the i nf ective larvae . Th e t echniques f or the recovery o f  the i nf e c tive 
larvae from h erbage , s oil  and fae cal pellets  were establishe d and the 

effici ency of these  t echni ques  was shown t o  b e  independant of the 
num b er of larvae pre s ent � Th e r e sults ob tai ned from s e quential s oaking 

of  all samp l e s  twi c e  f or 24 hour intervals showed a high rate of  r e 
c overy i . e .  68 . 2 5% ( mean ) . However , m ore  than t wo soakings were n o t  
j us ti f i ed a s  i t  was found tha t  a third s oaking resul t e d  i n  a very s mall 
number of larvae b e ing recovere d . It  sh ould be  noted ( se e  t ab le s  1 4  to 
1 7 )  tha t some times qui t e  l arge. numbers o f  larvae were found in rins i ngs 
of  the t ub e s  and pip e tt e , whi ch ind i c at e s  the import ance  of this pr o
c edure in the t e chni que . 

T o  th e wri t er ' s b es t  knowle dge , no  s t udy has b e e n  rep ort e d  on 
the rate of e mbryonic and larval d evelopment of  strongylat e nema t o d e s  
i n  th e d e tail d e s c ribed in this  thesis . Mos t of  the w orkers ( Monni g ,  

1 930 ; Dinnik and Dinnik , 1 9 58 ;  Rose , 1 963 ;  Gibson , 1 96 6 ; and Gibs o n  
and Everet t ,  1 967 ) in different c ountries  have only r eported t h e  t im e 

whe n  eggs of  s trongylate  nemat ode s  reached the inf e c t ive s t age and h ave 
not r e c orded  the rate and per c e nt age  of  development of  the pr e-paras it i c  

s tage s under nat ural c ondit i ons . Their weather data is not comple t e  as 
they have only r e c orded the  e ff e c ts of  t emperature s but other daily 
m e t e orological changes  d uring the peri od of developme nt are lacking . 
Henc e d e t ai le d  c ompariso n of the pre s ent results with thos e of  other 
workers i s  d ifficult . 

The results o f  e xperiments on th e rat e o f  embryonic and larval 
development of Cooperia c urt i c e i  out of do ors c onformed in general 
t erms to t he patt ern whi ch might have been  expec t ed from the stud i e s  

made under c o ntrolled c onst ant t emperatures ( Chaper I I I ) . 



Under natur al c ond iti ons many fac t or s  i nf luenc e the d ev e l opme nt 
of the free- living stages of  s trongyla t e  nemat od es  but t emperat ur e  and 

m oisture  are th e most  import ant limiting fac t or s  ( Gord on , 1 948 , 1 9 50 1 
1 953 ; Silverman and Campbell , 1 9 59 ; Wall ac e ,  1 96 1 ; Levine , 1 963 ; Croftcn? 

1 963 ; Gibson and Evere t t , 1 96 7 ) . But observati ons in the present  e xp eri
m ents showed that moisture was much l e s s  a limi ting fac t or than t emper
atur e  since , with th e regular rainfall and high humid it y  i n  New Zealand 
the ground is generally suffi c i ently wet and d evelopment  can take place 
for most of the t im e  providing the t emperature is sui t able . 

Und er laborat ory conditi ons it  was f ound that the minimum t em 

p erature at  whi ch larvae would d evel op was i n  the region of 1 0°C ( 50°F ) . 
I n  the  winter m onth s  of Jun e , July and Augus t , the mean temp erature was 

l ess  than 1 0°C ( 50°F )  and l i t tle development · oc curred . Although the 
mean maximum temperature ranged up to 1 3°C ( 56 °F ) , the r e  were a l s o  fre
quent fros t s  and i t  has already been obs erve d that even i nf ec t iv e  larvae 
do  not survive l ong at sub zer o t e mp e ratures  ( Tabl e  1 3 ) . I t  s eems likely 
that the fr osts  produc ed  a high mortali ty rate in the d e v el oping larval 
s tage s .  

I n  spring and e arly summer ( September t o  D e cember ) and autumn 
( April and May ) me an air temperatures were above 1 0°C ( 1 1 e 1  t o  1 4 . 5 °C )  

and mean minimum and maximum t emperature ranged from 6 . 8  t o  1 0 . 4°C 
( 44 . 2 t o  50 . 5°F )  and 1 3 . 9  t o  1 8 . 7° C ( 57 . 1  t o  6 5 . 7°F )  r espe c t i vel y ; the  

time for m ore t han 90% of the  d eve loping larvae to  reach the infe c ti ve 
s tage ranged from 1 5  t o  28 days . In mid and lat e  summer ( January t o  
March ) when the mean ai r t emperature  ranged from 1 6 . 7 t o · 2 0 . 8 °C ( 62 o 1  
t o  6 9 . 3 °F ) ; mean minimum and maximum t emperatur e  was 1 2 . 5  t o  1 6 . 7°C 

( 54 • 5  t o  62 . 0°F )  and 2 1 . 0  t o  24 . 7 °C ( 6 9 . 7  t o  76 . 6 °F )  r espe c t ively , the  
larval d evelopment was rapid re quiring only 6 to  1 0  days ( > 90% ) " 

The rat e o f  d e vel opme nt t o  the  infe c tive s tage ( T90 ) und e r  field  
c ond it i ons was c ompared  with mean maximum 2 mean minimum and mean air  

t emperatures over the p eriod o f  d evel opment . I t  was f ound th at t h e  
relati onship o f  t emperatur e and development  rat e appr oach ed  m os t  c lo s ely 

to the lab orat ory observat ions when  the  mean maximum t emperat ure  was c on
sidered ( tabl es 31 and Append ix 2 4 ) . The fie ld data were found t o  fit 

a linear regression of  log days on mean maximum air temperature ( fig . 7 ) o  
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The s lope o f  the regression line show ed  that o n  a log s cale  f or e ve r y  
l o g  unit increase i n  t emperature the rat e  of d evel opment i s  alt e r e d  by 

. 049  l og unit s  of t ime o Calculati on of inter c ep t  of  2 slopes fr om 
laboratory and field data showed tha t the se  2 s l op es were not signi f i c 

antly different ( Appendix 2 5 ) . 

The cal culate d  regression line from f ie ld ob s ervati ons was 
t e s t ed for go odness of fit t o  observed  data and no monthly observati ons 
d eviate d  significantly ( Appendix 23 ) o  The point f urthes t  fr om t h e  c al

c ulat e d  line corresp onds to  the  month of  May . I n  this m onth at the  t ime  
when fae c al pell e ts  were  pla c e d  outside  the  t emperature f or d ev e lopment 
was favourab l e , but later the t e mperatur e began to fal l  and henc e 
d evelopment was d elayed . Dur ing May the great est  d if f erenc e be twe e n  

minimum and T 90 development time s  was rec orded . This was probabl y  d ue 
t o  fluctuati ons in temperature being greater than in any o ther month 
( me an max o -mean min e  = 2 0°F ) �  This  suggests  that t empe rature flu c t uat
i ons during the period of d evel opment may result in vary ing d egre e s  of 
i nhibition  in development  of the fre e  livi ng s tage s  but the extent of 
this effect  will d epend on the  range of  fluctuations in air t empe r at ur e .  
The r e  have b e en n o  controlled inve s t � 3tions into  the effe c t  o f  t e mper

ature fluctuat ions on larval deve lopment . 

Gordon ( 1 948 , 1 9 50 , 1 9 53 ) and Levine ( 1 9 59 ,  1 963 ) introduc ed 
b i oclimat ographs t o  indicat e th e times of the year wh en heavy par a s i ti sm 

from vari ous nematode sp e c i e s  may b e  expe oted�  Gordon ( 1 948 ) pr e pared  
b i oc limat ographs by plot t ing th e mean m onthly maximum t empe rature against 
t h e  t ot al m onthly rainfall and the r e sulting p oints were  j oined b y  a 
closed  c urve . On the s e  were superimpos e d  lines t o  i nd ic at e  the  optimum 
c limat ic c ondit ions f or d evelopment . of the free living s ta g e s  of  sheep 
nemat odes . Lat e r , Levine ( 1 9 59 ,  1 963 ) us e d  mean monthly t emperature s  i n  
bioclimat ographs and conclud e d  that t h e s e  graphs c ould not  be  us e d  t o  

predict  the s it uation for any single  year , a s  the y  were bas e d  o n  averqge 
monthly conditi ons over a peri od of years . S oulsby ( 1 96 5 )  also n o t e d  

their unr e li ability e ve n  from t h e  short t erm p oint of vi ew . 

I n  the pr e s ent s t ud y  the regression slope of t emperat ur e  on 
d ev e l opment c an b e  used  to predict  f i eld events ( i . e .  rat e of  d e v e l op

ment ) more ac curate ly tha n  bioclimat ographs and e ven  f or sh or t t e rm 
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pre d i c t i ons , the ac curacy will  not  alter appreciably as the regr es s i on 

s l op e s  are bas e d  on cl imat i c  c onditi ons d uring the peri od of  development o 
I f  this type o f  s tudy on d e velopment were carried  out on other s trongy

late n emat od e s , the results may a lso be f ound to be more ac curate  i n  
pred i c t ing field  e vents e I t  may b e  found that s trains o f  a nemat o d e  

spe c i e s  adapte d  to  d ifferent temperature ranges show d is tinc tive r e 
gre s s i on slop e s . 

The pre s ent s tudy sh owed that  th e effect  of temperature may 
a c c elerat e the rate o f  devel opment but percentage devel opment and r e c ov
ery of  the i nfe ctive larvae d epends b o th on t emperature and moistur e . 

Although the warm p eriod of summer i s  the one when larval d evel opme nt 
is most  rap i d  i t  is n ot to  b e  exp e c t e d  that high temperatures  will  in
evi t ab ly result in more rapid  increase  of populati on ( S i lv erman and 

Campbe ll , 1 9 59 ) . An increase in t emperature has a two-fold e ffe c t , 
the f irst  is d ir e c t  ac c e lerat i on of d evelopmental rate and th e s e cond 

is  increa s ed m ortality through d e s i c cation.  The end r e s ul t  will d e p en d  
on t h e  relative rate at wh i ch these t w o  pr o c e s s e s  pr ogres s . 

\f./hen fae cal pell et s  were d ep os i t e d  outdo ors during the aummer 
month of Januar y  in the abs ence of rain , the r e  was a dry spell 
( Appendix 1 9 ) . Faecal  pell e t s  be cam e  dry and very hard i n  3 - 4  d ays . 
Devel opment was rapid but most of the free  livi ng stage s  perished b efore 
suitably moist c ond itions r e t urne d .  After > 9(J}6 of the  surviving lar
vae r eached the inf e c t ive stage , th e t o t al mean recovery was only 0 . 7% . 

I n  general there  was regular rainfall throughout the ye ar and in other 
m onthly experim ents the mean percentage re covery of the  infe c tive larvae 

at the > 9(J}& stage ranged fr om 1 0 . 2  to 24 . �fo .  

Because  c limatic  factors affe c t  the t im e  ne e d e d  for d eve lopment 
of  the  free livi ng stages of  she ep nematod e s , the d i f fe rent t imes r e 

quired for devel opment of the inf e c tive  larvae throughout th e year will 
aff e c t  the ir rate  of  increase of the worm p opulati on b y  aff e c ting the 
to tal generation time ( Cole , 1 9 54 ; Croft on , 1 963 ) . Fron the obse rva

tions mad e  on t h e  rate of d evel opment of the infe c tive larvae , it  app e ars 
that in this loc ality each gene rati on  of Coo12,.eria cur ti c e i  r e quires 

from ab out 21  t o  -43 days to c omple t e  the lif e  cy cle  ( t ime required  f o r  
d evelopment of  t h e  egg t o  th e infe c t ive s t ag e  plus  prep atent perio d  o f  
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1 5  days ) .  This observati on i s  i n  c l o s e  aesre ement with the work of  
Crofton  ( 1 963 ) for Cooperia. spp..  I t  me ans tha t ,Co operia cur t i c e i  c an 

the or e t ic al ly pr oduc e 9 t o  1 1  generations in a year under  l o c al c limat i c  
c onditi ons . 

Climatic conditi ons obviously affe c t  not  only the  rate of  devo.:-' 
l opmont but als o the surviral of the  inf e c tive  lnrvae . The survival of 
the i nf e c t ive larvae of C o operia and Trichostrongylus � under various 
c limat i c  cond it ions has b e e n  s t ud ied by a number of workers , . ( Bakor , 

1 93 9 ; Shorb , 1 942 ; Kat e s , 1 943 , 1 9 50 ; Goldberg and Rubin , 1 9 56 ; · G oldberg 
and Lucker , 1 9 59 , 1 963 ; Drudge � al , 1 9 58 ; Crofton , 1 948b , 1 957 ; . Bell 

� al , 1 96 0 ;  Alicata , 1 96 1 ; Levi1� 1 963 ; Anderson e t �' 1 964 , 1 96 5 ;  
S chwink , 1 963 ; Rose , 1 963 ; Gord on , 1 9 50 ; Donald , 1 967o ; Gib s on , 1 966 ; · 

Gibs on and Ever e t t , 1 967 ; William and Mayhew , 1 967 ; Te tley , 1 94 9 ,  1 9 59 
a and b ;  Bruns don , 1 963b ) .  Their findings  are confli c ti ng and s om e times 

c ontrad i c t ory par t ly due to  the species and strain of the par as i t e  
s tudi ed and the t echnique s  use d  and par tly b e caus e their weather d�ta 
i s  often  not c omple t e . Mos t of  these  i nvestigators have s t udied  the  

s urvival on m onthly or s e asonal basis but have r e c or d ed on a sing l e  
chart the  weather f or the  t ot al p eri od of  survival and have not c am-

pared the maxir,mm s urvival in rela tion t o  me t e orologic al re c ords for  
the actual peri od of  s urvival . Wi thout detailed knowledge of  the met e or
ological re c ords in any parti cular plac e ,  i t  is difficult t o  c ompare , 
i n  g e ne ra l , the results o f  the maximum survival of the inf e c tive  larvae 

in th e present e xp eriment with th ose  of o ther w orkers . 

The weekly obs ervati ons on  the survival and migration o f  t he 
i nfe c tive larvae was carried out on 2 repli cate samples . Donald ( 1 967b ) 
f ound tha t  the v ar ianc e  of  his pas t ur e  samples vms s ubstantially larger 
than i t s  me an , suggesting that d is tribut i on of the i nf e c t ive larvae was 
s t at i s t ic ally highly over-dispers ed . Of a number of fre quency dis tri

bution m od e ls , the ntruncated log  normal 1 1  was f ound t o  provide th e b e s t  
empirical f i t  t o  t h e  sampl e  distributions . I n  the  pr esent exp eriment 

as the r e  were limit ed numbers of flower  pots , the  samples were chosen 
at  rand om . In  most cases  the r e  was great variations be twe en  the sam

ples  ( Append i c es 26-34 ) but D onald ( 1 967b ) suggests  that be c au s e  the  
distributi on of  i nf e c tive larvae in pasture d eparts markedly fr om a ran

d om one , only quit e  large d ifferences  b etween the means of  two random 
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s;a_mpl e  estimates  are likely t o  b e  s igni fi c an t .  

The inf e ct i ve larvae o f  Co operia c ur t icei  sur vive d  t hr oughout  
the  winter months ( June , July and Augus t )  when mean air t emperature was 

approximat ely 50°F ( 1 0°C )  and mean minimum air t emperature was 3 9 . 0  t o  
43 . 0°F ( 3 . 9  t o  6 . 1 °C )  with fros t at night s . 50°F ( 1 0°C )  was f ound t o  b e  
the optimum t emperature f or maximum sur vival under laborat ory c o nd i t i ons 
( Tabl e  1 2 ) . Thi s  observat i on on survival of the inf e c ti v e  larvae of 
Cooperia cur t i c e i  sh owed agreement w i th o ther numerous inve s t igators 
that inf e c tive larvae of Cpoperia �. and trichostrongylids can over
wint er on pasture in various · climntes ( Baker , 1 93 9 ;  Goldb-e.rg and Lucker , 
1 959 , 1 963 ; D rudge � Q!, 1 959 ; Ros e , 1 963 ; Anders on � �' 1 964 ; and 
William and Kayhew , 1 967 ) . In c ontras t , Dinaburg ( 1 94 5 ) , Kat es  ( 1 950) , 
Levine ( 1 963 ) and Smith and Archibald , ( 1 96 5 )  reported  l i t t l e  or  n o  
overwinter surviva.l for Cooperia � ·  in t h e  U . s  . A . and Canada .  As  in
f e c t ive larvae may survive the wint er someti me s  in small and at  other 
times in substa;ntial numbers , the  epid emi ologi c al significnnce of  the s e  
larvae wil l  vary with numbers surviving . Kates  ( 1 9 50 , 1 96 5 )  has review

e d  a number o f  r ep orts sh owing t hat worm fre e  lambs grazed on pas t ur e s  
in the  spri ng ac quired infecti on wit h trichostrongylids from t h e  larvae 

whi ch had survived over winter . 

Through the year from each monthly experiment , th e lj.aximu!TI sur
vival of the inf e c tive larvae of Cooperia curtice i  was fr om 9 to 26 weeks. 

To d e termine t ho e ff e c t  of d ifferent c limatic factors on maximum s urvival 
a Spearman ranking c orrelation c oe ffici ent was used b e c ause of i t s  s im 

plic i t y .  No c orrelation was pr esent b et ween maximum sur vival and t d:al 
entp orat ion . But s trong negative correlation was obs erved  between maxi
mum survival and mean maximum air t emperatur e . The c orrelation b e twe en 
maximum survival and rainfall and rela t ive  humidity was significant . 
However , the maximum survival o f  the inf ec tive larvae kept in 1 cm  d ep th 

of water was almost  prec i s e ly the same as tbat o ccurring in  herbage and 
s d l  throughout the year , when mean rela t ive humidity range d  fr om 74 t o  

86% . Thi s  sugg e s t s  that i n  the pr esent experiment the apparent eff e c t  
o f  rainfall and r elat ive  humidity is  spuri ous , and maximum survival o f  

th e i nfec tive larvae was d ep endent almost entirely o n  t emperature . 

S t udies  on maximum survival of  t he infe c t ive larvae in wat e r  
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at cons t ant t emperatur e s  sh owed longer peri od o f  survival than und e r  

natural conditi ons .. Thi s  may b e  due t o  the absence of  d eath from pre

dation and of  o th er environmental factors  such as the  washing of  the  
larvae int o the  soil  and fluc tuating t emperat ures . Howev e r , the  r e lat

i onship b e twe en  maximum survival and environmental c ondit ions includi ng 
fluct uating temperature is: c omplex and warrants s ome careful inv e s t i 

gation . 

Throughout the  year the  maximum per ce ntage o f  infective larvae 
r e c ov ered was observed f or 1 t o  4 we eks after  development and dur ing 
this t ime , the  pattern of p er c entage survival was pre cisely the s ame 
( Tables  32  t o  40 ; f igs . 8 t o  1 6 ) .  Th ereafter  the percentage r e c overy 
of th e i nf e ctive  larvae d e crease d .  The r esult s on the percentage  s urvi

val of i nf e ctive lo.rvae are of int erest  in tha t  except in the c o oler 
m on ths of May and S eptember , less  than 1 %  of the larvae were re c ove rable 
af ter  9 to  1 1  we eks and the  ma j ority  of  the  larvae d i ed long b e f ore the  
maximu� survival period was r eached . 

For s tudi e s  on vertical migration , the  samples of  the h erbage 
were obtaine d in the morning for pro c e s si ng . Thi s  time was chosen b e 
cau s e  Re e s  ( 1 9 50 )  and Rogers ( 1 940 ) had suggested  tha t  i n  the maj ority 
of  the  c as e s  the gr eate s t  numb er of larvae were on t he grass b lade s  in 

the  early morning than at any other time o f  the  d ay .  Vertical m igration 
of  the  larvae on herbage , in the  pre s ent exper iment appeared to b e  
aff e c t e d · by rainf all and e vaporati o n  ( figs . 8 t o  1 6 ) . Rogers ( 1 940 ) and 
R e e s  ( 1 9 50 ) also d emonstrated tr.a t m ois tur e  on the grass was f ound t o  

fav our larval migrati o n .  Crof t on ( 1 948 a )  repor t e d  that dur ing t h e  p er

iods when maximum t emp erature never exc eeded  5 5°F ,  litt le . or no  migra

t i on of larvae o c curred , but whe n  t emperature  rose  ab ove 5 5°F migration 
increas e d .  However , the ris e  in t emperatur e  was associated  w ith an in
crease  in the rate of evap orati o n .  

I n  the f irst  2-3 wee ks most of the larvae were o n  t h e  h erbage 
at  0-2 cm in he ight and t hi s  obs e rvation is in clos e agreement w i th the  
work of Crof t on ( 1 948b ) and Ros e ( 1 963 ) . Aft e r  a month or so  t h e  num

ber increased on herbage  more than 2 cm in height and t his may b e  
ac c ounte d  for i n  par t  b y  the gr owth o f  the h erbage a s  well as by  me t e o
rological e ff e c t s  ( Append i c e s  26  t o  34 ) .  Large s t  numbers of larvae 
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were  r e c overed from the h erbage dur ing t h e  firs t  2 - 5 we eks . From then 

onwards  their number gradually d ecline d .  Gib s o n  ( 1 966 ) and Gibs o n  and 
Everett  ( 1 967 )  repor t e d  tha t  larvae of  trichostro ngylids persis t e d  on 

the h erbage i n  large numbers f or as l ong as  20 weeks . But in t h e ir 
experiments , the  h erbage was cont amina t e d  for 1 or 2 weeks with f a e c e s  
c ontaining eggs . The fae c e s  the refore act ed as  a s t ore  f r om whi c h  lar
vae were released over a period re sulting in the ir l onger persis t enc e 
on the herbage in large numbers . In the pres ent experiment fae c al 

pellets  c ontaining eggs o f  Cooper.ia, c urticei  were plac e d  i n  th e h erbage 
once only . In similar experiments with t ri chos trongylids , Taylor ( 1 938 ) �  

Croft on ( 1 948b ) , and Anders on et  al ( 1 96 5 )  also c ontamina t e d  th e h�r
bage onc e and the larvae persis t e d  in large numbers f or only 5-6  weeks . 

Henc e  the present observati o ns are in close  agr e ement with the w ork 
of t he s e  authors and the work o f  Gibs on ( 1 966 ) and Gibson and Eve r e t t  

( 1 967 ) is  n o t  s tric t ly c o mparab l e . 

The period of  survi v2.l o f  the i nf e c tive larvae on the h erbage 
was prec i s e ly s imilar t o  that in s o i l . Kauzal ( 1 94 1 ) als o r e p o r t e d  
that larvae c a n  survive f or long peri od s in soil  and c ontamina t e  t h e  

h erbage only when there is  sui t ab l e  t emperature and m oisture . 

Cr ofton  ( 1 963 ) demons trat ed  tha t larvae followed exis t ing wat er 
f i lm pathways in s o i l  and that  verti cal migration of larvae o nt o the 

herbage was due to rando m  movements in all dir e c t i ons independent of 
gravity  or und e s crib e d  spec ial receptors in the larvae . In the  pres ent 
experiment also the numb er of  larvae r e c overed from the herbage were  
usually increas e d  after  rain probably due  t o  the  exis tence of  more  
extensive and c ontinuous wat er films during and aft e r  rainfall . Thi s 
adds support to  the theory of the  random migration of larvae . 

I t  was also f ound that there was a strong c orrelation b etwe e n  
the t o t al number of  larvae rec overabl e from t h e  singl e p ot sampl e  and 

the number re c overable  f rom the h erbage in i t . Th e relati onshi p  o f  
larvae surviving and larvae migrati ng was f ound t o  b e  logari th mi c , the 

propor t i on of larvae r e c overable from the herbage increasing a s  the  
availabl e  p opulation increased . This s ugges t s  that infe c tive  l arvae 

f oll ow a one way traffic upwards  on the  gras s blad e s , o the rwise t h e  
r e la ti onship b etween numb er of larvae s urvivi ng and migrati ng should 
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have been linear . I t  appe ar s  th at disc ontinuity  of wat e r  f ilm due 
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t o  d e s i c c ation  and evap oration hamp e r  their movement s ,  and t hey g e t  
l ef t  on the grass blades . But this asp e c t  of  t h e  s tudy requires fur -

t h e r  investigat ion.  

Examination of the summation of the  curves of  l arval survival 
( figures  8 t o  1 6 )  and the the ore t i cal 9- 1 1  generations per year , sug
g e s t s  tha t und er New Ze alan d  conditi ons infec tive larvae of Cooperia 
cur t i c e i  will b e  avai lab l e  t o  the grazing sh eep t hroughout the year . 
This is  in agre ement with the work of Tetley ( 1 949 , 1 9 59 a and b )  and 

Brunsd on ( 1 963b ) from New Zealand and Durie ( 1 96 1 ) from Aus trali a .  
Under fi eld c onditi ons they reported  that Cooperia curti c e i  has a p eak 

o c currence  in autumn and early winter but infec ti on of Coo;eeria c ur t i 
.9.& c an b e  ac quir e d  throughout th e year . 
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HOST-PARAS ITE RELATIONSHIP OF COOPERIA CURTICEI AND THE SHEEP 

When inf e ct i ve larvae are inge s t e d  by  the f inal h o s t , they c om
plete  their para s it i c  s t ages of d evelopment . This  c omprises  exshe athment 

and developme nt of th e adult worm . The relationship between th e f inal 

host  and the adult parasi t e  d e termines  the severi ty of the d is ease pro
c esses  whi ch o c c ur and this varies  from species  t o  spe c ie s .  Very l i t t l e  

attention has b e e n  paid t o  the relationship o f  t h e  sheep and Cooperia 
curt i c e i e  

CHAPTER V 

V 1 EXSHEATHMENT 

REVIEW OF LITERATURE 

The f ir s t  requirement for  an inf e c tive  s trongylat e  larvae t o  e s 
t ab li sh i t s el f  in t h e  h o s t  is  t h e  c omplet ion o f  the  s e c ond moult or  ex
sheathment . Essentially th e pr ocess  of  exsheathmemt consists  of  t w o  
stage s , t h e  first is  a h o s t  s timulus whi ch ac t ivates the nematode  larvae 

t o  release a pre f ormed exsheathing fluid , and s e c ond the exsh eath i ng 
fluid attacks part o f  the sheath , s o  that the larva , aid e d  by  i t s  own 

movemen t s , i s  able to e s c ape  from i t . The process  of  exsheathment may 
t ake about 3 hours t o  c ompl e t e  in vitro at 3 7°C but the action  of th e 

s timulus from the h o s t  is  c ompl e t e  in a shor t er t im e .  

The h o s t  stimulus primarily consists  o f  the unionis e d  comp one n t s  
of bicarbonate - c arbon dioxide buf fer , undiss o c ia t e d  carb on  dioxide  and 
d is s olved gaseous carbon d ioxi d e . I t  has b e en f ound that with the  larvae 

of T . axei and H . c ontortus th e ac t ivi t y  of the s timulus i ncreas e s  with i n
creasing c onc entrations o f  undiss ociated  c arbonic acid and dissolv e d  

gas eous c arbon dioxi d e . However , thes e  nemato d e s  d i ffer from one anoth� 
i n  th e ir precise  requirements .  Thus , i n  the presence  of 0 . 02 M s od ium 

dith i oni t e  at pH 7 . 3 ,  7iffo of T . axei larvae exsh eathed in 3 hours whe n  
the t o tal c oncentra t ion o f  carbonic acid and dissolved c arbon dioxide 
was about 0 . 5  x 1 0-3M ,  while thi s  c onc entration ne e d e d  to b e  1 . 5  x 
1 0- 3M t o  achieve the same resul t  with H . c ontortus ( Rogers , 1 960 ) e 

The exshe athment resp onse of H . c ontortus larvae t o  carbon dioxide 

i s  enh anc e d  by  the pre se nc e of  O o 1 %  t o  O o 8% s o dium chl oride in the  s us 
pending fluid . Thi s  action of s o d ium chloride appears not  t o  be  an 
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osmotic  affe c t  sinc e s o lutions of gluco s e  and lac t o s e  with e quival ent 

o smolarity do not induce or fac ilitate exsheathment ( Taylor and Vfu i t lo c:: ? 
1 96 0 ) � 

It has b e e n  sueges t e d  that the stimulus provide d  by co2 i s  a l s o  

necessary t o  set  i n  train a vari e t y  of d evel opmental changes ( S o mmer
","ille , 1 96/t ) o This sugg e s t i on subs e quently re c e ived exp erimental supp c'; 

in  the work of Roge� s ( 1 966 ) a Treat ment of larvae with dilut e s o luti o� 
of i od ine and hydr ogen sulphid e wat e r  caus e d  a reversible inhibit i o n  of 
e2�sheathment " The 2ame substanc es  also caus e d  a reversible inhib i t i on 

o f  development in larvae which had previously b e en artificially exsh e ati'l·· 
ed o It is  sugges t ed that co2 reacts  with the  Hre c ep t or s "  i n  the  inf e c t 

ive s t age , perhaps in t h e  neurosecre t ory system , and th is  cause s  the 
release  of  substanc e s  which e f f e c t  vari ous t arget org;;ms and tissu e s  
whi ch are c oncerned with g eneral developmental pro ce s s e s  of  paras i t i c  
stage . 

Foll owing s timulat ion of the larvae by the host  the c omplet io n  o f  
exsheathment re quires the pre s enc e of a heat-st abl e low  mole cular weight 
e ofac t or and Rog ers ( 1 963 , 1 96 5 )  d emonstrated that H . c ontort�s exsheath

i ng fluid c ontains an enzyme similar to  leucine amino-peptidas e . The 

optimum ac t ivity of this enzyme is affec t ed by pH . Th e hydr ogen i o n  
c oncnntrat ion has als o a n  imp ortant  effe c t  o n  exsheathment and Rogers  

( 1 9 58 ,  1 960 ) f ound that the  exsh eathment of .!':..c�2Sei and H n c ontort u s  l ar�t'B.e 
was increased as the pH was rai s e d  from 6 t o  8 .  Christie  and Char l e s t on 

( 1 96 5 )  al s o  rep orted  the decrease i n  per c e ntage exsheathment of  H � c o n!.£E.-
12� larvae as the pH fell from 6 t o  3 .  

The specifi c i ty of exsheath ing fluid from H � c ont ortus and other  

spec ies  has  b e en studied b y  Rogers and  S ommerville ( 1 960 ) . I t  was found 

that exsheathing fluid from H . contprt� at tacked the sheaths of T c ax�� 

t o  ab out the same degr e e  but change s  in the sheath o f  T . c olubrif ormi� 

and Oe.f�S�Jl.�.ap;o"st �m�10m c_c;>�"U.,l!���..?J:l.l}E! did  not  progress  very far . Exsh eathing 

flu id from T �a�e� larvae although att acking sheaths fr om the h omologous 

spe c ies  qui t e  markedly ,  had lit tle affect  o n  the sheaths of H . c ont ortus , 

��olub!Jf9rmis or O . c olumbianum . 

Aft e r  r e c e iving the host  s t imulus i n  the  pr o c e s s  o f  e xsh eathment , 
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the exsh eathing fluid att acks a small enc irc ling area o f  the sheath 

about 20  � from the ant erior end of the larva . This f irst appears on 

a refract ile ring across the sh eath whi ch bulges from the sur fa c e . Grad
ually the zone be comes more distinct and finally after thi s  line has 

b e c ome weakened the movement of  th e larva c ause s  th e anterior and t o  
bec ome d e t ached a s  a cap , and th e larva then wriggles out o f  the she a t h . 

Rogers and S ommervill e ( 1 960 )  c onsider that th e m e chanism f or the re
ception of  the  stimulus t o  exsheath , for  th e accumulation o f  exsheathing 

fluid and for its release  lies b e t we en the base of  the oesophagus and 
the l evel  of the excre t ory p ore or th e nerve ring . S t ud i e s  with ant i
s erum prepared against exsheathing fluid ind i c at e  that the excret ory 
por e  is a probable point for the r el ease of exsheathing fluid . 

Exsheathment of larvae normally oc curs i n  the part  of the alimentary 
canal ant erior to wh ere the adul t s  are f ound . Thus T . axei  and H . c ontortus 
which mat ure  in the ab omasum ncrm�lly exsheath i n  the rumen . The optimum 
range of pH ( ?-8 ) and high c arbonic acid c oncentrations needed  for t h e  

s t imulus of  exsheathment have b e e n  c on firmed  by experiment al work and are 
not normally to be  f ound out side  the rumen .  The inf e c t ive larvae of 

T . •  colubriformis  which mature in the small int e s t ine exsheath in the abo
masum . In this case exsheathment depends upon c omponents in the  hydro
chlori c a c i d  s e c r e t ing region of the  st omach . The opt imum range of pH 
is 1 . 5  to 2 . 5 and C02 increas es  the s t imulus . B e s t  results are obt ained 
wh en  th e concentrations of undi s s o ciat ed  carbonic acid plus d issolved 
gas e ous  C02 are ab out 5 x 1 0-3M .  

There  i s  n o  l i t erature o n  exsh e athment o f  the infe c tive  larvae o f  
Co operia  curticei  other than that of Andrews ( 1 93 9 ) . He induced  ex

she athment i n  the  anti formin solution use d  b y  Lapage ( 1 93 5) but  they 
b o th c onsidered this an abnormal and ar tificial procedure . As Cooperia 
cur t i c e i  h a s  b e en .  r e c ord e d  both  from t h e  abomasum and small int est ine o f  
t h e  h o s t , i t  is  impor tant to  know .where  the  s timulus f o r  exsheathment 

lie s  f or the inf e c t ive larvae . 
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V 2 DEVELOPMENT OF THE PARASITIC STAGES OF COOPERIA CURTICEI , MORP»oLoGY 

OF THE ADULT NEI>iATODE,  LOCAT ION IN THE SMJI.LL INTESTINE AND EGG 
PRODUCT ION.  

i )  Devel opme nt of the parasitic  sta� :  The life history o f  Coope ria 

cur ti c e i  was studied experim ent all y  b y  Andrews ( 1 93 9 )  and S ommervil l e  
( 1 960 ) e The f oll owing a c c ount i s  derived from t h e  work of  Andrews ex
c ept where  indicat e d . 

Two t o  thr e e  days aft e r  infe c t i on the third stage  larvae , having 
exsheathed , ent er the gland crypts  in the ant erior part of  the small 
int e s t ine though they do not  penetrat e the muc ous membrane . Th e moul t 
t o  the f ourth stag e  o ccur s  on the third ( S ommervill e )  or fourth ( Andrews) 
day after infec t i o n .  At this  stage the larvae can be diff erentiated  in

t o  mal es  and f emale s . Following the  moult the larvae return to the 
lumen o f  the int e st ine , th e maj ority have done so  by the f i fth day and 
the larvae ar e ab out 1 . 6 mm long . Lit tle  growth o c curs ov er the next 
thre e days and on th e e ighth ( Sommervill e )  or ninth ( Andrews ) day the 
last  moult oc curs . Moul t ing is  compl e t ed by the tenth day . The worms 
grow and matur e and reach adult size on the f our t eenth day , Eggs  first 
appear in the  f ae c e s  of the  host  on th e fift eenth day. 

i i )  Morphology o f  th e adult stage : Th e morphology of the adult nema

t od e  has been  d escribed  by Curt ice  ( 1 8 90 ) , Gile s  ( 1 8 92 ) , Rans om ( 1 907a ) , 
Lebedev ( 1 92 9 ) , Ross and G ordon ( 1 936 ) and Travass o s  ( 1 93 5 ) . Their 

d e s criptions ar e in close  agr eement one wi th ano ther . 

Typically the anterior part of  the body o f  Cooperia curti c e i  i s  

spirall y c oi l9 1  and this appe ars to  b e  characteris t i c  of  this spe ci e s . 

� the ant erior extremity the cut icle  is thi ckened or  d ilated and this 

regi on b ears transverse striations . Th ere are also pronounc ed  l ongitud

inal striations along the l ength of the body. The buc cal capsul e  is 

p o orly developed . 

The length of  the mature male var i es from 5 . 4 1  t o  7 . 27 mm and 
the maximum width anterior t o  the bursa ranges from 0 . 078 t o  0 . 090 mm . 

The o e sophagus is  304 t o  344 fl l ong . The bursa is well devel oped  and 
the d or sal ray b egins with a fairly thick trunk . The branches of the  
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d orsal ray are curved t o  form a lyre-shape d  s tru cture with a cleft  at  

each e nd . The spicule s ar e yellow in c o l our , equal and measure 1 40 t o  
1 48 � i n  length . Centrally the spi cules have a protuberanc e or fin that 

is  transversally s triated and with small excres c ences  on the fr e e  e d g e . 
On the proximal end o f  the spi c ul e , where th e mus cles  are att ached , is 
a r ounded disc  like s truc ture . Th e d istal end of  the sp icule is s li ght
ly b ent and is terminally shap ed like a sh o e . 

Th e mat ure f emale is from 6 . 57 t o  7 . 38 mm in length and maximum 
width in the region of vulva is 0 . 092 t o  0 . 099  mm . The oes oph2gus i s  

3 1 5 t o  348 � in l ength . The vulva is  si tuat ed  at  a d istance  of  1 . 51 t o  
2 . 09 mm fr om the tail end . The vagina i s  short , 3 5  � in l ength . The 
ovi j e c t or is well devel oped and i t s  length with th e sphinct er is  2 90 � '  
th e  maximal width being 57 � .  The ut eri diverge and the  width o f  the  

parasi t e  in the  anal region is  24 t o  27 � ·  Th e anus opens at 9 9  t o  
1 49 � fr om the tail end . The b od y  of  the parasite is c overed with 

papillae resembling war ts ( Lebedev , 1 929 ) . 

In l ong established inf e c t i ons th e surviving female s  may be  f ound 
t o  be smaller than normal and to be d evoid of e ggs . The mal e s  may have 
c ol ourless  spicul e s . The s e  phenomena may be  the result of  developing 
host r e s istance o It has al s o  b e en ob served that growth and deve l opment  
is  relatively r etard ed  when large d os e s  of  inf e c t ive lar vae ( 70 , 000 ) are 

administ ered  to a she ep ( Sommerville , 1 960 ) . 

iii ) Locat i on in the small inte s tine : Cooperia cur ti c e i  is princ ipally 
located  in the small intest ine al th ough small numbers are not infr e 
quently r e c orded  from the ab omasum . The nemat ode  populat ion i n  the . 

small int estine  shows a normal d istribution regard less  of  th e durati on 
of inf e c ti on ( Te tley , 1 94 9 ) . It  has b e en suggested  that int es tinal nema

t odes  take up th eir  position al ong th e inte s tine in r e sp onse t o  s t imuli 
supplied  by th e int e s tinal c ontent s  par t i c ul arly in th e duodenum at the 

p oint o f  entrance  of the bile and pancr eatic  jui ce  ( Whitlock , 1 966 ) . 
Tetley ( 1 93 5 )  observed the p eak oc curr enc e o f  Coope ria curt i c ei at 

the '�ower par t "  of small int e stine  but Dave y ( 1 938 ) reported the distri

but ion o f  this  spec i es in  small int estine t o  be approximately 9 t o  22  
feet  from pylorus when inf estati on was approximat e ly 2 , 500 worms per  
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she ep .  

iv ) Egg produc ti on :  Lit tle  information i s  available o n  the number o f  
e ggs which are laid per f emale worm pe r day . I t  has been observed that 

e gg produc t ion per f emale worm of Cooperia cur t i c e i  d e c reases  as the 
t otal number of parasite increases  ( Andr ews , 1 936 ) . Thre e  lambs r e 

c eived daily d o s e  of  2 50 ,  500 and 1 000 inf e c t ive larvae per  d a y  r e s p e c t 
ively , totaling 63 , 000 t o  1 0 5 , 000 for t h e  entire p eriod and Andrews 
( 1 936 ) f ound that average number of eggs per f emale for 24 h ours period  
to  be  937 , 421  and  3 90 respe c t iv e l y .  

Whi l e  d escrib ing t h e  d iffer enc e s  b e t w e e n  the r a t e  o f  egg produ c t i on 
between  trichostrongyle genera , P e ters e t  al ( 1 94 1 ) and Nickel ( 1 96 5 )  
sugg e s t e d  the c omparat ive fecund i t ie s  were in the  order of Nemat odirus 1 ,  

Cooperia and Trichost rongylus 1 0 ,  and Haemonchus 1 00 .  Kate s  ( 1 947 ) ob
served the eggs p er pellet  in r e lati o n  to  worms on post mort em probably 
assuming that each fae cal pell e t  c ontains cons t ant number of  e ggs . He 

reported  that Cooperia c ur t i c e i  is a p oor layer of eggs or least pro
duc tive compared with other trichostrongylids . When  the s i z e  of  the 

inf estat ion was more than 200 worms  per lamb , th e egg worm rati o  was 

1 : 5 . 8  and when inf e station was l e ss than 200 worms per lamb , the  rat io 

was 1 : 3 . 5 ·  Lat er Cro ft on ( 1 9 57 ,  1 963 ) confirmed Kat e s  general conclu

s i ons as  t o  the r elat ive l ow fe cund ity of Cooperia curti c e i  but  suggest

e d  that th e rat es  of egg laying ar e more  1 1impre ssive " when the  t o t al 

volume of eggs is  c onsidere d . 

However , f igure s  on egg product ion  represent approxima t e  numb ers as 
the  out put of  eggs may be gre atly al t ered  by many fac t ors . The var ia t ion 

in egg produc t ion within the sp e c i e s  may oc cur be cause of  variat ion in 
s i ze of  i nfestation , diet  of the host , age  of th e host , age  of the para
site , physical c o ndition of the faec e s  and t e chnique us ed  to r e c over th e 
eggs , (Mayhew , 1 940 ; Kate s , 1 947 ; Ke lly , 1 9 53 ) . Th e immune resp onse  

of  the h o s t  also plays an  important part  in egg production ( Sarl e s , 
1 92 9 ;  McCoy ,  1 93 1 ; Chandler , 1 932 ; Michel ,  1 967 ) and in a r e s istant 
host e gg output of the worm may b e  reduced to one-th irt e enth of the nor
mal ( Taylor , 1 934 ) . 

Th e output of the egg in an infe c t ed animal is also not constant 
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thr oughout the day or with each bolus of  faeces . On the c ontrary , a 
marked variat i on has b een demonstrat ed  over a 24 h ours period  whe ther  
expressed  on an  e gg per gram basis  or on a t o tal number of eggs over  a 
c ol l e c t ion period ( Spedding , 1 9 52 ) . Sp edd ing found no c orrelation 

be tween egg c ount s  and fae c al output , but the total eggs per day sh ed  by 
infe c t ed animal s gave a more uniform e s t imat e  of th e egg output t han an 

e s timat e based  on eggs per gram of fae ce s .  

V 3 PATHOGENES IS , PATHOLOGY AND IHMUNE RESPONSE OF COOPERIA INFECT ION 

The pathogene sis  of d isease cau s e d  by nemat o d e s  is very comp l ex , 
some exert obvious e ff ec t s , by inge s ting blood for example , whi l s t  with 
others the effects  are le s s  r eadi ly d e fine d . Gas tro-int e s t inal nematod£ 
c ommonly affect  food intake , digestibility of  food , induc e diarrho ea 
with its c onse quenc e s ,  induce hyp opro t e inaemia and s o  on . The pre c i s e  

way in whi ch the s e  change s  are produc e d  is , i n  most  instanc e s , unknown . 
To  some ext ent they refl e c t  direc tly the a c t ivities  o f  the parasi t e  but 
also the immune and r eparative r e sponses  of  th e host to the parasi t e . 

i )  Sympt oms : Though Co�ria spp . are r e c ogni s e d  as causing s erio us 
parasi tism in cattle , little  d etailed observat i on has b e en made o n  t h eir 
pathogenicity in sheep . I t  has b e en obs erved that  infes tations with 
( unspe cifi e d ) Co oEeria � · ' if  pr esent alone , caused no ser ious i l l  
e f f e c t s  to  the host , and that heavy infestation with the s e  worms b e c ame  
danger ous in young she ep only when  a conc omitant infe station wi th H .  
c ont or tus was pre s ent i ( Taylor , 1 93 5 ;  Ros s  and G ordon , 1 936 ; Andr ews , 

1 938 ; T e t l ey , 1 949 ) . CooEeria curti c e i  i nf e c t i on i n  she ep may produce  

no c linical signs (Andrews , 1 938 ) but  Edgar ( 1 93 6 )  stat ed  that C o ope ria 

cur t i c e i  may cause seri ous disease in goat s . Death was reported 5 t o  

1 0  days post-infe ction in all age groups and in b o th sexes . The f ir s t  

sympt om was diarrhoea and this  persi s t ed until the animal died . The r e  
was a l s o  a capric ious app e t it e , l o s s  of weight and near d eath spasmodic  
abdominal pain . 

Th ere is  evidence t o  sugg e s t  that Cooper ia onc ophora i s  non 

path ogenic  in sh e ep and cannot maintain inf e c ti on , (Tetley , 1 94 9 ; 

S ommervill e ,  1 963 ; Smith and Archibald , 1 96 5 ) . The pathogeni city  of 

C . oncoEhora in cattle  has been de scribed  by Baker ( 1 937 ) ; Ham oir  ( 1 923 ) ; 
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Tunni c li f f  ( 1 932 ) ; Banks and Milt on ( 1 960 ) ; and Herl i ch , 1 96 5b ) .  The r e  

c an be  li t t l e  doubt that C . onc oph ora can be a seri ous pathog en of 
cattle  ( S oulsby , 1 96 5 )  but Herlich ( 1 96 5  b ,  c )  reported that 3 50 , 000 
i nf e c t ive larvae of C . onc ophora only caus ed  mild sympt oms in calv e s  
though in high doses  (3 , 000 , 000)  there was s evere ent eriti s . 

Th e c linical signs of CooEeria pect inata in calves were  th e pas
sage of  abnormally soft  fae c e s  whi ch be came progr e ssively more  fluid and 
f o e t id , anorexia , dehydrat ion and in s ome cases pronounc ed  subman d ibular 
o e dema . .  Calves rec eiving a s ingle dose  of larvae showed sympt oms e ar l i e r  
and to  a great er degr e e  than tho s e  rec eived mult iple dos e s , (Herl i ch , 
1 96 5  a , �- 1 967 ; Keith , 1 967 ) . The clinical signs produc ed  by Cooper ia 

punc tata in calves  are essentially s imi lar , ( Alic�ta and Lynd , 1 96 1 ; 
Bailey , 1 949 ; Herlich , 1 962 ) . 

ii ) Fee d  intake , body we ight and wool production:  The gastro-int e s t in· 
al nematode  paras ites  may af f e c t  the nutrit ion of the host  by d epr e s s i on 
of  app e t i t e  and a d e crease in digestibility of  certain f oo d  cons t i tuents . 
Lambs experimentally inf e c t e d  with T . axe i showed an 8% depression of  
appe t i t e  and with l owered diges tive e fficienc y ,  this  meant an infe c t e d  
animal abs orbed 1 �6 less food  than the worm free  lamb ( Spedding , 1 954 ) . 

Similar studies on the effect  of parasitism on  the dige s t ibility of  c rude  
prot ein were  carried  out  by S tewar t ( 1 933 ) , Franklin .a!, g ( 1 946 ) , 

Spedd ing ( 1 9 5 5 ) , Gordon ( 1 9 58 b ) and Spedding et  al ( 1 9 58 ) and their views 
agr e e  with the f indings o f  Spedding ( 1 9 54 ) . However , the s e  findings 

are base d  on the balance  between die tary and fae cal nit r ogen and fail t o  
take into account any increase i n  fae c al nitrogen which r e sults from th e 
increas e d  passage of s erum pro t e in into th e alimentary tra ct . In vi ew 

of this  it is di f f ic ul t  to be  c ertain that a si gnif icant d epression o f  
pr o t e in d igestibility ac tually o c c urs . 

Inefficient utili za tion of f o od results  in a poorer rat e of w eigh t  
gain p e r  unit of food  than in worm fre e animals (Goldberg and Lucker , 
1 960 ) . Heavy inf e c t ions wi th parasites  early in life  may reduce  gr owth 
and cause permanent stunt ing , wh ereas inf e c t ion of  animals whe n  they are 
3 or 4 months chi e fly af f e ct s  mus cle  growth , ( Spedd ing , 1 9 56 ; Gord on , 
1 9 58b ) . 
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Th e level of nutri t i on also  influences  the number of parasit e s  

whi ch b e c ome e stab !.i shed  in an animal ( Nhi tlock , 1 949 ; Laur enc e e t  al , 
1 9 51 ) .  A high plane of  nutriti on result s  in the e stablishment o f  
fewer paras i t e s  or will reduce th e il l e ff e c t s  if large numbers b e c ome 
establish ed ( Vegors et  �l ' 1 9 55 , 1 9 56 ; Gord on , 1 964 ; Brunsdon , 1 964 a , b ;  

Gib son , 1 963 a , b ;  Soulsby , 1 96 5 ;  D obson , 1 967a ) . Stud ies of the  e f f e c t  
of  a balanc ed d i e t  o r  milk intake o n  the acquisit ion o f  parasitism in 
lambs have shown that b e t t er f ed groups carried about hal f th e numbers 
of  worms c ompared t o  poorly fed  gr oups (Kat es  e t  al , 1 962 ; Spe d d ing et 
al , 1 963 ) . 

Parasitism may reduc e  wo ol growth and the fleec e may be  poor i n  
b oth quality and quantit_y ( S arles , 1 944 ; Car t er e t  al , 1 946 ; Gordo n , 
1 9 58 b ; Spedding and Brown , 1 9 57 ; Bruns don , 1 963a , 1 964b ) . The 
amount of  wool produced by she ep inf e c t e d  wi th moderate inf e c t ion o f  
trich o s trongYlids may drop to  40% of that of  worm fre e  c ontrols ( Cart er 
� .§d_, 1 946 ) o  Studies by Spedding &nd Brown ( 1 957 ) on the eff e c t  o f  
subclinical worm bur dens on w o o l  production showe d  tha t worm-fr e e  she ep 

produc ed  1 2  t o  38% higher fle e c e  we ight and 1 7 . 3 t o  43 . 2% were clean 
dry wool per unit area than inf e c t ed she e p .  They further sug ge s t ed that 

the effect  on wool product ion depend s  upon the �ge of th e host wh e n  
first inf ec t e d , the level o f  inf e c tion , and the rat e o f  wo ol growth at 
the  time when the inf e c t ion is  at  its maximum . Wh ere inf e c ti ons are 
severe  the effe c t  on fl e e c e  weight and quality may be  great but in ligh t  
inf e ct ions th ere may be  little o r  n o  effe c t . 

The r e  is no lit e ratute on the e f f e c t  of f eed  intake and wool growth 
in sheep  inf e c t e d  wi th Coope ria c urti c e i  or wi th other speci e s  of the 
genus Co operis . Andrews ( 1 938 ) observed that Cooperia cur t ic e i  d e creasro 

the ability  t o  convert food i nt o  live weight gain . 

The body weight s of calves r e c eiving d os e s  of 3 50 , 000 larvae o f  
C . onc oph ora were unaf f e c t e d  but at higher dose s , a d e crease d  weigh t  gain 

was observed , (Herl ich , 1 96 5b ) . In c alves given a s ingle large d o s e  
( 300 , 000) o f  C . pe c t inE'ta larvae lost  weight whereas those  given mult iple 

doses ( t otal of 300 1 000 larvae over 1 0  c ons e cutive days ) gained we igh t 

but at a slower rate than non-inf e c t e d  c ontrols (Herlich , 1967 ) .  The 
growth rate of calve s experimentally inf e c t e d  with C .punctata was also 



depre s s ed ( Alicata  and Lynd , 1 96 1 ) .  

iii )  Eff e c t s  on c onsti tuents o f  the blood : Owing t o  the phys i olog i c a l  

functions o f  blood a n d  its  intimat e relati onship with a l l  b o d y  t i s sue s ,  
it is  t o  b e  expec t e d  that in many ,  i f  not all , h elminth inf e c tions may 
produc e slight to  extensive alt erat ions in the blood picture . 

Among the Trichostrongylidae , Haemonchus �· are the only members 
which are c apable of  produc ing dis ease pr imar ily by extra c t i on of  the  
h o s t ' s  b l o od , (Fouri e , 1 93 1 ; Boughton and Hard y ,  1 93 5 ;  Andrews , 1 942 ; 
Baker et  al , 1 9 59 ; Whi t lo ck , 1 950 ; Clark e t  al , 1 962 ) . A s tudy by 

-- -- -- --

Charleston ( 1 964 ) of the anaemia c aus ed  by infec ti on with H . c ontor tus 

in sheep showed differenc es  from the anaemia c aused by bleeding .  The 
differenc e suggested  an int erf erenc e with normoblas t  maturation in para

sitised  she ep whi ch did  not o c cur in ble d sh e ep . Inf e c t i ons of ruminants 
with trichostrongyle s  whi ch d o  not suck blood are fre quently a c c ompan i ed 
b y  anaemia and th ese  are c onsidered to  be principally due t o  short e ning 
of erythrocyt e  survival t ime and an inability of the bone marrow t o  

c ompensate for this ( Baker and Douglas , 1 957 ) .  

S tudie s  with Cooperia �· inf e c t ion have in general ind icated  no 
ana e mi c  ch anges ( Andrews , 1 938 ; Baile y ,  1 94 9 ;  Herlich , 1 96 5  b ,  1 967 ) .  
Though Hung ( 1 926 ) as sume d C o oEeria Eunc tata  t o  be  a blood  sucker b e c a� 
of  the oc currence of erythrocytes  in the diges tive trac t of  worms , 
Bai ley ( 1 94 9 )  f ound no  red blood  c el ls in worms on the surface of the 

muc osa  and he  c onsidered those in parasites  m ore  d eeply in th e muc osa  
had  been  engulfed accidently as worms fed  on  th e tis sue d ebris . Evi
dence  against Cooperia � . b e ing blood suckers is als o  supp ort e d  by the 
fac t that animals may die of s evere inf e c t i ons with out any evidenc e o f  

marked anaemia .  

I t  has been obs erved that  p arasitic  infe c t ions may produce chang e s  

i n  the  t o tal and differential whi t e  c e ll c ounts . Eosinophilia has be en 
dem ons trated  in many parasi t ic inf e c t i ons , ( Arch er , 1 960 ) . The c e llu

lar element s in the blood  of shee p  inf e c t e d  with Coope ria curt icei  
(42 5 t o  2 5 1 033 worms ) showed s light e osinophilia but no  o ther  signifi

c ant  change was notic e d  in t o tal or differential white  c ell c ount 



haemoglobin c ontent or packed c ell volume ( Andrews , 1 938 ) .  

Ele c trophor e t i c  stud i e s  on the serum pro t e in of lambs inf ec t e d  with 
helminths have shown significant chang e s  ( Leland e t  al , 1 9 58 ,  1 960 ; 
Le land , 1 96 1 ; Kagan and Go odchild , 1 96 1 ; Geyer , 1 96 5  and Dobs o n ,  1 96 5 2  
1 967 b , c , d ) .  Wi th naturally ac quired  moderate and light inf e c t ions o f  
mixed  nema t od e s  Kut tler and Marble ( 1 96 0 )  not i c e d  that the t otal serum 
prot e in and albumin fract ion was d e cr eased while the Alpha 1 ,  Alpha 2 ,  
Beta  and gamma globulins were increas e d . Simi lar change s  were found in 
s erum protein of lambs infe c t e d  with T . axei , ( Leland � �' 1 9 59 , 1 960 ) . 

There  is  no literature on s erum pro t ein changes  in sh eep inf e c t ed 
with Cooperia curti c e i . In calves experimentally infe c t e d  with Cooperia 
pectinata and Cooperia onc oph ora , a d e c reas e  in t ot al serum pro t e in has 
b e en observed ( Herlich , 1 96 5b ,  1 96 7 ) . The calves with mixed infecti ons 
of  trichostr ongyle s  and Cooperia punctata sh owed pronounc ed  hyp opr o t e in
aemia and hypoglycaemia , ( Herlich , 1 962 ) . 

iv ) Gro ss lesions and histopathology :  It  has b e en obs erved that in-
fec t ive larvae of Cooperia c urt i c e i  do  not ac tually penetrate the wall 
o f  the int es tine . The y  c ome  t o  lie in th e crypt s wi th lit tle or no d is
c ernible t issue damage . In th e animal sensitized  by previous infect ion  

there  is an  immed iate  inflammat ory r esponse . The larvae apparently d o  
not  pene trat e the t issue but the resul t ing inflammatory resp ons e engulfs 
e ach larva . Ult : mat ely , a fibro t ic capsul e  is f ormed and the r esulting 
yellow nodule protrud e s  thr ough the muc ous membrane int o the lumen o f  the 

int estine , ( Ott o , 1 966 ) . No nodules  were found in a lamb from an initial 

infect ion of as much as 1 , 000 , 000 larvae of Cooperia curt i c e i  but 3 1 9 

t o  32 , 000 nodul e s  were developed from an infe c tj on of  63 , 000 t o  400 , 000 

larvae administered  to pre viously inf e c t e d  animals ( Andrews , 1 93 9 ) . 

Parasitic  nodules 4 mm in d iameter  and 2 mm in h eight were als o ob

served in the small int e s tine of caribao ( Bubalus bubalus ) infe c t e d  

with Cooperia spec ies , ( S chwart z ,  1 927 ; Gome z ,  1 928 ) . His tological l y  

t h e s e  nodul e s  c ompris e d  fibrous c onnec t ive tissu e , lymphocytes and t he 

parasite . Int e s t ine glands were atr ophied  b e c ause o f  pre ssure and 

showed signs of necrosis  and lymphocyt i c  infiltrat i o n .  Local tissue  
r eact ion was not  s e en be yond the musc ularis muc o sae layer of small 
i nt e s t ine . 



No gr oss l e si ons were notic e d  on ne cropsy of sheep inf e c t e d  with 

s ingl e  d o s es o f  Cooperia cur ticei  i nf e c t ive larvae , ( Andrews , 1 938 ) but 
in naturally a cquired infe ctions in goat s , irregular haemorrhagic ar eas , 
scattered  along the mucosa on th e first  30  f e e t  of small int e s tine , were 
observed , ( Ed ga r ,  1 936 ) . 

The r e  was no evidenc e of  a hist otropi c phase  in calves exp eriment al 

ly infe c te d  with C . pe ctinata and C . onc ophora ( Herlich , 1 96 5  a , b ) . 
Le sions f ound at  necropsy included c onge s t i on in the duodenum , 

p e t e chiae in Payers patches , snteritis and oedema of  the ab omasum and 
mesent ery . Calve s  given mul tiple doses  did  not harbour mor e worms at  
necropsy than calves inocula t ed with single doses  of larvae . 

It was obs erved that C . Eunctata may produce necrosis and inf lammat
ion of the inte st i nal muc osa (Hung , 1 92 6 )  and may also p enetrat e t o  
various d epths int o  the muc osa while  encap sulated  and degenerat e para

s ites  may be  s e en as deep  as the submucosa ( Di kma� 1 936 ) . In heavy 
.__, 

inf e c t ions in calv es , l e sions consisted o f  num erous small haemorrhag e s  

o n  the muc osal surfac e o f  t h e  first 1 0  f e e t  o f  the int es tine , th e l ower 
half of the small int estine was th ickene d and showed cat arrhal exud at e . 

The asso c iat ed me s ent eric lymph nod e s  were slightly oed ematous , ( Bail e y ,  
1 94 9 ) . His tologi cally muc os a  and submuc osa showed marked lymphocytic  
and e osinophili c infiltra tion.  In  heavy infe ct ions the submu c osa was 

th i ckened with fibrino•ne c r o t i c  exudate  and adul t  worms and larvae were 
found in the  l ower p ortions of th e glandul ar crypt s ,  even down to  th e 

submucosa and the s erosa .  

v )  Resistance and immune r espons e : Re s i s tan ce  t o  nemat ode inf e c t ion  
may be  refle c t e d  by an increase in  the  l ength of the prepatent p er i o d , 

re tarded  d evelopment of the mature worm , reduced egg pr oduc t i on , inh ib
ition of  larval development and the number of worms e stab lish e d  in the  

host  ( St e wart , 1 9 50 a , b , c , d ,  1 953 ; Taylor and Michel , 1 9 53 ; Rober t s , 
1 957 ; Gordon , 1 9 57 ; Silverman and Pat t erson , 1 960 ; Anderson e t  �t 1 96 5 ) ._ 
Old er animals may be able to  resis t paras itic  infe c t ion whil e the 

young animal may suffer s everely from it ( Bai ley , . 1 949 ; Gordon , 1 9 50 ; 

Goldbe rg , 1 9 52 ; Lucker , 1 9 52 ; S t ewart and Gord on , . 1 9 53 ;  Rohrbacher e t  al, 

1 9 58 ; Herlich , 1 960 ) . The phenom ena of re sis tance als o  appear at 

d iffer ent s tage s  in th e inf e c t ion ( Michel , 1 9 52 ,  1 963 ; Herlich , 1 960 ) . 
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Lit tle  inf orma t ion is availabl e  on the resis tanc e o f  sheep t o  

Cooperia curti ce i .  When 4 lambs were  given daily doses  of  Cooperia 
cur t ic ei inf e c t ive larvae over a period of s everal months , a reduc e d  
number o f  worms were  f ound a t  nec r opsy c o mpared  with c ontrol  animal s  
give n s ingle d os e s  ( Andrews , 1 937 , 1 93 9 ) . Under field c ondit i ons , 
Rob erts  £! al ( 1 9 5 1 , 1 9 52 ) not ed that th e ma j ority of cattle  b e c ame  
resistant to  £o operia � infec ti on at ab out 5 months of age . Egg 
c ount s r o s e  to a peak about at 4 - 5 month s of age and f ollowing a 
rapid decline , remaine d at low levels th ereaft er . Simi lar f indings were  
reported  by Bailey  ( 1 94 9 ) ; Mayhew e t  al  ( 1 9 58 , 1 960 ) in  expe rimental 
infe c tions of  Coope ria punctata in cat tle . The fae c al egg c o unt  o f  3 1  
calve s was d ecreas e d  t o  zer o  and a chall enge infe ction was re sis t ed as 
judge d by failure to influence the egg c ount ( Mayhew � al , 1 960 ) . It 
has b e en sugg e s t e d  t hat resis tance  t o  Cooperia punc tata may inhibit 
the exsheathment of  larvae , their further d evel opment and th e ir passage 
from th e abomasum t o  the small int es tine ( St e wart , 1 9 54 , 1 9 58 ) . Wh e n  
lambs w e r e  given s ingl e doses  o f  2 7 , 000 larvae of  C . oncophora no signs 
of  res istance  were  apparent , but after a s e c ond dose most  o f  the lambs 
were  res istant t o  C . oncophora and also t o  C .pe c t inata sugges ting that a 
single spe ci e s  of  Cooperia is c apable of  induc ing resistanc e to i t s e lf 
and al s o  t o  o ther spe c i e s .  Calves  that r e c eived mul t iple doses  o f  C .  
pec t inata larvae also  developed r e sistance . There was expuls ion of 
adult worms and at aut opsy large numbers of inhibited  fourth s tage lar
vae were  f ound (Herl ich , 1 96 5c , 1 967 ) . 

There  is  no s atisfact ory answer as t o  how the immunol ogical me chan
ism inhibi ts  the growth and development of  nemato d e s  ( Soulsby , 1 966 ) . 
Vfu ether ant ibody alone can affect  and ultimately destroy a nemato d e  is  
by no means c lear . The elucidation of the pre c i s e  role  of  antibod i e s  

i n  r es is tance  t o  h e lminth parasi t e s  is rendered  difficult by the num b er 
and c omplexity  o f  th e potentially antig enic mat erial involved . The 

worms themselv e s  c ontain a wh ole range of antigens , some being s truc tur
al or s oma t i c  mat e rials and others being th e re sult of  th e m etabo l i c  

ac t ivity of  the parasite . The ant ibody response is  therefore  c orre s 
p ond ingly c ompl ex , n o t  only in the range of  antibodies  produc e d  but 

also in their r e lat ive amount and r elative importance from th e p ro

t e c t iv e  p oint of view  ( Urquhart et al , 1 962 ) . 



I t  is  well known that reactions between immune s erum and larval 

stages c an be  produc ed with ease ; some of  the s e  c ons ist  of ant i gen
antibody prec ipitate s at the orif i c e s  of larvae (Hawkins and Cole , 1 94 5 ;  
S oulsby , 1 962 ; Silverman and Patt e r s on , 1 960 )  a decrease in oxyg e n  c on

sumpt ion ( Schwabe , 1 9 57 ) and a c oat ing phenome na when larvae are gr own 
in immune substances (Douvres , 1 962 ) , Pre cipitates  were found on  the  

mouth , anus and  excretory pore  o f  the  exsheathed larvae of Coope ria 
curticei  when  incubat e d  in serum fr om immune animals ( Hawkins and 
Cole , 1 94 5 ) . Howeve r ,  there is no direct  evidence that the s e  r e a c t i ons 
are primarily re sp ons ible for th e immune r e j e c t i on of the parasi t e  b y  

th e h ost . 

Th e c ir culating antibody levels of she ep infe sted  with gastr o
intest inal nemat odes  have be en examined ext ensively by c omplement 
fixation ( St ewart 1 9 50 a , b , c , d ,  1 9 53 ; S t ewart and Gordon , 1 9 53 , 1 9 58 ; 

Ri c e � � ' 1 96 6 ; Dobson , 1 967 b , d ) , bj pas s ive haemag�uti nation 
( S oulsby , 1 9 56 , 1 9 57 , 1 960 ; S oUl$by and Ste wart , 1 960 ; Dobs on , 1 96 7  b , d )  

and by s e rum precipitin react ions using the Ouchterlo� t e chnique 
( S oul sb y ,  1 960 ) . There  is some evidence t o  show that ant ibodies  o c c ur 

in the muc ous exudat e of the int e s t ine o f  animals with th ese  inf e s t a t
i ons ( Douvres , 1 960 , 1 962 ; Dobson , 1 96 6  a , b , c , d ;  1 967b ) .  The y  both re
ported  that muc ous exudate fr om th e large int estine of she ep inf e c t e d  
wi th Oes ophagost omum �· c ontain an tibodie s and , after c onc entrat i ng 
the mucous discharge , pre c ipit ins were  found by gel  diffus ion . The s e  
antibod i e s  were also d em onstra ted b y  complement f ixation ( D obson , 1 96 6  a )  
pas s ive haema�utination and passive cutaneous anaphylaxis (Dobs on , 

1 96 6  b ,  1 96 7  b ) . Th e mucus of the gut was found immunologically more  
potent than s erum ( D ob s on , 1 96 7  b ) . 

The work of Manton et  al ( 1 962 ) and S oulsby ( 1 963 ) has d emons trat

ed  that young sh eep  may not be ab le  to resp ond as well , immunologically 
as adul t s , and animals must reach an age of  4 - 5 months b e f ore  they 

are able t o  acquire r esistance of H . c ontortus . 

Th ere is no lit erature on the hosts ' immunol ogical re sponse t o  

Cooperia c urticei  or other spe ci e s  of th e g enus Cooperia . 

Apart from the work of Andrews ( 1 937 , 1 938 , 1 93 9 )  there has b e e n  
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no  exper imental s tudy of the relationship of Cooperia cur t i c e i  and the 
she ep h ost . Many aspe c t s  of th e relat ionship have never b e en exp l or e d . 

The condit ions und er wh i ch the inf e c t ive larvae exshe ath have not b e e n  
de fined . Fac t ual inf ormation o n  the path ogeni city o f  C . curticei  and th e 
immune respons e of the sheep is based entirely on observations on ver y  
small numbers of  exp erime n tall y  infe c t ed she ep . This is scarcely e nough 
t o  rul e out i t s  possible pathogenicity , particul arly in view of the 
known path ogeni city of othe r spe cies  of the same  g enus e . g .  �pe c t inata 
and c .Eunc tata . 

It  was , th ere f ore , c ons idered appropriate to  ext end the s tudi e s  on 
the £re e - l iving s tage s of CooEeria curticei  to include a more ext ensive 
examination of the e f f e c t s  of  the paras it e on sheep and , to  some extent , 
the patholJgi cal and immunological response of the host  t o  the paras i t e .  



CHAPTER VI EXSHEATHMENT OF THE INFECTIVE LARVAE OF COOPERIA 
CURT ICE I  

Experiments wer e carried  out i n  �itro to  determine th e natural 

s timuli which ind uc e  exsheathment of the infec t ive larvae of Cooperia 
cur ti c e i  and t o  confirm the findi1"gs , studies  were als o  made in v iv o . 

I MATERIALS AND METHODS : Inf e c t ive larvae were obtained from 
the d o nor she ep ( r e f er II 3 )  and were s t ored at 1 0°C after cleaning 
them with disti ll ed water . Larvae were us e d  between 1 �nd 3 w eeks aft er 
colle c ti o n .  For th e in vi�££ observati ons larvae were susp end ed i n  the 

following solutions . 

Hydrochloric  ac id - s odium c arbonat e mixture in varying pro
p ortions to  provide  pH from 1 t o  1 0  ( pH 5 only with saturat
ed  co2 ) o 

Citric ac i d  - dis odium pho sphate buf fer ( Mc ilvaine ) pH 3 t o  8 

(pH 4 only with saturated C02 ) 
S odium c arbonat e - b icarbonate - buffe r  pH 9 o 2 t o  1 0 . 0  saturat e d  

with C02 
Normal saline saturated with co2 
Distilled wat er saturated with co2 
Abomasal fluid saturated with co2 

Abomasal fluid was obtained from the gastric stomac h of sh e ep 
with a permanent gastric fis tula . 

The exper imental procedure was the same in all cases . Aliquot e  
of  approximately 1 000 larvae were h e l d  i n  large t e s t  tub e s  c ontaining 

5 t o  1 0  ml of suspending agent . Each tube was closed  by non-absorbent 

c o t ton wool . Tube s  were h eld  in a wat er bath at  38 °C for 3 to  4 h our s ; 
where  c arbon dioxide gas was used  it was allowed to  f low cont inuousl y  

int o the solution i n  the tubes through a Pasteur pipett e . Th e  flow was 
mai ntained c ons tant by  m eans of  a reduc ing valve attached  to the � cy

linder . The bubbling gas s erved t o  �tam the s olut ion canurnuous]y. �
cate  s amples  were incubat ed on $eh o c casion.  The material was examined 
micro s c opically as frequently as c ond iti ons warranted and the hyd rogen 
i on c onc entration was measured  imme d iately with a Beckman pH me t e r .  

After killing the larvae b y  s ubmerging the sample t ubes  in b oiling 
water 1 00 to 200 larvae wer e  c ount e d  in each sampl e  and the percentage 
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o f  exsheathment was r e c orded . The c r iteri on for exsheathment was 

s imilar t o  that us ed  by Sommerville ( 1 9 57 )  and Lapage ( 1 93 5 ) . Larvae 
were c l as s ified as exsh eathed if  the r e fractile  ring had c ommenc e d  t o  
f orm . 

For experiment s in vivo 2 she ep with permanent rumen fistulae  w ere  
us ed . The y were fed with a mixtur e  of  hay and a c oncentrat e  feed  ( refer 
Chaper I I  5 ) . Infe c t ive larvae were allowed to  exsheath in vivo in a 
c e llophane sac whi ch cont ained a susp ension of  larvae in wat e r , and which 
was plac ed  in the rumen of the sheep f or 3-4 hours . Th e larvae were 
examined for per c e ntage of  exsheathment as d e s cribed for l£ vitro experi
ments . 

Replicate  experiments  sh owed good  agr eement , and the data repor t ed 
are repres entative o f  the re sult s obt aine d . 

I I  IDJSULTS :. Preliminary attempt s  t o  ind.u c e  exsh eathment in d ifferent 
s oluti ons in the absence  of co2 was met with failure . The se  attempt s  in

c luded immersion o f  larvae in HCl-sodium carbonat e s olutions , at pH 1 t o  
1�  and Mcllvaine buffer at  pH 3 to  8 .  Maximum exsheathm ent o c c urred 

af ter 4 hours tr eatment and was only 1 1 % .  

The perc entage exshe athment in di fferent soluti ons saturated with 
carbon d i oxide is  summarised  in Tab l e  46 . \Vhen  larvae wer e  treat ed  w ith 
abomasal fluid , distilled wat er , Mc ilvRine buff er ( pH 4) and HCl� s o dium 
carbona t e  s o lut ion ( pH 5 ) , saturat ed wi th c arbon d ioxide , th e maximum 
exsh eathment was only 1 9% whereas in normal saline s olution ( pH 6 . 8 )  
and sodium carbonat e-bi- carbona t e  buffer ( pH 7 . 3  t o  8 . 0 )  both satura t e d  

with C02 , th e m.stximum exsheathment was 8 8% and Cf!% r e sp e c t ively .  The 

re sult s were  c ons is t ent in carbonate-bi -c arbonate  bu ffer , whereas normal 
saline s o lut ions gave inc onsist ent re sult s .  The maximum exsheathment 
was obtained near pH 7 and carbon d i oxid e  played an important  part in 
induc ing exsheathm ent . 

The concentrat i on of the undissociated carbonic a c i d  in sodium 
carbonate-bi-carbona t e  buf fer solution was calculated as : -
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Tab l e  46 

The effe c t  of di ff erent additive s  and c arbon dioxid e  on 
exsheathment of Cooperia curt icei  inf ect ive larvae 

Additives 

Ab omasal fluid 
co2 saturat e d  

Distill ed water 
C02 saturat ed 

HC l-sodium 
bicarb onate 
C02 saturat ed 

Standard buffer 
co2 saturat ed 

Normal saline soln.  
C02 saturated  

pH 7 . 9  

pH after 
treatment 
with co2 

2 . 0  

5 . 8 

5 . 0 

4 . 0  

6 . 8  

Carbonat e bi-carbonate 7 . 3  
carbonate buf fer 
co2 s at urat ed  

pH 9 . 2  

Carbonat e bi- 7 . 6  
carbonate  buf fer 
C02 saturated  

pH 9 . 5  

Carbonate bi- 8 . 0  
carbonate buf f er 
C02 saturated 

pH 1 0 . 0  

P erc entage exsh eathed 
1 h our 3-4 h ours 

"'> 
8 1 0 

5 1 3  

1 5  1 9 

1 0  1 2  

56 88 

67  93 

7 1 97 

69  95  



pH = pk + log  H eo; 

H2co3 
Th e maximum exsheathment ( 97% ) was obtai ne d  when the c arbonic acid c o n
c entration  was about 7 x 1 0-3M .  

Th e r efra c t il e  ring appeared about 1 9  V from the ant erior end of 
the larva . After f orming th e r e fractile  r ing , the ant e rior cap was d e 
t ached . Lat er th e remaind er of  the she ath was als o detached from th e 
tail end and the larvae escaped  from the sh eath aided  b y  their own 
movement s .  The pr o c e s s  of exshe athment was thus s imilar t o  that d e s 
cribed by  Lapage ( 1 93 5 ) and S omm ervi lle ( 1 9 57 ) f or H . contortus . 

In the in vivo exp eriment when the pH of the rumen fluid was 7 . 2  
97% exsheathment was obtained in 3-4 h ours . Th e result s were cons i s tlli:.nt 

and showed tha t under laboratory conditi ons exsheathment • c ould  be  ob
t ained in vitro at  rat e s  comparabl e with those  obs erved in �· 

VI 3 SUMMARY :  

1 .  Und er lab oratory conditi ons the maximum exsheathment of th e inf e c t 
ive larvae of Co ope ria curticei  was ob served near pH 7 •  Th e maximum 
exshe athment of 88 to 97% was obtaine d in 3-4 hour s  at 38°C when normal 
saline s oluti on an d so dium c arbonat e-bi-carbona te  buf fers ( pH 7 . 3  to 
8 . 0 )  were saturated  with c arbon di oxid e "  

2 .  The perc entage exsheathment in acid  media i . e .  ab omasal fluid 
( pH 2 . 0 ) , distille d wat er (pH 5 . 8 )  HCl-sod ium bicarbona t e  buf fer ( pH 

5 . 0 )  and Mc ilvaine buffer ( pH 4 . 0 )  saturated with C02 was negligible " 

3 . Maximum exsh eathment of the larvae was observed wh en th e c onc en
trat ion of carbonic acid  in th e scdium carbonate-bi- carbona te  buf f er was 
about 7 x 1 0-\1. 

4 .  In viv o , 97% of  the inf e c t ive larvae exsh eathed in the rumen in 

3-4 h ours , when the  pH of th e rumen fluid was 7 . 2 ;  thus und er optimum 

laboratory c ond iti ons , the rat e of exsh eathment was c omparable with 
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th ose  observed in viv o .  

5 ·  Th e pr ocess  o f  exsheathment of  the larvae of  Cooperia curti c ei was 
simi lar to that reported f or H . contortus . 

VI 4 D ISCUSSION:  Dis solved  gase ous c arbon dioxide ac ting at  37 °C i s  
th e m a j o r  factor in th e stimulus t o  exsheathment i n  v itro of inf e ct iv e  
larvae of  a variety of  nematodes  whi ch inf e c t  th e hos t  by inge sti o n  

( Rog ers , 1 960 ) . The a c tion of  co2 i s  enhanc ed b y  t h e  pres enc e o f  
elec trolyt e s  ( Taylor and Whitlock , 1 960 ) . Another important factor is 
th e hydrog en ion c oncentrati on which has an effect  ind ep end ent of  i t s  
ac tion o n  the c onc entration of diss olved g ase ous co2 ( Rogers 1 1 9 58 , 1 96 0 , 
1 963 ) .  The s e  fac t ors at appr opria t e  conc entrations cause  exsheathm ent 
in  v itro but pre c ise  requirements differ a c c ording to  th e spe cies  of  
nematode . 

Keeping this vi e w  in mind , the stimulus for exshea thm�nt of 
Cooperia c urticei  larvae was s tudied in co 2 in buffer soluti ons c o nt ai n

ing e l e c trolyt e s  both in ac idic and alkaline pH ranges ( Mc ilvaine buffer ; 
HCl-sodium carb onate  mixture ; sodium carbona te-bi-carbonat e  buffer ; 
normal sal ine s oluti on ) . Be cause C . c urticei  and other spe cies  of C o oper
ia have been r e c orded both from th e abomasum and small int e s tine of th e 

host , it was ne c e ssary t o  stud y th e s t imulus for exsheathment of l arvae 
of yo�peria curt icei b o th in acidic  and alkaline c ondi t ions . 

Whe n  inf e c tive larvae wer e induced  to  exsheath in th e buffer 

s olut i ons menti one d ab ove in the pre s enc e of diss olve d  gas e ous co2 , the 

b e s t  results were  obt ained near pH 7 .  The !£ vitro experiment s sh owed  

tha t  a c idic  media  saturated with co2 have no e ffe c t  o n  exsheathment o f  

C . c ur ti c ei larvae , whereas sligh tly alkaline soluti ons , saturated with 

co2 near pH 7 . 3  induced exshe athment of  88 to  97% of the larvae . 

Experiments in vivo als o  showed that 97% of the larvae exshe athed 

in  the rumen in 3-4 hours wh en pH of the rumen fluid was 7 . 2 .  Aboma s a l  

fluid saturat ed  with co2 gave negativ e  result s .  The s e  result s ind i cate  

that the  stimulus for  exsheathment of  Co ope ria curticei  dep ends on the  

pre sence  of dis s o lved co2 and  el e c trolyt e s  at  a pH  in the regi on of  
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pH 7 t o  7 . 3  and that exsheathment normally o c curs in the rumen .  Und er 

appr opriat e  laborat ory c onditi ons th e rat e s  of exsh eathment were c om
parable with th os e observed in viv o .  

Exsh eathment o f  s trongylate larvae norma lly oc cur s  in that part 
of  the alimentar y  canal ant erior to  that wh ere the adults  are found . As 
C o operia curticei  is primarily found in the small int e s tine one  would 
expe c t  that the st imulus for exsheathment of Cooperia cur t icei  wi ll l i e  
in th e acidic por t i on of  the stomach . But result s ind i c�te th at C o operia 
cur t i c e i  is  unus ual in tha t  exsh ea thment o c c urs und er rumen cond it io ns . 

The signi ficanc e o f  thi s  phenomenon is not c lear .  It c o uld suggest  
that � n  i t s  evolutionary hi s t or y  Cooperia c urticei  was ini tially adap t e d  

t o  th e abomasum and later be came seco nd arily adapt ed  t o  th e small 
int e s tine . 
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Chapter VII EFFECT OF COOPERIA CURTICEI IN SHEEP 

Although Cooperia curticei i s  a common helminth of sheep there i s  no 

detailed account of its effect on sheep . The present s tudy was undertaken to 

determine the effect of a pure infections of Cooperia curticei on sheep of  

various ages  and under varying plane of  diet . 

headings of three main experiments : -

It  i s  reported under the 

VII . l .  The effect of Cooneria curticei on sheep 6 - 7 months old .  

VII 2 .  The effect of Coo:12eria curticei on sheep 2 - 3 months old .  

VII 3 .  The effect of diet on Coo:12eria curti cei  infections  in sheep 

9 - 10 months old. 

VII . l.  THE EFFECT OP COOP"ll:B.IA CURTICEI OH SHEEP 6 - 7 lliOH'rHS OLD : -

i ) Materials and methods : -

a ) ExJ2erimental design : - The experiment was carried out with 1 8  male 

Romney sheep 6-7 months old .  All  these  animals were raised and maintained in-

doors under conditions designed to prevent extraneous helminth infection ( refer 

chapter II . 5 ) .  The animals  were randomly allotted to 5 groups arranged 

according to the size of the infection . 

Group A 

Group B 

Group C 

Group D 

Group E 

4 animals  given 10 , 000 infective larvae . Two were necropsied  after 

34 days of infection anti the other 2 animals were given s econd dose 

of 50 , 000 infective larvae . 

4 animals given 50 , 000 infective larvae . Two were necropsied  after 

34 days of infection and the other two animals  were given second 

dose · of 50 � 000 infective larvae . 

4 animals  given 100 , 000 infective larvae . Two were necropsied  after 

34 days of infection and the other 2 animals  wel'e given second dose  

of  50 , 000 infective larvae . 

4 worm free animals  as controls . Tv10 were necropsied after 34  days 

and at this time the other two were each given a single dose  of  

50 , 000 infective larvae . 

Two worm free animals  which were introduced as replacement controls  

after 34 days of experiment . 



1 54 .  
Control observations were made on each animal kept in individual pens 

for l - 2 weeks prior to infestation. Throughout the experiment animals v1ere 

fed approximately 1 . 5  lb of concentrate feed per day (refer chapter 11 . 5 ) .  

Each animal to be infected was given a randomly selected dose  of infective 

larvae . 

b ) Parasitolovical technigue�: - Infective larvae were obtained from the 

faeces  of donor sheep and v:ere stored at l0°C ( refer chapter II . 3 ) . One to 

three weeks old larvae were suspended in water and their number per ml was 

determined using a dissecting microscope (refer chapter 11 . 4) . Doses  for 

infection were measured Fi th a g-.caduated pipette and the required volume of 

larval suspension was kept in ' Universal ' glass bottles . Checks were made to 

ensure that the desired number of larvae :!: 5% were in the doses . 

The infective larvae were adminis tered before feeding to the experi-

mental animals per os using a plastic pipette . The ' Universal ' glas s  bottles 

containing the dos e  were washed 3 times and these  washings were also  adminis-

tered to the experimental animals .  After dosing , the infective larvae left in 

the pipette and bottle were counted and their numbers were very small ranging 

from 2 to 47 per dose  only. 

The infection vYas allowed to continue for 34 or 56 days during which 

time the course  of the infection \'.'as followed at regular intervals .  Clinical 

observations nere made for ga.s tro-intestinal disturbances , faecal consistency, 

appetite and general physical condition. 

morning at weekly intervals .  

Eody temperature was recorded in the 

c ) Faecal egg counts � - Twenty-four hours faecal material was collected by 

means of faecal collecting bag and after weighing and mixing, the number of egg-s 

per gram was determined by the modified Mc:Master method  (refer chapter I I . 2 ) . 

The faecal material from each experimental animal was examined daily after 12 
days of infGction , until eggs were recovered from the faeces . From t;, en on-

wards faecal examination was carried  out at intervals varying from 3 to 7 days . 

d ) Body weight and wool growth g - Experimental animals were weighed 

before feeding at weekly intervals .  For measurement of wool growth 9 an area 

50 mm x 75 mm was clipped from the mid flank region from each experimental 

animal . This site was found by Lockhart ( 1954 ) to give maxirnwll correlation 

between the site yield and staple  length measurements .  The area was shorn 
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before necropsy and growth of the wool was recorded on a weight basis . 

e )  Blood analysis � - Blood samples were collected in the morning by 

jugular puncture at weekly intervals .  Sodiu.m ethylene-diamine-tetra-acetate 

was used as an anticocogulant and approxinatsly 3 ml of blood was taken for 

haematological s tudy.  Approximately 2 5  ml of blood was also  collected and 

allowed to clot at room temperature in a sterile bottle and the serum produced 

was stored at -20°C until used. 

Each sample of the blood was treated in the following way. Packed 

cell volume v:as determined by micro-capillc:ry method .  Haemoglobin concentration 

was measured using the cyanmethaE:moglobin method in a " Co1eman" photohaemo ... 

globinometer .  Total e:r:·ythrocyte (RBC ) and leucocyte (VlBC )  counts were made 

using a haemacytometer and a bulk dilution technique . Differential white  cell 

counts were carried out on smears stained with McNeals tetrachrorne . A total of 

200 randomly selected cells were differentiated and differential counts were 

expres sed in absolute terms . 

Total serum protein values were measured by the Biuret tec��ique 

(Kabat and Mayor ,  1961 ) .  In this test 0 . 1  ml of serum was diluted with 0 . 9  ml 

of normal saline solution and 4 . 0  ml of Biuret reagent . All the absorption 

values were obtained with 11Beckc'11an11 spectrophotmeter at 540 mlJ and the protein 

values were calculated in grams per lOO ml serum from the standard curve 

prepared with the same instrument . Electrophoretic s tudies  on the serum 

proteins were made using "Phoroslide 11 s trips , (Millipore Corporation , 

Massachusetts , U . S . A . ) .  The separation of the serum proteins on Phoroslide 

strips was carried out for 20 minutes at lOO volts . Phoroslides were stained 

in Ponceau-S dye fixative solution for 10 minutes and were then rinsed in 3 

changes of 5% acetic acid until the background of the strip was free of colour. 

The strips were then dried at room temperature and were cleared by illl.'Uersi on for 

30 seconds in a solution containing ethyl acetate ( 30 ml ) and glacial acetic 

acid (70 ml ) .  The s trips were screened on a� electronic densitometer and 

actual percentages of protein fractions were calculated by weighing the paper 

enclosed by the densitometer curve corresponding to each fraction. 

f )  Necropsy procedure : - The two sheep killed on day 34 were selected 

from their group using a table of random numbers . All the sheep vrei'e killed 

by exsanguination . Necropsy procedure included an examination of all the body 

organs and tissues for gros s  lesions . 



The alimentary tract was removed .  Two ligatures were placed  at  the 
pyloric sphincter and the abomasun and small intestine separated.  The abomasal 

contents were collected and formalin added to give a final concentration of 10%. 

The small intestine was separated from the omentu,11 and mesenteries  taking care 

not to di sturb the contents . The s��ll intestine was tied-off at 5 places , 

first  5 feet then , 10 fee t ,  15 feet , 20 feet from the pylorus and at the 

ileocaecal valve . The contents of each section of small intestine were 

collected separately and formalin added.  From each section of intestine 

approximately l inch was removed for histopathological study and approximately 

1 2  inches removed for extracting mucus for immunological studies . Each part of 

the small intestine was opened sep:trately ;:md the mucosa was s craped in water 

with the edge of a slide . Scrapings from each section of small intestine were 

added to the collected contents of the corresponding section. After obtaining 

the mucous extract for immunological study the intestinal scrapings from these  

sections were washed in  water and kept separately in lo% formalin for worm count . 

After thorough mixing, a lo% aliquot from each part of the small 

intc;stine and abomaswn was examined.  Total numbers of males  and female worms 

were e stimated from each sample to este,blish the frequency distribution of 

Cooperia curticei in the intestine . From the total number of worms present in 

the small intestine and abomasum � sex ratio and percentage of the adminis tered 

dos e  e stablished in the host were calculated.  

The following criteria were adopted j_n classifying the developmental 

stages of Cooperia curticei ; the worms whi ch had not completed the fourth moult 

were classified as fourth stage larvae . Males  with coloured spicules and 

female s  which contained eggs in their uteri were described as adult .  

g ) Histopathology ; - Selected pieces o f  tissue were taken from the small  

intestine from 5 sites  between 0 to 5 feet from the pylorus ; 5 to 10 feet ; 10  

to 15. feet ; 15  to 20 feet and 20 feet up to the ileocaecal valve . A piece of 

tissue was also teken from the fundus of the abonasum together with 2 or 3 
mesenteric lymph node s . Immediately after necropsy the tis sue was fixed in 

Bouins fixative for 48 hours and sections were cut at  5 fJ. from paraffin embedded 

blocks and stained with haematoxylin and eosin.  

h ) Immunological stud·y: - The follo·wing procedure was adopted for antigen-

antibody precipitation in gel agar . 
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Source of antibodies : - Serum and mucus extract from the experimental 

animals were utilised as a source of antibodies . Blood was collected from 

experimental sheep before necropsy and serum was obtained .  

estimated by the Biuret technique . 

Total protein was 

To obtain mucus samples eC>ch 12"  piece of the small intestine was 

placed in 50 ml of 1 : 10 1 000 thiomersal in 0 . 9% saline at 4°C for 24 hours . 

(Dobson, 1966 a ,  b ,  1967 b ) . This  cooling caused expulsion of the mucus from 

the goblet cells . After washing the mucosa gently in the saline mixture , the 

mixture of mucus and saline was poured-off . The se�line l!!ixture was centrifuged 

for half an hour at 28 , 000 g to remove particulate material . The supernatant 

was concentrated with Carbowax 20 M to a protein value s imilar to that of s erum. 

The protein determination was made by the Biuret technique and mucus extract  was 

s tored at -20°C until used.  

Preparation of antigens : - The following antigens were used .  

1 .  Exsheathed third stage larval antigen : - (XL3 ) . 

Exsheathed larvae were obtained by suspending about 400 , 000 infective 

larvae in a dialysis  bag for 3 hours in the runen of a sheep (refer Chapter VI ) . 

The exsheathed larvae were recovered by centrif-ugation , washed twice in phosphate 

buffer and centrifuged again to sediment the larvae . The exsheathed larvae 

were homogenized in a Griffith tube for half an hour . Rupture of the larvae 

was checked under the microscope and material containing ruptured larvae was 
0 kept overnight in 3 cc phosphate buffer at  5 C .  The larval suspension was then 

centrifuged at 28 , 000 g for 30 minutes , and supernatant fluid (antigen ) was 

collected. Total protein was estimated by Lovrry ' s  method ( cited by Colowick 

and Kaplan , 1957 ) and it ranged from 1 . 10 to 1 . 25 gm per lOO ml . 

2 .  Exsheathing fluid and metabolic product antigen (XF) : -

After utilising the exsheathed larvae as  described above , the fluid in 

which exsheathment had occurred was centrifuged for 30 minutes  at 28 , 000 g to 

remove particulate material . The fluid was concentrated with carbowax M20 . 

Total protein content was 1 . 06 gm per 100 ml by Lowry 1 s method.  

3 .  Infective third stage (ensheathed ) larval antigen (13 ) � -

About 1 million infective third stage larvae were washed twice in 

phosphate buffer and disintegrated in a Griffith tube for 30 minutes . The 

antigen was prepared in a similar way to that described for exsheathed  larvae . 
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Total protein concentration estimated in different samples by Lowry ' s method 

ranged from 1 . 20 to 2 . 90 gm per lOO ml . 

4 .  First and second stege larval antigen (11 ) and ( L2 ) g -

First and second stage le.rvao v.rers obtained from 1 and 3 days old  

faecal cultures at  2 7°C (refer Chapter III . 2  ( i ) ) .  The antigen was prepared as 

described for exshec-tthed larvae . Total protein concentration for first and 

s econd stage larval antigcm was 1 . 1 5  anct 2 . 60 gm per 100 ml respectively. 

Serological method : - Ouchterlony diffusion tests were carried  out in 

1% agar (Oxoid no . 2 )  made up in 12% sodium chloride solution ( Soulsby, 1960 ) .  

The plates were prepared by pouring 20 ml of agar into Petri dishes of 9 cm 

diameter . The wells were made using a :f\To . 5 cork borer and were 10 mm in 

diaraeter and 5 1Th'11 in depth with 6 1Th1l distr::nce between wells .  

Antigen was placed in thc centre well and was surrounded by wells  

containing serum or  mucus _ extract from the experimental animals .  The plates 

v1ere allovmd to develop for 5 days at room temperature . Sketches of the 

developing patterns were made at 24 hour intervals .  

up for each sample  of serum or mucus extract .  

ii ) Results g -

Three repli cates were set  

a)  Clinical observations : - Sheep showed no obvious sign of infec tion 

when given 10 , 000 to 1 50 , 000 infective larvae of Cooperia curticei except 

passage of soft faeces in 2 animals for 1-3 days after the prepatent period.  

b )  Egg count and egg production : - The prepatent period of infection was 

found to be 14 dEWS but the eggs appeared infertile on that day. After 1 5  days 

of infection , the me-jori ty of the eggs were fertil e .  Peak egg counts ranging 

from 600 to 4 , 600 per gram were recordGd 7 days after the infection became 

patent ( Table 47 ) .  Thereafter egg counts gradually declined in group A ( 10 , 000 

dose ) ,  whereas in groups B and C ( 50 � 000 to 1 50 , 000 ) the decline was abrupt .  

In all experimental animals after 5 5  days of infection the egg count ranged from 

zero to 150 eggs per grrun . 

c )  Body weight and wool growth � - The infection with Cooperia curticei 

had no significant effect  on either body weight or wool growth (Tables  48 , 49 9 

Appendix 38 ) .  
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Table 47 

Coo;eeria curticei egg count in sheep 

when given different doses  of larvae : -

Group No : - A B 

Sheep No : - 301 319 3 10 3ll 3 24 6078 315  304 

Total larval 10 , 000 10 , 000 50 , 000 50 , 000 

dose : - 10 , 000 10 , 000 + + 50 ,000 50 , 000 + + 
50 , 000 50 , 000 50 , 000 50 , 000 

Days of  Eggs per gram 

infecti on 

( first  dose )  

12 nil nil nil nil nil nil nil nil 

1 3  nil nil n-; -, 
-'- -'- nil nil nil nil nil 

14 50 50 50 50 100 150 200 lOO 

15  200 200 1 50 150 350 400 2 50 450 

19 3 50 650 300 700 

21  4 , 300 4 , 600 600 2 , 650 1 , 000 1 , 800 2 , 400 

25  3 , 200 3 , 000 650 1 , 200 150 400 1 , 900 200 

29  2 , 800 2 , 200 1 50 1 , 100 150 1 50 200 50 

31  lOO 1 50 350 50 

34 ( 2nd dose  1 , 550 2 , 300 3 50 800 150 nil 1 , 300 200 

50 , 000 Killed Killed Killed Killed 
larvae ) 

42 50 400 900 50 

44 50 450 400 

49 50 400 700 150 

52 nil 2 50 450 lOO 

55 nil 1 50 lOO 

killed killed killed killed 
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Table 47 continued 

Group No � - c D 
Sheep No : - 6079 32 5 326 303 323  322  
Total larval dose  100 , 000 100 , 000 100 , 000 100 , 000 control control 

+ + 
50 , 000 50 , 000 

Da:y-s of infection g - Eggs per gram 
(first dos e ) 
12 nil nil nil nil nil nil 

1 3  nil nil nil nil 

14 200 150 200 150 

15  700 300 3 50 2 50 

19 1 , 400 1 , 000 800 1 , 100 nil :nil 

2 1  2 , 000 3 , 100 3 , 000 

2 5  1 , 200 400 500 200 -. 

29  lOO 200 1 50 100 

31  lOO 300 nil nil 

34 (2nd dos e  50 200 lOO nil dosed dosed  

50 , 000 larvae ) Killed Killed 50 , 000 50 , 000 

42 nil nil 

44 nil nil nil nil 

49 50 nil nil nil 

52  few eggs nil 

55  50 • 1 lll ..L 50 nil 

killed killed killed killed 



Group 

No . 

A 

B 

c 

]) 

E 

Table 48 

The effects  of Cooperia curticei on the weight changes 

of sheep given different doses  of 

Sheep Total 

No . larval 

dose  

301 SlO , OOO 

319 SlO , OOO 

310 :D60 , 000 

311 ])60 , 000 

324 sso , ooo 

6078 S50 , 000 

315 DlOO , OOO 

304 DlOO , OOO 

6079  SlOO , OOO 

325  SlOO , OOO 

326  Dl50 , 000 

303 m5o , ooo 

32 3 850 , 000 

322 S50 , 000 

6081 Control 

302 Control 

307 Control 

318 Control 

S : - Single dose  

Length 1Nt . at the 

of exp . beginning 

period of exp . 

days lbs . 

34 48 

34 40 

56 35 
56 42 

34 44 

34 44 

56 36 

56 43 

34 42 

34 44 

56 39 

56 48 

56 44 

56 48 

34 43 

34 43 

22  51  

22 45 

larvae : -

Wt . at the 

end of 

e:xp . 

lbs . 

54 

42 

37 . 5  

45 . 5  

50 

46 

39 

44 . 5  

44 . 5  

49 

41 

53 . 5  

49 

58 

44 

44 

53 . 5  

46 . 5  

D � - Second dose  ( 50 , 000 ) after 34 days of infection 

1 6 1 .  

1rotal w t .  

gain 

lbs .  

6 

2 

2 . 5  

3 . 5 

6 

2 

3 

1 . 5  

2 . 5  

5 

2 

5 � & ./  

5 

10 

l 

1 

2 . 5  

1 . 5 
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Table 49 

The effect  of Coo:eeria curticei on wool growth 

of sheep given different doses of larvae z -

Group Sheep Total Length of Weight of 

No No larval dose e,xp . period wool in 

( single ) days €:,'111S 

A 301 10 , 000 34 2 . 85 

319 10 , 000 34 3 . 10 

310 10 , 000 34 2 . 2 7  

311 10 , 000 34 i . 66 

B 324 50, 000 34 2 . 60 

6078 50 , 000 34 2 . 47 

315 50 9 000 34 2 . 65 

304 50 , 000 34 2 .  7l  

c 6079 100 , 000 34 

325  100 , 000 34 2 . 88 

326 100 , 000 34 2 . 2 3 

303 100 , 000 34 2 . 53 

D 323  Controls 34 2 . 81 

322 Controls 34 2 . 88 



d) Blood analyses : - Haematological data are given in Tables 50 , 51 , 52 

and 53 . The only significant change noted was an increase in the number of 

circulating eoainophiles 14 to 21  days after infection. The mean number of 
eosinophiles in worm froe she<::p was 72 per cubic nun ( standard deviation :: 88 ) .  

Frequently the eosinophile count in individual infected. sheep exceeded the mean 

+ 3 times the standard deviation (i . e .  336 ) of infected sheep (Table 5 3 ) .  

The effect of Cooperia curticei infection on total seru..'Il protein and 

serum protein fractions of experimental animals are given in Tables 54 and 5 5 .  

Differences in the total seru� protein o f  infected group ranged from +0 . 2  t o  

+ 1 . 0  gm % whereas i n  controls the range was +0 .4  t o  +0 . 7  gm %  only. The 

relative percentages of serum protein fractions showed irregular fluctuations 

and no significant changes or trends were detected. 

e ) Gross lesions , frequency distribution of worms in the intestine , � 
ratio and percentage of worms established in the hos t : - No gros s  

lesion was present on post-mortem i n  experimental animals infected with different 

doses  of Cooperia curticei larvae . Actual numbers of male and female worms 

recovered from the small intestine are given in Appendices 39 and 40 . No worms 

were recovered from the abomasa . Frequency distribution of Cooperia curticei 

in small intestine , sex ratio and percentage extablished in the host after 

different larval doses  are shown in Tables  56 and 57 . Adult worms were present 

in all parts of the small intestine but the majority were found between 5 and 10 

feet from the pylorus . 

Maximum percentages of doses of larvae administered recovered from the 

hosts  were at 10 , 000 larval dose i . e .  76 to 79% whereas at higher doses ( 50 , 000 

to 1 50 , 000 ) it ranged from 0 . 1  to 4 . 8% with the exception of one animal (No . 

6078 )  in which 29% were recovered. It was also noted that a single dose of  

50 , 000 to  100, 000 infective larvae not only produced a lower rate of  11establish

ment" but also retarded growth of the adult worm: the worms were smaller than 

normal , females contained no eggs and the spicules of males lacked pi@nentation. 

When experimental animals were given a second dose of 50 , 000 infective larvae 

after 34 days of infection ,  the development of these larvae was inhibited . At 

necropsy after 56 days of infection varying numbers of larvae were still in 

fourth stage ( see Table 57 ) .  The female worm population was always more than 

that of males except in 3 animals (No . 310 , 319 and 311 ) in which the numbers 

of males was slightly greater than that of females . 

worms occurred at all levels of the intestine . 

The predominance of female 
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Table 50 

Packed cell volurnes ( % ) of experimentally 

infected and control sheep 

Days of infection 

Group Sheep First Second 

No dose  0 7 14 21  28 34 dose 41 48 56  

A 301 10 , 000 3 7  3 7  35 3415 40 47 

319 1 1  40 39 39 40 44 42 

310 1 1  37 37 33  38  40 35  50 , 000 34 37 39 

311 1 1  29  29  31  33  36 31 . 5  !I  34 37 37 . 5  

324 50 , 000 3 5  34 36 36 . 5  42 36 . 5 

6078 1 1  3 5 34 36 3 5  34 34 

315 1 1  37  36  3 5 38 40 36 50 , 000 40 38 37  

304 1 1  38 37 '\ ' A 3 5  37 34 1 1  34 34 36 

c 6079 100 , 000 39 37 37 39 41 39 
325 11 3 5  37 31 30 . 5  35  37  

326 1 1  40 40 37 . 5  43 . 5 44 39 50 , 000 45 42 43 

303 1 1  38 32 . 5 33 36 39 33  1 1  37 36 . 5 3 5  

D 323  Nil 3 5  40 . 5 38 40 . 5  42 37 . 5  
322 1 1  37 37 . 5  38 36 38 34 

6081 11 36 . 5 41 40 37 43 40 50, 000 40 38 3 5  

302 11 37 39 37 . 5  37 40 38 t} 40 36  3 6 . 5 

E 307 Nil 43 43 41 

318 1 1  47 45  44 
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Table 51 

Haemoglobin values ( gm %  ) of experimentally 

infected and control sheep 

Days of infection 

Group Sheep First Second 

No dose 0 7 14 21 28 34 dose 41 48 5 6  

A 301 10 , 000 13 . 5  12 . 8  12 . 3  12 . 6  13 .8  1 5 . 2  

319 1 1  13 . 2  12 . 9  11 . 9  12 . 9  14 . 7  12 . 0  

310 1 1  12 . 0  11 . 8 11 . 5  11 . 9  12 . 6  9 - 9 50 , 000 9 · 3 11 . 1  1 1 . 7  

311 1 1  10 . 5  10 . 3  10 . 8  11 . 3  11 . 6  9 . 3  1 1  9 . 8  10 . 8  12 . 5  

B 324 50 , 000 12 . 3  11 . 3  11 . 4  11 . 8  1 3 . 8  11 . 0  

6078 1 1  13 . 0  12 . 3  12 . 1  12 . 0  11 . 3  10 . 3  

315 1 1  13 . 0  12 . 0  12 . 1  12 . 5  12 . 7  11 . 0  50 , 000 11 . 2  1 2 . 0  11 . 8  

304 11  13 . 2  12 . 2  11 . 8  12 . 3  11 . 4  10 . 0  11 9 . 8  10 . 3  11 . 3  

c 6079 100 , 000 13 . 0  12 . 3  11 . 8  13 . 1  12 . 6  11 . 3  

325  11 12 . 3  10 . 4  10 . 5  11 . 1  10 . 9  ll . O  

326 1 1  14 . 0  12 . 3  ll . 8  13 . 6  14 . 3  11 . 4  50 , 000 13 . 4  1 3 . 2  14 . 8  

303 1 1  13 . 7  11 . 8  ll . O  12 . 4  13 - 5  9 . 8  11  10 . 8  11 . 4  11 . 2  

D 323 Nil 12 . 5  12 . 8  11 . 9  12 . 9  13 . 8  10 . 5  

322 1 1  12 . 5  12 . 8  12 . 8  11 . 2  12 . 0  10 . 0  

6081 1 1  12 . 6  12 . 8  12 . 8  12 . 8  1 3 . 9  12 . 6  50 , 000 11 . 8  11 . 4  11 . 0  

302 1 1  12 . 3  12 . 8  12 . o  12 . 6  13 . 4  10 . 9  1 1  11 . 9  10 . 8  11 .4  

E 307 Nil 12 . 4  1 3 . 6  1 3 . 4  

318 1 1  14 . 1  14 . 6  13 . 8  



of 

Group Sheep First 

No . dose 

A 301 10 � 000 

319 1 1  

310 1 1  

311 1 1  

B 324 50 � 000 

6078 1 1  

315 11 

304 1 1  

c 6079 100 � 000 

325  1 1  

326  I!  

303 1 1  

D 32 3 Nil 

322 If  

6081 l l  

302 I!  

E 307 Nil 

318 11 
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Table 52 

7 
Total leucocyte counts ( x lO..J cu .. mm blood ) 

experimentally infected and control sheep 

Day of infection 

Second 

0 7 14 21  28  34 dose 41 48 5 6  

12 . 68 10 . 33 10 . 30 9 . 40 11 . 90 14 . 00 

10 . 70 8 . 65 10 . 84 7 . 30 8 . 70 8 . 00 

8 . 55 7 . 84 8 . 41 8 . 60 9 . 70 8 . 20 50 , 000 12 . 30 10 . 30 3 . 20 

7 . 20 7 . 30 8 . 08 5 . 50 6 . 40 5 . 80 11 8 . 80 7 . 70 6 . 20 

8 . 50 10 . 48 10 . 39 8 . 60 9 . 70 3 . 90 

7 . 75 7 . 56 11 . 50 5 . 50 13 . 30 6 . 80 
8 . 35 9 . 22 6 . 00 8 . 80 8 . 90 9 . 50 50 , 000 9 . 10 9 . 10 6 . 40 

9 . 20 8 .  7l 10 . 56 7 . 60 9 . 70 7 . 80 1 1  10 . 90 10 . 20 5 . 40 

8 . 20 9 . 96 9 . 49 12 � 20 10 . 40 10 . 00 

5 - 95 8 . 2 5  9 . 75 7 . 90 8 . 50 2 . 40 
8 . 75 9 . 28 10 . 20 9 . 30 8 . 60 9 . 40 50 , 000 8 . 30 13 . 10 8 . 90 

9 . 0 5  7 . 16 8 . 89 8 . 60 8 . 90 9 . 90 1 1  14 . 30 1 3 . 10 4 . 60 

9 . 10 8 . 63 8 . 66 8 . 90 9 . 70 9 . 10 

7 . 10 9 - 49 10 . 50 9 - 70 8 . 80 8 . 90 

10 . 10 6 . 58 9 - 13 10 . 80 10 . 10 6 . 80 50 , 000 12 . 90 8 . 40 9 . 40 

9 . 30 8 . 95 9 . 98 9 . 20 9 . 60 5 . 30 1 1  10 . 00 9 . 60 ) . 20 

11 . 40 9 . 40 2 . 30 

11 . 10 14 . 80 6 . 90 



Group Sheep First 

No . dose 

A 301 10 , 000 

319 11  

310 1 1  

311 1 1  

B 324 50 , 000 

6078 1 1  

315 1 1  

304 11 

c 6079 100 9 000 

32 5 ! I  

326  1 1  

303 1 1  

D 323  :Nil 

322 1 1  

6081 1 1  

302 1 1  

E 307 Nil 

318 I! 

Table 22 

Eosinophiles in cubic mm of blood in 

experimental and control sheep 

Days of infection 

second 

0 7 -, A 
..L '-t  21 28 34 dose  

0 0 0 94 0 0 

0 0 70 0 261 0 

0 132 0 2 58 97 328 50 , 000 

0 0 67 220 512 58 l l  

85  7 5  90 86  0 0 

78 0 360 165 3 99 204 

0 190 522 968 445 1330 50 , 000 

0 0 0 304 388 700 n 

0 9 5  296 366  728 500 

0 164 0 1 58 680 0 

88 0 0 279  172 470 50 , 000 

0 0 95  0 0 594 1 1  

0 0 0 89  0 182 

71 140 0 0 0 178 

0 0 166 108 0 0 50 , 000 

0 160 79 92 96 0 11 

1 67 .. 

41 48 56  

369  1030 0 

0 616  0 

1911 1274 192 

1090 1 5 30 162 

415 262 178 

1430 1310 92 

387 2 2 68 0 

0 1056  0 

114 2 8 2  0 

lll 2 96 0 



Group 

No . 

A 

B 

c 

]) 

E 

Table 54 

The effect of Cooperia curti cei on total serum protein 
of sheep 6-7 months old given different doses of larvae g -

Sheep Total 

No . larval 

dose 

301 SlO � OOO 

319 SlO , OOO 

310 ])60 , 000 

311 ])60 , 000 

324 850 , 000 

6078 S50 , 000 

315 ])100 , 000 

304 ])100 , 000 

6079 SlOO , OOO 

325  SlOO , OOO 

326 ])150 , 000 

303 ])150 , 000 

323  S50 , 000 

322 S50 , 000 

6081 Controls 

302 Controls 

307 Controls 

318 Controls 

S : - Single dose 

Length 

of e;xp . 

per:iod 

days 

34 

34 
56  

56  

34 

34 

56 

56  

34 
34 

56 

5 6  

5 6  

5 6  

34 

34 

2 2  

22  

Total serum Total s eru.m 
protein at protein at 

the start the end 

of exp . of exp . 
,..;1 cr.r,rrl gmyo b.l qo 

6 . 4 6 . 4 
7 � 2  7 - 4  
6 . 4  6 . 8  

6 . 8  6 . 8  

6 . 2  6 . 8  

5 . 8  6 . 8  

5 . 8  6 . 0  

6 . 2  6 . 6  

6 . 6  7 . 0  

6 • 8  6 . 8  

6 . 0  6 . 8  

6 . 2  7 . 2  

6 . 4 6 . 4  

6 . 0  8 . 6  

6 . 4 6 . 8  

6 . 4 7 . 0  

6 . 0  6 . 4 
6 . 1  6 . 6 

1 68 .  

Difference 

if 

any 

gm'fo 

0 
+ 0 . 2  

+ 0 . 4 
0 

+ 0 . 6  

+ 1 . 0  

+ 0 . 2  

+ 0 . 4 

+ 0 . 4 
0 

+ 0 . 8  

+ 1 . 0  

0 

+ 2 . 6  

+ 0 . 4 
+ 0 . 6  

+ 0 .4 
+ 0 . 5 

JJ : - Second dose ( 50 , 000 ) given after 34  days of infection 
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Table 55 

The effect of Coone�ia curticei on s erum protein 

fractions of sheep 6 - 7 months old 

given different doses  of  larvae : -

Length 

Total of e xp Percentage protein fractions g -

Group Sheep lg,rval period Sampling 

No . No . dos e  ( days ) time Albu.'Ilin Alpha l Alpha 2 Beta Gc:uTI.tua 

A 301 10 , 000 34 B . E .  48 . 65 3 . 36 2 2 . 65 .  8 . 52 16 . 82 

E o  E .  46 . 71 2 . 03 31 . 72 6 . 60 12 . 94 

319 10 , 000 34 B . E .  50 . 67 3 . 69 18 . 46 6 . 71 20 . 47 

E . E .  52 . 53  4 . 75 14 . 24 3 . 16 2 5 . 32 

310 60 , 000 56 B . E .  46 . 05 5 . 58 24. 65  4 . 65 1 9 . 07 

E . E .  3 3 . 2 7  8 . 52 20 . 08 8 . 32 2 9 . 81 

311 60 , 000 56  B . E .  41 . 45 8 . 35 24 . 73 5 . 82 19 . 64 

E c E I)  40 . 24 8 . 58 2 5 . 44 2 . 66 2 3 . 08 

B 324 50 , 000 34 :B . E . 39 . 03 8 . 55 15 . 67 17 . 37 19 . 37 

E . E .  50 . 58 6 . 18 18 . 24 8 . 53 1 6 . 47 

6078 50 , 000 34 B . E .  42 . 86 9 . 15 20 . 98 6 . 03 20 . 98 

E . E . 49 . 62 6 .  77 24 . 31 2 . 26 17 . 04 

315 100 , 000 56  B . E .  44 . 04 9 . 14 21 . 33 5 . 82 19 . 67 

E . E .  39 . 44 5 . 16 2 3 . 47 7 . 28 24 . 65 

304 100 , 000 56 B . E .  47 . 75 3 . 09 27 . 81 3 . 6 5  17 . 70 

E . E .  44 . 64 4 . 92 19 . 87 8 . 48 22 . 09 

continued • • . . . . . . . . • .  
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Table .5.2 continued 

Length 

Total of e:xp Percentage protein fractions : -

Group Sheep larval period Sa:Glpling 

No . 1Jo . dose (days ) time Albumin Alpha l Alpha 2 Beta Gamma 

c 6079 100 , 000 34 B . E .  42 . 86 9 . 15 20 . 98 6 . 0 3  20 . 98 

E . E .  49 . 62 6 .  77 24 . 31 2 . 26 17 . 04 

325  100 , 000 34 B o E .  40 . 05 8 . 24 22 . 88 3 . 66 2 5 . 17 

E . E .  49 . 04 3 . 38 22 . 61 5 . 73 18 . 79 

326 150 , 000 56 B . E .  45 . 33 4 . 84 20 . 07 7 . 27 22 . 49 

E , E .  31 . 78 9 . 96 2 5 . 00 6 . 99 2 6 . 27 

303 150 , 000 5 6  B . E .  43 . 85 4 . 62 2 3 . 3 3  3 - 58 24 . 62 

E . E .  34 . 35 4 · 57 31 . 30 4 . 35 2 5 . 43 

D 323 50 , 000 56 B .E .  51 . 39 4 . 01 19 . 48 3 - 73 21 . 49 

E o  E o  34 - 52 7 . 42 32 . 26 5 . 16 20 . 64 

322 50 , 000 56 B . E .  43 . 69 7 . 48 17 . 52 8 . 18 2 3 . 13 

E . E o  47 - 48 3 . 98 2 7 . 59 6 . 63 14 . 32 

6081 Controls 34 B . E .  45 . 37 6 . 65 24 . 86 3 . 18 19 . 94 

E . E .  52 . 69 6 . 89 18 . 57 4 . 19 17 . 66 

302 Controls 34 B . E .  35 . 84 9 . 02 21 . 55 10 . 03 2 3 . 56 

E . E .  52 . 08 6 . 04 18 . 10 4 - 53 19 . 2 5  

E 307 Controls 22 B . E .  42 . 75 10 . 2 5  21 . 02 6 . 92 19 . 06 

E o  E .  40 . 50 ll . OO 2 5 . 2 5  5 . 50 17 . 7 5 

318 Controls 22 B . E o  44 . 26 9 . 76 2 3 . 04 6 . 76 16 . 18 

E . E .  42 . 27 10 . 87 21 . 98 4 . 35 20 . 53  

B o E .  � - Before the start of the experiment . 

E . E o  � - At end of the experiment 



Gr:oop Sheep Total 

No . No . larval 

dose 

A 301 10 , 000 

319 10 , 000 

B 324 50 , 000 

6078 50 , 000 

c 6079 10�000 

325  100,0 CD 

D 6081 Control 

302 Control 

Table 56 

}!'requency distribution of .Qooperia _s::urtice:i_ in the small intestine ; 

s ex ratio and :percentage developed in the host : - ( single dose )  

Days No . of ',mrms recovered Percentage 'Ibtal 

of in- Aboma- small intes tine aJ &  4th stag-e Sex ratio No. af 
larvae 

fection sum 0-5ft 5-10ft 10-l5ft l5-20ft O.'BJ? Male Female worms 

34 0 350 5 , 985  850 450 0 0 r::2 6crf 47 4d ) • 1lJ - o /0 7 , 63 5  

34 0 1 , 190 5 , 380 1 , 390 20 0 0 51 . 2% 48 . 8% 7 , 980 

34 0 27  72 38 0 0 0 3 5 . 7% 64 . 3% 137 

34 0 18 8 , 691 5 , 449 301 91 0 48 . 9% 51 . 1% 14 , 5 50 

34 0 180 504 117 27  27  0 36 . 8% 63 . 2% 855  

34 0 45 2 , 32 2  1 , 467 171 2 7 0 45 . o% 54 .0% 4 , 032 

34 0 0 0 0 0 0 0 

34 0 0 0 0 0 0 0 

Iercentage 

developed 

in the host Remarks 

76% Adults 
79';/o Adults 

0 . 3% Hetarded 

grov-:-th 
29% l t  

0 . 8% Retarded 

grovrth 

4% l l  

-> 
.......:� 
-> 
.. 



Total 

Gt··oo;p S1ee p lal'Val 

No . No . dose 

A 310 10 , 000+ 

50 , 000 

311 10 , 000+ 

50 , 000 

B 315 50 , 000+ 

50 , 000 

304 50 , 000+ 

50 , 000 

c 326  100 , 000 

+50 , 000 

:I:Bys of 
in-

Table 51 

Frequency distribution of Coo12eria curti...£§i in small intestine 
sex ratio and percentage develOJJed in the host g -
( second dose given after 3 4  day 1 s o f  infection ) 

4th 

s tage Percentage 'Ibtal 
Aboma- small intestine 3)ft & Sex ratio llO. Of 

:llircmtage 
developed 

fection sum 0-5ft 5-10ft l0-15ft 15- 20ft over larvae male female worms in the host Remarks 

56 0 54 117 18 9 0 0 31 . 8% 68 . 2%; 198 o. 3/'a retarded 
e,rrowth 

r.· ,. )0 0 63  2 , 511 297 18 9 198 52 . 4% 47 . 6% 2 , 898 4 . 8j� 1 1  

56 0 18 612 963 198 27  0 47 . 0% 53 . 0% 1 , 818 1 . 8�:; 11 

56 0 72 1 , 215 630 387 378 90 36 . 9% 63 . 17& 2 , 682 2 T1 • ; 0  1 1  

56 0 108 711 36  18  0 837 48 . 4% 51 . 6% 873 0.  55'� 11 ....lo 
--.) 1\) .. 



Total Days of 

G:coup Sheep larval in- Aboma-

No . I\fo o dose fection sum 

c 303 100 � 000 56 0 
+50 , 000 

D 32 3 50 , 000 2 2  0 

322 50 9 000 2 �  0 

E 307 Controls 22 0 

318 Conb:ols 22 0 

Table 21 continued 

No . of worms recovered 
4th 

small inteotine stage Perc en ta{s--e llital Percentage 
20ft & sex ratio m. of developed 

0- 5ft 5-10ft 10-l5ft l5-20ft over la:rvae male female worms in the ha.st Hemarks 

108 117 0 0 0 0 1 6 . 0% 84 . 0% 225  0 . 1% Retarded 

growth 

18 1 , 152 18 0 0 24 , 408 46 . 9% 53 . 1% 1 , 188 2 . 3% 11 

18 6 3  18 0 0 180 36 . 3% 6 3 . 7�0 99 d 0 . 2jo If  

0 0 0 0 0 0 

0 0 0 0 0 0 

� 
--.,;} '-.N 
.. 
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f ) Histopathology::- Microsco:t-:ic examination of the sequential sections 

of small intestine , abomasum and l)�ph nodes from infected and control animals 

showed no outstanding histopathological changes .  In some s ections of intestinaJ 

mucosa from infected sheep , there appeared to be an increase in l�phoid  

infiltration and in  so:r.1e others an increased infiltration by eosinophile s  and 

globv.lar leucocytes but this could not be related to the number or size of 

infecting doses or ths number of worms recovered .  

g ) Immune response g - Total protein concentrations in serum and concen-

trated mucus extract utilised as sources of antibodies are given in Table 54 and 

58 respectively. The gel diffusion reactions of the five antigens prepared 

from first stage , second stage , ensheathed third stage and exsheathed third 

s tage larvae and exsheathing fluid against serum and mucus precipitating anti-

bodies varied v:i  th the larval dose given to  the sheep . 

ever , uniform in their results . 

Replicates were , how-

One precipitin line: '.vas present betvreen antigens from infective larvae , 

exsheathed larvae and exsheathing fluid and serum from animals  necropsied after 

34 days of infection with single doses  of 10 , 000 to 100 , 000 larvae (figure 18 

( iii ) , ( iv) and (v) ) whereas one to 3 precipitating lines were present 

between first and second stage larval antigens and serum from animals belonging 

to groups B and C ( 50 , 000 to 100 , 000 ) . Serum from animals with 10 , 000 larval 

dose in group A showed no reaction •.vi th fil:'st stage larval antigen but one line 

of precipitation was present wi th second stage larval antigen (figure 18 (i ) 
and (ii ) ) . 

Reactions in agar were negative with mucus samples obtained. after 34 

days of infection against all antigens except exsheathing fluid which gave one 

line of precipitation 1vi th mucus extract from 3 animals (nos . 6179 , 325 ,  324 ) 

belonging to groups B and C (Fie; . 1 9 ) . 

The reaction of all 5 antigens in gel diffusion against serum or mucus 

extract of 6 animals necropsied after 56  days of infection with tvJO doses  of 

larvae ( 60 , 000 to 150 , 000 in total ) was positive , Two to 3 precipitin lines 

were present between serum and all antigens (figure 20 ( i ) to (iv) ) except for 

exsheathing fluid in which only one line of precipitation was observed (figure 

20 (v ) ) .  The precipitating antibodies  of mucus extract from animals 

necropsied after 56 days of infection showed only one line against all a:1tigens 

(figure 21 (i ) to (v ) ) .  
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Table 58 

Total I' rote in estimation in concentrated mucus 

extract of sheep infected with different 

doses of Cooperia curticei larvae � -

Group Sheep Total :Days of Total protein in 

No . 1\fo . larval infection mucus extract 

dose  gm % 

A 301 10 , 000 34 7 . 8  

319 10 , 000 34 4 . 6 

310 lO , OQO + 56 3 . 6  

50 , 000 

311 10 , 000 + 56  6 . 7  

50 , 000 

B 324 50 , 000 34 6 . 6  

6078 50 , 000 34 3 . 2  

315 50 , 000 + 56  5 . 4  

50 , 000 

304 50 , 000 + 56  6 . 3  

50 , 000 

c 6079 100 , 000 34 6 , 0  

325  100 , 000 34 5 ! 8 

326  100 , 000 + 56 5 . 0  

50 , 000 

303 100 , 000 + 56 3 . 9  

50 , 000 

D 323  50 , 000 22 5 · 4  

322  50 , 000 2 2  6 . 1  

6081 Controls 34 5 . 6  

302 l l  34 4 . 9  

E 307 " 2 2  4 . 6  

318 1 1  22  5 . 4  
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No precipitation was recorded between any antigen and serum or mucus 

extract from control animals .  
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VII . 2 .  EFFECT OF COOPERIA CuB.TICEI INFECTION I:N Sh"EEP 2 - 3 MONTHS OLD : -

In order to find out if there i s  any effect of age on susceptibility of 

sheep to Cooperia curticei infection , the present experiment was desit;iled  to 

determine the effect of this parasite in sheep 2 to 3 months old. 

i ) Materials and methods : - The experiment was carried out with 1 6  male 

Romney sheep 2 to 3 months old .  The design o f  the ex�eriment and parasitologic 

techniques were similar to those described in the previous section, (refer VII 

( i ) (a ) and (b ) ) . The animals were given single doses of infective larvae and 

were arranged in 4 groups according to the size of the infecting dose .  

Group A 

Group B 

Group C 

Group D 

10 , 000 infective larvae 

4 animals 

50 , 000 infective larvae 

4 animals 

100 , 000 infective larvae 

4 animals 

Four worm free animals 

as controls .  

The infection was allowed to continue for 2 0  t o  40 days and during this 

time the course of the infection was follovred at re6:rular intervals .  

Each experimental animal was given 1 . 5  lb of concentrate feed (refer 

chapter II . 5 ) and feed intake v;as recorded daily . The CJ.mount of food ea ten was 

measured by subtracting the amount of residue from the quantity provided .  

Faecal egg counts , body weight and blood analys.::; s  were carried out as  described 

in the previous section (refer VII (i ) ( c ) (d) and ( e ) ) . Total egg output for 

24 hour periods was recorded for the two days immediately prior to the day of 

slaughter of each animal . This was compared Hith the number of adult worms 

recovered on post mortem and eggs laid per female worm per day were e stimated .  

Twenty days after infection two sheep were randomly selected from each 

group and killed.  The remaining sheep were killed 40 days after infection. 

The necropsy }Jrocedure , histopathological examination and irmnunological s tudies 

were carried out as described in Chapter VII (i ) , sections (f ) , (g) and (h ) . 



ii ) Results : - The clinical observations rGvealed no significant sign of 

infection in the sheep given 10 , 000 to 100 , 000 infective larvae of Cooperia 

curticei , except the passage of loose faeces for 1-4 days in one animal in group 

B just after the prepatent period.  Feed intake was not affected in any of the 

experimental animals throughout the period of infection. 

The prepatent period of infection was 14-16 days . Peak egg count s 

were recorded 5-7 days after the; infection became patent (Table 59 ) and ranged 

from 400 to 6 , 1 50 eggs per gram. Thereafter , egg counts declined gradually in 

the animals  given a 10 , 000 larval dos e ,  and abruptly in those given a 50 , 000 or 

100 , 000 larval dose .  After 40 days of infection the egg count ranged from zero 

to 150 eggs per gram in animals given 50 , 000 or 100 , 000 larvae , but in those 

given 10 , 000 larvae it  ranged from 1 , 910 to 3 , 440 per gram. 

Total egg output of Coo 1 :eria curticei per day on 18th and 19th and 

38th and 39th days of infection in different dose groups is given in App endi ces 

41 and 42 . Data expressed as eggs laid per female worm per day are shovn1 in 

Tables 60 and 61 . In group A (10 , 000 infective larvae ) eggs laid per female 

worm per day on tho 18th and 19th day of infection ranged from 414 to 1048 , 

whereas in groups B and C the range was only 94 to 296 (Table 60 ) . After the 

38th and 39th days of infection eggs laid per female vmrm per day in group A 

ros e  to 807 to 1 , 958 but in groups B and C the rate of egg production had 

decreased to 8 to 1 5  in all animals except one in which the egg production per 

female worm per day ranged from 460 to 678 (Table 61 ) . 

The body weight of sheep recorded at 4 day intervals i s  given in 

Appendix 43 . Cooperi a curticei infection had no significant effect  on body 

weight after 20 and 40 days of infection (Table 62 ) . 

The packed cell vol��e , haemoglobin , total W . B . C .  and total eosinophilef 

are given in Tables 6 3 ,  64 , 6 5  and 66  respectively . It appears that there was 

no significant change in P . C .  V. , haemoglobin or total V LB . C .  No significant 

change vms observed in lymphocyte , monocyte , neutrophil ,  or basophile numbers .  

Nuinbers of circulating eosinophiles in saraples from infected animals sometimes 

after 20 days of infection exceeded the mean count + 3 times the standard 

deviation of controls ( 511/cu . mm . ) . Total serum protein and serum protein 
fractions at the start and at the end of the experiment are given in Tables  

67 and 68 respectively. Total sertull protein was decreased in  all animals  

including controls and there appears to  be  no significant difference between 



Group }Jo . 

Sheep No . 

Total 

larval: -

dose 

Days of 

infection 

12 

13 

14 

1 5  

1 6  

18* 

197<-

22  

2 5  

26  

3 3  

37 

38* 

39* 

Table 59 

Faecal egg count in sheep 2 - 3 months old when given 

different doses of 

A 
115 105 342 

10 , 000 10 , 000 10 � 000 

E g g s 

Nil Nil Nil 

Nil Nil Nil 

Nil l'lil  150 

150 50 200 

1 ,. 5 50 3 , 8 60 

2 , 360 4 , 460 

Killed Killed 1 , 250 ----

2 , 050 

1 , 675  

1 , 950 

3 , 010 

1 , 910 

Killed 

* mean of five counts .  

Cooperia curticei larvae : -

B 
107 108 349 118 

10 , 000 50 , 000 50 , 000 50 , 000 

p e r g r a m  

Nil Hil Nil Nil 

Nil Nil Nil Nil 

150 50 200 Nil 

150 150 400 Nil 

500 

400 550 4 , 090 

910 6 , 150 400 

2 , 350 Killed Killed 400 

2 , 050 500 

1 , 900 42 5 

2 , 750 2 50 

3 , 820 240 

3 , 440 140 

Killed Killed 

1 83 .  

341 

50 , 000 

Nil 

Nil 

50 

1 , 700 

2 , 200 

3 , 200 

800 

1 , 450 

1 , 57 5  

lOO 

Nil 

Nil 

Killed 



Group No . 

Sheep No . 

Total lar·val dose  

Days of  infection 

12 

1 3 

14 

1 5  

1 6  

18* 

19* 

22  

25  

26  

3 3  

37  

38* 

39* 

Table 59 continued 

c 
102 lll 103 117 

100 , 000 100 , 000 100 , 000 100 , 000 

E g g s  p e r g r a m  

1\Til Nil Hil 

Nil N"il Nil 

50 2 50 lOO 

500 1 , 650 2 50 

532 3 , 760 

4 , 970 2 , 030 

Killed Killed 1 , 900 

1 , 000 

1 , 050 

400 

1 50 

120 

lOO 

Killed 

* mean of five counts 

Nil 

Nil 

Nil 

Nil 

50 

200 

350 

2 , 650 

4 , 900 

5 , 350 

6 , 2 50 

Killed 

1 84 .  



Table 60 

Data on eggs laid per female Coo1;eria curticei per 

day in sheep after 18 and 19 days of infection 

Group ShEep To tal Pre- Days Total no .  Sex ratio Total Eggs per female 

No . Ho . larval patent of of eggs/ Male  Female no. of worms per day 

dose period fufec:.. 24 hours worms 

Day tion 

A 115 10 , 000 15  18 720 , 750 1 , 510 1 , 740 3 , 2 50 414 . 2  

19 955 ,800 549 . 3  

105 10 , 000 15  18  1,802,620 1 , 420 1 , 893 3 , 313 952 . 2  

19 1,984,700 1048 . 4  

13 108 50 ,000 16  18  2 91 , 500 2 , 550 3 , 090 5 , 640 94 - 3  

19 495 , 950 160 . 5 

349 50 , 000 14 18 1,99 5,92) 6 , 740 8 , 8 30 15 , 570 226 . 0  

19 2,613, 750 296 . 0  

c 102 100,000 14 18 2,394,000 12 , 299 14 , 369  26 , 668 166 . 6  

19 2, 832,9Xl 197 . 1  

111 100,000 14 18 1,752�60 11�930 12 , 210 2 4 , 140 143 . 5  
19 1,258f.ro 103 . 0  
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Table 61 

Data on eggs laid per female Cooperia curticei per 

day in sheep after 38 and 39 days of infection 

Group SJeep Total Pre- Days Total no . Sex ratio Total Eggs rer fema le 

No No larval patent infec- of e&gs / Male :!!'emale no. of per day 

dose period tion 24 hours worms 

Days 

A 342 10 , 000 14 38 1 , 495 , 970 960 1 , 550 2 , 510 965 . 1  

39 1 , 2 51 , 050 807 . 1  

107 10 , 000 14 38 1 , 566 , 200 840 800 1 , 640 1 , 957 . 7  
39 1 , 462 , 000 1 , 82 7 . 5 

118 50 , 000 16 38 109 , 200 5 , 938 7 , 054 12 , 992 1 5  .. 4 
39 60 , 200 8 . 5  

341 50 , 000 14 38 Nil 1 , 961 1 , 555 3 , 516 

39 Nil 

c 103 100 , 000 14 38 57 , 000 3 , 800 4 , 630 8 � 430 1 2 . 3 
39 43 , 000 9 . 3  

117 lOO, 000 16 38 1 , 952 , 7 50 2 , 810 4 , 240 7 , 050 460 . 5  

39 2 , 87 5 , 000 678 . 0  
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Table 62 

The effect of Cooperia curticei on weight gains of sheep 

2 - 3 months old given different doses of larvae : -

Group Lamb Total Days of Wt . at the Wt . at the Total 

No . No . larval infection beginning end of weight 

dose  of  exp . (lbs ) exp . (lbs ) gain(lbs ) 

A 115 10 , 000 20 38 . 5 43 . 5  � .0 

105 1 1  20 31 . 5  39 . 0  7 . 5  

342 ! I  40 26 . 5  37 . 0  10 . 5  

107 1 1  40 32 . 5  44 . 5 12 . 0  

B 108 50 , 000 20 2 9 . 5 36 . 5  7 . 0  

349 11 20 30 . 0  36 . 5  6 . 5 

118 11 40 35 - 5 45 . 0  9 . 5  

341 1 1  40 22 . 5  36 . 0  1 3 . 5 

c 102 100 , 000 20 31 . 0  37 . 5  6 . 5  

111 1 1  20 27 . 5 35 - 5  8 . 0  

103 1 1  40 34. 5  45 . 0  lO . 5 

117 1 1  40 33 . 5  44. 0  10 . 5  

D 101 Controls 20 32 . 0  40 . 0  s . o  

110 ! I  20 36 . 0  41 . 5  5 . 5  

112 ! I  40 40 . 5  52 . 0  11 . 5  

106 1 1  40 29 . 0  41 . 5  12 . 5  
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Table 63 

Packed cell volumes (%) of experimentally 

infected and control sheep 

Group Sheep Larval Days after infection 
No . No . d ose 0 7 14 20 28 35  

A 115 10 , 000 37  35 39 36  
342 11 39  37  39  41  40 41 
105 l l  33 33 34 39 
107 t r  38 38 38 41 41 40 . 5  

B 1 18 50 , 000 39 39 40 42 41 40 . 5  
341 1 1  35  3 3  34 35  38 40 
108 11  33  32  31 33  
349 1 1  32 31 32 34 

c 103 100 ? 000 37 34  34  35 35  37 
111 1 1  34 31 31  36 
102 1 1  37 35  36 34 
117 1 1  28 31  28  30 30 32 

D 106 Nil 29  30 28 3 3  3 1  32 
110 1 1  35  35  34 34 
112 1 1  37 35 34 40 39 37 
101 f l  32 31 32 31 
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Table 64 

Haemoglobin values ( gms / lOO ml ) of 
experimentally infected and control sheep 

Group Sheep Ierval Days after infection 
No . JITo . close 0 7 14 20 28 3 5  

A 115 10 , 000 12 . 0  10 . 6  12 . 0  11 . 6  

342 I f  12 . 8  11 . 0  12 . 3  13 . 6  13 . 2  1 3 . 2  

105 If 10. 6  10 . 8  10 . 9 1 3 . 0  

107 ! l  12 . 0  10 . 6  11 . 8  13 . 5  13 . 0  13 .0  

B 118 50 , 000 12 . 2  12 . 4 12 . 0  14. 0  13 . 3  13 . 0  

341 1 1  11 . 4  10 . 2  10. 7 11 .. 7 12 . 4 12 . 4 
108 !l  10 . 6  10 . 8  9 . 8  10. 8  

340 11 10 . 0  9 . 2  10 . 0  n.o  

c 103 100 , 000 12 . 0  9 . 2  10 . 6  11 . 9  12 . 4  1 2 . 7 
111 1 1  11 . 5  8 . 8  9 . 8  ll . 7 
102 1 1  11 . 6  10 . 6  10 . 5  11 . 6  

117 ! l  9 . 2  7 - 9 8 . 6  10 . 0  9 . 5  10 . 1  

D 106 Nil 9 . 5  9 . 0  9 . 2 11 . 4  11 . 0  10 . 6  
110 1 1  11 . 3  10 . 5  10 . 4  11 . 0  

112 1 1  12 . 1  10 . 6  11 . 0  13 . 5  1 3 . 4 12 . 4 
101 11 10 . 5  9 . 7  10 . 2  10 . 2  
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Table 65 

Total leucocyte counts ( x 103 per cu mm blood ) 
of experimentally infected and control sheep 

Group Sheep Larval Days after infection 

:No . f\To . dose 0 7 14 20 28 35  

A 115 10 , 000 7 . 1  7 . 2  6 . 1  6 . 6  

342 1 l  4 . 5 4 . 7  4 . 5 4 . 9  8 . 8  5 . 3  
105 I !  7 . 2  10 . 0  8 . 4  7 . 6  

107 lt  11 . 1  10 . 0  6 . 8  10 . 5  9 . 8  9 . 7  

B 118 50 , 000 8 . 3  7 - 5 9 . 0 12 . 8  7 . 6  8 . 3  
341 11  6 . 7  8 . 7  10 . 0  7 . 6  8 . 1  8 . 5  
108 " 7 . 5  6 . 8  6 . 3  8 . 7  

349 1 1  8 . 1  8 . 1  8 . 3  9 . 1  

c 103 100 , 000 5 . 3  7 . 1  8 0 • 7  9 . 2  10 . 0  10 . 7  
111 l l  9 . 8  8 . 8  8 . 7  4 . 7 
102 1 1  6 . 6  6 . 5  6 . 7  6 . 8  

117 1 1  7 . 6  13 . 5  10 . 8  14 . 8  l l .  7 12 . 2  

D 106 Nil 6 . 9  7 . 8  5 . 8  5 . 6  7 · 7 5 · 9 

110 11 5 . 8  6 . 9  7 . 3  5 . 2  

112 1 1  7 . 9  8 . 2  9 . 0  8 . 6  8 . 3  7 · 7 
101 11  6 . 8  5 · 7  7 . 3  5 . 8  
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Table 66  

Total eosinophil counts ( cells / cu mm blood ) 
of experimentally infected and control sheep 

Group Sheep Larval Days after infection 

No . No . dose 0 7 14 20 28 35  

A 115  10 , 00 0 288 366 660 

342 1 1  0 94 0 98 0 0 

105 1 1  0 0 252 152 

107 I !  0 0 0 315 196 97 

B 118 50 , 000 0 300 540 512 304 498 

341 t 1  67 348 0 152 324 425 

108 1 1  0 68 0 522 

349 1 1  0 243 332 364 

c 103 100 � 000 53  0 178 276 300 321 

111 1 1  0 0 435  0 

102 1 1  0 0 0 272 

117 t 1  76  270 216 296 702 1220 

D 106 Nil 69 390 116 112 154 177  

llO 1 1  232 0 2 92 416 

112 1 1  79 0 0 80 176 0 

101 1 1  0 0 0 0 
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Table 67 

The effect of Cooperia curticei on total serum protein of 

sheep 2 - 3 months old given different doses of larvae : -

Group Sheep Total Length Total serum Total serum Difference 

No . No . larval of exp . protein at protein at if any 
dose period the s tart the end of 

single days of exp . exp . 

infection g;rtfo {§D.% gm% 

A 115 10 , 000 20 6 . 8  6 . 4  - 0 . 4  

105 1 1  20 6 . 6  6 . 4 - 0 . 2  

342 lt 40 6 . 8  6 . 3  - 0 . 5  

107 1 1  40 6 .  7 . 5 . 6  - 1 . 1  

B 108 50 , 000 20 7 . o 5 - 9 - 1 . 1  

349 l l  20 6 . 4  5 . 6  - 0 . 8  

118 I !  40 6 . 6  6 . 0  - 0 . 6  

341 tt 40 7 . 0  6 . 3  - 0 . 7  

c 102 100 , 000 20 7 . 0  4 . 3 - 2 . 7  
111 " 20 6 . 9  5 . 6  - 1 . 3 

103 I f  40 6 . 8  6 . 8  0 

117 I !  40 6 . 3 6 . 3  0 

D 101 Controls 20 6 . 8  6 . 0  - 0 . 8  

110 1 1  20 6 . 8  5 . 8  - 1 . 0  

112 ! I  40 6 . 7  6 . 6  - 0 . 1  

106 l l  40 6 . 3  6 . 1  - 0 . 2  



Group Sheep 

No . No . 

A 115  

105 

342 

107 

B 108 

349 

118 

341 

c 102 

Table 68 

The effect of Cooperia curticei on serum protein 

fractions of sheep 2 - 3 months old 

given different doses of larvae g -

'l'otal Days Percentage protein fractions 

larval of in- Sampling 

dose  fection time Albumin Alpha 1 Alpha 2 Beta 

10 , 000 20 B . E .  41 . 09 10 . 85 18 . 99 8 . 53 

E . E .  48 . 33 7 . 43 2 9 . 00 3 . 71 

10 , 000 20 J3 . E . 47 . 16 9 . 61 27 . 07 5 - 24 

E . E .  43 . 76 7 . 81 24 . 37 7 . 50 

10 , 000 40 B . E .  42 . 16 8 . 58 24 . 63  8 . 58 

E . E .  52 . 85 3 . 2 5  2 1 . 95  2 . 00 

10 , 000 40 B . E .  48 . 55 6 . 88 19 . 93 18 . 84 
E o E e  50 . 27 3 . 78 30 . 28 3 . 24 

50 , 000 20 B . E .  45 . 15 5 . 02 24 . 45 10. 00 

E . E . 41 . 69 6 . 02 2 9 . 89 9 . 80 

50 , 000 20 B . E .  37 . 0 3  1 3 . 58 2 5 . 62 7 . 10 

E . E .  31 . 50 7 . 49 41 . 19 12 . 55 

50 , 000 40 B . E .  45 . 86 5 .05  22 . 02 4 . 1 3  

E . E .  41 . 86 8 . 14 23 . 26 6 . 40 

50 , 000 40 B . E .  38 ., 27 8 . 66 2 7 . 08 6 . 50 

E . E .  42 . 70 4 . 86 35 . 68 1 . 60 

100 , 000 20 B . E .  40 . 8 3  4 . 58 25 . 83 11 . 2 5  

E . E . 52 . 59 5 - 17 15 . 52 3 . 45 

1 93 .. 

Gamma 

20 . 54 

11 . 53 

10 . 92 

1 6 . 56 

1 6 . 05 

19 . 95  

5 . 80 

12 . 43 

1 5 - 38 
2 2 . 60 

1 6 . 67 

7 . 27 

2 2 . 94 

20 . 34 

19 . 49 

1 5 . 14 

1 7 . 50 

2 3 . 27 



Group Sheep 

No . No . 

c 111 

103 

117 

D 101 

110 

112 

106 

1 94 .  

Table 68 continued 

Total Days 

larval of in- Sampling Percentage protein fractions 

dose fect:ion time Albumin Alpha l 

100 , 000 20 B . E .  43 . 49 7 . 78 

E . E .  51 . 49 4 . 48 

100 , 000 40 B . E .  34 . 19 10 . 03 

E . E .  38 . 47 11 . 92 

100 , 000 40 B . E .  40 . 81 4 . 93 

E . E .  45 . 19 9 . 21 

Controls 20 B . E .  37 . 15 8 . 57 

E . E .  47 . 90 5 1 50 

1 1  20 B . E . 43 . 93  12 . 14 

E . E . so .  72 9 .. 42 

11 40 B . E .  44 . 41 9 . 67 

E o  E .  51 . 03 8 . 16 

11 40 B . E .  42 . 09 8 . 54 

E o  E .  44 . 49 5 . 51 

B . E .  z - Before the start o f  ex1'eriment 

E .  E .  : - At end of the experiment 

Alpha 2 Beta Gai1l.rna 

21 . 00 9 . 03 18 . 70 

26 . 21 .  2 . 24 5 . 67 

38 . 69 12 . 30 4 . 79 

20 . 00 17 . 69 11 . 92 

26 . 46 7 . 62 20 . 18 

2 3 . 01 4 . 60 17 . 99 

28 . 83 18 . 18 7 . 27  

32 . 68 10 . 68 3 . 24 

18 . 21 10 . 98 14. 74 

22 . 46 7 .2 5  10 . 15 

2 1 . 7 5  8 . 46 l 5 o 7l 

20 . 00 5 . 71 15 . 10 

21 . 20 8 . 23 19. 94 

24 . 58 8 . 05 17 . 37 



groups .  The percentages of serum protein fractions was again found to vary 

between the "Qegi1ming and end of the experiment but no significant trends could 

be detected. 

No gros s  lesions ;;.rere present on post mortem examination. Actual 

numbers of male and female worms recovered from the small intestine after 20 

and 40 days of infection are given in Appendices 44 and 45 . No worms were 

recovered from the abomasa . The distribution of worms along the intestine , 

sex ratio and percentage established in the host after 20 and 40 days of 

infecticm are given in Table s  69 and 70 .  The worms were present in all parts 

of the srnall intestine but r.:aj ori ty were found in 5 to 10 feet from the pylorus . 

The percentage of worms recovered in all experimental animals after 20 days of 

infection ranged from 11 . 2% to 3 3 . 5% of the infecting larval dose .  After 40 

days of infection the 1)ercentage of worms recovered in group A ranged from 16 . 4  

to 2 5 . 1 whereas in groups B and. C the range was 0 , 7 t o  7 . 0  with the exception of 

one animal (no . ll8 ) in v,rhich the percentage was 2 5 . 8 .  It was also noticed 

that besides the low rate of establishment in high dose  groups (B  and C)  many 
adult worms vrero stunted, the females  devoid of eggs and the males with colour

less  spicules . The female worm population v:as always more than that of males  

except in  2 animals  (No .  107 and 341 ) in  which the numbers of  males was slightly 

greater than that of females . 

J.evels of the intestine . 

The predominance of female worms occurred at all 

Histopathological changes in the small intestine were similar to those  

described in  the previous section ( refer VII ,  ( ii )  ( f )  ) . 

The total protein content of sera and concentrated mucus extracts of 

experimental animals  necropsied after 40 days of infection are given in Tables 

68  and 71 respectively. The reactions of the 5 antigens derived from first  

stage larvae , second stage larvae , third stage ensheathed larvae , exsheathed 

larvae and exsheathing fluid against serum and concentrated mucous extracts 

were completely negative in gel diffusion tests . 
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Total Days 

J'able 62 

Frequency distribution of .�ia _smrticei in small 

intewtine 9 sex ratio and percentage established in 

the host after 20 days of infection 

No . of worms recovered 
Percentage 

Group Sheep larval of in- Aboma- small intestine 20 & Total sex - ratio established 

No . No lt dose  fection sum 

A 115  lO y OOO 20 0 

105 ! I  20 r' 0 

B 108 r)o , ooo 20 0 

349 11  20 0 

c lll 100 , 00 20 0 

102 1 1  20 0 

D 101 Control 20 

llO 1 1  20 

0-5ft 5-10 10-15  1 5-20 over 1wrrns Male Female in the hor::;t Remz.rks 

0 3 ' :)50 1 30 70 0 3 , 2 50 46 . 5% 

200 2 , 850 223  40 0 3 , 31 3  42 . 8% 

1 30 2 , 870 2 , 140 480 20 5 ,  640 4 5 . 2% 

1 , 940 9 , 670 3 , 4 50 320 190 1 �) ,  570 43 . 3% 

510 3 , 640 8 , 270 10 , 610 1 , 110 24 , 140 46 . 1% 

1 , 17 3  10 , 040 5 , 365  1 9 250 8 9 84C 26 , 668 49 . 4% 

5 3 . 5% 32 . 5% 

57 . 2% 33 . 1% 

54 . 81� r>i' 1 1 . 2/(, 

56 . 7% 31 . 00/o 

53 . 9%  ? ,, 1�i ,_Lt o 0 

so . 6% 26 . 6% 

Adults 

1 1  

1 1  

1 1  

Retarded 

grmrth 
1 1  

-l 
\.{) (j'\ 
.. 



Total Days 

Table 70_ 

Frequency distribution of Cooperia _curticei in small 

intestine ; sex ratio and 1-•ercentage established in 

the host after 40 days of infection 

No . of worms recoveJ�ed 

Group Sheep larval of in- Aboma- small inteDtine 

Percentage Percentage 

20 & Total s ex - ratio established 

No . No . dose fection s1..1.m 0- 5ft 5-10 10-15  15-20 over 'Norms Male  J!'emale in the host Remarkf:> 

A 342 10 , 000 40 0 530 1 , 950 

107 1 1  40 0 310 1 , 2 90 

B 118 50 ,000 40 0 80 715  

341 11  40 0 10 1 , 850 

c 103 100 , 000 40 0 260 6 , 540 

117 1 1  40 0 60 6 , 910 

D 106 Control 40 

112 !I  40 

30 0 

40 0 

6 , 237  5 , 780 

960 66 

1 , 410 200 

30 50 

0 

0 

180 

630 

20 

0 

2 , 510 313 . 2% 61 . 8% 

1 , 640 51 , 2% 48 . 8% 

12 , 992 45 . 7% . 54 . 3% 

3 , 516 5 5 . 7% 44 . 3% 

8 ,430 45 . Cf/o  ss .Cf/o 

7 ,050 39 . 9% 60 . 1% 

2 5 . 1% Adult 

16 . 4% 1 1  

2 5 . 8% Reta,rd.ed 

growth 

7 .  Cf/o I f  

0 . 84% ! I  

0. 7CP/o 11 

....\ 
-....o -...J 
• 
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Table 71 

Total protein estimation in concentrated mucus 

extract of sheep given different doses of larvae � -

Group Animal Total Days Total 

No . No . larval killed. protein 

dose  p er 1 00 ml 

A 342 10 , 000 40 5 . 8  gms 

107 10 , 000 40 7 . 2  gms 

B 341 50 , 000 40 6 . 2  gms 

118 50 , 000 40 6 . 0  gms 

c 117 100 , 000 40 5 . 2  gms 

103 100 , 000 40 7 . 0 gms 

D 106 Control 40 5 . 4  gms 

112 Control 40 6 .  3 gras 
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VII .  3 .  EFFECT OF DIET mr COOPERIA CURTICEI INFECTION 1!:L SHEEP 9 - 10 MONTHS 

OJ.JD g -

The present experiment was designed to  find out whether or  not a 

lowered plane of nutrition influenced the effect of Coor.eria curticei on sheep . 

i )  Ivia teria.ls and nwthods � - The experiment was carried out with 16  Ror.mey 

sheep 9-10 months old.  The design of the erperiment and parasitological 

techniques nere similar to those described at the beginning of this  chapter 

(refer VII ( i ) (a)  and (b )  ) .  The animals v1ere arranged in 4 groups accordin@ 

to the diet  provided and number of doses  of the infective larvae of Cooperia 

curticei . 

Group A 10 , 000 infective larvae daily for 5 days , 

4 animals given 1 . 5  lb of hay per day. 

Group B = 50 , 000 infective larvae as single dose , 

Group C 

4 �nimals given 1 . 5  lb of hay per day. 

50 , 000 infective larvae as single dose , 

4 anim.als given L 5 lb of concentrate feed per day 

( refer II . 5 ) .  

Grou1! D = Four worm free animals as controls .  Tiro aniual s 

•Here given l .  5 lb of hay and the other 2 1 . 5  lb 

concentrate foed .  

The infection was allowed to continue for 35  days and during this  time 

the course of the infection was followed at regular intervals . Feed intake was 

recorded daily. The amount of food eaten was measured by subtracting the amount 

of residue from the quantity provided .  The animals were weighed and faecal egg 

counts ,  and blood analyses  carried out as  previously described (refer VII ( i )  

( c ) , ( d) and ( e )  ) .  No electrophoretic or immunological studies were made in 

this experiment . 

After 35 days of infection animals were killed. The necropsy 

procedure was similar to that already described (refer VII ( i )  ( f )  ) except 

that male and female 1rorms were estimated from the abomasu..m and the whole  of 

the small intestine . Sex ratio and percentage of worms established in the 

hos t  were also calculated. 



200. 
ii ) Results : - There were no significant clinical signs referable to  the 

Cooperia curticei infection in the sheep given hay or concentrate feed. The 

feed intake was not affected in any of the experimental animals throughout the 

period of infection .  

The prepatent period of infection was again 14-16 days . Peak egg 

counts were recorded 7 days after the infection became patent ( Table 72 ) and 

ranged from 50 to 10 , 050 eggs per gram. Thereafter egg counts abruptly 

declined and after 35  days of infection the egg count ranged from zero to 6 50 

eggs per gram only. 

The weekly records of body weight of experimental animals are given in 

Appendix 46 .  The effect  of Cooperia curticei infection on body weight after 

3 5  days of infection i s  shown in Table 73 and appeared not significant in 

different diet  groups when compared with controls . 

The packed cell volw11e , haemoglobin , total W.B . C .  and total eosinophileE 

are given in Table 74,  75 , 76  and 77  respectively. It  appears that there was 

no significant change in P . C . V . , haemoglobin and total W . B . C .  No significant 

change was observed in lymphocytes ,  monocytes , neutrophils , and basophile  

numbers . In  some animals the nmnbers of  circulating eosino:phils were 

significantly increased 1vhen compared with the mean cou...r1t + 3 x s tandard 

deviation of controls  (428 per cu . mm) . The effect of Cooperia curticei 

infection on total sermn protein is  given in Table 78 and no significant changes 

were observed.  

No gros s  lesions were present on post mortem examination. The number 

of worms recovo:r.'ed from the abomasa and srnall intestine v-1i th sex ratio and 

percentage established in the host  after 35 days of infection are given in 

Table 79 ·  No worms were recovered from the abomasa . 'rhe percentage of worms 

e stablished in hosts given concentrate feed rangE::d from 0 to 17 . 4% whereas in 

experimental animals given hay the range was 0 to 12 . 5%. It was also  observed 

that in all groups many adult \-:orms were stunted y  the females devoid of eggs 

and the !llales with colourle s s  spicules . 

more than that of males . 

The female worm population was always 



Group Sheep 

No . No . 

A 320 

346 

330 

10 

345 

339 

344 

347 

c 113 

336 

350 

328 

D 332 

348 

120 

119 

Table 

Cooveria curticei egg 

72 

count in sheep 9 - 10 months 

old vrhen given different doses of larvae : -

Total 

larval Feed Days of infection / Eggs 

dose  l .  5 lbs 14 15 16 21 28 

Daily 

lO , OOOx5 Hay Nil lOO 550 2 , 150 

50 , 000 11 Nil 150 - 3 , 600 
11 1 1  Nil 50 3 9 150 
1 1  n 50 9 , 100 500 

50 , 000 Hay Nil Nil 50 150 50 

( single 1 1  lOO 7 , 500 

dose ) 1 1  50 1 , 950 
11 1 1  250 10 , 050 11 , 000 

50 , 000 Conc . feed Nil lOO 5 , 2 50 2 j 800 

( single 1 1  Nil 150 - 2 , 250 

dose ) tl 150 150 
1 1  1 1  Nil Nil 50 50 

Controls Hay Nil Nil 
I! !I  Nil Nil 

!I Conc . feed Nil Nil 
1 1  ! I  Nil Nil 

201 . 

per gram . 

30 35 

600 50 

700 lOO 

150 Nil 

550 650 

50 50 

500 Nil 

lOO Nil 

200 Nil 

3 , 000 400 

Nil Nil 

lOO lOO 

lOO 50 

Nil 

Nil 

Nil 

Nil 



Group 
N o . 

A 

B 

c 

D 

Tabl e  73 

The effect  of Cooperia curtic e i  on weight changes 
of she ep when  given different feed . 

Sheep Total Fe e d  Days of  Wt . at the Wt . at the 
No . larval 1 . 5 lbs infec tion beginning end of  

d os e  of exp . exp . 
lbs lbs 

Daily 

320  1 0 , 000x 5 Hay 3 5  so . o  so .  5 
346 = so , ooo ! l  ! I  63 . 0  63 . 0  
330 in total ! I  ! I  4 s . o  46 . 5  

1 0 f l  ! I  " 74 . 0  7 5 ·  5 

34 5 so , ooo Hay 3 5  s s . o  57 . 5  
33 9 ( s ingle ! I  1 1  so .  5 so .  5 
344 d os e ) ! I  " 44 . 0  4 5 . 0  
347 1 1  " ! I  6 5 . 0  67 . 5  

1 1 3 so , ooo Feed c one . 3 5  47 . 0  50 . 0  
336  ( singl e f l  1 1  6 s . o  6 9 . 0  
3 50 d o s e ) ! I  ! I  8 7 . 5  8 7 . 5 
328 ! I  1 1  ! I  6 1 . 5  63 . 5  

332 Controls  Hay 3 5  60 . 0  62 . 0  
348 1 1  I !  1 1  54 . 5 s6 . o  
1 20 1 1  Fe e d  c one . 1 1  52 . 5  s8 .  5 
1 1 9  1 1  I f  " 6 5 . 5 72 . 0 

202 . 

T otal 
. we i ght 

gain 
lbs 

o . s 
nil 

1 . 5  
1 . 5 

2 . 5  
nil 
1 . 0 
2 . 5  

3 . 0 
4 . 0  
nil 

2 . 0  

2 . 0  
1 . 5 
6 . 0  
6 . 5  
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Table 74 

Packed cell volume 0t ) of ·experimentally 

infected and control shoep 

Group Sheep Total Feed Days after infec tion 
No . .No . larval 1 . 5  lb 0 16 3 5  

dose 

Daily 

A 320 10 , 000 X 5 Hay 42 37 . 5  38 . 0  
346 == 50 , 000 1 l  45 · 5  41 .. 0 39. 0 

total 

330 1 1  1 1  44 •. 5 38 . 5  3 8 � 0  
10  1 1  1 1  36 . 5  36 . 5  38 . 0  

B 345 50 �000 Hay 3 7 . 5 40 . 0  3 5 . 5  
( single dose ) 

339 1 1  1 1  40 . 0  38 . 0  37 . 0  
344 I! 11 38 . 0  35 . 5  37 . 5  
347 1 1  tl 42 . 5  38 . 5  38"0  

c 113  50 , 000 Cone . feed 38 . 0  33 . 0  34. 5  
( single dose ) 

336  11 I! 42 . 0  41 . 0  46 . 0  
350 1 1  t l  43 . 5  46 4 0  44. 0  
328 1 1  1 1  39 . 0  3 9  •. 0 43 · 5  

D 3 32 Controls Hay 43 . 5  39 . 5  38 . 0  
348 1 1  1 1  45 . 0  39 . 0  37 . 0  
120 I !  Cone . feed 38 . 0  40 . 0  38 . 0  
119 1 1  ! !  40 . 0  39 . 0  38 . 0  
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Table 72 

Haemoglobin values ( gm / lOO ml ) of 

experimentally infected & control animals 

Group Sheep Total Feed Days of infection 

No . No . larval 1 .  5 lbs 0 16 35 

dose  

Daily 

A 320 10 , 000 X 5 Hay 12 . 4  11 . 6  12 4 0  

346 = 50 , 000 ll 14 . 2  1 3 . 3  12 . 7  

in total 

3 30 1 1  1 1  1 3 . 2  12 . 2  1 3 . 0  

10 " 1 1  11 . 2  13 . 2  1 3 . 0 

J3 345 50 , 000 Hay 11 . 2  12 . 7  11 . 6  

( single dose ) 

339 " 1 1  13 . 0  12 . 2  ll . 4 

344 ll  11 11 . 2  12 . 4  11 . 9  

347 l l  1 1  1 3 . 2  14 . 0  12 . 0  

c 113  50 , 000 Cone . feed 11 . 2  10 . 9  ll . 2  

( single dose ) 

336  1 1  1 1  13 . 8  14 . 8  1 3 . 7  

350 I! 1 1  14 . 7  15 . 9  1 5 . 0  

328 !I 11 11 . 8  13 . 3  1 3 . 0  

D 332  Control s  Hay 1 3 . 7  1 3 . 0  1 1 . 5 

348 l l  1 1  12 . 3  12 . 8  12 . 0  

120 1 1  Cone . feed 12 . 0  13 . 4  12 . 7  

119 1 1  1 1  12 . 3  13 . 0  12 . 0  
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Table 76 

Total leucocyte counts ( x 103 per cubic m . m .  blood) 

of experimentall infected & control sheep 

Group Sheep Total larval Feed Days of infec tion 

No . No . dose 1 . 5  lbs 0 16 3 5  

Daily 

A 320 10 , 000 X 5 Hay 6 . 8  7 . 4  6 . 7  

346 = 50 , 000 11 8 . 7  6 . 5  6 . 3 

3 30 in total I !  7 . 2  6 . 0  7 . 5  

10 1 1  1 1  6 . 8  9 . 1  7 . 0  

13 345 50 ,000 Hay 6 . 0  6 . 3  8 . 5 

339  ( single dose ) 1 1  8 . 6  7 . 1  8 . 0  

344 1 1  1 1  7 . 2  6 . 2  6 . 3  

347 1 1  tl 7 . 3  5 . 1  7 . 8  

c 113  50 ,000 Cone . feed 6 . 3  5 · 5 6 . 5  

3 3 6  ( single dose ) 11 6 . 2  7 . 2  7 . 6 

350 1 1  11 4 . 6  5 · 9  6 . 4  

328 !!  I! 6 . 2  6 . 9  6 . 1  

D 332 Controls  Hay 5 . 9 6 . 0  5 - 7 

348 1 1  ! I  6 . 0  6 . 5 7 . 4 

120 1 1  Cone . feed s . o 5 . 6  6 . 7  

119 11 11 5 . 3  6 . 7  5 . 7  
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Table 77 

Total eosinophil counts ( cell s / cubic m .m .  blood ) 
of experimentally infected & control sheep 

Group Sheep Total larval Feed Days of infection 

No . No . dose  l .  5 lbs 0 1 6  35  

Daily 

A 320 10 , 000 X 5 Hay 204 0 67  

346 = 50 , 000 1 1  174 65  0 

3 30 in total 1 1  72 80 525 

10 tl 11 136 180 140 

B 345 50 , 000 Hay 240 126  510 

339 ( single dose ) 11 2 58 71 640 

344 1 1  11 144 183 378  

347 1 1  t l  73 50 624 

c 113  50 , 000 Cone . feed 0 5 5  520 

336  ( single dose ) 1 1  62 144 380 

3 50 11 1 1  138 360 576 

328 11 11  186 6 90 366  

D 332 Controls Hay 177 120 114 

348 t l  11  240 325  2 94 

120 1 1  Cone . feed 150 168 134 

119 n 1 1  106 1 34 0 
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Table 78 

The effect  of Cooperia curticei on total serum 

protein of sheep 9-10 months old given 50 , 000 

larvae with different feeds 

Group Sheep Total Feed Day of Total semn Total serun llifferenc e 
No . No . larval 1 . 5  lb infection protei11 at prote:in at if any 

dose tl:e start the end 

of exp . of e.xp . 

grrtfo gm% grrf/o 

Daily 

A 320 lO , OOOx5 Hay 35  6 . 2  6 . 2  

346 = 50 , 000 11  11  6 . 0  6 . 0  

3 30 in total 1 1  1 1  6 . 2  6 . 2  

10 ! I  1 1  1 1  5 . 6  5 . 6 

B 345 50 , 000 Hay 35  5 . 6  5 . 8 + 0 . 2  

339  ( single 11 11  5 . 8  5 . 8  

344 dose ) !I 11 5 . 6  5 . 8  + 0 . 2  

347 1 1  1 1  1 1  6 . 3 6 . 4  + 0 . 1  

c 113 50 , 000 Cane. feed 3 5  7 . 0  7 . 0  

336  ( single !I 1 1  5. 8 5 . 8  

350 dose ) 11 1 1  5 . 7  5 . 8  + O . l 

328 1 1  11 1 1  5 - 5  5 . 8  + 0 . 3  

D 332 Controls  Hay 35  6 . 0  6 . 0  

348 11  IJ 1 1  6 . 0  6 . 0  

120 ! I  Cone . feed 1 1  5 . 1 5 . 2 + Q. l 

119 1 1 1 1  I !  5 . 5 5 . 6  + 0 .. 1 
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Table 79 

Sex ratio and percentage of Cooperia curticei 

establ ished in the hos t  after 35 days of infection 

Total i'To . of worms recovered P . c .  

Group Sheep larval Feed Aboma- SmaJl :intestine Sex ratio es tab-

I'Jo . No . dos e  1 . 5  lb sum Male Female Total Male  Female lished 

in the 

hos t  

Daily 

.A 320 10 , 000x5 Hay 0 20 20 40 50% 5o% o.ooe%, 
346 = 50 , 000 tt 0 0 0 Nil 

330 in total 1 1  0 0 40 40 lOo% o . oos% 
10 t 1  1 1  0 2 , 780 3 , 490 6 , 270 44- 3% 55 - 7% 12 . 5% 

B 345 50 , 000 Hay 0 1 , 310 2 ,410 3 , 720 3 5 . 2% 64. 8% 7 .4% 
339  ( single t 1  0 1 , 540 2 ,  770 4 , 310 36 . 0% 64 . 0% 8 . 6% 

344 dose )  1 1  0 60 70 130 46 . 1% 53 . 9% 0 . 3% 

347 1 1  1 1  0 lOO 170 270 37 .a% 6 3 . 0% 0 . 5% 

c 113  50 , 000 Cone . feed 0 3 ,900 4 , 800 8 , 700 44 . 8% 55 . 2% 1 7 . 4% 

336  ( single tl 0 3 , 680 4 , 750 8 , 430 43 . 6% 56 . 4% 16 . 9% 
350 dos e )  11  0 3 9 190 4 , 380 7 , 570 42 . 1% 57 . 9% 1 5 . 1% 
328 11  1 1  0 0 80 80 lOo% 0 . 016% 

]) 332 Controls  Hay 

348 l l  11  

120 tl Conc . feed 

119 I !  t 1  



VIII . 4 .  SU.MNIARY 01' .Tim;. EXPERlliENTAL Fnmnms : -

The effect o f  Cooperia curticei infection was investigated in sheep 

at different ages , on different diets ? and with various sizes  of infection . 

1 .  The prepatent period of infection was found to b e  14-16 days i n  all 

age groups . 

2 .  Peak egg counts were recorded 5 - 7 days after the infection became 

patent . Thereafter egg counts gradually declined in 10 , 000 dose groups ,  but 

in 50 ,000 to 150 , 000 dose groups shovred an abrupt decline and after 40 to  5 5  

days of  infection the egg counts of  experimental animals ranged from zero to  

1 50 eggs per gram only. 

3 .  Total egg output of Cooperia curticei per female per day on the 18th 

and 19th day of infection in sheep 2 - 3 months old receiving 10 , 000 larvae , 

ranged from 414 to 1048 whereas the range was 94 to 296 in higher dos e  groups 

( 50 , 000 to 150 , 000 ) .  After 38 and 39 days of infection eggs laid per female 

worm per day were 807 to 1 , 958 in the 10 , 000 larval dos e  group but in all 

animals exceyt one , with higher larval doses the rate of egg production was o to 

1 5  only. 

4 .  No clinical sitSrns referable t o  Cooveria curticei infection were observed. 

when sheep 2-3 ,  6-7 and 9-10 months old were given 10 , 000 to 150 , 000 infective 

larvae , which resulted in the establishment of worm numbers ranging up to 

approximately 26 , 000 . Feed intake was not affected and repeated doses  and low 

plane of nutrition produced no ill effect . 

5 . Cooperia curticei infections had no significant effect on body weight 

or wool growth of sheep regardless  of age , diet  and s ize of infection . 

6 .  Blood analysis  of experimental animals showed no significant change in 

packed cell volume , haemoglobin and total leucocyte counts regardless  of age , 

diet and size of infection. No significant change was observed in lymphocyte , 

monocyte , neutrophiles , and basophile numbers but after 14 - 21  days of 

infection a few experimental animals showed increased number of circulating 

eosinophiles  when compared with controls .  The relative percentage of s erum 

protein fractions showed irregular fluctuations and no significant changes or 

trends were detected.  Differences  in the total serum protein before infection 
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and at necropsy were also not significant . 

7 .  Experimental animals  showed no gross  lesions on post mortem when given 

different closes of Cooi:;eria curticei larvae ( 10 , 000 to 150 1 000 ) regardless  of 

age , diet and number of worms recovered .  

8 .  Histopathologi cal examination o f  sequential sections o f  small intestine , 

abomasum and l�rrnph nodes showed no evidence of significant change regardless  of 

age , diE:t , size of infection or number of worms recovered from the experimental 

animals .  

9 . Adult worms were present in all parts of the small intestine but the 

maj ority were recovered from 5 - 10 feet from the pylorus . 

recovered from abomasa . 

No worms rJere 

10 . 1/Iaximum recovery of Cooperia curticei from experimE:ntal sheep 6 - 7 

months old ,  after 34 cle"ys of infection was 76 to 79% at a 10 , 000 larval dose 

whereas at higher doses  ( 50 , 000 to 100 , 000 ) it ranged from 0 . 3 to 2 9 .a,Vo. 

After 56 days of infection in all animals with doses  of 50 , 000 to 1 50 ,000 

infective larvae the percentage recovery ranged from 0 . 1  to 4 . 3%  only. 

In sheep 2 - 3 months old the percentage recovery of Cooperia curticei 

in all experimental animals after 20 days of infection ranged from 11 . 2 to 33 . 5%. 

After 40 days of infection ,  the rate of recovery in the low dose group ( 10 , 000 ) 

was 1 6 . 4  to 25 . 1%,  v:hereas in the high dose groups ( 50 , 000 and 100 , 000 ) it  

ranged from 0 . 7  to 7 . 0%  (excopt in one animal ) . 

The rJercentage of worms recovered from sheep 9 - 10 months old after 

35 days of infection ranged from 0 to 17 . 4% only in spite of a poor pla_ne of 

nutrition. 

11 . Irrespective of age e.nd diet , higher doses of larvao ( 50 , 000 or 

100 , 000 ) resulted in in.."l1i bi ted and retarded growth of adult worns . Female 

worms were devoid of eggs and males had colourless spicules . After a second 

dose of 50 ,000 larvae , varying nurJbers of larvae were still in the fourth 

stage 22  days later . 

12 . The female vrorm population was always more than that of males except 

in a few animals in which the number of males were slightly gTea ter th..e_n that 
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of females . The predominance of female worms occurred at all levels of the 

small intestine . 

1 3 .  The gel-diffusion reactions of five antigens prepared from first stage , 

second stage , enshea.thed third stage , exshee. thed third stage larvae and 

exshE,a thing fluid g;:we positive reactions with sera from sheep 6 - 7 months old 

( 10 9 000 to 150 , 000 larval dose ) ,  bled after 34 and 56 days of infection. One 

to 3 precipitin lines were present aga,inst all 5 antigens except with the SGrum 

of 2 animals ( 10 , 000 larval dose ) vrhi ch showed no reaction with first stage 

larval antigen. 

Reactions in agar vri th intc� stinal mucus samples obtained after 34 days 

of infection were negative against all antigens except exsheathing fluid.  But 

mucus samples obtained after 56 days of infection showed positive reactions ; 

one precipitin line being present between the mucus extracts and all 5 antigens . 

Forty days after infection , serum or mucus extract from sheep 2 - 3 

months old failed to give any reaction in gel diffusion tests ·d th the 5 
antigens . 
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VII . 5 .  DISCUSSION�-

Host  resistance to nematodes may be reflected by reduced egg pro duction 

inhibition of larval development , retarded development of the mature worm and 

the number of worms established in the hos t  ( Stewart 1950a , b ,  c 1  d ,  1 95 3 ; 

Taylor and Michel , 1953 ; Roberts ,  1957 i Gordon, 1957 ; Silverman and Patterson, 

1960 ; Anderson et  al . , 1965 ) . 

In the present study the prepatent period of infection was 14 to 1 6  dayf 

and i s  in general agreement vri th the vmrk of Andrews (1939)  and Sommerville  

( 1960 ) .  Peak egg counts were observed in  all animals 5 to 7 days post 

infection and they then invariably declined .  In 10 , 000 larval dose group s , the 

decline was gradual but in 50 , 000 to 1 50 , 000 dose  groups the decline was more 

abrupt and after 40 to 55 days the egg counts ranged from zero to 150 eggs per 

gram only ( Table 47 , 59 ) • This suggests  that the higher doses of Cooperia 

curticei larvae produced greater resi stance in animals than single dos e s  of 

10 , 000 larvae . 

The differences recorded in the pattern of egg output between different 

dose  groups is paralleled by differences  in the number and condition of worms 

recovered . Without serial killing of large numbers of animal s  during the 

course of infection it is not possible to recognise changes in worm populations 

in animals and in the pres ent experiment it is only possible to compare the 

numbers of worm recovered at varying times after patency of the infection had 

been reached.  

In 6 - 7 raonth old sheep killed 34 days after infection a much higher 

percentage of the infecting dose  was recovered in animals given 10 , 000 larvae 

than in thos e  given larger doses  ( Table 56 ) .  At the same time the worms from 

sheep in the larger dose  groups showed evidence of stunting and retardation of 

s exual development . A second dose of 50 , 000 larvae in six sheep resulted  in a 

variable but low recovery of worms 22 days later and varying numbers of larvae 

were still in the fourth stage ( Table 57 ) .  

In the 2 - 3 month old sheep killed only 20 days post-infection, there 

were no marked differences  in percentage of larvae recovered as worms ( Table 

69 ) but 40 days post  infection the animals which had received 100 , 000 larvae had 

a much reduced worm burden ( Table 70 ) and in both the higher dose groups the 

worms were retarded.  
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In the oldest  group of sheep ( 9 - 10 months ) all were given 50 , 000 

infective larvae . Contrary to what might have been expected,  the worm recovery 

35  days post infection was lower in animals fed on hay than those  on concen ... 

trates . In three of the four animals given daily doses  of 10 , 000 larvae and 

fed on hay the recovery was very low (Table 79 ) . 

A decreased percentage recovery and interference with worm development 

after increasing doses  of nematode larvae has been commonly reported (Andrews 

1937 , 1939 ; Bailey, 1949 9 Stewart , 1954 ; Sommerville , 1960 ; Herlich , 1958 , 1960 , 

1965c , 1967 ) a:c1d i s  considered to result from an immune reaction on the part of 

the hos t .  From the present result s  i t  appears that in the sheep more than 6 

r:J.onths old doses  of 50 , 000 larvae and more , rapidly resulted in the establish

ment of resistance 7lhich failed to allow normal development of the worm 

population . 

It has been suggested that sheep undE";r the age of 4 - 5 months are 

incapable of making an immune response to nematodes (Soulsby, 1963 ) . Although 

the 2 - 3 months old sheep failed to develop precipitating antibodies  to  

Cooperia curticei , they undoubtedly showed sign of the development of resistance 

to the nematode . There i s  a suggestion in the results however , that they 

required exposure to a higher level of infection than did o lder animals . 

It was anticipated  that the animals fed on a limited amount of hay 

would be more susceptible to infection than those  on the concentrate feed. The 

results were contrary to expectations in terms of both worms recovered and 

clinical effects . The result is  difficult to explain although o ther workers 

have found a poorer establishment of nematode populations in s ome instances  

where the hosts were on  a deficient diet , (Vegors et  at , 1955 , 1956 ) . 

There i s  no satisfactory answer as to how the resi stance mechanism 

inhibits the growth and development of nematodes (Soulsby ,  1965 ) . The precise 

role of circulating antibodies in s el�n and antibodies  in mucus from the 

alimentary tract ,  in resistance to helminth parasites has been studied by man..y 
investigators (Stewart and Gordon , 1953 1958 ; Soulsby and Stewart , 1960 ; 

Soulsby, 1956 , 1957 , 1960 ; Rice et al 9 1966 ; Dobson , 1966 a ,  b ,  c ,  d ,  l967b , 

d , ) . Most  have utilised antigens from ensheathed third stage larvae , 

exsheathed third stage larvae and exsheathing fluid. In the present s tudy,  

besides the above mentioned antigens , first and second larval s tage antigens 

were also  used. 
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Sera obtained after 56 days of infection from sheep 6 - 7 months old 

showed positive reactions against all antigens on gel diffusion regardless  of 

size of infection ( total of 60 , 000 to 150 , 000 larvae ) ; one to 3 precipitin 

lines were present between sera and 5 antigens (figure 20 ) . Some pre cipitin 

lines were stronger than others but there appeared to be no consistent pattern.  

In all animals only one precipitin line formed against exsheathing fluid .  

Mucus samples obtained after 56 days of infection from the same experimental 

animals also showed one strong precipitin line between mucus extract and all 5 

antigens (figure 21 ) . 

This suggests  that antibodies  against ·helminth, par§l.sites ean be formed 

locally in the alimentary tract . The mucus of the gut may be immunologi cally 

more potent than serum (Dobson ,  1967b , d ) but the present experiment showed 

that circulating antibodies of serum were appare�tly directed at a wider range 

of antigens than were the antibodies in mucus . 

Serum samples from animals  necropsied after 34 days of infection after 

single  doses of 10 , 000 to 100 , 000 larvae , mostly showed 1 - 2 precipitin lines 

against all antigens . The precipitin lines v-rere stronger in higher dose groups 

( 50 , 000 and 100 , 000 ) than in the 10 , 000 larval dose g:roup (figure 18 ) . Mucus 

samples obtained after 34 days of infection from the same animals gave negative 

reactions with all antigens except exsheathing fluid which gave one line of 

precipitation in animals which had a 50 , 000 or 100 , 000 larval dose (figure 19 ) . 

This sugges t  that antibodies are detectable on gel agar diffusion, earlier from 

serum S8YJples than from mucus san1ples from the small intestine . 

In young sheep 2 - 3 months old , the reaction of the 5 antigens against 

serum or mucus samples obtained after 40 days of infection (10 , 000 to 100 , 000 

larval dose ) were completely negative , in spite of the fact t�Bt the animals  

with higher larval doses  ( 50 , 000 and 100 , 000 ) showed retarded growth of the 

adult worms at necropsy. This suggest  that the precipitating a.ntibodies  in 

serrun or mucus may not be co�nected to actual resistance and is  in contrast to 

the work of Nfanton et al . ( 1962 ) and Soulsby (1963 , 1966 ) that animals  must  

reach an age of 4 - 5 months before they are able to  show resistance .  It  also 

suggests that certain antibodies may take a longer time to be synthesized in 

a.n adequate mruLner in young lambs and such a situation would provide an 

explanation for the inability of lambs to show an immune reaction detectable 

by serology until they are 4 - 5 months old. 



The antibody response i s  complex not only in the range o f  antibodies 

produced but also in their relative amount and relative importance from a 

protective point of view ,  and there i s  no direct evidence that the reactions on 

gel diffusion in the present experiment were responsible for the resistance of 

the host to the parasite . 

Vlhitlock (1966 ) stated that intestinal nematodes take up their position 

along the intestine in response to stimuli supplied by the intestinal contents 

particularly in the duodenum at the point of entrance of the bile and pancreatic 

juice . This suggests that intestinal parasites have a skewed distribution in 

the intestine . Present observations confirm this . 

In the present study Cooperia curticei was present in all parts of the 

small intestine in higher dose �jToups ( 50 , 000 to 100 , 000) and 0 - 20 feet from 

the pylorus in low dose groups ( 10 , 000 ) but the maj ority of the worms were 

recovered from 5 - 10 feet from the pylorus in all animals regardless of age , 

diet or level of infection . Caudal to this region the numbers of worms 

progressively declined . Yvorm numbers increased sharply between the first and 

second 5 feet sections of intestine and the overall distribution appears skewed, 

with the tail of the distribution directed caudally. In some animals  killed 
after receiving 50 9 000 or 100 , 000 larvae larger numbers of worms were recovered 

from the last enction of the intestine than from sections immediately cranial to 

i t .. This could mean that those worns in the caudal section were being 

eliminated. 

Davey ( 1938 ) observed the peak occurrence of Cooperia curticei between 

9 and 22 feet froill the pylo��s and Tetley (1935 ) observed the peak occurrence in 

the "lmvBr part" of the small intestine . 

mixed infestations under field conditions . 

:But their observations were based on 

In most cases , in the present experiment , the female worm population 

was greater than that of males  and this predominance occurred at all levels of 

the sFall intestine . 

Precise comparison of various workers data on egg production of 

different species of nematodes is difficult .  For instance , varying techniques 

have been used to estimate egg numbers , varying doses of infective larvae have 

been administered to hosts of varying age , species or breed and history. 

However , it is possible to make semi-quantitative comparisons between nematode 
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species , ( Crofton 1963 ) . 

In the present experiments it  was notable that the egg output per worm 

decreased with increasing size of the nematode population and that this 

difference became more marked with the passage of time . Thus , in lambs 2 - 3 

months old with populations of female worms ranging from 3 , 2 50 to 3 , 31 3 ,  20 days 

after infestation, the daily egg output per female e stimated for the previous 

two days ranged from 414 to 1048 . In lambs of similar age with female worm 

counts ranging from 5 , 640 to 26 , 668 , the output per worm was estimated as 94 to 

296 eggs per day (Table 60 ) . Forty days after infection when the number of 

female wonns in the 10 , 000 larval dose  group ranged from 800 to 1 , 5 50 the output 

on ·the 38th and 39th days was estimated as 807 to 1 , 958 eggs per day. In lambs 

given 50 to 100 thousand larvae the output ranged from 0 to 678 eggs per day, 

when the nun1bers of female worms ranged from 1 , 55 5  to 7 , 054 (Table 61 ) . 

Clearly some care i s  needed in the interpretation of these findings . 

It has generally been agreed that species of Coo·ceria are comparatively 

poor producers of eggs (Peter et al , 1941 ; Kates , 1 947 ; Crofton , 1963 ; Nickel , 

1965 ) . From the observations recorded here it  appears that egg production of 

Cooperia  curticei can be as high as 2000 eggs per female per day i . e .  about 

l/5th the fecundity of H . contortus ( Crofton 1963 ) . This conclusion is in 

general agreement with that of other workers (Kates , 1947 ; Nickel , 1965 ) . 

In t�e present study on Cooperi� curticei , the establishment of worm 

numbers ranging up to approximately 2 6 , 000 with a r:Jaximu.lJl faecal output of 

10 , 0 50 e . p . g. , produced no ill effect . No clinical sign of infection was 

observed in experimental animals regardless  of age , diet , size of infecting dose 

and nurrilier of worms present in the small intestine . Feed intake was normal 

throughout the period of infection and body weight , wool growth and blood 

analysis  showed no - significant change apart from a mild eosinophilia. At 

necropsy no gross lesion was observed and histopathological study showed no 

significant changes .  

T'hese observations are in close agreement with the experimental vwrk of 

Andrews (1938 ) on 4 pairs of lambs when the range of infestation was 458 to 

2 5 , 03 3  worms per ·animal and also with the work of Taylor (1935 ) , Ross and Gorclon 

(1936 ) , Tetley (1949 ) and Gordon ( 1950 ) under field conditions . It  appears 

that Cooperia curticei is an instance of a nematode species very well adapted 

to the sheep. 
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CHAPTER VI II  GENERAL DISCUS S ION, SUMMARY AND CONCLUSI ONS 

VI I I  I GENERAL DIS CUS SION 

The interac ti ons of  l iving organisms  and the ir envir onment 

are very c omplicate d . With free living micr o organisms , such as larval 
nema to d e s , "me t e or ological " environmental effects  are the mos t important. 
The main c omponent s  of  th ese  me t e orol ogical effects  are temperatur e , 
relative humidity , ih$ olat i on 1  rainfall and evap orati o n .  The s e  c ompon

ents are i nt errelat e d  and the r elative impor�ance of each component 

to th e organism can only be  evaluated  by experiment s under c ontrolled  
cond iti ons . However , t o  c ompl e t e ly understand th e epidem i o lo gy and 
population dynamic s  of  nemat od e s , s tud ies under natural c onditions are 
also  nece ssary . Fiel d conditi ons provide a natural environment but 
there is no c ontrol over the cond it i ons  unde r  which observati ons are 
mad e . Th erefore , experime nts under simula t e d  field conditi ons are im

p ortant as they  all ow s ome cont ro l .  Laboratory , plot and fi eld obser
vati ons are all ne c essary and c o mplementary f or th e proper understanding 

of th e parasite and no one appr oach can b e  subs t itut ed for any of the 
o thers . 

In e c olog i c al stud ies on nemat o de larvae many different m e th od s  

have been  ad opt e d .  For the proper int erpretati on and c omparison of 
data from d if ferent sour c e s  th e use of standardis e d  me thods  would b e  
pre f erable . 

It is surprising that no  compl ete s tudy on a sing l e  i s olate o f  
a species  o f  s trongylate nemat ode has b e en c arri e d  out 4employing all 
the  thre e me thods mentioned abov e . Although the present work is  by no  

means c ompl e t e , many aspe c t s  of  the  e c ology o f  Cooperia cur t i c ei have 
b e en s tudi e d . And it has b e en shown that the influence of different 

c limat ic  c o nd iti ons on larval e c ology can be expre s s ed and analyse d  
mathemat ically . With a f e w  notab l e  exc ep t i ons , such as Cro f t on and 
Whitlock ( e . g .  Crof t on and Vfuit l o c k ,  1 96 5 ) , workers have fail e d  to  
make full use  of math ematic al c oncepts for the  expression of th eir 
data . This is i mp or tant f or th e obj e c tive comparis on of  data from 

differe nt workers on diffe r ent s trains and sp e c i e s  of nema t od e and f or 
the c omparison of lab orat o ry and field  obs ervati ons . 



Of all the meteorological effects temperature is the most 

important for larval development and under laboratory conditions it is 

the most readily controlled. Therefore1 the present experiments and 

those of other workers have concentrated most on temperature. The 

laboratory studies on CooEeria curticei provided highly repeatable 

results and the relationship to development rate was readily converted 

to a linear regression. The observations made under simul�ted field 

conditions were likewise convertible to a linear regression. In this 

condition the two sets of data could be easily and quantitatively 

compared. It is difficult to see how one might quantitatively compare 

laboratory and field data or extrapolate from one to the other without 

the use of such a mathematical analysis. Although observations made 

under 11field11 conditions may easily be expressed mathematically, the 

interpretation of meteorological effects under these conditions requires 

data from laboratory experiments. 

The examination of other workers data on development of 

strongylate nematodes has also shown an exponential relationship be

tween the rate of development and temperature. As has been pointed 

out earlier, this form of relationship is what might be expected within 

the range of temperatures that permits normal larval metabolism. Be

cause of this exponential relationship, it seems probable that with 

other nematode species the best correlation may also be found between 

laboratory and field developmental rates when mean maximum air temper

ature is considered rather than the mean air temperature. 

The constant proportion of the development time occupied by each 

larval stage at different temperature, as demonstrated in the present 

study, further simplifies the exponential relationship between temper

ature and development. 

The effect of desiccation ( i.e. low humidity ) on larval 

development and survival needs careful examination. It is obvious 

that low humidity adversely affects survival though there is little 

quantitative information concerning the effects of humidity on nema

tode larval stages. In the year in which the present experiments were 

carried out, the daily mean atmospheric relative humidity was usually 

between 60 and 90% and one would expect that the humidity in soil or 

on herbage would be higher than that of the atmosphere. Within the 
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range o f climatic c ond i ti ons o c curring duri ng th e c ourse o f  the 
exp er imental studies  it was found that th e relative humidity had n o  

gre at effect  o n  the maximum survival of larvae . It  would b e  int er e s ting 

t o  know i f  the same result w ould b e  obtained in areas , such as par t s  of 
Aus tralia ,  wher e much l ower relativ e  humidities  are e xp erienc e d . 

Mo s t  stud i e s  on larval survival have be en c onc erned with m axi
mum survival time s ; however , the s e  are largely o f  academi c  intere st . 
From the epidemiol ogi c al p oi nt of vie w ,  the number of  larvae surviving 

with time is  much more s ignificant . In the pres e nt exp eriment the p er
c entage s urvival appeared to be aff e c t e d  by tempera ture and rainfall 

i . e . water  balanc e .  This sugg e s ts that d e s ic cati on may be  important 
i n  determining the p erc entage of larvae surviving . 

S tudies on perc entage survival are rendered difficult  by t h e  
di fferential ability of various d evelopmental stages  to surviv e  unde r  
natural c onditions . I t  appears that pre -inf e c t iv e  stage s  are more 
sus c eptible  t o  d e s ic cation than inf e c t ive larva e .  It  is , therefor e , 
nec es sary to  dist inguish be tween the ability of eggs to reach the in
fective s t age  and the  ability of  the larvae to survive thereafter . I f  
larval survival und er  f i e ld cond i ti ons  i s  being s tudie� b y  the dep osit
ion of eggs on past ure , th e weather in th e first  few  days of  deve l op
m ent may have a disproporti onate e f f e c t  on the larval survival . 
Therefore , to  det ermine  the fact ors aff e c t ing th e survival of the i n
fectiv e  larvae und er f i eld  c ond iti ons , known numb ers of  inf e c tive larvae 

nee d  t o  be d ep os ited  on the past ure plot s .  In this way a quant itat ive  
e s timati on of the  larval survival can be  obtained . Stud ies  of thi s  

kind were c ommenc ed  but t ime did not p ermit their c ompletion . In such 
an exp e riment it woul d again seem advisible to  c ompare larval survival 

in wat er in an att empt to distinguish th e r ole  of desiccation,  

Under na tural c ond it ions larval ecology is further c o mpli c at e d  
by  the migration o f  larvae ont o herbage into ar eas wh e r e  th e micro
c l imate fluctuat e s  more rap idly than i t  doe s at soil  level . Numbe r s  of  
fact ors  ( e . g . negative geotropism , photo tropism ) affecting ver t ical 

m igrat ion have b e e n  d e scribe d , but  much of  the evidence of the ir im

portanc e is  c ircumstant ial .. There is very little quanti ta.t.i·ve  work 
under contr olled cond it ions other than that of Cro fton ( 1 9 54b ) . 
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Water  is  very n e c e s sary for vertical migrati on as it  pr ovides  
moisture films for  movement s of  th e inf e c tive larvae . The observed  

ass oc iation between precipitation and the  �pearance  of  th e larvae on the 
grass is , ther e f or e , not surpr ising . The exponent ial relati onship be 
tween numbers of  larvae surviving and larval p opulations on h erbag e  

supp ort s  the the o ry that the r andom movements o f  th e larvae are larg e ly 
resp onsible for the ir app earance  on the h erbage . It  als o  ind icates  

that larvae follow a one  way traffic upwards ont o the grass  blad e s  pre
sumably  be caus e the  c ontinuity of  water films on  herbage is  t emporar y . 

Henc e larvae are le ft  on th e grass blad e s  wh en th e wate r  film b e c om e s  
d is continuous d u e  t o  d e s ic cation and evapor ation . Wi th the sophisti

cat e d  equipment now  available  f or climate  c ontrol on  a laborat ory s c al e  
i t  sh o�ld  be  possible  t o  examine the fac tor s  aff e cting larval migrati o n  
more c ritic ally . 

The epidemiol ogy of strongylat e n emat ode  inf e c t i ons doe s not  
d�� end only on th e ec ology of the  larval s tage s on pastur e .  The host  
p lays an  important par t in c ontr olling worm populati ons parti cularly 
through its  abi lity  to  ac quire resistance  to  inf ection.  

I n  the  pr e s ent experim ents sh eep giv en m ore  than 50 1 000 inf e c t 
ive larvae o f  Coope ria c ur ti c e i  showed s igns of development of resis
tanc e .  But  how the  larval do� e� � given r e lat e t o  the  si z e  o f  infe�t i on 
a c quir e d  und er field cond itions is not c l ear . Al though c.curt i c e i  has 

a short ge nerati o n  time and can the oretically comple t e  9- 1 1  generations 

in a year, the f emale worm has a c omparat ively l ow fecundity . This 

means that the build-up of larval inf e c ti on i s  c omparatively slow 

throughout the year and peak numbers of ' .larvae are avai labl e on  pasture 

in  autumn , ( Tetley 1 1 949 ; Brunsdon , 1 963b ) .  Pre s ent exp eriments c l e ar

ly  show  that infe c tive larvae are available all th e year r ound . How e v er 

field observations ( Te t l ey , 1 94 9 )  sugge st  that the worm p opulation i n  

the sheep reach e s  a maximum i n  t h e  s e c ond year of life , a f t e r  th e 

o c currence  of peak numbers of larvae on pastur e . This suggests  that 

Cooperia curtic ei is a comparat ively poor stimulat or of an immune 

r e sponse and long exposures to inf e ction with c omparative ly large 

numbers  of larvae are re quire d  to e stablish a high level of re sist an ce .  

Thi s  is  c ompensat e d  f or by the extraor d inarily l ow path ogenicity of 

Qo operia c urt icei  for she ep • 
. ; 
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I f  thi s  may b e  taken to  ind icate a well balan c ed host-parasit e 

relati onship , the que st ion still arises  as to why comparat ive ly l arge  
numbers of Cooperia c ur ti cei  are found in New Zealand she ep .  The New 
Zealand sh e ep fl o c k  is mainly of one bre e d  i . e .  Romney ,  and it  migh t , 
therefor e , be  suspe c t e d  that this is a bre ed characteristic . Howeve r , 
with the varia t ion o f  genotype occur ring within the breed , this  s e ems 
rather unlike ly.  More probably the explanat ion li e s  in the adapt ati on 
of Cooperia c ur t ic e i  t o  l o cal climati c  c onditi ons . 
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VI II  2 GENERAL SU��ARY AND CONCLUS IONS 

1 .  Studi e s  on the dev el opment and survival of the fre e  living s tage s  

o f  Cooperia curticei  were  carried  out both und er contr olled 
temperatures  and und er natural conditi ons . 

2 .  Hatching did not oc cur b el ow 1 0°C ( 50°F ) . Throughout the 

temperature  range of  1 0  to 37 °C each larval stage oc cupied th e 
same proportion of the t otal d evel opment time taken t o  reach th e 

third stage . The relati onship be tween the rate of d eve lopment in 
l og days and temperature was found t o  be linear . For each d e gree 

c entigrade change of temperature , th e rate of d evel opment (> 90%) 
of the inf e c tive larvae was altered  by 0 . 033 l og uni ts  of  time . 

3 .  Und er na tural c onditi ons the rat e of d evelopment t o  the inf e cti� 
stage was most s trongly c orrelated with mean maximum air t em

perature over the period of d ev e l opment . Inf ective  larvae di d 
not develop in winter when the mean air temperature was b e l ow 

50°F ( 1 0°C )  and mean maximum air t emperature was be tween 53°F 
( 1 1 , 7°C )  and 56°F ( 1 3 . 3 °C ) .  Devel opment oc curred thr oughout 
the rest  of  th e year . Th e relati onship of th e development t ime 
in l og days and the mean maximum air temperature was linear . 
Th e slope of  the regres sion line showed that for each degr e e  
cent igrade change i n  mean maximum air temperature the rate o f  
d evel opment was changed by 0 . 049 l o g  uni ts o f  time . 

This re lati onship of deve l opment to  mean maximum air temperatur e  
was n o t  significantly different to that obs erved und er control�d 
t emperature cond it i ons . 

4 .  The perc entage o f  eggs whi ch completed  d evel opment t o  th e in

f e c t ive larvae varied  wi th �emperat ure . In ' normal 1 cultures at 
0 c ons tant temperature s of 1 0 ,  27 and 37 C ,  the mean perc entage 

r e c overy of the inf e c tive larvae was 44 . 22 ,  92 . 1 6 and 7 . 1 4% 
respectively.  In cultures  of intac t  fae cal p e ll e t s  the mean 

perc entage rec overy of  the infe c t ive larvae was 3 5 . 24% . Unde r  
natural cond it ions , the percentage o f  eggs developing to  in
f e c t iv e  larvae ranged fr om 0 . 23 to 36 . 2% and was influence d  by 
weather cond iti ons , particularl y rainfall . 
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5 . Submergence of eggs and firs t  and s e c ond stage larvae in 
water inhibi t ed their further d evelopment . Survival was 

be tter at lower than at higher t emperatur e s . Thus eggs stored  
0 in wat er survived for up t o  6 5  days at 5 C and up t o  2 5  days 

at 27°C .  Eggs in faecal pellets  survived up t o  50 days at S °C .  
I n  th e t emperature range 5°C t o  4 5°C first stage larvae survived 

longest  at 5 t o  1 0°C ( 2 1 - 23 days ) and s e c ond s tage larvae sur
vived l onge st  at  8 to 1 5°C ( 2 1  - 35 days ) . 

6 .  The survival of th e inf e c tive larvae was examined at t emperatu� 
ranging from - 6°C to 52°C .  Th e maximum survival of 3 1 2  days was 

ob tained at 1 0°C .  

7 . T e chniques are described for th e r e c overy of Cooperia cur t i c ei 
larvae from s ample uni t s  of pastur e , s oil and fae c al pelle t s  
and an overall r e c ov ery r at e  o f  68 . 2 5% was obt ained from all 
samples . 

8 .  Und er natural c onditi ons the survival of  infec tive larvae on h er
bage , in soil and faecal pell ets  was influenced by me t e or ologi

c al effec t s . Maximum survival times were found to be predomin
ant ly influenc ed by temperatur e and the c orre la tion of maximum 

survival and mean maximum air t emperatures f or the survival 
period was h ighly s igni ficant . The maximum periods of survival 

ranged from 9 t o  26 we eks throughout the year . Inf e c tive larvae 
survived through the wint er . 

9 . The maximum number of inf e c tive larvae surviving on h erbage , 
soil and fae cal pe lle t s  was observed for 1 t o  4 weeks after 
development and subs e quent r e c over ies showed a regular d e c line . 

1 0 . Th ere was a highly s igni ficant correlation b e tween the perc en
tage of larvae surviving and the perc entage r e c overed from th e 

h erbage . Th e p erc entage migrat ing onto the herbage increased 
as the perc entage s urvival increased . 

1 1 .  Th e migration of larvae ont o the herbage was found t o  be  
primar ily aff e c t ed by rainfall and evaporati on . 



1 2 .  Studies on exsheathment of the inf e c t ive larvae of Coo�eri a 

curtic ei were carried  out b oth in vitro and in �o In 

!11££ the maximum exsheathment of up to  97% was obs erved 
between pH 7 . 0  and 8 . 0 in normal saline s olut ion and sodium 

carbonate-bi-carb onate-buffers saturated with gase ous carbon  
dioxid e .  A negligible proport ion of  larvae exsh eathed in 

acid media ( pH 2 . 0  t o  5 . 8 )  saturat ed with co2 • In Tivo 97% 
of the infective larvae exsh eathed in the rumen in 3-4 hours 

when  the pH of the rum en fluid was 7 . 2 .  
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1 3 . Th e pr ocess  of exsheathment of the larvae of Coope ria cur tb e i  
was similar t o  that of H . c ontortus . 

1 4 . The e ff e c t  of Cooperia curti cei  infec tion in she ep was inv e s ti
gat ed using animal s of  different ages , on  different diets  and 
with various s i�es of inf e c ti on . The pr epat ent pe riod of 
infec ti on was 1 4- 1 6  days in all age groups . Peak egg c ount s  
were r e c orded 5 - 7 d ays af ter inf e c ti ons be came patent . Th e r e 
a f t e r  e g g  counts gradually d e cline d i n  l o w  ( 1 0 , 000)  dose  groups 

but in high dose  gr oups ( 50 , 000 to 1 50 , 000 ) th e d e c line was 
more abrupt . 

1 5 . Daily e gg outputs per femal e worm were es tima t ed and f ound t o  

range up t o  1 , 9 58 eggs per day . 

1 6 .  No clini c al sign of inf e c t ion was r e c orded i n  sh e ep when given 

1 0 , 000 to  1 50 , 000 infec tive larvae re gard l e ss of host  age , or 
number of worms r e c overed . Ne ither repeated d os e s  of larvae 
nor a low plane of nutrition influenc e d  th e clini c al pictur e . 
B ody  weight , wool gr owth and bl ood analysis showed ho signifi

c ant changes and no gross le sions or significant histopath o
l ogical changes were observe d .  

1 7 4 Adul t  wo rms were pres ent in all par t s  of th e s mall int e s tine  
but  the  maj ority wer e r e c over ed from 5 - 1 0  feet  from the 
pylorus . A predominanc e o f  female worms w as  obs erved at all 
levels of  th e small int e s tine . 
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1 8 .  Maximum perc entage r e c overy of the Cooperia curticei  was 

observed in l ow dose  groups ( 1 0 , 000) . Experimental animals 
wi th higher doses  of larvae ( 50 , 000 to 1 50 , 000)  be sides  l ow e r  

rat e s  o f  r e c overy als o  showed inhibi t e d  and retarded  growth of 
the worms . 

1 9 . Five ant igens were prepar ed from f irst stage , s e c ond stage , 
ensheath ed  third s tage , exsheathed third stage larvae and ex
sh e athing flui d .  Gel diffusion reactions were  obs erved be tween  
antigens and s erum or  int es tinal mucus samples from  inf e c t ed 

sheep . The re act ions were  p ositive fr om sh e ep 6 - 7 months old  
but serum and mucus sampl e s  from experimental animals 2 - 3 

months old showed completely negat ive results . In spite of the 
lack of prec ipitating ant ibodi e s  in th e s e  sh eep , those  given 
50 , 000 to 1 00 , 000 i nfec tive larvae showed retarded  growth of 
adult worms . 

20 . The r e sults of experiment s on th e biology of th e fr e e  living 
stages o f  C . curtic e i  are di scus s ed . I t  is stressed that more 

quanti tat ive inf orma tion i s  ne ed ed for further und erstanding of 
the e c ol ogy of  nemat ode  larvae . It  is  also ver y  d e s irable  that 
results of such stud ies  be expressed  in math ematical terms t o  
all ow ob j e c tive c omparison of data from differ ent s our c e s , and 

extrap olation from laboratory obs ervati ons to field  c onditi o ns . 
The r e sult s are discussed in relat ion t o  the epi d emi ol ogy o f  
inf e c tion of Cooperia �:r�t.i_c ei . It  is c onclud ed that  the 
parasite  is available  to th e grazing s h e ep throughout the ye ar 
und er local environmental  condit ions . 

2 1 . Th e observat ion that exsheathme nt of the infec tive larvae oc curs 

in the rumen sugge s t s  that in its �olut ionary his t ory  Cooperia 
cur t i c ei was i nit ially ad<a.pted to  the abomasum and later be c am e  

s e c ondarily ad apt ed  to the  small int es tine . 

22 . Th e low path ogeni c i t y  of Cooperia cur t ic e i  sugg e s t s  that this 

nematode spe c i e s  is very well adapt ed  to  she ep . The large numbers 

of C . cur t i c e i  which are f ound i n  N e w  Zealand she ep c ould be a 

charac t eristic  of the Romney bre e d . However , it  s e ems more 
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likely t o  be  due t o  the suitab ility of  the climate for C ooperia 
c urticei  or , m or e  c orre c tly , the  adaptation of this nema t o d e  

spe cies  t o  local c limat ic  c onditi ons . 
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X 

Temperature 
oc 

1 0  

1 5  

20 

27 

32 

3 7 

App endix 1 

Time ( days ) of 

development of  
inf e c tive larvae ( T90 ) 

40 

23 

1 3  

8 

6 

5 

b = - . 0  33 

Equation of the regr ession i s  

Y = 1 . 78 5 - . 033X 

The s lope ind icates  that the l og rat e 

y 
Log t ime 

1 . 602 1  

1 -36 1 7  

1 . 1 390 

0 . 903 1 

0 . 7782 

0 . 69 90 

o f  deve l opment of inf e c tive  larvae ( T90 ) 
p er d egre e  c entigrade is 0 . 033 log unit s o f  

t ime . 



S ourc e of 
variat ion 

Development 
b e twe e n  
temperatures  

Errors 
( wi thin stag e s  
of  d evel opment ) 
L1 , L2 , L3 

To tal 

Appendix 2 

Analysis of varianc e on the rate of 
development of the larval stage s  
* ( T90 ) of  Cooperia curticei  at 

different temperatures . 

Degree of 
fre e d om 

5 

Sum 
Squar e s  

0 . 026 

He an 
S quares 

0 . 00 5  

1 2  50 . 8 7  

1 7  6 1 1 . 500 

* After arc s in transformation 

n . s .  Not signi ficant 

F 

O o 0009 n . s . 



S ourc e of  
var iation 

B etween groups 

Replications 
( Err ors ) 

Total 

App endix 3 

Analysis  of  var ianc e on per c entage 
* r e c overy data in Table 1 4  

( one gram o f  h erbage ) 

Degre e of  
fre e d om 

3 

1 9  

Sums of 
Square s  

2 1 . 09 

97 . 62 

Arc sin transformati on 

n . s . not signi fi c ant 

Mean 
S quar e s  

6 . 1 0 

F 

1 . 1 5  n . s .  



App endix 4 

Analysi s  of varian c e  on perc entage 
* r e c overy data i n  Table  5 

Sour c e  of 
var ia t i on 

B e tween  groups 

Replic ati ons 
( Errors ) 

Total 

( 5 gram of h erbage ) 

D egree  of 
fre e d om 

3 

1 6  

1 9  

Sums of 
Squar e s  

1 5 . 94 

Arcs in trans forma tion 

n . s . not signifi c ant 

Mean 
Square s  

2 . 22 

F 

2 . 3 9  n . s .  



S ourc e of 
variati on 

B e tween groups 

Replicati ons 
( Errors ) 

Total 

Appendix 5 

Analysis  o f  varianc e on perc entage 
* r e c overy data in Table 1 6  

( soil surfac e )  

D egre e of  
fre e d om 

3 

1 9  

Sums of  
Square s  

1 64 . 40 

2 1 3 . 80 

* Arc s in trans forma t i on 

n. s.  not s i gnificant 

Mean 
Square s  

1 6 . 46 

1 0 . 2 7  

F 

1 .. 60 n .. s .  



Sour c e  of 
variation 

Between  groups 

Replicati ons 
( Errors ) 

Total 

Appendix 6 

Analysis of variance on perc entage 
* r e c overy data in Table  1 7  

( faecal pellets ) 

Degre e of 
free d om 

3 

1 6  

1 9  

Sums of 
S quares  

4 . 48 

1 20 ., 1 8  

1 24 .. 66 

Arc sin transf ormation 

n . s .  not significant 

Mean 
S quar e s  

1 . 49 

F 

0 . 1 9  n .. s .. 



Appendix 7 

Analysis of  var iance  f or four treatment gr oups 
( h erbage one gram, and 5 gram , faecal pellets , and soil ) 

on * perc e ntage r e c overy data given in 
in Tabl e s  1 4 ,  1 5 , 1 6  and 1 7  

S our c e  of Degr e e  of 
variation fre e d om 

B e tween Treatment 3 
gr oups 

Replications 
( Errors ) 

Total 

1 2  

1 5  

Sums of 
S quare s  

708 . 21 

Arc s in transf ormation 

* *  Signific ant 

He an 
S quare s  

1 28 6  .. 2 7  

F 



App endix 8 

Analysis of varianc e b e tw e en thr e e  treatment groups 
( h erbage 5 gm , faecal pelle ts  and s oi l ) on *percent
age rec overy data given in Tables  1 5 , 1 6  and 1 7 .  

S our c e  of  Degree of  
variati on fre ed om 

Sums of  
Square s  

Mean 
Square s  F 

Be tween treatment 2 92 � 77 1 . 2 1  n . s .  
groups 

Repli cat ions 
(Errors ) 

Total 

9 76 . 61 

1 1  

* Arc s in transf ormati on 

n . s .  not significant 



Period of 
Development 

( Days ) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Appendix 9 

Daily m e t e or ol ogical data f or the period up t o  
maximum development o f  infective larvae of 

Cooperia cur tic e i  for the m onth of March , 1 968 . 

Dat e  

6 . 3 . 68 

7 . 3 . 68 

8 . 3 . 68 

9 . 3 . 68 

1 0 . 3 . 68 

1 1 . 3 . 68 

1 2 . 3 .  68 

1 3 . 3 . 68 

1 4 . 3 .  68 

Heans : -

Air t emperature 
t<Iinimum Maximum OF OF 

57 · 0  8 0 . 6  

60 . 6  8 1 o 2  

67 . 2  78 . 9  

6 6 . 5  7 9 . 9  

6 5 . 4 73 . 3  

64 . 5  76 . 8  

60 . 5  7 1 . 3  

58 . 2  74 . 1  

58 . 2  73 . 3  

62 . 0  76 . 6  

Minimum Relative Total 
t e mp . on humidity rainfall 

grass OF 
% inches 

49 . 9  71  

54 . 7  6 1  0 . 01 

64 . 2  So o.  1 3  

62 . 0  82  0 . 1 1  

6 5 . 3 9 1  

63 . 0  76 0 . 08 

57 . 8  84 0 . 23 

52 - 5 80  0 . 09 

54 . 2  79 

To tal 

58 . 2  78 0 . 6 5 

( 1 6 . 7°C) ( 24 . 7°C ) ( 1 4 . 5°C )  

Total 
evap oration 

inch e s  

0 . 0 5 1  

0 . 2 1 1 

0 . 0 6 0  

0 . 1 49 

0 . 08 5 

0 . 08 5 

0 . 04 9  

0 . 1 72 

Tot al 

0 . 86 



App endix 1 0  

Dai l y  m e t e or ol ogic al dat a  f or the period up t o  
maximum devel opment o f  infe c t ive larvae of 

Coope ria curticei  for the month of April t 1 968 . 

Air t emperature Minimum Re lative Total Total 
Period of  
DeveJ.oprrent Date 

Minimum Maximum temp . on humidity rainfall evap oration °F °F grass % inches  inches oF ( Days ) 

1 
2 

3 
4 
5 
6 

7 
8 

9 
1 0  
1 1  

1 2  
1 3  
1 4  
1 5  
1 6  

1 7  
1 8  

1 9  
20  

2 1  

7 . 4 . 68 
8 . 4 . 68 

9 . 4 . 68 
1 0 . 4 . 68 

1 1 . 4 . 68 
1 2 . 4 . 68 
1 3 . 4 . 68 
1 4 . 4 . 68 
1 5  .. 4 . 68 

1 6 . 4 . 68 
1 (  .. 4 . 68 

1 8 . 4  .. 68  
1 9  .. 4 .. 68  
20 . 4  .. 68 
21 . 4 . 68 
22 . 4 . 68 
23 . 4 . 68 
24 . 4  .. 68  

2 5 . 4  .. 68  
26 . 4 . 68 

27 . 4 . 68 

Means : 

62 . 0  
54 . 5  

54 . 0  
53 - 6  
4 5 . 8  
48 . 1  
51 . 3  
48 . 5  
40 . 6  
52 . 2  
42 . 8  

47 � 8  
4 5 · 5 
4 5  .. 0 
50 . 3  
5 1  .. 0 
49  .. 8 
54 . o  

48 . 8  
48 .. 3 

4 5 - 3  

77 . 6  
7 5  .. 9 

76 . 0  
54 . 7  

58 . 2  
62 . 5  

63 . 2  
56 · 5  
62 . 8  
6 0 . 6 
6 1 . 3  

60 . 9  
60 . 7  

58 . 5  
63 .. 0 
6 5 . 1  
6 9 . 1  
62 . 7  
59.4  
60 . 2  

58 .. 4 

59 . 4  

49 . 7  

4 9 . 5 
52 . 9  

4 5 . 2  
4 5 . 2  
4 5 . 4  
41 . 2  
40 . 0  

46 . 0  
3 5 . 4  

43 . 6  
37 . 9  
40 . 3  
47 . 5  
43 . 6  
41 . 2  
50 . 2  
44 .. 0 

70 
6 9  
68 
8 1  

93 
8 6  

7 8  

94 
8 8  

66 
72 

8 5  
8 5  

8o  
87  

83 
97 
78 

80 
8 9  
84  

49 . 5  63 . 2  4 5 . 0  82  

( 9 . 7°C) ( 1 7 . 3° C ) ( 7 . 2 °C )  

0 . 97 
0 . 98 

0 . 01 

0 . 02 
0 . 32  
o . 8 o  

0 . 1 1  

o . o6 

0 . 01 
0 . 5 5  
0 . 02 

0 . 23 
0 . 0 1  

Total 

4 . 09 

0 . 0 94 
0 . 0 8 5 

0 . 1 09 
0 . 08 2  

0 . 0 6 5  
0 .. 1 01 
0 .. 042 
0 . 00 1  

0 . 1 42 
0 . 07 5  

0 . 092 
0 . 03 5 

o .. o46 
0 . 038  

0 .. 0 7 5  
0 . 03 2  
0 . 1 1 0  
o . oo4 
0 . 1 00 

0 . 0 55 
Total 



Period of 
Development 

( Days ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20  
21  
22  
23 
24 . 
2 5  
26 
27 
28 

Appendix 1 1  

Daily m e t e orological data for the p eriod up to  
maximum deve lopment of inf ec tive larvae of 

Coo12er�c:, curticei  for th e month of May ,  1 968 . 

Date 

3 · 5 · 68 
4 . s . 68 

5'" 5 . 68 
6 .  5 ·  68 
7 . 5 . 68 
8 . 5 . 68 
9 . 5 . 68 

1 0 . 5� 68 
1 1 . 5 . 68 
1 2 . 5 . 68 
1 3 . 5 . 68 
1 4 . 5 . 68 
1 5 · 5 · 68 
1 6 . 5 . 68 
1 7 . 5 . 68 
1 8 . 5 . 68 
1 9 � 5 , 68 
20 0 5 - 68 
2 1 o 5 • 68 

· 22 .. 5 . 68 
23 . 5 - 68 
z4 . 5 . 68 
2 5 - 5 . 68 
z6 . 5 . 68 
27 . 5 . 68 
28 . 5 . 68 
29 . 5 . 68 
30 .. 5 . 68 

Mean : -

Air t emperature Minimum Relative 
Minimum Maximum 

OF OF 
temp . on humidity 

grass oF 

57 . 3  64 . 7  57 . 0  
57 . o  6 6 . 3  5 5 · 6  
53 . 0  6 2 . 5  6o . o  

. 53 . 1  6 6 . 2  51 . 0  
48 . 1  5 5 - 9  59 . 4  
47 . 3  56 . 3  4 9 . 7  
48 . 8  56 . 2  4 9 . 5  
40 . 4  56 . 2  52 . 9  
40 . 2  58 . 8  4 5 . 2  
36 . 3  59 . 6  45 . 2  
37 . 4  60 . 2  4 5 . 4  
40 . 0  63 . 9  4 1 . 2  
42 . 8  6 1 . 5  4o . o  
43 . 0  62 . 4  46 . 0  
46 . 9  6 5 . 6  3 5 . 4  
50 . 4  60 . 6  43 .. 6 
50 , 3  6 4 . 1 37  .• 9 
53 - 5  6 1 . 7  4 0 . 3  
46 . 3  54 . 1  47 . 5  
47. 0  57 . 6  43 . 6  
34 . 6  5 5 · 6  41 . 2  
34 . 7  59 . 6  50 . 2  
33 . 8  60 . 2  44 . 0  
3 9 . 3  60 . 7  4 5 . 6  
44 . 7  6 1 . 5  40 . 6  
50 . 0  60 . 4  38 . 2  
52 . 6  6 0 . 7  37 . 1  
48 . 8  59 . 2  52 . 8  

4 5 . 6  6 5 . 1  46 . 3  
C 7 . 5°C ) ( 1 8. 3° C ) ( 8 . 0° C )  

% 

79  
78  
75  
73 
70 
6 9  
68 
8 1  
93 
8 6  
78 
94 
88  
66  
72 
8 5  
8 5  
8 0  
8 7  
83 
97 
78 
80 
8 9  
84  
88  
91  
94 

82  

Total 
rainfall 

inches 

0 . 97 
0 . 98 
0 . 01  

0 . 02 
0 . 32 
o . 8o 

0 . 1 1  

0 � 0 6  

0 .. 0 1  
0 . 5 5 
0 . 02 
0 . 23 
0 . 01 

0 . 08 
0 . 3 1  

Total 
4 . 66 

T otal 
evap orati on 

inches 

0 . 1 53 
0 . 1 26 
0 . 1 22 
0 . 1 03 
0 . 094 
0 . 08 5  
0 . 1 09 
0 . 082 
0 . 06 5  
0 . 1 01 
0 .. 1 42 
0 . 00 1  
o . o8 o  
0 . 1 42 
0 . 1 7 5  
0 . 1 92 
0 . 03 5  
o . o46 
0 . 038  
0 . 07 5 
0 . 032  
0 .. 1 1 0 
o . oo4 
0 . 1 00 
0 . 0 5 5  
o . o46 
0 . 00 9  

Total 

1 . 1 4 



Period of  
J:::evelc:pmen t 

( Days ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6 
1 7  
1 8 
1 9  
20  
2 1 
2 2  
23 
24 
2 5  
2 6  
2 7  
2 8  
2 9  
30 

Appe nd ix 1 2  

Dai ly m e t e or ologi cal data f or th e period up t o  
maximum d evelopment of larval s tage s  o f  

Cooperia cur ticei  f or the m onth o f  June , 1 968 . 

Dat e  

1 . 6 . 68 
;: . 6 . 68 
3 . 6 . 68 
4 e 6 . 68 
5 . 6 . 68 
6 . 6 . 68 
? . 6 . 68 
8 . 6 . 68 
9 .; 6 . 68 

1 0 . 6 . 68 
1 1 . 6 . 68 
1 2 . 6 . 68 
1 3 . 6 . 68 
1 4 . 6 . 68 
1 5 . 6 .  68 
1 6 . 6 . 68 
1 7 . 6 . 68 
1 8 . 6 . 68 
1 9 . 6 . 68 
2 0 . 6 . 68 
2 1 . 6 . 68 
22 . 6 . 68 
23 . 6 . 68 
2 4 . 6 . 68 
2 5 . 6 .  68 
2 6 . 6 . 68 
2 7 . 6 . 68 
2 6 . 6 . 68 
2 9 . 6 . 68 
30 . 6 . 68 

Mean 

Air t emperature 
Minimum Maximum 

OF OF 

4o . 4  57 . 2  
4 9 . 2  59 . 1  
44 . 0  57 . 2  
48 . 6  57 · 7  
44 . 2  5 5 . 8  
38 . 2  )6 .  5 
43 . 2  58 . 2  
48 . 9  5 5 · 6  
43 . 8  51 . 2  
38 . 8  so .  5 
2 9 . 8  50 . 6  
32 . 4  52 . 8  
33 . 5  44 . 0  
47 . 8  56 . 3  
51 . 9  58 . 7  
42 . 2  57 . 6  
42 . 8  59 . 7  
46 . 0  53 - 3  
1+4 . 0  53 . 8  
43 . 1  51+ . 1 
45 . 3  57 . 6  
52 . 0  56 · 3  
48 . 9  51  . 4  
4 5 . 7  53 . 4  
46 . 3  58 . 8  
1�2 . 9 5 5 . 1 
3 9 , 0  so . 6  
41 . 0  6 5 . 2  
44 .; 1  55 . 6  
42 . 6  5 1  . 1  

43 . 2  56 . 2  

Minimum Relative Total 
temp . on humidity rainfall 

grass % inches oF 

3 1 . 6  94 0 . 23 
44 . 7  94 0 . 22 
38 . 2  91  0 . 28 
48 . 0  84 0 . 02 
3 9 . 0  95  0 . 02 
3 1 . 0  96 0 . 62 
L� 1 • 8 92 0 . 32 
46 . 8  96 0 . 78 
3 8 . 0  73 
24 . 7  96 
2 1 . 2  87  
28 . 2  8 1  
2 8 . 8  79  0 . 03 
46 . 1  77 
47 . 8  78 0 . 1 8  
40 . 4  96 0 . 02 
3 6 . 1  93 0 . 01 
41 . 2  8 8  
37 . 6  92 
37 . 0  87  
43 . 2  80 0 . 22 
4 9 . 9 80 0 . 1 3  
� 8 . 2  96 0 . 38 
40 . 8  95  0 . 37 
43 . 3  8 6  o . o4 
34 . 6  86  0 . 30 
37 . 2  87  0 . 28 
37 . 1  82  
3 5 · 7  55 0 . 78 
4 1 . 2  87  0 . 79 

To tal 

38 . 6  8 7  6 . 02 

T o t al 
evap o rat ion 

inches  

0 . 0 52 

0 . 03 5  
0 . 06 5  

0 .. 0 1 8  
0 . 042  
0 . 03 6  
o . o 56 
o . o48 
0 . 03 3  
o . o48 
0 . 01 7 
0 . 0 4 6  
0 . 02 6  

0 . 00 1  
0 . 033 
0 . 0 51 
0 .. 0 2 5 
o . o 58 
0 . 0 1 2 

0 . 0 1 1 
0 . 03 7  
0 . 01 4 
0 . 04 5  
o . o48 
0 . 0 1 8  
0 . 0 2 2  
Tot a l  

0 . 8 98 



P er i od of  
Developnent 

(Days ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
2 3  
24  
2 5  
26  
2 7  
28  
29  
30  
3 1  

Appendix 1 3  

Daily meteorologi cal data for the p eriod up t o  
maximum d evel opment of larval stages of  

Cooperia cur t i c e i  for the month of  Jul y , 1 968 . 

Date 

1 . 7 . 68 
2 . 7 . 68 
3 . 7 . 68 
4 . 7 . 68 
5 . 7 . 68 
6 . 7 . 68 
7 - 7 . 68 
8 . 7 . 68 
9 . 7 . 68 

1 0 . 7 . 68 
1 1  .. 7 . 68 
1 2 . 7 . 68 
1 3 . 7 . 68 
1 4 . 7 . 68 
1 5 . 7 . 68 
1 6 . 7 . 68 
1 7 . 7 . 68 
1 8 . 7 . 68 
1 9 . 7 . 68 
20 . ?. 68 
2 1 . 7  .. 68  
22 . 7 . 68 
23 . 7 . 68 
2 4 . ? . 68 
2 5 . 7 . 68 
2 4 . 7 . 68 
27 . 7 . 68 
28 . 7 . 68 
29 . 7 . 68 
30 . 7 . 68 
3 1 . 7 . 68 

Heans : 

Air t emperature 
J:.1inimum Maximum oF OF 

42 . 8  51 .. 8 
3 5 . 0  49 . 0  
36 . 1  49 . 0  
3 1 . 0  4 9  .. 2 
33 . 0  49 . 6  
34 . 3  5 1  . 3  
42 . 0  54 . 0  
50 . 6  56 . 3  
5 1  .. 8 5 5 · 2  
48 . 5  54 . 9  
4 5 . 1  52 .. 2 
38 . 1  43 . 1  
33 - 5  53 · 4  
33 . 6  53 . 6  
30 . 6  54 . 0  
33 - 7  52 - 3 
38 . 0  48 . 3  
32 . 3  49 . 2  
3 1 . 3  5 1  . 8  
3 5 - 0  57 - 0  
3 5 · 3  5 5 · 0  
40 . 3  5 9 o 2  
49 . 4  59 - 9  
44 . 4  54 . 3  
48 . o  49 . 8  
30 . 8  4 9 . 8  
3 1 · 5  54 . 0  
36 . 2  6 1 . 1  
41 . 9  55 . 4  
4 5 . 0  5 5 · 4  
50 . 5  57 . 0  

39 . 0  53 - 1  

Minimum Relat ive Total 
t emp . on humidi t y  rainfall 

gras s  oF 
% inches 

41 . 5  78 0 . 52 
29 . 4  96  o . o6 
3 1 . 2  9 5  
23 .. 5 8 5  
28 . 1  90 trace 
27 . 9  8 1  trace 
38 .. 9 76 
46 . 4  79  o . o4 
46 . 8  79  0 . 1 1  
48 . 6  98 tra c e  
4o . o  6 9  0 . 1 2  
3 1 . 9  96 0 . 23 
28 . 3  94 
2 5 . 3  8 1  
2 5 . 0  92 0 . 1 2  
34 . 0  98 0 . 1 3  
30 . 4  8 9  trace 
27 . 6  93 
2 5 . 3  98 
32 . 0  96 
2 9 . 1 9 1  0 . 01 
3 9 - 5 90 0 . 2 1  
46 . 1  84 0 . 23 
38 . 4  91 0 . 46 
4 5 . 3  92 0 . 3 9  
3 4 . 6  94 
2 5 . 2  8 4  
3 1 . 8  80  
32 . 5 72 0 . 1 1  
44 . 2  87  0 . 22 
46 .. 9 8 0  0 . 06 

Total 

34 . 3  8 7  2 .  93 

T ot al 
evap ora t i on 

inch e s  

0 . 01 5 
0 . 040 
0 . 02 3  
0 . 043 
0 . 02 2  
0 . 03 4  
0 . 003 
0 . 0 1 6  

0 . 030 
0 . 04 1  
0 . 03 9  
0 . 023 
0 . 03 9  
0 . 0 08 
0 . 0 1 5 
0 . 0 1 4 
0 . 027  
0 . 01 5 
0 . 0 73 

"" 

o . oo6 
0 . 03 9  
0 . 03 6  
o . o8 6  
0 . 03 2  

0 . 032 

T o t al 
0 . 77 9  



Period of 

Appendix 1 4  

Daily mete orological data f or the period up t o  
maximum d evel opment o f  larval stage o f  

C o operia c urtic e i  for th e month o f  August t  1 968 . 

Air temperature Minimum Relative Total T ot al 
Deve J.opnent Date 

( Days ) 
Minimum Maximum t emp . on humidity rainfall evap oration oF o,., % . h . h � grass �ne es �ne es oF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23 
24 
2 5  
26  
2 7  
2 8  
2 9  
3 0  
3 1  

1 . 8 . 68 
2 . 8 . 68 
3 . 8 . 68 
'.t . 8 . 68 
5 .. 8 . 68 
6 . 8 . 68 
7 . 8 . 68 
8 . 8 . 68 
� . 8 . 68 

1 0 o 8 ., 68 
1 1 . 8 .. 68 
1 2 . 8 . 68 
1 3 . 8 . 68 
1 4 . 8 . 68 
1 5 . 8 . 68 
1 6 . 8 . 68 
1 7  .. 8 . 68 
1 8 . 8 . 68 
1 9 . 8 . 68 
20 . 8 . 68 
2 1 . 8 . 68 
22 . 8 . 68 
23 . 8 . 68 
24 . 8 . 68 
2 5 . 8 .  68 
26 . 8 . 68 
27 . 8 . 68 
28 . 8 . 68 
2 9 . 8 . 68 
30 . 8 . 68 
3 1 . 8 . 68 

46 .. 2 
4 1 . 6  
41 . 8  
4 5 . 8  
48 . 9  
38 . 6  
37 - 9  
36 . 5  
41 . 8  
37 . 4  
38 . 8  
36 . 1  
4 1 . 6  
44 . 5  
40 . 0  
40 . 3  
46 . 7  
44 . 6  
43 . 4  
3 4 . 5 
3 1 . 6  
41 . 3  
43 . 8  
48 . 8  
44 . 2  
41 . 2  
38 . 5  
37 . 1  
42 . 2  
4 5 . 1 
43 . 0  

Neans : - 4 1 . 4  

54 . 3  
5 5 - 1 
55 . 4  
56 . 7  
5 5 . 0  
54 . 6  
56 . 7  
57 ..8 
57 . 2  
58 . 4  
6 1 . 9  
64 . 7  
50 . 7  
53 . 6  
53 . 8  
56 . 2  
52 . 2  
52 . 6  
51  . 4  
52 . 6  
52 . 3  
56 . 3  
58 . o  
56 . 2  
5 5 - 3  
6 0 . 5 
5 9 . 7  
6 5. 0  
60 � 3  
51 . 9  
52 . 6  

43 . 1  
3 6 . 8  
4 5 . 6  
3 7 . 9  
47 . 8  
30 . 3  
3 0 . 4  
2 9 . 4  
38 . 7  
30 . 1  
30 . 8  
2 9 . 0  
3 5 . 2  
37 . 8  
32 . 2  
34 . 6  
4 5 . 1 
42 . 3  
3 9 . 0  
27 . 2  
2 5 . 2  
3 9 . 1  
42 . 3  
46 . 0  
38 . 0  
3 5 . 9  
32 . 1  
2 9 . 2  
34 . 1  
4o . o  
4o .. o 

90 
92 
74 
8 9  
7 5  
8 6  
82  
93 
7 5  
94 
88 
84 
96 
94 
8 5  
8 6  
90 
78 
78 
82 
80 
84 
96 
91  
8 8  
7 8  
79  
84 
88 
9 5  
82 

8 6  

0 . 09 
0 . 1 4  

0 . 2 5  
0 . 1 4 

0 . 0 5  
o .  50 

0 . 01 
0 . 0 1 
0 . 0 1  

0 . 08 
0 . 1 1  
0 . 1 1  
trace 

0 . 3 5  
0 . 66 
trac e  

Total 

0 . 030  
0 .. 0 2 9  
0 . 0 52 
0 . 034 
0 . 0 5 5  
0 . 06 5  
0 . 0 1 2  
o . o44 
0 . 037  
0 . 04 5  
0 . 0 51 
0 . 0 1 0  

0 . 024 
0 . 0 59 
o . o66 
0 . 047 
o . o8 6  
o . o 58 
0 . 042 
0 . 0 1 4  
o . o48 
0 . 02 7  
o . o68 
o . o44 
0 . 06 5  
0 . 063 
0 . 047 
0 . 0 50 
0 . 0 5 5  
0 . 03 4  

Total 

1 . 3 6 1  



P eriod  o f  
Develcpment 

( Days ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
23  
24 
2 5  

App endix 1 5  

Daily m e t e or ological data for the period up t o  
maximum development of inf e c t ive larvae 

of  C o operia c ur t i c e i  for the month of Septemb er 

Dat e  

1 . 9 . 68 
2 . 9 . 68 
3 .. 9 . 68 
4 e -9 o 68 
5 . 9 . 68  
6 .. 9 . 68 
7 . 9 . 6 9  
8 . 9 . 69 
9 . 9 . 68 

1 0 . 9 . 68 
1 1 . 9 . 68 
1 2 . 9 . 68 
1 3 . 9 . 68 
1 4 . 9 . 68 
1 5 . 9 . 68 
1 6 . 9 . 68 
1 7 . 9 . 68 
1 8  .. 9 . 68 
1 9. 9 - 68 
20 .. 9 .. 68 
2 1 . 9 . 68 
22 . 9 . 68 
23 . 9 . 68 
24 . 9 . 68 
25  .. 9 . 68 

Means : -

1 968 . 

Air t e mperature 
Minimum Maximum OF oF 

38 . 0  52 . 0  
3 5 · 9  54 . 5  
46 . 4  58 .. 8 
4 1 . 4  58 . 4  
43 . 4  53 . 6  
4 5 . 7  5 5 · 7  
38 . 1  58 ., 2 
46 .. 0 59 · 9  
43 . 8  52 · 5 
42 . 5  5 5 - 5 
3 5 - 7  56 . 7  
48 . 0  56 . 8  
48 . 4  56 . 0  
4 9 . 0  5 5 o 2 
47 . 2  58 . 0  
46 . 2  58 . 0  
4 1 . 1  59 . 0  
46 . 8  54 . 2  
3 5  .. 1 58 . 9  
43 . 1  5 5 · 5  
4 9 . 1 59 .. 0 
47 . 9  6 5 . 5 
51 . o  5 9 . 6  
47 . 2  57 .. 0 
47 . 6  5 9 - 3  

44 a 2  57 e 1  
( 6 . 8 °C ) ( 1 3 . 9°C)  

�iinimum 
t emp . on 

grass oF 

3 1 . 0  
2 9 . 3  
43 . 0  
33 . � 
38 . 0  
44 . 0  
3 1 . 7  
40 . 6 
4o . 6  
37 . 8  
2 9 . 0  
43 . 0  
47 . 0  
47 . 0  
4o . 4  
43 . 0  
32 . 5  
38 . 0  
28 . 2  
37 . 3  
44 . 9  
42 5 1  
49 •. 5 
49 . 0  
47 . 3  

3 9  .. 5 
( 4 . 1 ° C )  

Relat ive Total 
humidity rainfall 

% inche s 

9 5  
8 6  0 . 02 
92 
80  0 . 0 1 
8 8  o .  1 8  
8 5  
8 7  
84  0 . 47 
68 0 . 27 
72 
8 5  1 . 02 
86 trace 
90 0 . 0 5  
92 o . 42 
78 
84 0 . 1 2  
77 trac e 
9 1  0 . 03 
70 
92 0 . 01 
88  
79  0 . 23 
80  0 . 01 
7 9  0 . 1  5 
73 0 . 07 

T<ital 

83  2 . 06 

Total 
evap oration 

inche s  

o . o so 
0 , 028 
0 . 068  
0 . 0 54 
0 ., 0 1 9 
0 , 083  
0 . 062 
0 . 1 42 
0 . 1 22 
0 . 1 83 
0 ,074 
0.,094 
0 . 020 

0 . 06 1  
0 . 02 5  
0 . 1 33 
0 . 08 7  
0 . 0 56 
0 . 0 5 5  
0 . 01 1 
0 . 0 53 
0 . 08 2  
0 . 1 00 
o . oo8 

To tal 

1 . 67 



P eriod of 
Developrre nt 

( Days ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20  
2 1 
22 
23 

Appendix 1 6  

Daily mete or ological data f or the p eriod up t o  
maximum development of infec tive larv8.e 

of Cooperia curt icei  for the  month of Oct ober , 1 968 . 

Dat e 

1 . 1 0 . 68 
2 . 1 0 . 68 
3 . 1 0 .  68 
4 . 1 0  .. 68 
5 .. 1 0 . 68 
6 . 1 0 . 68 
? . 1 0 . 68 
8 . 1 0 .  68 
0 . 1 0 . 68 

1 o .  1 0 . 68 
1 1 . 1 0 . 68 
1 2 . 1  o .  68 
1 3 . 1 0 . 68 
1 4 . 1 0 o 68 
1 5 . 1 0 . 68 
1 6 . 1 0 .  68 
1 7 . 1 0 . 68 
1 8 . 1 0 . 68 
1 9  .. 1 0 . 68 
20. 1 0 . 68 
2 1 . 1 0 o 68 
22 .. 1 0 . 68 
23 . 1 0 . 68 

Means : .... 

Air t emperature 
Hinimum Haximum oF oF 

36 . 0  57 .. 9 
46 . 9  64 . 6  
54 . 5  60 . 6  
46 . 2  58 . 9  
50 . 0  5 9 . 6  
4 1  .. 8 54 . 5  
46,.8 58 . 1  
52 .. 6 63 .. 0 
54 ., 0  58 . 2  
48 . 0  53 . 4  
42 . 6  54 . 2  
4 1 . 1  5 5 . 0  
34 . 9  51+ .  9 
4? . 2  55  .. 6 
36 . 8  5 5 . 8  
4 1 . 5  5 4 . 9 
38 . 1  57 . o  
51 . 0  58 . 2  
52 . 0  62 . 0  
48 .. 5 5 9 . 2  
4 9 . 4  6 1  •. 6 
50 .. 0 59 . 4  
5 1 . 0  58 . 8  

46 . 1  58 . 1  
( ? .8 ° C) ( 1 4 . 4°C) 

Minimum Re lative Total 
t emp . on humidity rainfal l 

grass % inches oF 

32 . Q  97 
4 1 . 4  83 o . o8 
4 9 . 2  8 1  o . o s  
42 . 8  76 0 . 1 2  
4 5 . 4  90 0 . 6 1 
4 1 . 3  78 
40 . 5  8 5  0 . 1 0  
so . o  91 o .  92 
52 . 8  97 0 . 06 
44 . 0  76 o . o4 
3 9 . 7 72 !) . 1 5  
3 6 . 3  8 2  
30 . 9  7 5  0 . 01 
43 . 0  74 0 . 2 1  
3 '1 . 7 60 0 . 1 8  
Lt-O .  5 73 trac e 
32 . 0  73 0 . 0 5  
5 1 . 0  93 0 . 0? 
4 9  .. 0 88  0 . 02 
4 9 . 8  90 0 . 1 2  
48 . 6  96  0 . 0 9  
4 5 . 8  8 6  0 . 2? 
4? .. 2 9 5  0 . 36 

Total 

42 .. 8 
( 6  .. o0c )  

83  3 �  5 1  

Total 
evap oration 

inches 

0 . 1 1 9  
0 . 0 51 
o . 1 oo 
o .  1 06 
0 . 0 53 
0 . 1 56 
0 . 1 3 2  

0 . 030 
0 . 277 
0 . 08 <)  
0 . 1 08 
0 .. 1 76 
o ·  .. o4o 
0 . 0 9 5  
0 .. 1 22 
0 . 087  

0 . 1 09 
0 . 1 01 
0 . 020 
0 .. 1 1 5 
0 . 0 51 

Total 

2 . 1 5  



Appendix 1 7  

Daily m e t e or ological data f or the period up t o  
maximum devel opment o f  infe c t ive larvae 

of Cooneria cur t i c e i  f or th e month of November , 1 968 . 

P er i od o f  
Developn e n  t Date 

( Days ) 

1 1 . 1 1 . 68 
2 2 . 1 1 . 68 
3 3 . 1 1 . 68 
4 4 . 1 1 . 68 
5 5 . 1 1 . 68 
6 6 . 1 1 . 68 
7 7 . 1 1 . 68 
8 8 . 1 1 . 68 
9 9 . 1 1 .  68  

1 0  1 0 . 1 1 . 68 
1 1  1 1 . 1 1 . 68 
1 2  1 2 . 1 1  .. 68 
1 3  1 3 . 1 1 . 68 
1 4  1 4 . 1 1 . 68 
1 5  1 5 . 1 1 .  68 
1 6  1 6 . 1 1 . 68 
1 7  1 7 . 1 1 . 68 
1 8  1 8 . 1 1 . 68 
1 9  1 9 . 1 1 . 68 
20 20. 1 1  .. 68  
2 1  2 1 . 1 1 . 68 
22  22 • .  1 1 . 68 
23 23 ... 1 1  . 68 

Means : -

Air t emperature Minimum Relative 
Minimum Maximum OF OF 

t emp . on humidi t y  
gras s oF 

r�2 . 6 60 . 2  41 . 0  
48 . 5  62 . 3  49 . 0  
4 5 . 1 59 . 8  43 . 4  
49  .. 2 5 9  .. 4 49 . 9  
3 9 - 5  57 . 8  38 . 3  
42 . 9  57 . 9  3 9 . 1  
37 . 0  63 . 2  33 . 8  
47 . 7  62 . 9  47 .. 6 
4 9 . 6  59 . 4  46 . 2  
49 . 1  60 . 3 4 5 . 3  
50 . 0  62 .. 0 47 . 0  
52 . 4  6 5 . 3  5 1 .- 4  
L1-2 . o  6 5 . 0  3 9 . 8  
L1-6 .  9 6 9 . 8  44 . 8  
47 . 9  67 . 1  47 .. 8 
51 . 0  62 . 1  L1-9 . 2  
51 . 9  6 5 . 7  50 .. 2 
49 . 0  6o .. o 51 . 4  
4 9 . 1 6 1 . 0  4 9  .. 3 
48 .. 2 62 . 1  44 . 5  
4 9 . ?  64 . 0  47 . 5  
50 . 0  58 . 1  44 .. 5 
48 . 4  60 . 6  44 .. ? 

47 . 3  62 . 0  4 5 - 5 °C) ( 1 6 . 7°C) ( 7 • 5°C )  ( 8 . 4  

'b 

7 5  
7 1  
70 
77 
77 
66 
54 
83 
66 
69 
73 
66 
79  
8 1  
83 
6 9  
7 1  
6 5  
74 
63 
63 
67 
63 

71 

Total 
rainfall 

inches 

0 ,. 01  
0 .2 5  
trac e 
0 ., 01 

trac e 
0 . 1 7  

0 . 01 
0 . 02 
o .  58 
0 .. 20 

0 . 1 0  
0 .. 02 

Total 

1 .37  

Total 
e vap oration  

inches 

o .. 1 1 9  
0 .. 037 
0 . 1 2 5  
o . o8 8  
0 . 1 24 
0 . 1 63 
0 . 1 50 
0 . 0 90 
0 . 242 
o . o66 
0 . 0 94 
0 . 0 2 7  
0 . 1 02 
0 . 1 45 
0 . 1 67 
0 . 1 9 5  
0 . 0 52 
0 . 204 
0 . 2 00 
0 . 2 00 
0 . 1 60 
0 . 202 
0 . 1 48 

Tot al 

3 .. 1 0  



App endix 1 8  

Daily m e t e oro�ogical data for the p er iod up t o  
maximum development o f  inf e c tive larvae 

of Cooperia curticei  for the month of Dec ember , 1 968 . 

Period of 
Developn en t Da te  

( Day-s )  

1 1 . 1 2 . 68 
2 2 0 1 2 . 68 

3 3 . 1 2 .  68 

4 4 . 1 2 . 68 
5 5 . 1 2 .  68 

6 6 . 1 2 . 68 
7 7 . 1 2 . 68 

8 8 . 1 2 . 68 
9 9 . 1 2 . 68 

1 0  1 0 . 1 2 . 68 
1 1  1 1 . 1 2 . 68 
1 2  1 2 . 1 2 . 68 
1 3  1 3 . 1 2 . 68 
1 4  1 1+ .  1 2 . 68 
1 5  1 5 . 1 2 . 68 

M eans : -

Air temperatur e  Minimum Relativ e  
Hinimum Maximum OF OF 

48 . 5  6 5 . 2  

52 . 0 63 . 5  

54 . 0  7 1 . 1  

5 5 · 5 68 . 3  
52 . 4  6 5 . 7  

56 . 5  6 9 . 1 
54 . 4  60 . 8  

54 . 0  60  .. 9 
42 . 0  59 . 8  

37 . 1  60 . 8  
4 1 . 9  63 . 0  

4 9 . 8  67 . 8  
5 1  . 1  6 9 . 2  
56 . 2  6 9 . 5 
56 . 8  6 9 . 6  

50 . 7  6 5 . 7 
( 1 0 . 4 ° C) ( 1 8 . 7° C) 

temp . on humidity 
grass ?6 

01? .L. 

40 . 3  7 5  
47 . 5  8 6  

53 - 2  98 

52 . 4  77 
52 . 9  98 

54 . 5  9 5  

34 .. 6 87  

52 . 9  9 1  
33 . 5  72 

3 1 . 6  60 

3 7 -.0 7 5  

44 . 2  68 
46 . 2  6 1  
5 1 . 2  58 

52 . 2  64 

45 . 6  78 
( 7 . 5°C )  

To tal 
rainfall 

inches 

0 . 29 
o . o 6  

0 . 24 
0 . 33 

2 . 2 9  
0 .. 1 4  

0 . 02 
Total 
3 . 37 

T o tal 
evap orat i on 

inches  

o .. 1 1 0  

0 . 2 1 7  
0 . 07 9  
0 . 2 59  
0 . 327 

0 . 07 1  
0 .. 1 78 
0 . 1 90 
0 . 1 80 
0 . 1 91 
0 . 244 
0 . 282  
0 . 2 63 
0 .. 23 5 
Tot al 

2 . 8 3  



Appendix 1 9  

Daily mete orological data f or th e period up to  
maximum devel opment of  infec tive larvae 

of C o operia cur t i c e i  for th e month of January , 1 9 69 . 

P eriod of 
Developmoo t Date 

( Days ) 

1 1 . 1 . 69 
2 2 . 1 . 6 9  

3 3 . 1 . 69 
4 4 . 1 . 6 9  

5 5 .  1 • 69 
6 6 . 1 . 69 

7 7 . 1 . 6 9  

8 8 . 1 . 69 

9 9 . 1 . 69 

1 0  1 0 . 1 . 69 

Neans : -

Air temperatur e  
Minimum Maximum oF oF 

52 . 7  70 . 0  
52 . 1  70 . 3  

53 . 4  70 . 8  
5 1 . 7  7 6  .. 1 
57 . 1  79 . 5 
6o . 8  73 .. 2 

55 . 8 66 . 5  

5 1  .. 0 64 .. 5 
54 � 0  67 . 2 

57 . 5  6 9 . 0  

54 . 6  70 . 7  

1'1inimum Re lative 
t emp . on humi dity 

grass oF 
% 

49 . 6  67  
48 . 8 74 

48 . 0  68 
4 5. 9 75 
52  .. 8 57 

60 . 2  8 4  

5 5 . 8  8 6  

48 . 9  6 7  

5 1  . o  71 
53 · 9 8 8  

51 . 5  74 

( 1 2 . 5°0) ( 2 1 . 4°0) ( 1 0 . 9°0 )  

Total 
rainfall 

inches 

0 . 72 
0 . 68 

0 . 1 9  
0 . 1 7  

Total 

1 . 76 

T ot al 
e vaporat ion  

inches 

0 . 2 1 0  
0 . 1 28 

0 . 232 
0 .. 2 0 9  

0 .. 1 36 
o . o6 6  
0 . 1 82 
0 . 1 2 1  
0 . 032 
0 . 1 1 7  

T o t al 

1 .. 43 



Appendix 20 

Daily m e t e orologic al dat a for th e period up t o  
maximum devel opment of inf e c t ive larvae 

of Cooperia curti c e i  for themonth of February , 1 96 9  •. 

Period of 
Davelopnent Date  

( Days ) 

1 1 . 2 . 69 
2 2 . 2 . 69 
3 3 .. 2 . 69 
4 4 . 2 . 69 
5 5 .. 2 . 69 
6 6 . 2 . 69 
7 7 . 2 . 6 9 
8 8 . 2 . 69 

9 9 . 2 . 69 
1 0  1 0 . 2 . 69 

Heans : -

Air t emperature Minimum Rela tive To tal Tot al 
Minimum lv1aximum t emp . on humidi ty rainfall e vap oration  °F °F gras s % inches inch e s  oF 

57 . 1  67 . 9  55 · 0  83 0 . 43 0 . 1 03 

5 5 . 6  70 . 0  53 · 8  6 5  0 . 1 7  0 . 1 48 

57 . o  70 . 7  56 . 0  90 0 . 0 5 0 . 1 1 8 

52 . 0  74 . 8  4 5 . 1 76  0 . 1 1 4  

56 . 6  7 5 - 7  5 1  . 1  78 1 . 1 8 0 . 1 2 5  

58 . 2  6 5 . 6  58 . 0  7 9  0 .2 3 5 

54 . 0  62 . 9  52 . 5  7 5  0 . 2 6 6  
43 . 0  6 9  .. 0 34  .. 8 60 trac e 0 . 1 46 

57 .. 0 70 .. 9 50 . 9  7 5  0 . 1 0 9  

53 . 3 73 . 3  4 9 . 2  73 0 . 27 1  

Total Total 

54 .. 5 6 9 . 7  50 . 6  7 5 1 . 83 1 . 3 6  

( 1 2 .  5° C) ( 2 1  ., 0 ° C) ( 1 0 .  4 ° C )  



Appendix 2 1  

Analys is of variance betwe e n  the  * t ime o f  d evelopment of the 
inf e c tive larvae ( > 90% ) under natural cond itions and on 

predicted  time from regre ssion line under c onstant  t emperatur e s  
( data i n  Table  3 1 ) 

S ourc e  of 
variat ion 

B e twe en 
deve l opmental 
time in nature 
and pre d i c t e d  
t im e  

Errors 
( within 
m onths ) 

Total 

Degr e e  of  
fre edom 

1 

1 7  

* 

Sum of  
S quares  

1 7202 

40321  

420623 

He an 
S quare s  

1 7202 

2 52 1 3  

after l og transformat ion 

n . s .  not significant 

F 

0 . 682 n . s .  



Month 

March 1 968 

April 

Hay 

June , July 
& Augus t  

S eptember  

Oc t ober 

Nove mb er 

D e c ember 

January 1 96 9  

February 

Appendix 22 

X 

Hean maximum 
air t emperatu re 

24 o 7 °C 
( ?6 . 6°F )  

1 7 . 3 °C 
( 63 . 2°F )  

1 8 o 3°C 
( 6 5 . 1 °F )  

1 3 . 9°C 
( 57 . 1  °F )  

1 4 . 4° C 
( 58 . 1  °F )  

1 6 . 7°C 
( 62 . 0°F )  

1 8  .. 7°C 
( 6 5 . 7 °F )  

2 1 . 4°C 
( ?0 . 7°F )  

2 1 . 0°C 
( 6 9 .  7°F )  

b == - . 049 

Days of devel opment 
of  i nf e c tive larvae 

( > 90%) 

9 

2 1  

28 

No development 

2 5  

23 

23 

1 5  

1 0  

1 0  

Equation of the regression  i s  
Y == 2 . 1 31 5 - . 04 9X 

The slop e  indicat e s  that the l og r at e  
o f  development of inf e c t ive larvae 
( > 90% ) per degr e e  Cent�ig rade is  
0 . 049 log unit s  of  time . 

y 

Log days 

0 . 9 542 

1 . 3 222 

1 . 4472 

1 . 3 979  

1 . 3 6 1 7  

1 . 3 6 1 7 

1 .. 1 76 1  

1 . 0000 

1 . 0000 



Appendix 23 

Calculations f or g o odne s s  of fit of the  regression line : 
( data in App endix 22 ) 

Months Log days Predicted Ac tual Pre d i c t ed 
1\ 2 ( yi-y)  

yi 

March 1 968 = 0 . 9 542 

Apri l  = 1 . 3222 

May = 1 . 4472 

Sept emb e r  = 1 .  3979 

Oc t ober  = 1 . 36 1 7  

November  1 . 3 6 1 7  

D e c ember = 1 . 1 76 1  

January = 1 . 0000 
1 96 9  

February = 1 . 0000 

l og days 
1\ 

y 

0 . 91 1 2  

1 .. 2838 

1-. 2348 

1 .  4 504 

1 .  32 59 

1 . 3 1 32 

1 .  2 1 52 

1 .  082 9  

1 . 1 03 5 

days 
yi 

9 

2 1  

2 8  

2 5  

23 

23 

1 5  

1 0  

1 0  

The Chis quare for 8 d egre e  
fre e d om and 

p < o . o s = 9 . 67 
Ther e f or e  calculat ed line 
not significant different 

from obs erved data . 

days 
/ \  
y 

8 . 1 5  

1 9 . 23 

1 7 . 1 8 

28 . 1 8 

2 1 . 1 8 

2 0 . 56 

1 6 . 41 

1 2 . 02 

1 2 . 74 

Total = 

,, ' \  
y 

0 . 88 

0 . 1 6  

6 . 8 1  

0 . 36 

0 . 1 5  

0 . 28 

0 . 1 2  

0 . 33 

o .  8 



X 
Temperature 

o c 

1 5  

2 0  

2 5  

To tal 60 

Appendix 24 

y 
Predi c ted l og days 
of d evelopment of 

inf e c tive larvae 
( > 90";6 )  from regr e ssion 

line und er natural 
cond it ions 

Y = 2 . 1 3 1 5 - ( . 049 ) X  
Appe ndix 22 

1 .. 3 96 

1 .. 1 51 

0 .. 906 

y 
Predic t ed log days 

of d evel opment of  
infe c t ive larvae 

T90 fr om r e gressi on  
l ine und er cons tant 

c ondit ions 
( Y  = 1 . 78 5 - ( . 033 ) X  

App endix 1 

1 . 2 90 

1 . 1 2 5  

0 .. 960 

Sum of S quare s  accounte d  for b y  the  b e s t  single line 
with 1 degre e of  fre edom = 

J!(��ELG:�:.iJJ.:_
�ex - i) 2 

Sum of Squar e s  due t o  r egre s sion line unde r  natural 
c o nditi ons = . 1 200 

Sum of S quar e s  due to  regre ssion line under lab oratory 
c ondi t ions = . 0544 



Appendix 2 5  

Anova table  for t e s t ing the s lope s of th e two regression 
lines on d evelopment of inf e c tive larvae under lab oratory 

and natural c onditi on s *  ( data on Appendix 24 )  

S ource  of D egre e  of Sums o f  H e  an 
var ianc e fre e dom Square s  S quares  

1 .  C ommon 1 . .1 68 1  . 1 68 1  regr e s si on 

2 .. Differenc e be tween 
c ommon regr e s s i on 
line and the 
s eparate lines 

3 .. Difference  in 
interc epts 

4 .,  Residual 

5 ·  Total 

1 . 0063 . 0063 

1 . 0003 . 0003 

2 .. 001 1 

5 . 1 7 5 5  

after log transforma t i on 

, n. s .  not signifi c an t  

F 
Varianc e 

rati o 

0 . 54 5  n . s .  



Appendix 26 

Survival and vertical migration of th e infec tive larvae of 
Cooperia cur t i c e i  under natural conditions from Experiment I 

( March , 1 968 ) 

No . of larvae r e c overed from 
e ach flower pot  

Period Samples Herbage Herbage Faecal S oil  
in ( Feplicates ) 0 .. 2 cm 2 & over pelleis surface  

we eks 

1 R1  38  1 6  799  5 
R2 2 1  1 1  460 4 

2 R 1  2 1  1 4  32 5 5 
R2 6 5  1 0  1 30 4 

3 R 1  1 2  1 1  238 5 1  
R2 0 0 2 1  2 

4 R 1  1 9  6 242 52 
R2 6 3 34 8 

5 R 1  34 28 1 58 56 
R2 4 5  3 9  72 63 

6 R 1  5 1  20 6 0  1 2  
R2 54 1 0  2 1  9 

7 R 1  38 1 2  54 22 
R2 2 1  9 4 1  1 8  

8 R 1  53 20 6 1 2  
R2 3 1  2 0 4 

9 R1  22 3 1  1 8 
R2 6 0 1 23 

1 0  R 1  1 9  0 3 24 
R2 1 4  0 4 1 7  

1 1  R 1  1 9  0 0 1 4  
R2 1 7  0 3 4 

1 2  R1  1 4  0 0 2 
R2 7 0 1 3 

1 3  R1  2 0 0 2 
�2 3 0 5 6 

1 4 R 1  5 0 0 1 
R2 4 0 0 1 

1 5  R 1  2 0 0 0 
R2 3 0 0 0 

Eggs per sample = 5000 
( fl ower p o t ) 

To tal Pe:'rentag e Percentage 
ra;;overy migrated  survival 

860  1 . 00 1 7 . 00 
4 96 0 . 62 1 0  .. 00 

36 5 0 .. 70 7 - 3 0  
209 1 . 5 4 .. 2 

3 1 2  0 . 46 6 . 24 
23 o . o  0 . 5 

3 1 9 0 . 5 6 . 4  
51 0 . 1 8 1 .  0 

276 1 . 24 5 · 5 
2 1 9 1 . 68  4 . 3  

1 43 1 .. 4 3 . 0  
9 9  1 . 28 2 . 0 

1 26 1 .. 00 2 .  52 
8 9  o . 6  1 .. 8 
9 1  1 . 46 1 . 8 2  
3 7  0 . 66 0 . 74 
62 1 . 06 1 . 24  
30 o . o  0 . 6  
46 o . 4  0 .. 92 
3 5  0 . 3  0 . 7  
33 0 ., 66 0 . 6 6  
24 o . 42 0 . 48 
1 6  0 . 32 0 . 32 
1 1  0 . 20 0 . 22 

4 0 . 0 5  0 . 1  
1 4  0 . 07 0 . 3 5  

6 0 . 02 0 .. 1 2  
5 0 . 01 0 . 1 2 

2 0 ., 0 5  0 .. 0 5  
3 o . o6 o . o6 

c ontinued • • •  



Appendix 26 ( Experiment 1 )  c ont inued • • •  

P eri od 
in Samples 

w eeks (R;plicate s )  

1 6 R 1  
R2 

1 7  R1  
R2 

1 8  R 1  
R2 

1 9  R1  
R2 

2 0  R1  
R2 

No . of larvne r e c overed from 
each f l ower p ot 

Herbage Hertage Fae c al Soil  
0 ... 2 cm 2 & aver pellets surfcce 

0 0 5 1 
0 0 2 2 

0 0 0 2 
0 0 0 0 

0 0 0 4 
0 0 0 0 

0 8 0 0 
0 0 0 0 

c 0 0 0 
0 0 0 0 

Eggs per sample = 5000 
( flower pot 

Total Percentag; PErcer.Jt age 
recovery migrated  survival 

6 0 . 1 2  
4 o . o8 

2 0 . 00 5  
Nil 

4 o . o8 
Nil 
N ·1 
Nil 
Nil 
Ni l 



Peri od  
in  

we eks 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

Appendix 27 

Survival and vertical migrat ion of the infe c t ive larvae of 
C o operia cur t i c e i  under natural condi t i ons from Experiment 2 

( Apri l , 1 968 ) 

No . of larvae r e c overed from Eggs p er sample =2 0000 
each flower pot  ( flower pot ) 

Samples H erbage Herbage Faecal Soil  T o tal Percentage Percentage 
(R€plicates )  0.2 c m  2 & over pellets curfac e recovery migrated  survival 

R1 9 1  2 9  3766 796 4776 o . 6  23 . 4  
R2 302 1 59 1 07 5  994 2 530 2 . 3  1 2 . 7  
R1  748 2368 7 1 5 33 9 4 1 70 1 5 . 58 2 0 . 8 5  
R2 776 2367 40 5 43 5 3 983  1 5 ·  7 1 9 . 9  
R 1  1 227 1 248 504 763 3743 1 2 . 37 1 8 . 7 
R2 2 1 6 243 5 48 1 476 3608 1 3 . 2 5 1 8 . 0 
R1 462 2 97 1  507 287 4227 1 7  .. 1 6  2 1 . 1 3 
R2 1 420 2 1 72 2 1 4  1 1 5  3 90 1  1 7 . 96 1 9 . 5  
R 1  1 840 820 240 576 3476 1 3 . 3  1 7 . 3 5  
R2 440 4 54 1 08 406 1 408 4 . 47 7 . 04 
R1  1 06 0  592 2 1 0  360 2222 8 . 26 1 1  . 1 1  
R2 520 ?96 76  40 5 1 797 6 .  58 9 . 0  
R1  80 5 336  64 1 27 1 33 2  5 - 70 6 . 66 
R2 4o6 1 64 48 1 78 7 96 2 . 8  5 4 . 0  
R 1  7 1 0 307 1 1 3 2 1 0  1 340 5 . 08 6 . 70 
R2 6 77 209 71 66 1 023 4 . 43 5 . 1 0  
R1  5 51 7 1 7  DisintEgJ.atErl 260 1 528 6 .. 34 7 . 64 
R2 448 508 !I  383 1 30 1  4 . 59 6 . 5  
R 1  3 1 8  205  n 8 2  60 5 2 .. 6 1  3 . 02  
R2 1 69 277 l l  1 20 566 2 . 23 2 e 83 
R1  22  1 03 1 1  2 5  1 50 0 . 63 0 . 7 5  
R2 4 1  76 1 8  1 3 5  o . 6o 0 . 68 
R1  1 3  38 1 9  70 0 . 26 0 . 3 5  
R2 1 8  6 5  9 92 o . 4 1  0 . 46 
R1 3 5  4 1  1 8  94 0 . 38 0 .. 47 
R2 24 34 6 64 0 . 2 9 0 . 32 
R1  6 8 9  8 1 03 0 . 48 o .  52 
R2 1 6  52 7 7 5  0 . 34 0 . 38 
R 1  36  1 04 8 1 48 0 . 70 0 . 74 
R2 1 5  3 1  6 52 0 . 23 0 . 26 

c ontinue d  • • •  



Appendix 27 ( Exp eriment 2 )  c ont inued • • •  

No . of larvae r e c overed fr om 
Per iod each fl ower pot 

in Samples Herbage Herba ge Faecal S oil 
we eks (Replicates) 0-2 cm 2 & &er pelle ts  sur face 

1 6  R1 6 40 9 
R2 7 20  1 0  

R1  9 30  3 
1 7  R2 6 1 7  2 

1 8  R1  9 1 9  3 
R2 5 8 9 

R1  5 9 2 1 9  R2 2 1 0  0 

20  R1  2 8 0 
R2 2 6 0 

2 1  R 1  0 9 0 
R2 1 3 0 

22  R 1  0 1 3  0 
R2 0 2 1 

23 R1 0 8 1 

24 R1  0 7 0 

2 5  R1  0 2 0 

2 6  R 1  0 0 0 

27  R1  0 0 0 

Eggs per sample = 2 0 , 000 
( fl ower pot ) 

Total Percentage Perrenta ge 
recovery migrat e d  survival 

55 0 .. 23 0 . 27 
37 0 . 1 3 0 .. 1 8  

42 0 . 1 9  0 . 21 
2 5  0 . 1 1  0 . 1 2  

3 1  0 . 1 4 0 . 1 5  
22 o . o6 0 . 1 1 

1 6  0 . 07 o .. o8 
1 2  o .. o6 o . o6 

1 0  o .. o4 0 .. 0 5  
8 0 . 03 o . o4 

9 0 .. 04 o . o4 
4 O o 02 0 .. 02 

1 3  0 . 06 o .. o 6  
3 0 . 01 0 . 01 

9 0 ., 04 o .. o4 

7 0 . 03 0 . 03 

2 0 . 0 1  0 . 01 

Nil 

Nil 



App endix 28 

Survival and vertical migration of the inf e c t ive larvae of 
Cooperia curticei  und er natural c ond it i ons fr om Experiment 3 

( May , 1 968 ) 

No . of larvae r e c overed from Eggs per sampl e  = 4000 
each flower pot ( fl ower pot ) 

Period Samples Herbage Herbage Faecal S oil Total Pexentage Percentage 
in (Replica tes) 0.2 an 2 & over pellets surfaoe re:; overJ migrated  survival 

weeks 

1 R 1  3 7  1 71 1 51  1 86 54 5 5 a 2  1 3 . 6  
R2 9 48 7 1  1 4 5  273 1 . 63 6 . 82 

2 R1  1 06 1 76 84  1 90 556 ? . 0 5  1 4 . 0  
R2 44 41  72 1 71 328 2 . 1 2  8 . 2 

3 R 1  92 7 5  92 221  480 4 . 0  1 2 . 0 
R2 3 9  4 5  46 1 78 3 1 8  2 . 1 0  8 . 0  

4 R 1  53 240 1 45 52 490 7 . 32 1 2 . 2 5  
R2 34 1 72 30 76 332 5 · 1 5 8 . 0 5  

5 R 1  8 5  23 5 7 1  3 5  426 8 . 0  1 0 . 6 5 
R2 62 1 0 5  3 1 41  2 1 5 4 . 1 7  5 · 3 7  

6 R 1  30 54 1 itO 93 3 1 7  2 . 1 0 7 . 93 
R2 56 3 5 56 42 1 8 9  2 . 28 4 . 73 

7 R1  46 9 5  1 04 1 1 2 3 57 3 .. 52 9 . 0  
R2 38 1 06 1 0 5  76 3 2 5  3 .  5 7  8 . 1  

8 R 1  4 1  6 1  54 1 0 5 2 6 1  2 . 5 5 6 .  52 
R2 32 76  36  8$  229  2 . 70 5 - 72 

9 R 1  36 1 07 59 54 256  3 .. 57 6 . 4  
R2 2 1  7 8  41 36 1 76 2 .  50 4 . 40 

R 1  8 62 1 5  3 4 4 1 9 1 , ? 5  3 . 0 1 0  R2 c. ?5  "LO ? 1  1 1 8  1 ; ?3 3 � 0 
1 1  R1  2 6  1 1 1  27  44 208 4 . 42 5 . 20 

R2 1 3  73 24 36 1 46 2 . 1 5  3 � 6 5  

1 2  R 1  1 9  8 6  1 4  30 1 49 2 .. 62  3 - 72 
R2 1 5  99  1 2  1 6  1 42 2 .. 8 5  3 - 55 

1 3  R1  8 5 5  D:isirrtegmted 2 5  8 8  1 .  5 6  2 . 20 
R2 1 3  4 9  2 1  83 1 .  55 2 . 1 5  

1 4  R 1  1 2  40 20 72 1 . 30 1 . 8 0  
R2 5 23 2 5  53 0 . 70 1 . 32 

1 5  R 1  1 9  4 1  1 8  78 1 . 2 5  1 . 9 5  
R2 9 44 1 3  66  1 . 32 1 . 6 5  

continued  • • •  



Appendix 28 ( Experiment 3 )  c ont inued • • • 

No . of  larvae r e c overed  from Eggs per sample = 4ooo 
P eriod each fl ower p ot ( f l ower pot ) 

in  Samples Herba€§'3 Ferbage Faecal S oil Total ferc enta€§'3 Thrcenta ge 
weeks (ReplicaiBs) 0 ... 2 cm 2& over pelJ.ets rurfcce recovery migrated survival 

1 6  R1 1 9  67 26  1 1 2  2 . 1 5  2 . 80 
R2 1 1  4 5  2 5  8 1  1 .. 40 2 . 02 

1 7  R1  20  46  2 0  8 6  1 . 6 5  2 . 1 5  
R2 24 40 1 9  83  1 .  60 2 . 07 

1 8  R1 1 3  42 3 9  94 1 . 37 2 . 40 
R2 1 6  34 26 76  1 . 24  1 .  90 

1 9  R1 8 1 5  37 60  o .  57 1 .  50 

2 0  R1  1 1  2 1  1 0  42 o . 8o 1 . o s 

2 1  R 1  1 2  1 9  9 40 0 . 77 1 . 0 

2 2  R 1  1 2  1 5  5 32 0 . 67 o . 8 o  

23 R1 8 1 2  5 2 5  0 . 50 0 . 6 2  

2 4  R1  2 1 2  0 1 4  0 . 3 5  0 . 3 5  

2 5  R1  1 6 0 7 0 . 1 7  0 . 1 7  

2 6  R 1  0 2 0 2 0 . 02 0 . 02 

2 7  R1 0 0 0 Nil 

28  R1 0 0 0 Nil 



App endix 29  

Survival and vertic al migrati on of the  inf e c t ive larvae of 
Cooperia curticei  under natural c ondi t ions from Exp eriment 7 

( SBp tember , 1 968 ) 

No , of larvae rec overed from 
each fl ower pot  

Eggs per sampl e  =2 500� 
( fl ower pot ) 

Period  Sample s  
in (R EPlicates) 

weeks 

Herbage  furbage Faecal Soil 
0-2 cm 2 &over pellets surface 

Total Perc entage Perc entage 
recovery migrated survival 

1 R1 1 4  1 0  3 1 5 1 1 8 4 57 1 .. 0 1 8 . 3 
R2 3 1 60 48 1 1 2  trac e 4 . 5 

2 R1 5 9 1 0 5 6L� 1 8 3  0 . 6  7 . 30  
R2 2 7 3 9  1 5  63 0 . 4  2 .  52 

3 R1  1 42 93 73 45  3 53 8 . 6  1 4 . 1 2 
R2 7 9  3 4  6 8  3 0  2 1 1 5 . 88 8 .. 44 

4 R1 63 1 44 1 5  34  2 56 8 . 28 1 0 . 24 
R2 32 57 2 1  25  1 3 5  3 - 56 5 . 70 

5 R1 97 1 62 80  63  402 1 0 . 4  1 6 . 08 
R2 94 1 04 43 52 293 8 . 0 1 1  .. 72 

6 R1  91  1 2 1 49  71  332 8 . 48 1 3 . 28 
R2 45  7 9  3 7  6 6  227 5 · 0 9 . 08 

7 R1 27 1 02 1 9  28 1 76 5 . 1 6  7 . 04 
R2 24 41  1 5  21  1 01 2 . 6 4 . 04 

8 R1 22 78 1 5  5 1 1 6 4 . 0  4 . 64 
R2 1 5  56  1 3  9 93 2 . 84 3 - 73 

9 R1 1 2  3 5  1 4  1 7  78 1 . 9 3 . 1  
R2 1 0  30 1 7  1 8  7 5  1 . 8  3 . 0 

1 0  R1 1 4  30 22 5 7 1  1 . 76  2 . 84 
R2 1 2  23 1 1  2 48 1 . 4 1 .  92 

1 1  R1 1 2  40 1 8  1 5 8 5  2 0 1  3 . 4  
R2 1 0  24 8 5 46 1 . 4 1 . 8 4  

1 2  R1 1 1  30  22  20 83 1 . 64 3 . 32 
R2 4 20 5 7 36 1 . 0 1 . 44 

1 3  R1 4 30 4 2 40 1 .  4 1 .  6 
R2 0 1 0  0 0 1 0  0 .. 4 0 . 4  

1 4  R1 3 3 1  2 3 3 9  1 . 36  1 .  56  
R2 4 1 0  ·1 2 1 7  0 . 6  0 . 7  

1 5  R1 2 26  Disi.ntegrated 37 6 5  1 . 1 2 2 . 6  
R2 0 1 5  2 1 7  0 . 6  O o ?  

c ontinue d • • • 



Appendix 2 9  ( Experiment 7 )  cont inued • • •  

Nb . of larvae r e c overed from 
Period e ach flower pot 

1 6  

1 7  

1 8  

1 9  

of Herbage Herbage Faecal Soil 
we eks UeplicatES) 0-2 cm 2 g{ over pellets a1rfu.c e 

R1  5 58 4 
R2 3 25  0 
R1  0 8 0 
R2 0 0 0 
R1  0 0 0 
R2 0 0 0 
R1  0 0 0 
R2 0 0 0 

Eggs per sample = 2 500 
( flowe r  pot ) 

Total Percent.a.g3 Perc entag; 
recwery migrated survival 

6 7  2 .  52 2 . 62 
28 1 . 1 2  1 . 1 2 

8 0 . 3 0 . 3  
Nil 
Nil 
Nil 
Nil 
Nil 



App endix 3 0  

Survival and vertical migration o f  t h e  infe c t ive larvae of 
Coope ria cur ticei  und er natural c ond iti ons from Experiment 8 

( Oc t ober , 1 968 ) 

No . of larvae r e c overed from 
each f l ower pot 

Peri od Samples Herl:age Herbage Faecal S oi l  
in (Thplicates) 0-2an 2 & orer p=lllets sJrface 

weeks 

R 1  2 2  2 7  273 248 1 R2 46 44 364 84 

2 R1  1 02 442 1 07 93 
R2 8 6  337 56 47 

3 R1 1 06 1 1 08 56 202 
R2 8 6  1 022 94 267 

4 R 1  282 208 1 2  28 
R2 72 2 1 8  32 1 04 

5 R1  20 46 29 2 1  
R2 2 1  44 1 6  1 2  

6 R1  1 5  3 5  42 1 8  
R2 1 8  26 21 20 

7 R1  29  331  1 5  2 5  
R2 22 248 47 54 

8 R1  1 5  72 1 2  7 
R2 1 0  36  1 0  5 

R1 9 42 5 5 9 R2 5 24 1 3  4 

R1 4 24  2 1 4  1 0  R2 0 1 0  4 6 

R1  2 1 6  0 6 
1 1  R2 1 2  34 0 6 

R1 1 5  47 Dis:int:egrated � 
1 2  R2 0 1 0  4 

1 3  R1  0 1 2  3 
R2 0 9 0 

1 4  R 1  0 0 0 
R2 0 0 0 
R 1  0 0 0 

1 5  R2 0 0 0 

Eggs per sample = 5000 
( fl ower pot ) 

Total Percentage Percentage 
recovery migrat ed  survival 

570 1 . 0 1 1 . 40 
538 1 , 8 1 0 . 76 

744 1 0 . 88 1 4 . 88 
526 8 . 46 1 0 . 52 

1 472 2 4 . 30 2 9 . 44 
1 46 9  22 . 1 6 2 9 . 38 

530 9 . 8  1 0 . 6  
426 8 .  52 5 . 8  

1 1 6 1 . 32 2 . 32  
93 1 . 30 1 . 8 6  

1 1 0 1 . 1 4  2 . 20 
8 5  o . 88 1 .  7 

LJ.oo 7- 2 8 . 0 
371  5 - 4  7 . 42 

1 06 1 . 74 2 . 1 2 
6 1  0 . 92 1 . 22 

6 1  1 . 0 1 . 22 
46 OO;i8 0 . 92 

44 o .  56 o . 88 
2 5  0 . 20 o .  50 

24 0 .. 36  0 . 48 
52 0 .. 90 1 o 04 
62  1 . 24 1 a 24 
1 4  0 . 20 0 . 28 

1 5 0 . 24 0 . 30 
9 0 . 1 8 0 . 1 8 

Nil 
Nil 
Nil 
Nil 



App endix 3 1  

Survival and vert ical migration o f  the inf e c tive larvae of 
Cooperia curticei und er natural c onditi ons fr om Exp eriment 9 

( November , 1 968 ) 

No . of larvae r e c overed from 
P eri od  each fl ower pot  

Eggs per sample  = 1 1ooo 
( f l ower pot ) 

in  Samples  Herbage Herbage Faecal Soil  T otal Percentage Percentage 
weeks (Ieplica tes )  0-2 cm 2 & over pellets surface rerovery migrated  survival 

R 1  2 4  2 0  488 4 52 984 0 .. 2 8 . 9 5  
1 R2 22  1 6  270 403 7 1 1  0 . 3  6 . 46 

R1 1 0 5  92 3 4 5  544 1 08 6  1 e 80  8 . 87 
2 R2 239 1 32 2 1 3  3 90 974 3 . ll- 8 . 8 5  

3 R1 264 602 1 92 2 1 5 1 273 7 . 8 7  1 1 . 57 
R2 28 201 1 40 402 77 1 2 . 1 0  7 . 0 1  

4 R1 1 05 9 1 0 1 56 221 1 3 92 9 . 20 1 2 . 6 5  
R2 242 7 92 1 72 6 9  1 27 5  9 . 40 1 1 . 59 

R1 260 970 48 64 1 342 1 1 . 20 1 2 . 20 
5 R2 1 22 520 36  5 5 733 5 . 90 6 . 70 

6 R1 41 301 6 5  8 5  492 3 . 1 1  4 . 50 
R2 32 1 2 5  32 64 2 53 1 . 43 2 . 30  

R1  26 1 77 1 2  1 1 0 32 5 1 . 8  5 3 . 0 
7 R2 32 201  24  40 2 97 2 . 1 2  2 . 70 

8 R1 21 1 06 1 7  4 1  1 8 5  1 . 1 6 1 . 70 
R2 1 2  9 9  1 6  28  1 5 5 1 . o  1 . 4 

R1 2 52 1 2  1 8  84  o.  50 0 . 77 
9 R2 5 3 6  9 1 2  62 0 . 4  o .  57 

R1 4 36  2 2 44 0 . 37 0 . 40 
1 0  R2 0 2Lr 0 5 2 9  0 . 22 0 . 26 

R1 0 8 0 0 8 o . o7 0 . 07  
1 1  R2 0 2 0 . 0  2 0 . 01 O o 0 1 

R1 0 2 0 0 2 0 -. 01 0 . 01 
1 2  R2 0 0 0 0 Ni l 

R1 0 0 0 0 Nil 
1 3  R2 0 0 0 0 Nil 

1 4  
R1 0 0 0 0 Nil 
R2 0 0 0 0 Nil 



Appendix 32 

Survival and vertical migrat ion of the inf e c tive larvae of 
C o operia curt i c ei under natural c onditi ons from Experiment 1 0  

( De c ember , 1 968 ) 

Period 
in Samples 

we eks (Replicates) 

1 R1  
R2 

2 R1 
R2 

3 R1 
R2 

4 R 1  
R2 

5 R1 
R2 

6 R1 
R2 

7 R1  
R2 

8 R1 
R2 

9 R1 
R2 
R1 1 0  R2 

1 1  R1 

1 2  R 1  

No . of larvae rec overed  from 
each fl ower pot 

Herbage Herbage Faecal S oil  
0-2 cm  2 & ever pelJets surface 

8 0 9 1 0 22 5 5  
8 0 1 88 2 1 36 
7 0 782 282 

1 8  2 2 54 1 00 
240 1 62 76  47 5 
1 04 7 1  64  602 

60 223 1 01 220 
4 5  1 26 42 1 22 
42 1 70 24 58 
2 1  1 22 1 2  46 

2 1 4  4 36 
4 1 7  0 32 

7 28 2 20 
4 22  2 4 

3 36 0 1 2  
2 1 4  4 8 

4 1 7  3 7 
2 1 4  0 2 

0 9 2 2 
0 6 0 3 

0 0 0 0 

0 0 0 0 

Eggs p er sample = 1 2 ;PO 
( fl ower pot ) 

Total Perceniage Iercentage 
recOITery migrat e d  survival 

3 1 73 2 5 . 24 
2332 1 8 . 6 5  
1 07 1  8 .  56 

374 3 . 0 

9 53 3 . 22 7 . 63  
841  1 . 4 6 . 73 

604 2 . 26 4 .. 84  
33 5 1 - 37 2 . 68 

2 94 1 . 70 2 . 3 5  
201 1 . 1 11- 1 . 6 1  

56 0 . 1 3  0 . 4 5  
53 0 . 1 7  0 . 43 

57 0 . 28 0 . 4 5  
30 0 . 20 0 . 2 5  

5 1  0 . 3 1  o . 4a 
28 0 . 1 3  0 . 22 

3 1  0 . 1 7  0 . 2 5  
1 8  0 . 1 3  0 . 1 4  

1 3  0 . 0 5  0 . 1 0  
9 o . o4 0 . 0 5 

Nil 

Nil 



App endix 33 

Survival and vert ical migration  of the infec t i ve larvae of 
Cooperia cur t icei  und er natural c ond itions from Experiment 1 1  

(January ,  1 96 9 )  

Period 
in Sample s 

we eks (Replicates) 

R 1  1 R2 

2 R1 
R2 

3 R1  
R2 

4 R1 
R2 

5 R1  
R2 

6 R1 
R2 

7 R1 
R2 

8 R1 
R2 

9 R1 
R2 
R1  1 0  .., 

1 1  R1 

No . of larvae r e c overed from 
each flower pot  

Herba.ge Herlage Faecal S oi l  
0-2 cm 2 & over pellets surface 

4 0 1 24 0 
5 0 64 0 

7 6  24 36 9 
1 0  3 1 2  0 

6 5  6 6  2 4  1 6  
1 6  1 4  1 2  6 

3 1 9  0 5 
1 8 0 6 

2 32  2 4 
5 1 2  0 6 

2 4 0 4 
0 3 0 5 

0 4 0 2 
0 0 0 0 

0 2 0 3 
0 2 0 0 

0 2 0 2 
0 0 0 0 

0 0 0 0 

0 0 0 0 

Eggs per s ample =1 08 00 
( fl ower pot ) 

T otal PeroEntage Per-ce ntage 
r�over-y migrated  Surviv al 

1 28 1 . 1 9  
69  0 . 6 4  

1 4 5  0 . 92 1 . 34  
2 5  0 . 1 0  0 . 23 

1 71 1 . 30 1 . 59 
48 0 . 28 0 . 44 
27 0 . 21 0 . 2 5  
1 5  0 . 0 9  0 . 1 4  

40 0 .. 3 1  o . 4o 
2 1  0 . 1 4 0 . 20 

1 0  o . o6 0 . 09 
8 0 . 03 o . o8 

6 o . o4 0 . 06 
Nil 

5 0 . 02 0 . 0 5  
2 0 . 02 0 . 02 

4 0 . 02 o . o4 
Nil 
Nil ... 

iil 



Appendix 34 

Survival and vertical migrati on of the infec tive larvae of 
Cooperia c ur t i c e i  und er natural c ondi t ions from Experiment 1 2  

( February , 1 96 9 )  

No . of larvae r e c overed  from Eggs per sample = 13000 
Period each fl ower p o t  ( fl ower pot ) 

in Samples Herl::ege Herbage Faecal S oil Total Percerrage Percentav 
we eks (R9pli.cates) 0-2 cm 2 &over :pallets surfuce r�overy migrated  s urvival 

1 R1 2 0 2 9 1 6 1 38 8  4706 36 . 2  
R2 1 6  9 888  629  1 543 trace 1 1 . 9  

2 R1 836 342 1 1 24 1 51 2  38 1 4  9 . 06 2 9  . 31+ 
R2 544 232 8 53 1 744 3373 5 . 97 2 5 . 95 

3 R 1  1 21 6  7 1 0 308 3 58 2 592 1 4 . 82 1 9 . 9'-. 
R2 98 7 6 1 2  384 2 54 2337 1 2 . 30 1 7 . 98 

4 R1  8 96 1 604 1 21 96 2 7 1 7  1 1 .  54 20 � 90 
R2 309 5 1 0  1 1 0  1 82 1 1 1 1  6 . 30 8 . 5 5 

5 R 1  202 422 221  232 1 077 lj- . 80 8 . 28 
R2 1 6 8  3 7 9  83 1 52 782 4 . 21 6 . 02 

6 R1  72 24 1 48 1 79 540 2 . 41 4 . 1 5  
R2 26  1 1 7  42 8 6  2 7 1  1 . 1 0  2 . 08 

7 R 1  1 04 501 32 1 36 773 4 . 6 5  5 . 9 5  
R2 92 409 1 2  74 587 3 . 8 5  4 .  52 

8 R 1  2 1  1 57 44 267 48 9 1 . 37 3 . 76 
R2 26  202 1 2  1 06 3L�6 1 . 7 5  2 . 66 

9 R 1  1 5  9 1  2 9  1 08 243 o . 82 1 . 8 7  
R2 1 2  7 6  1 1  92 1 91 0 . 68 1 . 47 

R1  41  1 46 231  2 94 7 1 2 1 .  4Ll- 5 .. 48 
1 0  R2 2 54 24 46 1 26 0 . 43 0 . 97 

R1  4 3 1  32 1 06 1 73 0 . 27 1 . 33 
1 1  R2 2 2 1  2 1  1 1  55 0 . 1 8  o . lf2 

R1 2 48 0 4 54 0 . 38 0 . 42 
1 2  R2 0 1 2  0 1 6  28 0 . 09 0 . 22 

R1  21  72 2 22 1 1 7 0 . 72 0 . 90 
1 3  R2 4 1 2  8 2 26 0 .. 1 2  0 . 20 

1 4  R1  9 5 1  D:i.sintegr a ted 2 62 0 . 46 o . 48 
R2 0 4 2 6 0 . 03 0 . 0 5  

R1 1 2  36 1 2  60 0 . 37 0 .  L1-6 
1 5  R2 0 4 4 8 0 . 03 o . o6  

c ont inued  • • •  
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Period 
in 

weeks 

1 6  

1 7  

1 8  

1 9  

Samples  
(Peplk:ates) 

R1  
R2 
R1  
R2 

R1 
R2 
R1  
R2 

No . of larvae rec overed from 
each flower pot 

Herbage Herbage Faecal Soil  
0-2 cm  2 & over pellets surfac e 

2 1 4  0 
3 4 0 

0 1 0 
0 0 2 
0 0 0 
0 0 0 
0 0 .;;.. 0 
0 0 0 

Eggs per sample = 1 3000 
( fl ower pot ) 

Total PETcentage Percentage 
recovery migrated  survival 

1 6  0 . 1 2  0 . 1 2 
7 0 . 0 5  0 . 0 5  

1 0 . 0 1  O o O t 
2 0 . 02 

Nil 
Nil 
Nil 
Nil 



Appe ndix 3 5  

Spearman Rank c orrelation c o e fficient  b e t we en maximum survival 
and m e t e or ol og ical data given in Tab l e  42 ( Tied obs ervations ) 

Jviaximum "Mean T otal Mean Total 
survi�Jal max . rainfall reJati:ve evaporation Ranks Ranks Ranks Ranks Ranks 
( w e eks) 

X 1 

9 
1 0  
1 2  
1 3  
1 7  
1 7  
1 8  
2 5 
2 6  

p 

a:ir temp. OF 

x2 

70 . 1  
70 . 1  
68 . 9 
66 . 0  
63 . 6  
63 . 6  
6 1 . 4 
56 · 5  
56 . 9  

x1 x2 = 

:inches hunidity inch es 
% 

x3 x4 x 5 
= 

4 . 3 9  74 9 . 7  
8 . 49 74 1 1 . 4 

1 1 . 46 7 5 1 4 o 5  
1 2 . 07 74 1 4 . 6  
1 5 . 80 7 5 1 7 . 0  

8 . 70 79  1 1 . 8 
1 7 . 40 8 5 6 . 9  
2 1 . 4 5 8 6  7 . 9  
2 1 . 54 83 1 2 . 0  

2 ? X 2 -
.6 d 2 z x 1 

+ 
_, 2 1 

2 I :6 X 2 
1 Z X 2 

2 '\j 

2 / ( 59 · 5 H 59 . o )  
'\J 

x 1 x2 X 3 

1 8 . 5 1 
2 8 . 5  2 
3 7 4 
4 6 5 
5 · 5 4 . 5 6 
5 · 5 4 . 5 3 
7 3 7 
8 1 8 
9 2 9 

= - a . 98 

This c orre lation c o e fficient suggests  p erf e c t  negative 
c orre lat i on between  maximum survival and mean maximum 
air t emperature . 

5 9 · 5  + 60 . �  - 4 . 5 = + 0 . 97 

x4 

2 
2 
4 . 5  
2 
4 . 5 
6 
8 
9 
7 

The c orre lation c o e fficient ind ica t e s  perfect  p os i t ive 
c orrelati on be tween maximum survival and t otal rainf all 

c ontinued • • •  

x 5 

3 
5 
7 
8 
9 
4 
1 
2 
6 



Appendix 32 cont inued • • •  

59 · 5  - 59 · 0  - 1 4 . 5 

2 �Jc 59 . 5 )  C 59 . o ) 
= + 0 . 88 

Thi s  c orrelation c oe f f i c i ent suggests  a high p ositive 
c orrela t i on b etween maximum survival and mean relat ive 
humidity  .. 

5.9 -5 + 6o .. o - 1 37 .. 5 

2 j c 59 . 5 )  C 6o . o >  
'\j 

= - 0 . 1 4  

This  c orrela t ion c oeffici ent suggests  no corr e lat ion 
betwe en maximum survival and total e vaporat ion .  



Honth s 

Weeks 

1 
2 
3 
4 
5 

6 
7 
8 

9 
1 0 

1 1  
1 2  

1 3  
1 4  

1 5  
1 6  

1 7  
1 8  
1 9  
20 
2 1  
2 2  
23 

24 
2 5  

2 6  

Append ix 36 

Spearman rank corr e lation coeffi c ient b etween survival and 
vertical migra t i on throughout the year f or each monthly 

experiment data given in Tables 32 to 40 

Harch April May September Oc tober 
1 968  

S o  v . m .  s .  v . m .  s .  v . m .  S o  v .m .  s .  v . m .  

1 5 4 1 0 2 5 2 1 5  3 5 

2 3 1 2 1 3 6 1 5  2 2 

5 1 2  3 3 4 7 3 2 1 1 

4 1 0  2 1 3 1 5 4 4 3 

3 1 5 4 6 2 1 1 6 7 

6 2 6 5 7 1 1  4 3 8 8 

7 6 9 8 5 4 7 5 5 4 

8 4 8 7 8 1 0  8 6 7 6 

9 8 7 6 9 8 9 7 9 9 

1 0  9 1 0  9 1 2  1 2  1 1  1 0  1 2  1 2  

1 1  7 1 1  1 1  1 0  6 1 0  9 1 0  1 1  

1 2  1 1  1 4  1 4  1 1  9 1 1  1 1  1 0  1 0  

1 3  1 3  1 5 1 4  1 4  1 5  1 6  1 3  1 3  1 3  

1 4  1 5  1 3  1 3  1 8  1 8  1 5  1 2  

1 6  1 4  1 2  1 2  1 7  1 7  1 4  1 4  

1 5  1 6  1 6  1 6  1 3  1 3  1 3  1 7  

1 7  1 7  1 7  1 7  1 6  1 4  1 7  1 7  

1 8  1 8  1 8  1 8  1 5  1 6  

1 9  1 9  1 9  22 

20 20 20 1 9  

22 23 2 1  20  

2 1  2 1  22 2 1  

23 23 23 23 

24 22  24 24 

2 5  2 5  2 5  2 5  

26 26 

--

c ontinued • • •  
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Months 

Weeks 

1 
2 
3 

4 
5 
6 
7 
8 

9 
1 0  
1 1  

1 2  
1 3  
1 4 

1 5  
1 6  

1 7  

Nov embe r  D e c embe r  

s .  

h 
..J 

3 
4 

1 
2 

6 

7 
8 
9 

1 0  
1 1  
1 2  

v . m .  s .  v . m .  

1 0  
4 
3 

1 
2 

5 
6 

7 
8 

9 
1 1  
1 2  

0 0 
0 0 
1 1 

2 2 
3 3 
lj- 6 
5 5 
6 } ,  ' 

7 6 
8 8 

s = survival 

January February 

s .  v . m .  s .  v . m .  

0 0 0 0 
2 2 1 3 
1 1 2 1 
4 4 3 2 
3 3 4 4 

5 5 8 6 
7 6 5 5 
6 6 7 7 
8 8 9 9 

6 8 
1 0  1 3  

1 2  1 2  

1 1  1 0  
1 3  1 1  
1 4  1 Lf-

1 5  1 5  

1 6  1 6  

v . m .  = ver t ic al migrat i on on herbage 

N 3_ N 



Appendix 3( 

Arc sin transf ormation of data on perc entage migrati on 
( data in Table  4 5 )  

Survival 
Class mid points Ar cs  in 

X 

0 .. 2 5  2 . 87 
0 . 7 5  4 . 97 
s . o 1 2 . 92 

1 5 . 0  22 . 7 9  
2 5 . 0  30 . 00 

% migration 
y 

0 . 33 
0 , 50 
2 . 30 
6 .. 34 

1 4 . 78 

Arc s in 

3 . 2 9  
4 . 0 5  
8 . 72 

1 4 . 60 
22 . 6 1  

Calculation of regr e s si on - transf ormed data 

Deviations 
X y X y 

2 .. 8 7  3 . 29 - 1 1 . 84 -7 . 364 
4 . 97 4 . 0 5  - 9 . 74 - 6 . 604 

1 2 . 92 8 . 721 - 1 . 79 - 1 . 934 
2 2 . 79 1 4 . 60 +8 . 08 +3 . 946 
30 . 00 22 . 61 + 1 5 . 2 9  + 1 1 . 9 56 

.6 73 - 5 5  53 . 27 0 0 
Mean 1 4 . 7 1  1 0  ... 6 54 

E xy 
Regression coe ffi c ient b = 

2 = 0 .. 687 97 
Z x  

1\ 
Calcula tion of y = y + b  ( x  - i)  

!\ 
y y Deviation 

1\ 
('.L - '";f;) 2 

i\ 
y 

3 .. 29  2 .  51  0 . 78 0 . 427 
4 . 0 5  3 . 95 0 . 1 0  0 . 00 5  
8 . ?2 9 . 42 0 . 70 0 . 1 08 

1 4 . 60 1 6 . 2 1 1 .. 61  0 . 337  
22 . 6 1 2 1  . 1 7  1 . 44 0 . 1 90 

1 . 1 1 3 

Th e Chi s quare f or 4 d e gr e e  fre edom & p  < 0 . 0 5  = 9 . 49 
There f ore c alcul at e d  line not signi ficantly different 
from obs erved data . 



Appendix 38 

The effect of Cooperia curtice� on the weekly 

weight changes of sheep 6-7 months old given 

different doses of larvae : -

Total Before Weight in lbs , days infection 
Group Sheep larval i.n-
No . No . dose fection 7 14 21 28 34 42 49 56 

A 301 10 , 000 48 49 52 51  50 54 = killed 
319 10 , 000 40 41 41 41 41 42 = killed 
310 60 , 000 3 5  38 41 40 3 9  38 40 42 37 . 5  

3ll 60 , 000 42 44 46 48 44 · 5  49 48 48 . 5  45 . 5  

B 324 50 , 000 44 48 46 49 50 51 killed 
6078 50 , 000 44 46 43 44 45 46 killed 

315  100 , 000 36  40 39 39  39  40 41 40 39 
304 100 , 000 43 46 45 45 46 44 . 5  45  43  44 - 5  

c 6079 100 , 000 42 44 47 45 43 44 . 5  == killed 

325 100 , 000 44 48 5 3  50 50 49 killed 
326 150 , 000 39  40 45  45 41 42 42 43 41 

303 1 50 , 000 48 50 54 5 3  52 . 5  5 3 . 5 54 54 53 · 5  

D 323 50 , 000 45 48 49 47 46 . 5  48 49 49 
322 50 , 000 48 49 54 5 5  54 55 57 57 58 
6081 Control 43 45 48 46 43 44 killed 
302 Control 43 44 44 42 41 44 killed 

E 307 Control 51  51 53 . 5  

3 18 Control 45  45  46 . 5  



Appendix 39 

Frequency distribution of Cooperia curticei in small intestine 

and sex ration in experimental animals g - ( single dose ) 

4th 

Total :Days of S. intestines � stage Total Total Total Percentage 
Group Sheep larval in- Aboma- 20 & Male female no . of developed 

No . No . dose fection Sl:UU 0-5 5-10 10-1 5  1 5-20 over larvae worms worms ;rorms in the host 

M: 0 150 3 , 321  370 180 0 0 

A 301 10 , 000 34 F 0 200 2 , 664 480 270 0 0 4 , 021 3 , 614 7 , 63 5  76% 
T - 350 5 , 985  850 450 

M 0 830 2 , 710 540 10 
319 ll 11  F 0 360 2 , 670 850 10 0 0 4 , 090 3 , 890 7 , 980 79% 

T - 1,190 5 '  380 1 , 390 20 

M 0 9 2 7  13  
B 324 50 , 000 1 1  F 0 18 45 2 5  0 0 0 49 88 137 0 . 3% 

T - 2 7  7 2  38 

11: 0 9 4 , 341 2 , 578 149 44 
6078 1 1  1 1  F 0 9 4 , 3 50 2 , 871 152 47 0 7 , 121 7 , 42 9  14 , 550 29% 

T - 18 8 , 691 5 , 449 301 91 

M = M:ale F = Female T = Total 



Appendix 39  continued 

4th 

Total Days of S .  Intestines stage Total Total Total Percentage 

Group Sheep larval in- Aboma- 20 & male female no . of developed 

No No dose fection sum 0-5 5-10 10-15  1 5-20 over larvae worms worms worms in the host 

:M 0 72 180 36 9 18 

c 6079 100 , 000 34 F 0 108 324 81 18 9 0 315  540 855  o . 8Jb 

T - 180 504 117 27  27  

M 0 27  1 , 008 675  90 18 

325  I f  1 1  F 0 18 1 , 314 792 81 9 0 1 , 818 2 , 214 4 , 032 4io 
T - 45 2 , 322 1 , 467 171 27 

M = Male F "" Female T = Total 



Frequency distribution of Cooperia .£!:"!]2ticei in small intestine 

and sex ratio in experimental animals : -
( second dose given after 34 day ' s  of infection . )  

Total Days of S .  Intestine 4th Total Total Total Percentage 
Group Sheep lai�al in- Ahoma- 20 & stage lilale female no . of developed 

No . 117 1;0 o dose fection sum 0- 5 5-10 10-15  15-20 over larvae worms worms worms in host 

10 , 000 M 18 36 9 0 
A 310 + 56  F 0 36  81 9 9 0 0 63  135  198  0 . 3% 

50 , 000 �1 54 117 18 9 

M 45  1 , 440 9 18 9 
311 1 1  1 1  F 0 18 1 ? 071 228 0 0 198 1 , 521 1 , 377  2 , 898 4. 8)'� 

T 63  2 , 511 297 18 9 

50 , 000 M 9 2 52 477 108 9 
B 31) + 11 F 0 9 360 486 90 18 0 855  963  1 ? 818 1 . 87� 

5p , ooo T 18 612 963 198 27 

M 9 495 2 52 153 81 
304 1 1  1 1  }!' 0 6 3  720 378 234 2 97 90 990 1 , 692 2 , 682 2 . 7% 

T 72 1 , 21 5  630 387 378 

M = Male :E' = Female T = Total 



Appendix _40 continued 

Total Days of S .  Intestine 4th Total Total rotal Percentage 

Group Sheep larval in- A1)oma- 20 & stage male female no . of developed 

No . No . dose fection sum 0-5 5-10 10--15  15-20  over larvae worr:1s vrorms worms in host 

100 , 000 M 27  378 18 0 
c 326  + 56  F 0 81 333 18 18 0 837 4?.3 450 873 0 . 5% 

50 , 000 T 108 711 36 18 

j\,'[ 18 18 
303 1 1  1 1  F 0 90 99  0 0 0 0 3 6  189 2 2 5  0 . 1% 

T 108 117 

M 9 540 9 
]) 323  50 , 000 1 1  F 0 9 612 9 0 0 24 , 408 558 6 30 1 , 188 2 o 3% 

T 18 1 , 152 18 

M 9 27  0 
322 1 1  1 1  ]' 0 9 36  18 0 0 180 36  63  99  0 . 2% 

T 18 6 3  18 

Ivi = Male F = Female T = Total 



Appendix 41 

Total egg output of Cooperia curticei in sheep 

necropsied after 19 days of infection . 

l 8 D a y s 0 f i n f e c t i o n  

Total 

24 hours 
Group Animal faeces e g g c o u n t Average Total eg:;s 

lifo . No . gL1S .  I II III IV V Total egg per 24 hours 
t,rram 

A 115 465  31 24 38 33 29  155  1 , 550 720 , 750 

1 1  105 467 78 76 68 7 9  8 5  386 3 , 860 1 , 802 , 620 

B 108 5 30 8 10 11 12 14 55 550 291 , 500 

1 1  349 488 90 82 83 70 8 3  409 4 , 090 . 1 ;995 , 920 

c 111 466 7 9  77  6 5  7 5  70  376 3 , 760 1 , 752 , 160 

1 1  102 450 90 123  118 101 109 532 5 , 320  2 , 3 94 , 000 

1 9 D a y s 0 f i n f e c t i o n 

A 115  405 39 38 50 56 53 236  2 , 360 9 55 , .SCJ 

1 1  105 445 89 90 90 85  92 446 4 , 460 1 , 984 , 700 

B 108 545 17 2 0  2 3  14 17 91 910 495 , 9 50 

11 349 425 100 120 117 1 51 127  615  6 , 150 2 , 61 3 , 7 50 

c 111 620 45 43 41 36  38  203  2 , 030 1 , 2 58 , 600 

1 1  102 570 98 105 120 77 97 497 4 , 970 2 , 832 , 900 



Group Animal 

A 342 

l l  107 

B 118 

1 1  341 

c 103 

1 1  117 

A 342 

1 1  107 

B 118 

1 1  341 

c 103 

1 1  117 

Total 

Appendix 42 

egg output of Cooperia curticei in sheep 

necropsied after 3 9  days of infection . 

3 8 n a y s 0 f i n f e c t i 0 11 

Total 24 

hours e g g c o u n t 

faeces Average 

gms . I II III IV V Total egg per 
gram 

497 7l 62 60 55 53  301 3 , 010 

410 7 5  6 9  7 9  78  81 382 3 , 820 

455 4 6 5 4 5 14 240 

570 0 0 0 0 0 Nil Nil 

475 3 2 3 3 l 12  120 

365 112 109 89  110 115 5 3 5  5 , 3 50 

3 9 D a y s 0 f i n f e c t i o n 

655 36 42 38 36 40 191 1 , 910 

425 86  50 73  7 5  60 344 3 , 440 

430 4 l 5 2 2 14 140 

665 0 0 0 0 0 Nil Nil 

430 2 4 l l 2 10 lOO 

460 114 1 34 118 135  114 6 2 5  6 , 250 

Total egg' s 

24  hours 

1 , 49 5 , 970 

1 , 566 , 200 

109 , 2 00 

l'Til 

5 7 , 000 

1 , 952 , 7 50 

1 , 2 51 , 0 50 

1 , 462 , 000 

= 60 , 200 

= Nil 

4 3 , 000 

2 , 8 7 5 , 000 



Appendix 43 

The effect of Cooperia curticei on weight 

changes of sheep 2 - 3  months old given 

different doses of larvae � -

Group 

fJo . 

& Before Days infection - v<eight in lbs . 
Sheep in-

Ho . fection 4 8 12 15 19  2 3  2 7  32 3 6  40 

A 

ll5  38 . 5  39 - 5  40 . 0  40 . 5 42 . 5  43 · 5  = killed 

105 31 . 5  32 . 0  34 . 0  36 . 0  37 . 7 39 . 0  = killed 

342 2 6 . 5 2 6 . 5 27 . 0  2 7 . 5  29 . 0 30 . 5 30. 5 32 . 5  33 . 2  3 5 . 0  37 . 0  

107 32 . 5  34 . 0  3 5 . 3  37 . 5  37 . 5  38 . 2 39 . 0  40 . 5  41 . 5  42 . 5  44 · 5  

B 

108 29 . 5  2 9 . 5 32 . 5  35 . 0  36 . 0  36 . 5  = killed 

349 30 . 0  31 . 5  3 3 . 0  35 . 5  36 . 0  36 . 5 = killed 

118 3 5 . 5 36 . 5  3 9 . 0 41 . 0  41 . 0  41 . 2 41 . 2  42 . 0  43 · 5 44 . 2  45 . 0 

341 2 2 . 5  2 5 . 0  2 5 . 8  2 7 . 5  30 . 0  30 . 5  31 . 5 3 3 · 5 34 . 5  3 5 . 2  36 . 0  

c 
102 31 . 0  32 . 5  32 . 5 35 . 0  36 . 0  37 . 5 = killed 

lll 27 . 5  28 . 5  31 . 5  33 . 5  3 5 . 0 35 . 2 = killed 

103 34 · 5  34 · 5 36 . 5 37 . 5  37 . 5  39 . 5  41 . 0  42 . 0  42 . 5  44 . 5  4 5 . 0  

ll7 33 · 5 34 . 5 3 5 . 5 38 . 0  38 . 0  38 . 5  39 . 5 41 . 0  41 . 5  43 . 0  44 . 0  

D 

101 32 . 0  3 3 . 5  3 5 . 0  37 . 5  39 . 0  40 . 0  = killed 

no 36 . 0  37 . 5  3 9 . 5  40 . 0  41 . 5  41 . 5  = killed 

ll2 40 . 5  41 . 5  44 . 0  46 . 5 47 . 0  48 . 0  48 . 0  49 . 0 50 . 0  51 . 0  52 . 0  

106 2 9 . 0  31 . 0  3 3 . 0  3 5 . 0  35 . 5  36 . 0  37 . 2 37 · 5 39 . 0  40 . 5  41 . 5 



Append.L: 44 

Frequency distribution of Cooperia curticei in small intestine 

and sex ratio in sheep after 20 days of infestation 

Total 

Group Sheep larval Aboma- small intestine 20ft & Sex ratio Total Percentage 

No . No . dos e  sum 0-5ft 5-10 10-15 15-20 over Male  Female worms established 

M= 1 , 470 30 10 
A 115  10 , 000 Fe: 0 0 1 , 580 lOO 60 0 = 1 , 510 1 , 740 3 , 2 50 32 . 5:1; 

T= 3 , 0 50 130 70 

M= 100 1 , 210 90 20 
105 1 1  :E'= 0 0 lOO 1 , 640 133  20  = 1 , 420 1 , 893  3 , 313 3 3 . 1% 

T= 200 2 , 850 223  40 

M= 70 1 , 590 6'{0 210 10 
B 108 50 , 000 F= 0 60 1 , 280 1 , 470 270 10 -- 2 , 550 3 , 090 5 , 640 11 . 2% 

T= 130 2 , 370 2 , 040 480 20 

M= 790 4 , 240 1 , 480 160 70 
349 11  F= 0 1 , 150 5 , 430 1 , 970 160 120 = 6 , 740 8 , 830 1 5 , 570 3l . o% 

T= 1 , 940 9 , 670 3 , 450 320 190 

Ivl= 316 4,  770 2 , 583 6 30 4 , 000 
c 102 100 , 000 F= 0 857 5 , 270 2 , 782 620 4 , 840 = 12 , 299 14 , 369 26 , 668 2 6 . 6% 

T= 1 , 17 3  10, 040 5 , 36 5  1 , 2 50 8 , 840 

M= 2 30 1 , 680 4 , 300 5 , 280 440 
111 " F= 0 280 1 , 960 3 , 970 5 , 320 670 = 11 , 930 12 , 210 24 , 140 24 . 1% 

T= 510 3 , 640 8 , 270 10 , 610 1 , 110 

M = Male F = Female T = Total 



A[2pendix 45 

Frequency distribution of Coo},eria curticei in small intestine 

and sex ratio in sheep after 40 days of infestation 

Total 

Group Sheep larval Aborna- small intentine 20 & Sex ratio Total Percentage 

No . No . dose swn 0- 5ft 5-10 10-15 15-20 over Male Female vvorms established 

M= 230 7 30 6 
A 342 10 , 000 F= 0 300 1 , 220 30 0 0 = 960 1 , 550 2 , 510 2 5 . 1% 

T= 530 1 , 950 30 
Iv1= 140 660 40 

107 1 1  F= 0 170 630 0 0 0 = 840 800 1 , 640 16 . 4% 
T= 310 1 , 290 40 

M= 10 335  2 , 783 2 , 740 70 
B 118 50 , 000 F= 0 70 380 3 , 454 3 , 040 110 = 5 , 938 7 �054 12 , 992 2 5 . 8% 

T= 80 715 6 , 237  5 , 780 180 
M= 10 1 , 180 480 11 280 

341 1 1  F= 0 0 670 480 5 5  3 50 = 1 , 961 1 , 555  3 , 516 7 . o% 
T= 10 1 , 850 960 66 630 

M= 180 2 , 870 650 90 10 
c 103 100 , 000 F= 0 80 3 , 670 760 110 10 = 3 , 800 4 , 630 8 , 430 0 . 84% 

T= 260 6 , 540 1 , 410 200 20 
M= 10 2 , 790 10 0 

117 t l  F= 0 50 4 , 120 20 50 0 = 2 , 810 4 , 240 7 , 0 50 0 . 7o% 
T= 60 6 , 910 30 50 

M = Male F = Female T = Total 



Appendix 46 

The effect of Cooperia curticei on the weekly 

weight change of sheep 9-10 months when given 

different type of feeds : -

Days of infection / weight 

Total :Before 

Group Sheep larval Feed in-

No . No . dose l . 5lb fection 7 14 21 

Daily 

A 320 50 , 000x5 Hay 50 . 0  51 . 0  50 . 0  50 . 5  

346 = 50 , 000 l l  63 . 0  63 . 5  64 . 0  64 . 5  
3 30 in total 1 1  45 . 0  46 . 5  47 . 5  48 . 5  

10 1 1  1 1  74 . 0  75 . 5  74 . 0  73 . 5  

]3 345 50 ? 000 RElY 5 5 . 0  56 . 5  56 . 5  56 . 5  
339 ( single 11 50 . 5  51 . 0  50 . 0  50 . 0  

344 dose ) 1 1  44 . 0  45 . 0  45 · 5  45 . 0  

347 11  11  65 . 0  66 . 0  6 6 . 5 67 . 5  

c 113 50 , 000 Feed cone . 47 . 0  46 . 0  48 . 0  48 . 0  

336  ( single 1 1  65 . 0  64 . 5  67 . 0  68 . 0  

3 50 dose ) 1 1  87 . 5  87 . 0  87 . 0  87 . 0  

328 1 1  " 61 . 5  60 . 0  62 . 5  62 . 5  

D 332 Controls Hay 60 . 0  61 . 5  61 . 5  61 . 5  

348 !I 11 54 · 5  54 · 5  5 5 . 0  5 5 . 0  

120 1 1  Feed cone . 52 . 5  52 . 5  54 . 0  54 . 0  

119 1 1  1 1  6 5 . 5  67 . 0  67 . 5  70 . 0  

. ' h  ln ..1. u 8 . 

28 

50 . 5  

63 . 5  

48 . 5  

74 . 0  

57 . 0  

49 . 5  

46 . 0  

67 . 0  

50 . 0  

69 . 0  

86 . 0  

63 . 5  

61 . 5  

55 - 5  

57 . 0  

68 . 0  

3 5  

50 . 5  

6 3 . 0  

46 . 5  

75 · 5 

57 . 5  

50 . 5  

45 . 0  

67 . 5  

50 . 0  

69 . 0  

87 . 5  
6 3 . 5  

62 . 0  

56 . 0  

58 . 5  

72 . 0  


