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INTRODUCTION

GENERIL.
The trend in agricultural parasitolegy in the past two
- ) decades has been bo emphasise the importance of studies on
| the cycles of nematode parasitism in farm amimalsm However,
ginguiarly 1ittles work has been directed towasrds an elucidation
of those factors in the environment of the host snd free living
larval parasites which are important iln the acquisition of

parasitic infestatiouns,

The abject of this investigatimﬁ is to stedy the growth
of & common nematode parasite of sheep in an attempt to de-
termine the "age" of a population. The term “age", as used
here, denohbes the time from infestation %o the death of the
wbrm@ -

IMPORTANCE OF THE INVESTIGATION,

" Data from this work will, it is hoped, be of use in de-
termining the age of populabions of pavasites acquired by
hitherte worm-free lambs placed on conteminated pastures, The
age of a populatlion belng determined, it follows that its date
of acquisition is also known, FEnvironmental conditions per-
taining to this period can then be examined in the light of
their possible influence on uptake or larval stages of parasites,
ORGANISATION OF THE STUDY.

A’serias of populations coveriug a&ll phases of the de-
velopment period in the host were required for measurements of
growth, Artificially reared worm-free lambs were infested
with kmown numbers of infective larvae and killed at suitable
mbtervals , A ssmple population of known age was collected
from sach lamb and the length of individual worwms measured,
These lengths were plobtted in frequency distributions, which
are reproduced in Part Il of this thesis,

Originally it was hoped to study the growth of QOgtertasis
circumcinets, and at the ssme time debermine whether there was
any possiblility of separating the females of Q. circumcincita
from O, trifurcata, which so far are accepbed as being morphoe
logically ldentical,

This work wag to take the form of a simple measurement
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of the lengths of large numbers of females from a mixed
population, with 2 study of the distributions, An alternative
wag bo gbudy the relative growth of parts of the females asnd
to examine the curves of relative growth, as Sproston (524)
has done for a monogenic trematods,

It will bs explained in the text that the numbers of

Ostertasia spp. available were too few for an adeguahe sindy,

and that Gooperia curticel was subgbtituted, The only work on

Ostertazia, as far &s this experiment is concerned, is an est-
imation of the leungth of infective larvae.

As = result of this study it is now possible %o delermine
the age of populations of §, curticei to within approximately
one day of the correct value by using the technigue described
later. It now remaing to apply this information in fisld

gbudies,

s
»n
T




CHAPTER II 1,
BEVIEWY OF LITERATURGE

Literatare relevant te this thesis falls inte twe divisliens,
Firgtly, werk en the estimation of age by the messorement of the size

of orgemisms, and secondly, on the growth of the Hematoda.

Examples of the determination of age by size are very common im
bielogical literature, D'arcy Thempson (66) guotes work on the este
imation of the age of fish by measuring the length, "Size grouping®
cen be recognised if the m@@aurﬁm@&%a %rw pletted in a freguency curve,
and these groupings can be identified as representing “age srouping',
Thempson points out that the spread or scatter of esch greup becomes
grogter with increaging sge and that conseguently there may be ne dige
tinction between groupings in older populations, Hetimations of age
by this methed will therefore be of ne use for the later stages of 1life
especially of leng-lived animsle., He draws attention to the tortoise
as sn example! & slow growth continmues f@r an uniknown btime and the ane
imal never sppears to reach a final limiting size, Some snimals may
cease growth altogsther for a vast proportitn of their life, as does
the ses-anenome, Thompson states that these have been kept in céptivW
ity for sixty or sighty yesrs and shown no growbth, though otherwise
functioning normally.  Age may even cease ho have any resl influence
at all on growth,. Brody (42) gquotes work on a planarian which can be
made to "grow smaller" and assume an immsture form merely by reductiom
of the feed supply. Increase of size likewise is s function of food
supply rather than age, |

in spite of these exceptions, it can be said that many asnimals
pass through =n immature phase whers their growth in size is corrélated
positively with their imcrease in age.

Se far as is known, this thesis is the first systematic attempt
to apply this principle to the parasitic nematoda, Ity potentisl
value in conpection with nematode studies has been recegnised for sons
time,

Teglia (6B) states that by noting the degree of development of
Haemonchus conbtertus in regard to length, colour, and relative growth
of the ovaries, he was able to estimate the age of the parasite, and
consequently the time at which the parasite entered the heost with a
resspnable degree of certalnty. |

He talks in terms of the "previous winter" and the "spring just
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ended" as the pericds at which the host acquired the parasite,

This thesis is alming at s wore precise snd shorter time, so thet for
statements like "the previeus winter" it is hoped to substitute "seven
days agoe" or "ten days ago these parasites emtered the host”,

Tetley (65) prior to suggesting this study had already used size
of the worns snd the degree of d@#@l@pm@m% of the sex organs as sn
approximate guide to the age of nemabedes v studies in the ellimination |
of the parasibes from a lawmb, This was not based on & systematic

study of populstions of kunown ages as is being done in the present work,

8o far as the growth of parasitic nemsbodes is concerned, while
their 1ife histeries have been studied clesely, comparatively little
work has been done on their linear grewth,

Probably the most compplete account is adckert's (1) study of the

growth curves of the parasitic stsges of Jspsridis lineabe He ine

fected 30 four-week old chickens, killed them at intervals over & pere
lod of L£ifty deys, and wmeagured the lengths of the parasites recovered.
Hematodes were messursd slive, or in 5% formalin, Ne indication is
given as to whether there is eny differemcs in length between specimens
which might be due to this differential treatment, reither is a deg-
eription of the methed of measuring given,

The newly hatched larva in the host ls described in gsome detall
whiech is of ne direct importance here. At 8 days the nematode m@ults“‘
sex differences can be discerned, smd the larvae (mean of eight spec-
imens, the sex of which is not stated) are noted as 42 mms, long,

The next moult takes place bebween 14 and 15 days. TFemales
measured 5°0 mms, on the fourteenth day and meles 6°4 mms on the fifw
teenth day. By the eighteenth day there was a marked variation in
development and the third moult followed on the 22nd day, A few fe-
male worms measured on the 19th dsy were 155 mms, long, while males
ware 145 mms, long.

The growth curve has been summarised in terms of gix eight-day
periods from the hatchiang of the eggs, Average daily growth for
these periods was 001€ mms. for the firet; 075 mms, for the second;
1% mms, for the third, fourth and £ifth: and 30 mms., for the last,

Though Ackert gives separate measurements for the @@x@s<im the
later stages of development, his curve of growth ls a composite one

for both sexes, and is hardly a satisfactory representation of the
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Fig,l. Bate of growth in length of & Jlineata.
{(from Ackert, Jml ?mmmml@gy «‘?3:5 BM (1931)),

At 14 days, the f@m@l@ﬁ are o5 mmg, shoriter than the males on the
fif%@:m*ﬁh; If thig is seccepied as true then the males must grow
faator than the femsles at first, and later slew up until they ave
growing slower bthan the femeles, which are longer than the males by
the nineteenth day., This is uwnlikely, The differences may be due
te too small a sample - some wales ave bigger then some females in
the same pepulabion « or it may be that the femsles measured on the
fourteenth day hsd pot molied, vhersss the meles measured en the
fifteenth day had wmelted and were growing fast, The growth curve
does nob show the "step md stair’ effect which is expected where
there is & lebthargus, This sgain may be due Lo the very small numbers
which were svidently uwsed.,  Adokert himgelf sdmits that the inelueien
of more individusle would have wmodified ths ourve.

The only other sccount published of nemstode development is
Scott?s (49} s=tudy of the grewth of sdults of the dog hookworm,
dncylostoma csmirmm, in the dog and cab,

He dewonsirated the existence of twe straing of the dog hooke
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worm, one noermally fomd in the dog snd eslled by him strain Do,

the other from the cat and designated 01, Studies were mnds of the
growth ¢f these straing in the two hests and growth curves wers cone-
structed along peints representing the mean lengths of any number of

worns up to 25 from the one host.
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Pig 2, Orowth curves of the Deg and Cat strain of 4, Copinum.
‘ (£zom Scott, Am, Jnl Hyg, 10:137 {1929)).
Curves were expressed in terms of & logistic type equatlion, and the
constants of the equation were used to compars the growth rates, (In
& later section of thiz work, the use of logisibic snd other eguabions
in analysis of growth curves will be examined in detail,)

To prepave specimens for measswring, worms were fixed in Carey
pheael afber shandiog overnight in tap waber, or else het ?&% aloohol
wag used immesdliately after asubopsy.

Previous work (50) had shown that thsese preduced identical
regults s far es lemgth is concerned, Beth fixetives predused worms
which were curved in the same plane or else straight,

Specimenyg were arranged in s flat dish in zlcohel and phobos
graphed directly dnte a bromide paper. The comers was set to give a
constant magnification when the worms werxe in foous, snd reflectsd
light was used to give a silhouetie photogreph, This method elimir
ated the need t¢ print from a negative, spd was guite fast,  VWorwms

were neasured with a wmep messurer,
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Seott found interesting relationships between the hosts and
the differont strains of the hookworm, Yorms of the dog (Do)
strain, if they suvccesded in establishing in the cat, did not zrow
a3 well as in the dog, but grew no bebter than the eat (Cl) strain
in the cat, This latber strain, if eble to establish in the dog,
grow o the same {insl size ss the T strain in the deg.

In Scotts own words, "The ability te grow at all in a given
host iz inherent in the worms but the growth rate and final size
are c&n@r&l&@ﬁ.%y the host,”

It wae slso found that varisbienm lp the nesn lengths from
hest to host was prester then the varistion within the hoest,

Scott exbrapelated his curve back through the immeasured third
stages aud fevmd that ot zere the curve had = vslue of Oe7 mm, which
is the length spproximately of the infective larvse, This indiecates
that in apite of the peuse in growih at the fourth lethargus, the
growth rates remsain the game throughout parssitic life, However,
Seott meds no moeasarensnte of grewth during the early stages vp te
saven days, and even later in some cages, wainly on acceunt of meche
snical difficplties in collecting representative samples, snd be-
cavse of extreme wvariatieons from host to hoat in the time of varieus
m@ultgﬁ

The failure on Secottls part to study the third larvel stage
snd the feurth or primitive buecal eszpsule stage makes his growth
curve incomplete, Extreme varistions from moult to moult would not
seem to be sn ebstacle, With patience, larvae uwmder one millimetre
long cam be picked ont from a mass of ingesta in the sheep, so that
the ssme task in the deg or cab, where & wmuch smeller guantity of
ingaesta is invelved, would presumably be easier,

 Seottls reassening that the growth rate remained the same
throughout parasitic 1life is confirmed by MeCoy's (34) work on the

free living stages of ducylostoms cenminuwm, EBxsminivg the influence

of various envirecunmental factors on the development of aégs and
larvae of the hookworm, he found that the growith eurve at 23° 0. was

essentially the same as that refiorded by Scett for the parssitie 1life

ndinum,  MceGoy used the same logistic curve as did Scott, and
found that the valuss of the "b" constant in Scott's eguation, if
divided by 24 te reduce the curves te thé same time scale, were not

significantly differemt.
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Fige3. Growth of the larval sbages of 4s ganimum at 23° ©,
{(fzrom Mcloy, Am, Jnl Hyg, 113425 (1930}

It ie ponerally sgreed that comparisens of this nature, based
on growth eguations, are valid (Ji), The comparison is thus very
interssting in view of the wide disparity belween the emvironments
of the free living and parasitie stages., MHeleyls ecurve shews clearly
the "stop! effect introduced by the pause in growth prior to the first

mouli, in effect lacking in Doth Scoti's snd Jokert's curves.

4 review of growth studies inm the Hematodsa would net be cemplete
without reference tuv the use of growih as am index of the Suitahility
of different envirouments for nematodes, and as a means of different-
igtion between different species, parlticularly larvel ferms, The
usual method invelves a study of the final size reached by the nema~
tode, rather than a study of its couplete growth cycle,

Fenwick snd Franklin (15) have published work in which they have
anslysed the diffieculties in determining parameters for the larval

lengths of different species of Heberoders, with the objeet of ident~

ifying eolwerm cysts in & soil sample, The smalysis is very thorough
and shows the difficulties involved whem small ebjects are to De mease

ured accurately. The problems faced differed somewhat from thise in
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this experiment; samupling, for example, was complicsted by a

number of factors.

Usging the potato ss & host plant they foeund that, vhile the
wesn lengthy of larvae from oysts on cve plant may 4iffer signifi-
cantly from the mesn lengthe of larvae from asny other plent, the
variety of the potalbo vsed was witheub say significent effsct, It
was alse foovnd that the veriations in the mesn lengths of larvee from
different cysts were greabter thap the variations fouwnd within cysts
from & large mumﬁer‘@f plants and sampling & few larvae from esch cysb.

In this thesis an amalogous situation does not arise because
theres is no eguivalent to the cyst in the parasitism of sheep by
G, purticei., However, Fenmwock and Fremklin®s work does draw attemtion
to the importance of inter<host and intra~-hest variation in selecting
the size of the sample, Lf the former was greater than the labter,
it may be advissble to select as many lambs as possible for any one
day, kill, and take a relatively small proporiion of the intdstingl
parasites for meassurement. This aspect is discussed later,

Fenwick znd Frenklin met special preblems in messuring larvas
which are of ne concern in this work. They measured larvae with an
ocular micrometer, using a lens combinabion which mede the image of
the larves cover approximately half the sesle, This method was
appliceble beesuse pre~treatment had made all sewnd, fully developed
larvee die lying out straight, The same method was employed in this
thesis and will be discussed later,

Lengths of mature JAgcaridis eslli

have been used by Sadun et al
(45) in studies on the effect of the host's diet on the hosteparasite
relationship, Hosts receiving a diet deficlient in pteroylglutamic
acid were found to harbour significantly more and longer worms than
those receiving an adeguate diet, while in a further experiment,
theg@ workers claim te show that 4, galll grew te a greater final
‘size because of the presence of a substance in the dist of the hosts
which was dexived from dried liver,

Sadun (46) in further work on the antibedy basis of immunity of

chickens %o b galll

ugad the length of the worms, amongst other fact-
&f&i as an indication of the dsgree of resisbance conferred by immune
gerun,

Taylor (57) found that Syneamus

sches from the chicken had

(amongst other differences) s different growth rate frem the morpho-
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logically identical form parasitic in stariings. 4¢ & bagis fmxj
comparisen the length of the longest Temale instead of the nean
length of & population wag used,  This may be Justifisble if the
shandard deviabtion for sach age grovwp ef worms iz low, b even than
the mean would prebably be s guperior statistic, Yherse the standard
deviatlen iz high and some values lie a long way from the mean, then
the use of the extreme valune as an indew of the length of the popul=-
ation is scarvcely Justified, Tayleor gives no detalls sg %o the
range in lengths found, and i% con only be ssgumed that the use of
the mean value would have shoewn the gawe differsnces in grewth rates

as did the exbrems values,

EZ )
w0
29
23
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GEAPTER 11X

R B IS

SELEGTION OF 'THE GROWTH _INDEX

SIMMARY .
The 1ife history snd general mervhelegy of O, curiticei are
reviewsd snd the ressons presented for the selection of length as

an index of growih,

ABTHODUCTE OX,

In order to express the guantitative relaticnship between
growth snd bise, it ls necesswry o selset some fesbure of the ansbe
omy which cap be weasured ab successive intervals, The choice is
best made in the light of 2 study of the anstony snd the life history
of the psrasibte. The following aspects of these themes are there-

fore prosented,

JHB LITE HISTORY OF COOPERLA CURTICHEL.

R b

This account is taken largely from the work of Andrews (2) whe
nade the first delailled study of the 1ife histeory of this nematods,
Jhe pre-paresitic stacess

This grewth stody deals with the parssitic stages of €, curticed
only,. JFer the sake of completensss, an outline of the pre-parasitic
stages is presented,

. The ages first a@@é&r in the faeces of the host shout fifteen

days after infesitation, They have squally rounded ends and the
gides are parasilel, The range in length is glven by dndrews sg

being from 0. to 8%u; the width as being from 35« %o flrce He gives
the aversge aim@nQiQm& of one hundred and two eggs as being 76-.8. by
fﬁagak . Tetley has data (unpublished) shewing the mean width %o be
slomest the seme ag thalb given by Andrews, His range in length is
glightly greater hewever, bhelng from 70« to 8gﬂ®

Curtice (12) gives dimensions of eges which are certainly net
Logpexis speciss. Hansom (41) gives dimensiovs for eges of 8, curt-
Aoeel which ave wuach smaller than those oblained by other workers,

His figures are 63. to 70« leng by 30. to 32 « wide.

A6 room tewperature, the egege will habteh sboubl twenty hovrs
after being passed in the fasces, The first stoge larvas are shout
300 ~ieong with & rhabditiform oesophsgus.  After twelve heurs from
hatching, in which btime Andrews siabes they have grown an average of

200 4, the lsrves enter upen the first lethargus which lasts approxe
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imately esighteen hours, They again become achive at the end of

this peried, snd cast thelr sheaths,

The second stage larvae are very similar to the first stage,
though larger. ﬁh@ intestinal cells are also more grenular,

Mndrews veports this stage ss feeding actively Tor approximately
forty~eight hours before it enters upon the second lethargus, which
lagts twelve bhowrs,

Am’th% asonglusion of this second letharsus, the larvae again
hecone sobive in whet lg ealled the free-living infective stage,

This is reached ninedy hours after hatching, The second stage cube~
icle is retained by this larva uwntil it infects the future hest.

It ig bo be nobed that the figures glven for the times to reach
various stages from hatching, ss well as the time for the eggs to
hatch, sre scquired under laborastory conditions, These may have been
such as to hasten development, In any case, they would almost ceri-
ainly be &iff&xéat in sele degree from those experienced in the field,
and interpretaticns from them in regard to field conditions should be
made with this in mind,

Andrewy &Q@ﬁ net dlscuas the effective longevity of the third
sbage larvas in %hQ field, “ Baker (%) in a gimpi@ trial found that,
along with other common nematodes of the alimentary tract of sheep,
Go. oupticed infestabion could be asquired by these animals in & paddock
which had not held stoeck for tweniy-one months, This indiesgtes thab
some of the infsctive lorvass wers still viable after this peried, but
1% does net glve soy indication of the proporiion of the erigimal
larvae population they rapr@s@mﬁw This latter figore would be of
more velue, Work by Kates (26) inm U.5.4. shows that Cooperis larves

de not gurvive the winter in rested pesbures st Belteville, Hd,

Tha varasitic stazes:

Twe days after the infection of experimental lambs, Andrews
found that the larvae had csst their second stage sheaths, They
Wera ﬁtillg howsver, im the third (psrasitic) stage, They had in-
cressed in length very littls, some being shorier thar the infective
layvas,
Hhile g$ill in the third stage, three deys after infeection, the
lervae passed inte the crypbs between %hé villi of the small iﬁta&%iﬁ@m

4 dey later, they wnderwent the third ecdysis, becoming fourth stage
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larvas, They remsined Iin the crypis with their postericr ends

projecting inte the lumen,

In the Tfowrth stage, cex differemtiabicn was possible, The
meles had o thiceer posterier end then the femeles, and the genital
primerdium was further frem the posterior end than in the females,

On the Difth dey, ths lsrvee returnsd to the luwmen, and marked
devaelopment of the genltalls ook place, In gﬁw male, the genllal
primordive was gboud 2000y from the pusterier pole. In the female,
it wag ES@w from the y@aﬁ@xi&r end and the gorm cells were ab epposite
axtrenitles,

On the glxth day, the genitel primordivm had develeped to such an
gxbent that peris of the reproduciive ergeps covid be distingulshed,

Up the sighth dey, the cubicle was loosensd and the genitelia
wore well develeped, though there ware grest veristions froem individe
wal to individual.

On the pinth day, the final ecdysis teck plauce, and the worms
wors mature sdulds.

& day Lleter, though a few fourth stzge forms were present, the
majority were immsture adulits, as shown by sbsence of eges from the
whberd, and the size and coleour of the genitalia,

On the twelfth day from infection, eses pEépared in the uberi
and the spicules dsrkened, |lMemnig (37), working on the 1ife histery
of frichest:

copulation had taken place, The same may spply bo Ce curticei.

rying speciss, bock this derkesing to be o sigs that

A% fourtesn days, Andrews sitabed that the worms had reached
the size of mabure individuals, The fellowing day ezgs were found

in the fasoes,

THE MORPHOLOGY (F THE AOULT NEMATODE.™®

In genersl form the nemabode iz mors or less oylindriesl snd
glongate,  Length is ite main dimensien,  Helabive to the total
iepgth, the widih iz wery small, The writer nesgured the widih of
ten wmale werms ab s point one handred microns anberiorally froem the

goaterior sud of the splioules. The nesp messmeement was 90-4 microns,

#% This sccount is derived largely fvom "&u Introduction to
Nematology" ed, by B.G. and M,B, Chitwood, Washington, D.Ce
1937.




12,
the range being from 74 %o 101 microns. The modal length of the

male population from which these measurements were taken is 4-9 mm,
The measvwrement of widith is thus about one fifty-fourth part of the
nesasurenent of lengbh,

In G, curticei the actual length is not so obvigus because the
nemsbode curls in the anterior portlon, leaving the latter third pro-

Jecting more or less tangentially freom the coiled portion,

the Cuticle.
| This is the name given to the noneceliular external covering
of nematodes., At the anmterior end of C.curticel, the cuticle forms
a cephalic inflation, and is marked by transverse striations, The
‘ dismeter of the cuticle hers will vary with the degree of inflation
from 25 microns to 50 microms (41). In the fourth stage larvae
this striction may be seen clearly bemeath the cuticle, especially
Just prior to the last sodysis. This fach was uvsed to Ldentify
fourth stage females from adult females im the present work,

The cuticle covers the body entirely, and is marked in €, curt

doel with fourtesn to sixteen longitudinal lines oy zidges which
appesr under close inspection te be rows of small dots,

The cuticle itself does not present any feature which could be
utilised as an index of growth, Indirectly, it is important in
measurenents of total length, in that it marks the wpper linlt ef
that dimension, HNemabodes which have been wnduly affected by a fixe
abive will shrink back somewhat from both ends @f the eutliele,
Inmediately prior to ecdysis, the cuticle may often be demaged in fige
ing and will freguently work loose, In the latter cases, the dige
tance between the extremities of the cuticle does not necessarily
repregsent the true length of the worm, This aspect will be dige

cussaed in o laber sectiocn,

the caudal bursa is a lateral cuticular
modification ab the posterior end of the adult male (11, page 26},
Signs of its presence may be seen in the thickening of the posterioer
end of the male in the early part of the fourth stage. The bursa
does unot show distinet development i1l the sixth day of p&xaﬁitiﬁ
life, or even later (2). The bursa may be divided into one dorsal

and two lateral lobes. Hach lobe is divided into a number of rays,
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the shape, size and relative position of which are used in
classification, Baylis (4) gives the following description of the
bursa of the genus fgoperiat
"The bursa of the male has a small dersal leobe. The
latereventral ray is considerably thickex than the
ventrosventral and is rather widely separated from 1it,

but curves in the same direction towards its tip.

The posterc-lateral ray is slendsr, The externo-

dorsal reys are long and originate high up on the

dorsal stewnd. The dorssl ray is cleft for from one

third to one half of its length, and its maln branches

may be parallel or curved te form s lyre or horseshoe,

From esch main branch, uvsually near its @fi@i&,.&

short branch extends ventrally inte a2 vesicular swells

ing on the imner surface of the bursa,”

In €, curticei, the main bramches ef the dorsal ray form a
1yréushapa& gbructure,

The burss would not be z very easy subjeet to meagsure from
the point of view of development.  As with other sexual characters,
its grewth might be utilised to indicabe the sge of the worm in the
laber stages, Andrews (2) however mentions that at eight days there

ig great variasbilibty in bursel development,

Jthe Hypodermig.
The hypodermis is a thin pretoplasmiec layer wnderlying the
cubiele, JFroem it project internally four longitudinsl thickenings

dividing the internsl gresag. The thickenings are known as ghords

being termed respectively the dorssl., ventral and latersl
Within the chords are the nuclel of the hypodermal cells, the nervous
asystem snd the lateral csmals, Some reserve food granules are also

pressnt,

The Sopatic Musculature.

Though no data relating directly te the musculature of [, curk-
dcei was aveilsble, information could be obtailned on twe clesely re-

lated forms, Qst

taeis end Hsemonchug., The following is an account
of the general plan of nematode musculature.

The muscle cells lie in parallel groups in the antero-posterior
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direction, separated by the chords inte four primary muscle fields,

Bach of these in turn is gubdivided by smaller thickenings of the

hypodermis, so that there are eight fields in all, These are named

When there are few muscle cells between the chords the muscgle

ature iz termed meromyerien, while meny cells form a condition termed

The muscle fibres are perpendicuvlar to the hypodermis with &
contractible suvbstance as & base, In some cells this substance folds
perpendicularty from the hypodermis up the sides of ths cell almost
encleosing the protoplasmic central peortion. This type of cell is
termed goelemyariasn., Where the protuplasm is more or less uncovared
by the contractible substance, the cells are called platymyarisn.
From the proteplasmic surface facing the interior, there run a series
of "innsrvation processes” extending from the vicinity of the muscle

cell nucleus to the motor nerves,

are meronyarisn-platymyarian, Chitwood and Chitwood (11, page 42)

state that the genus Haewmonchus is peculiar in showing in cross sect-

ion at the mid region of the body four sub-lateral large platymyarian

sells and forty to fortyesisht sub-medism small coelomyarian cells.

Besides the muscles of the body waell, there are s number of

gspecislised mogcles, some of which arel=

Somsto-sosophagesl somato-inbeytinal
depressey anl dilator ani
copulatory barsal

gpicular valvalar,

g single cell dorsal to the cesophagus.
Within the cavity are cells which are neot a part of the connect-

ive tigsue and which are kunown as coelonoecyvies. Vory 1ittle is

known sbout thelr function eor indeed theiry presence in the varieus

forms of nemsitodes,

BoG, and M.B, Chitwood believe that nematode 1lip structure is
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based uvpon & hypothetical primitive pattern represented as having

six 1lips. Two of these are dorsal, itwo ars subelabtersl, and two
subeventral. On the summit of each 1lip is one pepilla, forming an
inner circle of gix, On the positerior and leower portions of the
gub=dorsal and subeventral lips are two papillas, snd on the posterior
portion of sach of the suh-la&éralsw one papilla, making a total of
ten, They believe that all cases can be represented in terms of this
basic plan, though fusion and reduction csn modify the arrangement in
any glven species to a marked degree,

Hees seldom shew rudiments of

The Trichostrongyloides

glther three or six lips. The oral opening may be of

diverse form but is nearly always swrrownded by an il

congpicuous clreumeral membrane,  Hepresentatives

studied by the writer have an internsl circle of six

reduced papillae and an external circls of ten simple

papillae..." (11, pase 57).

With direct reference to 0, curticei (using the synonym
Strongylus ventricosus) Curtice (12) states:

"o neck or head papillase visible, lMouth terminal,

very small and rowad, The end of the hesd is fure

nished with s hemispherical cap-shaped chitinous

piece. Other oral armature apparently absent.”

Ransom (41) describes the anterior end of &»mggggg&gg as

"Head rounded, relatively thick, 25 microns or more

in dismeler, without well defimed lips o papillas...

mouth cavity small, indefinite.”

There are two points of difference belween Hansom®s and Curtice's
descriptiens, First, Curtice states that the head hes a hemispher-
igal chitineus piecs, This iz pob mentiocned by Hansom, Jecondly,
Hengom mentions pepillae in contra-distincetion te Curtice's statement
¥ .. orsl armature apparently absent,”

Beonsom believes that Curtice’s deseription is based on more than
one species, He cites in support of his contention the obvious diff-
erences between furtice's fig, 2 and fig. 7, beth purporting to be
Strongylus ventricosus, Though Eansom does not mention 1%, fig, € in

Curtice's deseription appears from its nabtural size and genersl appesrw

ance to be Hemptodirug species, The dimemsioms for the ezge of

psus, glven by Curtice are 0013 mm, by 007 mm, These diw
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mensions are very close to thoss cited by Tetley (62) for

B, filicollis. He gives 912 % of eges of N, filicollis as falling
within the meagurements 133 by 176 micrens long, snd 71 by 87 microns
wide,

Hansem mentions other additiomal errors made by OGurtice in the
drawings, The writer has not observed say structure in C. cuxticei
which corresponds to the ‘hemispherical cap-shaped chitinous piece,’

Probably this is a further errer on Curticels part.

The Stoma snd the Oss

iha stoma is the passage between the vesophagus and the oral
aperture, So far as Trichostrongylids are concernmed, it is very much
reduced,

The gegophagi of nematodes present a wide range of form snd
function, In the Strongylina, Chitwood and Chitwood (11, page 78)
state that the cesophagus is "grossly clavate to cylindroid®, but in
some instances, faint indications of procorpus, meta@arpus and bulbar
reglon are observable in the adult,

The oesophagus in the adult §. curiicei is given by Ransom (44)
as being 20 in diameter at the anterior end, narrewing quickly %o
15 , then gradually increasing to about 30 or 35 . This shape is the
very reverse of clavate, and barely cylindreid, It doeg not show in-
dications, however faint, of procorpus and metacorpus,  The bulb at
the base may be construed as representing the bulbar region of Chite
wood snd Chitwood's description,

In many trichostrongyleids, the first gtage larvae have a dis-
tinctly rhabditoid oesophagus. From Andrew's (2) figure 1 b, it
would not appear that there is no distinet differentiation between
procorpus and metacorpus which is associated with the rhabditeid
cesophagus. The second and third stage oesophagl are characterised
by the gradual obliteration of the obvious regions,

The third stage larva of £, curticei has an ocesophagus with a
8lightly swollen posterier bulb, which tapers to pass at its narrowest
through the nerve ring and then increases in dismeter slightly to run
to the globular buccal cavity. The cvesophagus wndergoes further
changes involving a thickening of the anterior end in the later part
of the parasitic third stage, when it soon beacomes recognisable as the

adult type.

Rangom (41) gives the length of the oesophagus in the adult male
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as being QﬁQﬂt@ 275 , long, In the adult femsle, the messurements

giv@h are 255,%0 290 0

The ocesephsgus is readily measured, and being present in all
stoages of the 1ife cyecle develeps throughoutb ﬁhgjgg%@ of the worm,
These characterlistics make 1t an ebvious subject o measure in a

growth study. This aspect will be discussed later,

Ehe Exeretory System.
In nematodss, the excretory system shews great diversity, The

Hhabditeid system, as exemplified in Zhsbditis strongyleides

cribed as being (with modifications) the type found in the Strongylina.

MeBo smd B,G, Chitwood (11) describe the essemtials as including
#(a) a terminal elongate cuticular duct, (b) an excretory sinus conne
ected with paired lateral glands, and (¢} paired subventral excretory
glands alse connected with the excretory simus.” The cuticular duct
is connected to the exberior by the excretory pors which ig s ventral
structure,

Ho direct information is svailsble on the sxerebory system of

The Intestine snd Rectunm

In nematodes, the intestine ig a simple tube with an epithelial
cell wall, In some speciesg, there are appendsges from the anterior
portion, but these forms are rare, The cell wall is a single layer
with differsntiabtion (mdiely in cell height) which enables a histolog-
icel division into three regions to be made,

The intségbine is connected with the hind gut by sn intesting-
regtal valve, 1% is lined with cuticle, and rectal glands are
usually present: The rectum is modified in the male by the vas de-
forens which opens on the ventral side of the rectum, forming s
cleaca, The epposite, or dorsal wall, is modified and gives rise

(11, page 115) to the zube

naculun (nob present in C. curticei) and

the spicales,

?he‘spiﬁmlag of 8, curticei are described by Baylis (4) as
being "relatively short, broad, snd somewhat twisted". Lengths, as
measured by Tetley (61) range from 111.te 165.. Tetley used spitules

as an index of development in studies on the relative suwitability of
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the enviroemment in different parts of the intestine towsrds

Ls curticel, leasuremsnts provided some indication of the differ-

enses in the finsl development of the nemabodes,  Spicules would net

be useful in growth studies over the whole parasibic 1life since they
¢

do not commence development wntll after the sizth day,

The feesl point of the nerveus system is the circum-oescphageal
commisure, From this there are directed forward six nexves, Bach
mf these hag three chief distal branches, which lnnervate certain
organs of sense abt the anterior extremity. These organs may be

The chemoreceptors at the anterior

end of the nemsboeds are called amphids,

In the hypodermis are several nerves posterior to the nerve
ring, These are the dorsal, the ventrasl, two (or three) pairs of
laterals and four submedian nerves, CGanglis are present in the
ventral and to & lesser extent in the latersl nerves, lone are
found in the dorsal or submedian nerves,

Other structures which may be associated with the nervous syse
tem are various papillse, phasmids (similar to asmphids, but situated
posterior to the anus), and innervation processes from the somatic
masele colls bo the dorsal, venbral, snd submedisn nerves,

The presence or absence of phasmids is the basis of the differe

encs between the twoe subwclagses of Nemsbodes Fh

nidia, Chitwood and Chitwoed, 1933 Phagmidis include plant and goil
forms aud these parasitic in animals,. fphasmidis include mors comms

enly marine and fresh-water forms,

aale Beproductive System.

o detailed accoumt of the reproductive organs of 0, curticed
is availsble, The Strongylins as a whole, hawevai, have & system
based on the following plsn, with medifications,

The valva in 0, curticei is a transverse slit, surrounded by
chitinous lips end situated in the pesierior third of the bedy. In
the Stroagyling generally, a very short vaginas lined with cuticle
{the vagina vera) leads from the vulva to a thickened portion, the
ovejectors paired oppositely. Hach ovejector may be divided into
three distinct parts to which memy names have been given., The

following is the nomenclature susgested by Hansom (41). That thine
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walled portion common te both ovejectors, into which the vagina opens,

is called the gvejector I. At each end of ovejector I is a sphincter
muscle, gvejecter 1I., This in turn leads %o a thickewslled gveject=
or L1l. In seversl hundreds of femsles of .. .ouriticei examined by
the writer, eggs have been cbserved in the uterus beyond ovejector III
and in ovejector I, bubt never in ovejector LI or IIl, This is undere
sbandable in view of the narrowness of the lumen and the muscular nat-
ure of the walls of ovejectors I smd 1ILI,  Hansom (41) however, in
hig fig.7C, page T3, shows an egg in each ovejector 111,

The uteri lying beyond vvejectors III have walls of squamous
epithelium, The distal portion uvsually functions as o seminal
receptacle,

The thickewalled oviduct sets off the uteruvs from the ovary,
Bach egg is fertilised whem it reaches this organ, (11, page 175).

Beyond the oviduct lies the gvary, & tubular saec in vhich can be
Zone and the Growth Zone.

As its pame implies, the germinal zone is an arss of rapid cell dive

distinguished two divisions, the Gerpinsl

igion, while in the gzrowth zone there is a rapid increase in cell sizs,

This zone can be very large, especially in parasites,

rigs the genitalia extend forward in the case of the ant~
erior ovary, while the posterior uterus extends to near the posterior

end znd then turns back, the overy running antericrally past the vulva,

The reproductive system of male nematodes has not been studiad@
in the gsme detail as that of the female, This ig due largely to the
fact that while the female system shows varied develepment, belng es-
pecially adopted for parassitiem, the male system is more wniform, es-
pecially in se far as accessory structural medifications are concerned,
It does however incresse in length with parasitism,

Phasmidisnsg, of which division §, curtived ig 2 member, commonly
have one testis divisible like the ovary into a2 germinal zone and a

growth zone, In & few forms the testis may be separated from the

e

Senminsl vesicle by a ya ens. The seminal vesicle is a simple
dilation of the main duct for the storage of sperm, The vas deferens
ig the termimsl poritleon of the genitel system snd enters the rectum in
nearly all males from the ventral side, It may be divided inte a

tubulsr and a glandular region, The vas deferens shows much variation

from group te group in ite detailed structure,
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DESIRABLE ATTRIBUTES OF THE GROWTH INDEX.

It ig considered that the facter sslected az & growith indexw
should have the following attributess-

&, The growth of the apatsmical feature should cover as great
a period of the parasitic 1ifa as pogsible, It iz obvious that cere
tain sex organg which do not differentiasts till sbout the sixth day
of parasitic 1ife would be useless as a measure of grewth fer the whole
of the developing pericd of the parasite. Such features might be of
use, however, if they continued to developn when all other growth pro-
cegses had ceaged, and it is neot unreasonable when discussing the
genitalia to assume that they would doe so.

B, Whatever feature of the snateny is selected, it must grow
fagt enough to give distinet differences between successive meagure=-
ments. Since the growth of (., curticei in the host covers not more
then about twelve days, it would be desirebls to msagure an anatomical
feature which would grow encugh %o show dally changes distinctly.

G It ig preferable but not sssential that the feature selected
be readily measured, especially if a large nunber of nematedes are to
be measured, fnother miner point is that the feature should be re-
sistant to changes in fixation. Spicules were used by Tetley (61) %o
measure relative differences in development of adult male $, curticed

because they were not affeched by different reagents used in fixing,

THE GROWTH INDEX SELECTED,

From an examination of the life higstory and morphology of
G éﬂgzigg; in the light of these three points, the following snatone
ical features were studied as being most likely to give a clear meag-
urement of the growth of the nematodes=-
(1) the total length
(2) width
(3) length of the cesophagus
{4) certain sex orgams,
With the exception of the latter, these show continuous changs
throughout the developmental period of the nemstede in the host,
Other feabures counld be utilized to show the sge of the parasite,
The most obvious is the stage of the life cycle. JFor example, gen-
erally any Logperig ilo the fourth stage can be placed, on the basig of
our knowledge of the life cycle, as having been from four to eight days

in the host. $imilarly, a third stage larve showing an oesophagus
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with & thidvened anbtericr end could be placed in the seeond or

perhaps the third day of parasitic 1ife. The chenges may be termed
digcontivugus,  They apply %o one special portion of the parasitic
1ife, Their value lg therefore limited because they cannot be used
to give any idsa of the age of (. curbticei over blgz periods of its
developmental history.

OFf lemgbh, width, and oesophsgal length, the first iz by fexr
the most sultable characteristic to measure, Width is difficult to
ssbimate correctly because glight flatteming or distortion of the
nemabtude csn alber 4t to s largs degree, Alge the absolute change
in gize is net grest, The writer messured ten adult male §, curticei
at & point approximately 100, anteriorally from the proximal ends of
the gpicules and found the average width to be 904, A minilar meage
wrement of the width of ften Infective larvas, tsken across the base of

" the cesophagus was 23, @ total increase in width of omly 67.. Sim-
ilarly, the length of the cesophagus inersased from 15Qw~(14> in the
infective larvae to 270« (4) in the adult female, a total of 120.,
Thue the cesophsgus does not even double its length in development
from the infecilive stage,

Aecording to Andrews (2) the adult nematodes cease growth ab
zbout fourtesn days. Assuming growth to be a regulsr incresse
{though this is not so), the cesophagus averages about Qﬁ a day, and
the widih less than halfl this figure,

The overall length of the infeective larva on the ether hand ine
creases from 750, (14) to 5,000. (4} in the adult male; i.e., over six
times its original lemgth, The adult femsle is even longer.

Length is therefore the dominating feabture of nemstode morphol-
BEY o L% may be seid to have in essence one dimengion, length, which
is the gum tobtal of the growth processes of the parasites, Its relat~
ively large size mekes 1t sasy to messure, snd eénsures that slight
variations in ﬁavéimpmeut within or beiween populationg could readily
be discermed. With the exception of the firet two days of parssitic
1ife, the length incresses until sbout twelve deys when growth cesses,
Its growth thus covers almost ﬁhﬁ whole of that perisd, when the nemge
tode le develeping in the hosgt,

Scott (50) has shown that Ancylostoma caninum will vary by up to
ten per cent, of its btotal length, depending en the fixative used.

S0 far ss G, curticel is concerned, so long as one standard method of



fimation snd preservation is adopted, there will be neo error

from this souree,

sa
a3
vo

[
@

22,




£,
H, BV

METHODS TFOR MBEASUHEMENT OF LINGTH

SUMVARY,
The use of & nicreeprojector, camera lucida, and an eculay

micrometer for varicus measurements of £, curticeld

are described,

The greater part of the wmessuring was done with this instrue
ment, made by Watson Vietor Limited of Wellington especially for this
worl, 4s its neme indicates, 1t projects sn enlarged imasge of any
small object intoe a pisce of paper placed at the base.

The three essential parts areiw
(1) a 100 watt projector lamp,

(2) a condensor made from a single piece of glass, with no
diaphragm, '

(3) a %20 ocular, fitted to the lower side of a bakelite stage.

These were mounted on a vertical steel tube screwed to the base
board, snd could be moved up or down either together or independently,

The mekers recommended certain distances between lamp, condensor,
lens, and base board as giving the MM definition, When the appar-
atus was set up in the laboratory, these distasmeces were uged as & basis
on which to mske some alight adjos tments and seo obbtain the most satise
factory results,

The distanee from the base board to the lower edge of the field
lens in the seular was finally set at about 60 cms, The condensor
was 5 cms, szbove the top éf the ocular, This combination gave a
magaification of 3904 dismeters, calculated with the ald of s stage

micrometer according te the formula

Magnification = $228.9%.

Once this position wes established, lens, lamp and condensor
were screwed tightly inte position and the steel column was marked
88 a check ageinst sny movement, A further precantion to prevent

any change in magnification invelved the ©86:.9f & stage micrometer,

This was placed on the stage and the lmage of the lines reflected on
te a piece of paper at the base. The lines were then drawa in on
the paper, which was kept as a standard for future reference.

The bagse hoard was made of solid wood. As 1% was not suitable
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for drawing with paper placed directly on it, 211 messurements and

drawings were made with a special gheet of cardboard between paper
and board.

For the drawings, headed paper 11 inches by 113 inches was
used., (See fig. /). In the heading, space was available for the
nunmber of the sheep and the dates at which it was infected and killed,
dmongst other detalls the most important were those referring to the
species and te the instar. Ho space was allocated for the sex of
the worm, this being insérted after "species".

Bafore using s sheet of paper, all the detalls wentioned sbove
were filled in, In addition, the stsge micrometer was used to draw
a scale on the paper. This consisted of a series of lines down one
gide at a distance apart corresponding to the lines on the micrometer
Q-1 em,

Befere the instrument couvld be used, & sp@ci&; gereen around
thres gides and the top had to be c@ngtruct;a;XdW?nhi;asuring small
images, a plece of black velvet was alsoc uvsed on the fourth side

from which the gperator worked,

Worms were placed on a slide in a drop of 5% formalin snd
glycerine which was stained a light brown with Iugel's Ilodine stain,
The mumber of worms placed on a slide depended on their size.  Adult
worms when fully developed could not be handled in numbers greater than
fifteen or twenty., With younger worms, fifty or sixty could readily
be handled on one slide, Higher numbers than this were noi used
gince they led to confusion,

A cover glip was placed over the drep, snd excess formallin reé-
moved with a piece of bleotting paper, ‘Thig ensured that the cover
slip pressed gently down on the worms and flattened them into one
horizontal plane. Brrors would of course be Introduced in measure-
ment if the worms or a portion of thelir length were in the vertical
plane,

The slide was transferred to the stage of the micro-projector
and the images brought into focus, It was then moved about the
stage so that a view could be obtained of the general distribution
of the worms., 1t was f@und that this was a great help in drawing,
since the nematodes would be grouped in small clumps forming patterns

of irregular shape, If g sterting point was selected on the slide,
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it was easy te work arcund amongst the worms, drawing each one

with very 1ittle chance of missing or repeating,

In droawing, a short line was made at right angles to the longe
itudingl axis of the nematods at both the hesd and tail, A pencil
mark was then made down the central awis keeping to the centre the
whole way and connecting the two short lines marking the anterior
and posberior axﬁremitiwsg

In meles the measurements were made from the tip of the bursal
rays. These could essily be twisted or doubled back but any errors
arising in this way would not be significant, In fourth stage lare
val males the remment of the larval tail prejects at an angle from
the swelling of the developing burssl rays. This tip could not be
discern@d wnder the micro-projector in most cases, and the tail end
was bteken from the tip of the developing rays. The actual differw
ence would im this ecase be insignificant,

In spite of the fact that (., curticei is very oftem coiled inte
rather complicated shapes, very little difficuldy was experienced in
following the central line of the nematede, In & few cases in which
there was dovbt, due %o very tight coiling, the nemstode was discarded,

Then o sheet of paper was filled, the worms drawn were individe
wally numbered, =md the numbers conbained on the sheet entered in a

space provided in the hsading,

ne Dividers., 4t first it was decided %o use a pair
of dividers to measure the length of the worms, & pair was obtsined
with a screw in the centrs to hold the points abt & set distance.
The points were set 05 cms. apart, and the dividers were worked
aleng the lines, at the same time counting the number of divisions
marked out in this way., Knowing the scale, the numbers of divisions
in the length could be readily iransferred inte units of messurement,
This method was found to be slow and nob very sccursie when the worms
were coiled, It would nevertheless be guite satisfactory for worms

which were more or less straight,

It was decided to use a2 small
toothed wheel to run along the pencilled lines representing the length
of the nematodes, The number of revelutions and fractivns of revole

viiong could then be transposed with the aid of the scale into stande-
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ard unlits of length,

A boothed wheel was evenbtuslly taken from & wateh, It was
gpproximately 9 millimetres in diameter and had thirty-{ive small
teath on the circumference, This wheel was fitted onto a mebal
handle and o plece of watch spring soldered to the handls, with one
end of the spring engaging in the testh. This, while asllowing the
wheal o move backwsrds or forwards, ascted ss & breke snd made the
ingtrument much easler to handle,

(b) Calibration of the measurine wheel.
purpose, five lines were drawn on & plece of paper, Along their

For this

length, using the reflections on the paper of the millimetre lines on
the stage micromster, were drawn a series of lines, The distance
‘between each of these correspondsd te one millimebre as magnified by
the projector, snd thers were six divisions te a line.

fhe wheel was marksd oubt with s speck of black paint on every
£ifth tooth; one was marked in & spwcial way to distinguish it as the
first. VUsing this as & starting poind, the vheel was run down each
line four times, %wo each way, and the member of revelubtions and
parts of a r@ﬁ@l&ti@n recorded, the latter belung expressed in terms
of "toeth™ or one thirty-fifth part of the circumferemcs,  Thus,
727 mesny $hat the vhesl hss made seven complete revelutions sné
twanby-seven thirty-fifths of one revelubloen.

Migures obitained were as followgie

igt lins Znd line Ard line - 4th line 5th line

127 127 727 127 127
728 727 728 728 728
727 127 728 728 727
728 727 728 728 728

This sversges T complete revelubtions &%ﬁ.%§%§ or G-8571 of a
of & revelubtion gverall. $ince this is eguivelent to a distamee of
6 millimetres, one complete revelution will therefore be eguivalent
o 077 mm,

With this figure ass = basis, a table was constructed which gave
the values in millimetres of revelutions up bto nine, and the values
of each thirty-fifth fraction of a revelution, Thig table igs ree
produced in Appendix giﬁ&nd was used in debtermining the lengths in
millimetres of populations from the following sheept 6, 9, 18, 24, 29,
36, as well as the infective larvae, (Craphs 70, Tl; 66, 67; 72, 73%;
17, 18s 68, 69g 52, 53 and 1 respectively.)

Shortly afterwards the calibration of the messuring wheel was
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checked and it was found that the vhesl actually turned a glightly
greater distesnce in covering thé sguivelent of gix millinetres, Po
determine this variation, ten lines, each representing six millimetres
at the magnification employed, were measured twice in terms of revol-
utions of the messuring wheel, Hach wes, of course, seven complete
revelutions long plus the following thirty-fifth parts of a revele-

ubioni-

lst line 2nd line 3rd line A%h line 5th line

30 30 2975 2775 2875
30 30 2975 2775 2875
6th line Tth line 8th line 9th line 10%h line
29.5 29 29 29 30
295 29 29 29 30

The mean value is 29.28; therefore the average number of revole
utions equivalent to the six millimetre line was ?“g%%gﬁ or 7-8365.
The value of one revolution in terms of millimetres was 0765 mms
(compared with 0770 for the first conversion table) amd one thirty-
fifth p&r? was eguivalent to 0.022 mmg, which is the same as the fig-
ure for tgm first conversion table if both figures are corrected to
three &@gim&l wlaces,

Tﬁgg correction was emall, and the conversion table derived
from it (Appendix XJ differed from the original table only in the
higher values, Thus & worm 119 units, i.e, I%%‘ef a revolution long
would be 1019 mms in both tables, However a worm 800 units long,

i, 8, 8 revolutions, would be 616 mms long if the original conversion
table was used, but only 612 mms long if the corrscied table was used.

Therefore the messurements already made with the origingl %sble
were unaltered, since the correcited table would only make some insige
nificant changes to the longer worms in sheep 6, 9, 18, 24, 29, 36,
All other messurements using the micro-projector wers made with the
corpected conversion table,

When measuring, a sheet of paper was prepared having three col=
umng,  Yhe first contained the number of the nematode as set out in
the drawing, The second contained the length of the nematode in reve
olutions, The third contained the asctuel length ir millimetres, read
off from the table. The ch&ncee of error were reduced by recording
the mumber of revelutions, rather than by reading the length directly

from the tsble,
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IHE CAMERA LUCIDA.

The micre-projector was not used to measure the lengths of
larval stezes youager than four days. These forms gave only a very
gmall imege, snd when this was coiled it became very difficult to
weesure properly with the measvring wheel, Jnother disadvantage of
the micreeprojector lay in its ingblillty to bring up any snatomieal
details, Hork on sex differentiation in very ilmmature forms made it
necegsary to locate the genitel primordium, This could not be done
without the micreseope.

When the cazmers lucida was set in the barrel of the micreseopes,
the instrument had to be tilted towsrd the observer, This brought
an imsge of the drewing peper, placed between the observer and the
ingtrument, inte the field of view along with the image of the eobject.

The sngle at which the microscope was tilted was such that the
imag@ of the lines O+1 mm apart in the stage micrometer were super
impesed upon the paper at s distance sguivalent to evne revolution of
the messuring wheel,

Therefore every revolution of the whesl corresponded to 100 ,
Measurements of fractions of a revolution (in terms of the number of
teeth) were transformed inte microns with the aid of a tzble based on
the relationship, %5 of a revolution = %%9‘3 2086 (see Appendix XI).

The method &f measuring length was the sswe as for the micro-
projoctor, Certain work involved measuring from the genital primord-
ium to the tip of the tail. In this case, larval nematodes were
placed one at a time on the slide, and the cover slip moved gently

to zoll the nemstode over until the genital primordium could be seen,

THE OCULAR MICROMETER.

This wes used once to measure the length of s infective larvae
from s culture with which the experimental sheep had been infected.

Straicht larvae were easily mesasured, It was considered how-
aver that the msjority of the stralght infective larvee in this culbure
were those which had died prior to fixing the pepulation with formalin,
(Cultures of infective larvae often have o number of dead larvae pres-
ent, generally extended), They had therefore undergone a different
treatment from the other larvae, and ss this msy have had some ine

fluence on their length, they were not neasured,

Curved larvae were by far the mest commen, but being difficult

to memgure with the ocular micrometer, this methed was sbandened,

o b4 b &
* L] o o
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CHAPTER ¥,
THE  EXPERIMENTAL FLOCK.
SUMMARY
The mensgement, feeding, and pre-experimentsl parasitism

gf the lsmbg is described,

TREATYENT PRIOR TO WEAWING,

Homney cross ewe and wether lambs born the preceding spring
ware used for the experiment, These animals were reasred under
conditiong which prevented any pessliblility eof significant perae-
site infection,

Bired by erdinary flock rams, with typileal fleck swes as
dems, the lambz at birth were remeved to & shed adjacent %o the
ewes' paddeck,  All lambs were ear-marked with numbered brass
bags at birth. In the ghed the lambs were bedded down on B straw
which was changed twice weekly., At feeding time the ewes were
brought in te the lambs from the paddeck, A% first this was
carried ovt five times a day, bubt the number of feeds was grade
u&i&y reduced till at weanming in the middle of December the lambs
wars fed only once a day. To takke the place of the grass with
which the lembs would have otherwise supplemsnted thelr dlet,
concentrates snd hay were fod from the begimning of October, The
concentrate was wade vp from crushed sats, peas, lucerne,. cheff
and bran, The labter, on accowmt ef its lesaxative effect, was fed
im wvariseble proportlons ss needed, Inmediately prior bo wesning,

a2 proprietary concentrate 'sheep nul' was fod in small anewmbs.

After wesning in mid-December, the lambs were removed to a
specially comnstructed shed, This was divided into pens which
held three lambs. The floor was concrete, and over this was &
thick layer of straw for bedding., Water was supplied in con~
croete troughs, snd esch pe had a wooder trough fixed to the raile
ings for concentrate feeding, Hay was pubt in wiree-mebiing racks
at the back of the pens,

The whole shed was cleansd out ence every four days, The
gsbraw was replaced, the concrete fleoors of the pens scrubbed down,
and the lower railings hosed and scrubbed clean,

In the ghed both lucerme snd meadew hay were available at
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all times, In addition the ‘sheep nuts', fed first Just prior

te weaning, were fed twice a dsy at the rate of half a pound psr
day per head,  Afber three weeks this wag lncressed te three-
guarters of a pound until ten days lmmediately prior te the nain
infestabion on the 13th of April vhen L% was entirely disconbine
ued, After the first wonth from weaning, the lambs lost interest
in their feed, so for two weeks they received an additlomal retion
of oroshed oabs, peas and bwan, fed ab the rabe of thres pounds
per day per head. & steandard commerclal lick was available,

The 'sheep nuis! coutained copper sulphate, snd it was alse
likely that the lick contained a substance having anthelmintic
properties, These were therefore eliminabted from the diet before
any abtbenpt was made to infect lambs in the Haln and Subsidiery
axperinenty, and the lambs recsived hay only.

The lambs wers ﬁ?gh@d at weekly intervals. Those lambs
uged in the nain experiment all welghed over elghty pounds Just
befere infestation, the averape weight being ninety-one pouvads
(Appendix IV), The lambs were thuz deing very well, For come
parigon, o field fleck reared on the land where the experimental
lawbs were bern welghed on the average swenby-eight puvnds abt the

samg btime the follewing year.

PRE- INFBSTATLION TREATMENT, .
Plet,

The redudtion of the diet te hay slene has already been

menbioned,

Although a few fecal epy comnts had been made for odd ane
imals, there had been no attempt to examine all the lawbe in a
gysbematic fashion, Therefore, Just pricr to the Main Experim=
ent, exeminstiong of the faeces of all the lambs were carried out
vsing Lane's Direct Cemtrifupgal Flotation method (28) as applied
by Stoll (54) for trichostrongyle eges. This method ig described
in &ppendix I, HBesulte of the sge cowmts sre in Appendices I1

and L11,

These showed that ova of Shrgngyloide

o3

irps spabhiser and N, filicollis were present in nearly all the

lambs, but in no instance did they exceed twenty-two eggs per

grem of dung,
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In the fasces ef lambs 10 and Bl Trichuris ovis were foumd

at the rate of 1.2% per gram, In lamb 29, an egg was recovered
which measured 106. long by 4@/~Wi&@m This placed it within the
range of eggs in the Ustertarsis Trichestroneylus group as defined
by Tetley (65),

A Turther dilution count was made on the eight lanbs gselect-
ed Tor the Subhsidiary Experiment on ﬁhm day on infestation, The
results revesled sn increasse in the nunmbers el eggs over the firsd
count in the case of lambs 10, 2%, 40, 42 and 49, Lemb 25 s$ill
tecorded a negative count, while lambs 20 end 34 had approximately
the same pumber of szes per grem of fasces.

There was & marked change in the species present, ¥ Those
Lambs recording incressed ege counbs had up to a maximom of 10
BEEY DAY SINN, By their meassvrements these were mainly in the
Ostertepis Trichosbtroneylus group. The exception was lamb 40
which had, in addition to this group, oune egg with the dimensions
of typieal C, curticel ova, and another which, altheugh it fell

within the renge of Haemonchus contorimg esgs (65) was most likely

s flattensd (and therefore widened) Cooperis ege.

When the ingesta from the lambs in the Subsidisyry Bxperiment
wag ewamined, no record was usde of ‘he presence or absence of amy
mabure forme of Srichestroneylivs speclies, The sbemasa were not
examined ., go the presence of Ogbtertaszia species and possibly of

Haeponchug contortug remained unconfirmed,  The presence of

§®m§%gﬁ&§ i was confiyrmed in lamb 40 by the finding of two adult
female U, gurkicei in the intestinal ingessta, whose uteri were
full of wnesegmented eges. In the half of the intestinal ingesta

from Lamb 10 vhich wes exsmined, one adult female 0, curtie

foord, the ulsri contalning segmented egzew,

L3
*

T
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CHAPTER V1.
THE _DEVELOPMENT OF A PURE INFESTATION.

R RS S o LR T et

SUMMARY,
The wee of live adult Osteriscis and cultures of mixed
gpecies of infective larvae to infeet n sbock culture snimel

is deseoribed,

PREPABATION OF STOOK CULTUHR ANIMALS,

The preliminsry step in obbtaining a sulficient nomber of
infective larvae for the experimental infestabions was to build
up & pure infection in what was called a "steck culture snimall,

Since the experiment was designed for Qstertasis sop., the

first abbenpt to produce a pure culture cendred reuvand this worm,

DEVELOPMERT OF A STOCK CULTURE USING LIVE ADULT WORMS.

Gollechion of worms. A visit was nade to s locel abbsbteirs

late in January 1949. The abomasa W@%& celleocted from & nmumbar
wf lawbs snd taken back to the laborstery. Here they were cut’
gpen, and by gentle weshing the ingests apd mozt of the worms wers
removed and placed in a gleve, A goick flew of water bthrough the
sieve removed most of the ingesta &n&k@h@ material se ebhtained was
waghed inte a besker of water, The mucosa was then examined
clogely and smy remaining worme removed with a dissecting needle,

and bransferyred to the beaker,

population was then exam.ned with the aid of a low power (x12) bie
noculars in a specisl dish (Appendix VI)., lMales and females wers
sgparated snd the male population was divided inte the twe species

of «' E AR

The males of thege species can readily be told apard by the
shape of the apicules. in Q. circupcinets, the spicules are long
and comparatively narvow, Baylis (4) gives the dimensions as

0«28 to 0°32 mm. In O, trifurcats, they are short and broad.

Baylis (4) gives 018 mm as an average length, This difference
can be plcked wvery essily with low power bineculars.

Hansem (41) states that the female of 0, trifurcata is une
known, It is presumably worphelegically identical .with that of

Q.. circumeincta. Thersfore the enly way te obtain a pure infection
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of any one of these species is to uwse adult weles of one species
with a female population of both Ostertseis species, Since 1%
was desirable to have the worms back into their normal hebitab as

goon as possible, only 200 §, circumcincts female were removed.

800 male Ostertarig were available.

Lambh no, 1 wae selected

ag & pobential host becauge 1t was a webther. A wether is far
more suitable as a stock culture animal when a bag has to be
fized to epllect dung in reagunsbls gusntities. With & ewe, the
dung and bag become contaminsted with the wrine. mallng conditions
unfavourable for the development of eggs to the infective larval
shage.,

sn egg count made of the faeces ol this snimsal on the day

of infection (27/1/49) did not reveal the presence of sny eggs,

The perasites were given
to lawb no, 1 with the aid of a fusnel and a plece of stout
rubber tubing sbout sixbesn inches leng, This was placed in the
gide of the mouth and pushed dewn om the back of the btongue.
Care was taken nobt te push the lambls hesad back hteo far and thus
hinder swaelléowing, 20 ces of physiological salt selution (0-85
gus NaCl in 100 ml HoO) wers given first of all, This was an
abtenmpt feo uvbkillise the vesophagal greove reflex actliun %o prevent
the worms from bescoming lest im the paunch and dying before reache
ing the abomasum, The 200 male O, circumcincts and 800 female
Dstertasia spp, were then administered in 30 ccs of water, To
wash the fusnel and tube clear, s further 20ces of selt solution
wag then used,

At the time of adninistratieon te lamb 1. the worms had been
5% hovre away from their host. o change wes wmade in the diet
of hay and concentrabes,

Foocal epe couynts,  Examinations of the fasces for (Jgter-
tesia spp. eges (using the D.C.F. method) were made ss follows

from the time of adminlistrationle

9 hours 2 (segmented) esgs 93 =x 45

85 = 45
15 " 1 egg 85.5 x 48
18 ® 1 ege 81 x 48
gz ¥ ne eggs

24 * 1 ege 94 =x 51 .,
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Gounts made 5 snd 7 days laber showed no sgas.
The dimensiong glven above ploce these ezes within the
range of the Ostertagis~Irichostrongylus egg group, as determined

by Tetley (65).

Subsequent attempts.
{s) Usinez Lamb 3 as & host. This was also a wether.
Fumbers of worms adminigtered. On 31/1/49, further mat-

ein specieg Temales and

arisl was collected as before,
O, circumeinets males were administered as followgie
Af ter 1% hours away Lrom s host,

200 female Ostertasis
100 male D circupelineta.

After 10 hours awsy from a host,

250 female Qstertacis
100 male U,circumcincta.

One day later, (1/2/49) more parasites were obtained and admine
istered as lfollowsi-
Arer A hours away from s hosth.

ADC fensle Ustertacis
50 male Q. circumcincts.

b

After 5% hours away from g host.

300 femsle Qgtertagis
200 male O, circumcincta.

:f'-k\uf :

250 female Ogtertasia
60 male O, circumcincta.

rom, g bhost.

Total for the dav,

950 females and 310 males.
On 3/2/49 (two days later) further larvae were administered as
follows iw |
After 3 hours away from a host.

200 female Qstertaris
150 male Qu.circumcincia.

After 6% hours awey-—from & hosi
160 female Ostertasis
150 male Q.. circumeincta,

Tobal for the day,

360 females and 300 males,
Eee counts, Counts were wade of the eggs present in the
dung of lamb 3 on 2/2/49, two days after the initisl infestation.,

This showed 2-4 eges per gram of faeces, Dimensions of these
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and from these dimemslons, as well as their general appesrance,
they were Judged to be Ostertssls scsa.

The following day (3/2/49) an ege count revealed no eges
in the fasces, and the same result was derived on 4/2/49.

On 6249, the ege count rese to 3 ezgs per gram of fasces,
and 22 eges per gram on 8/2/49.

Al ber twenty-five days from the final administration ef
worms to lamb 3 (i.e. on 1/3/49), the count was Jjust over one

egg per gram of fasces,

£b) Using Lagb 22 as @ host

Ustertacria werse not holding in either lamb 1 or lamb 3, it was

When it became apparent that

decided to abbenpt to infest a third animsl, Both lambs 1 and
3 wers big heslthy snimals, Aeting on a belisef that & smaller
aninal of voor appearsnce may be more resdily parssitised than
these bigger an.mals, lamb 22 was chosen, It weighed 60 1bs at
this time.

HBumbers of worms sdministersd. Om 4/2/49:-

After 3 hours away from

300 female Ostertasia
150 male O, circumcincta,

After 6 hours away from s host.

160 female Qstertasia
 omelde Q. o Tﬁm%@LfGQ%Q

3 hogt

(a few drops of this were lust in administration.)
Zotal for the day.
460 femsles aund 185 males.
Only one further dose of adult worms was made, this being given
on 9/2/49, as follows:i=
Aftex 2% hours away from & hosh.

200 female Qgtertasin
42 male O, circumcincta.

After 5 honxs away from s host.

B0 fennle 0@&g5§%g@%
100 male 0, circumcinet

Jotal for the day.
KOO females and 142 males,
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Beg counts. On 6/2/49, two days after the Tirst worms

were given %o this lamb, Just under one epg per gram of fasces
was found,
On 8/2/49, there were 2-4 eggs per gram of dung, Hepae~
Sodirus speciss eggs were alge present to the same extent,
A count nade on 11/2/49§ Just after the final administrabe
ion of adult worms to this lamb, showed one egg per gram of faesces,
These repeated failures to obiain a reagonable infestation

using live worms led to the abandonment of this methed,

DEVELOPURENT OF A STOCK CULITURE FROM INFRCTIVE TARVAR,

purces of Infective Larvas.
v SSRETRE

er R

Lambs ! stomachs

{a) Vieble esps from female Ostertacia
were obtained from the Lengburn Freezing Works, Bight hundred
and fifty Ostertasis females were reumoved from these, and placed
on & slide in convenient sized lumps. Using two needles shsrpe
ened like kunives, these worms were cub up into small sectioms to
break open the ubteri and release as meny eggs as possible, The
low power binocular (x 12) was used for this work.

Heuy of the egzgs wsrchampletaly released by this treatment,
but a number remsined within short lengths of uteri; these in twm
were often gtill encased within portions of the worms.

About four hundred grams of dung were obtained from cempare
atively wwrmwfreaVlamba in the snmimal house and sterilised over
a water bath at boiling pgint for one hour. The dung was then
removed from the bath and thoroughly mixed with finely pmwdara&
animal charcoal, A little water was added in this process and
the whole well mized wntil it was demp and rather 'doughy’.

Epovgh of this charcesl-dung mixture wag placed on the bettom of
a mageon Jar bo make up to about two inches in depth, The gure
face was not smoothed, but left uneven just as the material
dropped in.

When this mixture had cooled down to about 80°F, the crushed
worms . together with the eggs, were mixed with a little water and
poured inte the mixture. it was necessary to ensure that enly a
little water was use&,ymth@r@is@ the water balance was upset, A
1id wes screwed on and the Jjar was labelled both on the teop and

side with the following detailsie
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(1) Source of Culture.
(2) Date collected

(%) Date at which the culture was dve %o be removed from
incubation,

The jar was then placed in = "Warm Box" for nine days. This
latter wes a simple wooden box with a 1id, the vhole being lined
with felt., Varmth was supplied by & 25-watt lamp, snd the tempe
grabture conkrol eobiained by moving the 1id to adjust the opening,
Wﬁ@m a large quantity of dung hed to be incubated for the
Hein HBxperiment, s second box was nmade of ten cable feet capscity.
Lt was lined with newspaper to keep ag even a btemporabure az posge
ible, A typieal series of readings over a periecd of five dayg
was 28 followsie
Originsl Varm Box T74°F 729%F 72%F 14°F  70°F
gooF  72%%  709%F  62°%F  65°F

After removel from the box, If the culiture was not regquired
immediately, it was placed in a refrigerater at 45°F, It was
cons idered that the room btemperpiture of approximstely 6O would
meke the larves very schive, snd much reserve energy be wasihed,
The layvae would thus be weakened when the time came te infect the
lambs,

When exenined after incubation, this culture failed to

produce any larvae,

{(b) From the Dunc of an Infected Animal,

(1) Usine $he Stock Culturs Lamb, This lamb was woide

ing faeces at the time with an ege count of 25 eggs per gram.
It wae decided to use this dupg for culbtures, which would be ade-
minigtered back bto the lamb.

i. Gollection of Faseces. For the collection of the
faeces, a rubber bag wss fasgtened to the lamb with the aid of
leather harness especially made for the purpese, About one hunde
red and sevenby grams were collected and placed in two mason Jars.
These were lzbelled in the samse fashion as those used for the culbe
wre made from eges of live worms, and were placed im the warm box
for nine days.

ii. CGollection of larvas. The larvae were washed off
the gides of the Jers with a gentle stream of tepid waber, In
- all, one hupdred and forty-three larvae wers recovered from thig

sanple, They were all dark in colour snd sctive, & faw free



39
living female stages of Stronegyloides papillosus were present,

{2) Usine sn Undrenched Flock Lamb, It was realised

that re-infection of lamb 22 from its own fasces wag likely to

be a slow process, Therefore a search was made for a field ane
imal which had not been dresched snd which would therefore bs
likely to have a good populablon of Ustertesis, A lawmb was loGe
sted and brought into the experiment, This animsl wes known as

"the lene ews Lamb",

i. Species present in this Lemb as shown by ege counts.
The totsl courdt was 750 eggs per gram of dumg. From their appw

earance they were judged to be mainly the QOste:

ylus group (65).
A few Cooperis curticei and Hsemonchus contortus eges were
alse presect as well as Nemsbodirus epathiser snd H, filicollis

Numercvs coccidis (Bimeria =pp.) were alsc observed.

iie Species present ge shewn by Peet Mortem,  Harly in

Appril  the lame ews laub was killed, o count was made of the
pumber of wormg present, s guslitative analysis only being made,
Yorke and Maplestone's (72) classification was used, Species

present wersle

ilosum, (Rudolphi, 1809),

Bunostomum trizongcephalup (Budolphi 1808).
ig {Eudolphi 1802)

L. colubriformiz (Giles, 1892)
yaus (Wedl 1856) Ransem, 1911

Coopezria cyrticsl
Abgpesun
Ogtertaria circumeincta (Stadelmann, 1894)

Oa trpifurcats Ransom, 1907

Hasmonchys s (Budolphi, 1803)

It shovld be noted that enly one specles of Looneris was
present.
On 2/4/49, an egg count was made of both the stock culture

animals, and the eggs seen clagsified on their shape as Oslertagis
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or LGoonaris. % owas soon apparant that G, curticel egss

ware much wers abundant than Osterbagls species,
The agen of L. curbiceld are readily differentisted from

thoge of O, circupcincts and Q. trifurcata. The former are both

narrower and shorter than the latter, averaging 37 wide by 80
lomg, as opposed to O, circumcincts and O, trifureste which are
approximabely 95, by @Qf,ﬁﬁ}@ G, curticei eges have parallel
sides and the actual shape is wore different from the Ostertasis
ages than the dimenslons suegest,

This disgnosis was later conficrmed when the relabive rmue
bers of worms in the ewxperimental lambs were sxamined,  Lanb 2,
for example, killed on 22/4/49 when the population had been devel-
oping nine days, gave 290 Ogtertsgis species in the abomasum
whereas the number of L, cnrticei in the smell intestine was 4050,

(These fipgures are from date collected by Tetley).

A detalled on page 39, worms of other spediss were nvesent
in the §, curticei population bul &t ne time in any significent
B S .

1t ie therefore obvious that the mixed populaticenz in the
Lame ewe lanb were not a serious factor, in apite of the mliis
plicity of species present.

In later discussion on ege counbs, where the popalation is

definitely known to be Optertagiae. the noun is used witheut

vearted comnes., Where the population is sobuslly mixed, include

ing Gooperis apd Jstertacis spp. "Ostertesia" - in inverted

commeg -~ 18 uped,

iile Opllsetion of fasces,  Since the lame leowbd was &

aws. 1t wag nobt poseible to use & Beg to cvllect the fasces,
Cultures had therefore to be made from small ameunts of duung
collected from the rectum with the fingsr, This eventually bee
come & Aifflewlt task, since the lamb got into the habli of veids
ing ibs fasces ag sovn as it saw the collector, Dung which was
thus volded was not used vnless 1t was setuslly ssen to land on
the grass snd there was absolubtely ne doubt as to its origin,

The presence of other sheep in the paddock made this important.
If it landed on bare sarth or amongst fasces from other sheep, it
would be likely to become contaminated with either free living

nematodes or these from other shesp,
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Larvas were washed frem the

sides of the Jer with tepid wabter ss mentloned sbove and exemined

on & small wateh glass under the microscope. Many Stronsyleides

were seen and spproximately two hundred "Ogtertasia

The presence of many

ongyloides in cultures from this
lamb led later on to the idea of eliminating them by gentle heat-
ing, An electric fan was vsed to blew warm air onte a filter
paper on which the larvae were lylse. As moon as the peper h&&
dried, it wag placed in wabter snd the larvae washed off, Many
of the Strongyloides failed to recover after this treatment, butb
a smaller proportion of "Ostertaris’ larvae also succumbed. The

treatment was not attempted spain,

ﬁﬁg@g&&g@m&mg Hethod,

The larvas were administered with the ald of the rubber
tobe and glass funnel used previgusly when dosing lambs with
adalt worms, The larvae were suspended in %b@ut thirty cos of
water snd this was poured slowly into the funnel, A sinmilar
volune of waber was usged to wash sgub the funnel and tube, sud to

make guibte svre that the larves were swallowed,

Administration to Lamb 22

Date.
16/2/49 143.. e v .. Damb 22
86/3/@9 8{} I X % & ® R L) 28
EM & wu @ % w e ® % Lm@ ews lamb
280
2?/:’2/@9 47 0 e X & oo Limml 2e
%8 ® e & & o« Lame ews lamb
202
28/2/49 2000,. .. «s o« Lame ewe lamb
Administration to Lamb 3.
1/ ?5/ 49 2550 "Ogtertagia' .. Leme ewe lamb,

BGGe COURTS OF STOOK CULTURE ANIMALS,

Inmediately prior bto adwministration of the first dose of
infective lsrvas on 16/2/49, the ege count was less than one
"Ostertagia" spp. eze per gram,

Counts of egegs in the faeces four weeks later were as

shown in the table on the following paget-
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fige counts for Lamb 22

Dats.

13/3/49¢. ¢« o.Jjust over one
Qlf}/£9%v & m4§6
24(3[49.. .. .22
26/3/49.. .. .228
a?f§/49W% L wwlé
29/3/19.. o. 416
31/3/49.. .. (176
1/4[49.. <. 356
2f4/49.. <. 424
28/4f49.. .. 363

The count for 2/4/49 was analysed as followsie

Qatertasis speclies « 144 @.P.n.
Gooperis curticei - 280 e.p.gm.

Lamb 3.

When the infective larvae were given to this animsl on
1/3/49, the "Ostertasia" ege count was just over one egg per
gran of faeces, The following sge counts indicats the growth
of the population of "QOstertagia" in this lambi-

g@@g¢gg§%tg for Lamb 3,
Date. ner sram, (Ostertagis" sop.)

al/ﬁ/dﬁww o W * % X 23
géi3[é§“* L & % @ % 36
Qd;B;ﬁgﬂ@ LR & % ® 72
26!3/&9“? ® @ @ 36
27/3/&9@@ @ & L L 56
28/3/49¢. o o .. 68
30/3/090. e e. o 160
31/3/09 . oo o .. 264
1/4/49.. o . .. 112
2l4/49¢. oo oo oo 120

Enough eges were now available on the dung of lambs 3 and
22 to ensure the development of sufficient ilvfective larvae for
the exzperimental infestation in the Maln Bxperiment,

° ° L3
. ° o
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CHAPTER VII.

THE THRIAL BXPERIMENT,
A pilet experiment, carried out to determine what was &
suitable nuwnber of infective laxrvae for administration, and teo

gain some information on the development of Usber

beesmse only smaell nuwbers of larvas were recovered. Sugees be
ions are made as Yo the mumbers of infective larvas reguired fox
reagonable infestatiom, and possible reasoms for the failure of
this sxperiment sxe examined,
QBJECTS AND SCOPE,
The objects of this experiment were threefoldi-
{a) To establish a procedure for the administration,
collsction end wmessurement of the psrssibes,
{1) To determine the number of larvee to be administered
te each sheep,
(¢) To gain some preliminary knowledge as to the size

and relative development of Oslertsels circuncincta

and O, trifurcats in the early stages,
PLAN OF THE THIAT, EXPERIMENT,

(1) Munmber of larvas to be sdministered. The relevant
literature on Life history studiss was consulbted befere a figure

was decided upon, Threlkeld (67) working with Ogtertae

cincts used doses of infective larvas warylng from fifteen hundred
to one hondrad theusand larvee for esch lamb,  He reporxts that
one lamb which had recelved fifteen hundred larvas was killsd

five daye laber snd only five worme ware recovered, Ho mention
iz mede of the number recevered when five thouvsand were adminisi-
ered to a lamb which wag killed ninety houvrs later, bulb apparently

they were present in "

workable"” numbers. The same applies te the
lambs receiving six thousand larvee, and killed twe and seven days
later respectively. The other doses he employed were: three atb
twenty thoussnd, one sach abt fifty thowand snd eswenty-five thous-
and, and one st the hundred thousand level,

v In all these sxamples, pumersus larvae were spparently ree
coversd.

Andrews (2) studying the resistance of lambs to superinfect-

ion with fogperias curticei used varying doses from two hundred and




. Aphln
fifty %o ene million, His date is of little use for determining

the size of dose for the proposed experiments, since, in all ex-
cept one csse, seversl doses wers given te the ene Lambd over a
paricd of seversl days. The largest dose of one million is the
ouly cese he clbeg of a single dose heing given, and in this exe
ample, 9°6% of the larvee administered were recovered at five days.

A ber considering the above daba, It was decided to use five
thousand infective larvas as a dose. _ If tem per cent of these
gurvived, there would be suple for nessursment,

£2) Humbe

thres lambg in 211, at lotervals of thyes, five and seven days

v oof lambs te be killed, It was decided to kill

regpactively f{rom the date of nfestation,

PREPARATION OF THE CULTURES.

Yhen the infection of the three sheasp used in this experie-
ment was carrisd out, the only source of infective larvae in
large nunbeys wag the lame ewe lanb, This was the only occasion
on which this lamb was uvsed ag & direct souvrce of experimental
maberial .

Owing %o the difficulties of collechion already explsined,
anly small guantities of dung, amevnting %o bten or twelve grams,
gould be collected ab any one time, & nunber of these emall
gultures were developed in the warm box and kept in the refrigere

ator uvntil 4/3/49 when the infection was made,

COLLECTION. BSTIMATION OF TF

% BUMBERS, AND

ADMINIGTRATION OF

THE INFYCTIVE LARVAE.
The methods enployed sre ftrested mere fully in a laber
gection describing the Main and Subsidiary Bxperiments.
The tobtal mumber of larvas recovered smounted te 15,400

"Ostertagzia" and 236,200 Strongy

into threes lots each containing about 5,000 "Ostertasin

gides spp. These were divided

(The term "Ugitertagia' refers te Trichostroneylid larvas generally.

Of these, true Og

cbertacie larveas were probably in the majerity,
but many Cooperia and Trichostroneylus spp. would be present.)
Three lambs were sach dosed with {0ces of water containing

the larvae between 2 p.m. and 215 p.m, on March 4th, 1949.

These lambs were then killed ss follows i
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Laab 31 killed 7/3/49, infestation 3 days old

Lamb 17 i 9/3/49, “ 5 % #
Lamb 12 i 11/3/49, # 7 " ",

EXAMINATION QF THE MATERIAL,

e

The abomason was collected from lamb 3L, killed three deays
af ber infesbabion, The ingests was removed and the pylerie
region washed very carefully twice, The washings were stained
in Imgol's lodine and ezxamined wnder the low powser bincoular micro-
seope (x12).

From the 340 gramg of the ingesta, & series of 5 gn samples
were taken snd 75 ces of waber added to sach. From these samples,
12 ec aliguots were collected snd centrifuged, as in the technigue
for egge counts alrsady described. Pellewing centrifvging, the
cover slips were removed, placed on slides and examined for larval
Lorms, A bobal of Ywenty-elght slides wers prepared in this way,

Lom® 17 was killed five dsys after infestation. The aboe
magun was collected and the inpeste washed oulb, Portions of this
were centrifuged, & tobal of twentye-slix slides being preparved.
Porticong of the ingesbte in one or bwe grem aliguols were pressed
betwean gﬂ&ﬁ% plates and exsmined under the low power microscope,
The pyloric region was washed and the wesghlings examined, The
surface of the pyleric reglion wss seraped, and the serapings sitsined
in Iugol's lodine and cowpressed gently bebwsen twoe slides,

Lamb 12 was killed seven dsys sfter infestation, The in-
gaste wan removed from the abomasum and @th£anﬁ ware cenbrifuged.
The walls of the mba&a&um wers washed twice and the waghings
axamingd,

Smell white slevations on the walls of the fundic reglon of
the abonasvn of this lamb were dissscbted wnder the micrssocope,
Uthers ware subjschted to pressure and watched wander the micrescops

far the presence of larvas,

BESULTS.

From the three lambs killed in this experiment, a totel of
gix larvee were recovered ag follows., From lanb 31, three larvee
were found upon centrifuging. lHone were found in lamb 17, but in
lamb 12, killed seven days after infestation, three larves wers

fownd afber centrifvging the ingesta, twe of which were damaged.
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ALY the gpecimens were weunted, bub they were danaged
bafore messurements were baken, They were gll approzimately the
same size, snd were either Haeponchus contorbus or (Qstertarsis
species, The writer was unable to establish ldentity definitely.

The fundic region of the sbomasum of lamb 12 was covered
with & seriss of round white raised aress,verying in diswebter
From five %o lese than one millimetre, and present to the extent
of seven or eight to the sguare inch spproximately. Wone of
these elevabiong were found in the pyleric region of the sbomssuvm,
Ho larves were found in these elevations which were exsmined,
DLSCUSSION,

nfecting dose. The fact that se few larvae

were recoversd may be partly sscribed to the gize of the infegis
ing dose,  Other poseible cavses are set osub belew. However,
in the sbgence of any very definite indleations to the contrary,
it was considered thet five thovsand larvese sre too snall & nume
ber to adwinigter under the conditiong of this experiment, if
meagurenents of several hwmdred adallt parasites are reguired,

Heosaong Far the Tailwes bto £ind werssites.  Vhile ne

positive answer can be given a number of factors are set out
which may have some Bearing on this problem,

(1) The size of the infectine dogse. This has already

bean considered sbove,
(2) The species present in the infectine dose. 1t has
slresdy been showp that the lame ewe lamb. frowm which
the culboare of infective larvas ceme, harboured s wide
vange of parssites, The significance of this was not
fuli@ unders tood when infestationg were mads, It is
posgible that the sotusl mmmﬁ@ﬁ% of parssites of the
sbomasun (H. gontortus ai L Ostertasia speciss) which
were present at that time did not form the bulk of the
five thoussnd larvae, bub only s smell propertion,

(3) Viebility So far ag is koews, the

larvas were h@&it&y@ The vash majority were active
when counted.  Between the ammw&uaiﬁn of the counting
at 11 s.m. and edministration at € p.m., they were
ghored in three lots each of 40 ccg in a refrigerator
at 409, It is not known whether their viebility was
affected in this peried,

mebhad, adminiatratd o This was the geme as
ﬁhmt wged in Kmtwm guﬁa@@sfml sxperiments.  The writer
lg wnebles to 1list eny Tactor which mizht have cavsed a
less of larves in this process,

(5) Feed of the lambs. The lembs were receiving the con-
cantrate shesp nuts at the rate of three guarters of a
povnd per dey, as well as hay ad 1ib,, at the time of
infestation. The menufacturer’s smalysis of the sheep
nuts indicated that considerably less than 1+5% of copper
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gulvhate was prewéent, £t dg unlikely that this would
have eny anthelmintic effect on the infective larvae,
The writer is aware of Taylor's (5Ba) work wherein he
showed that ras lanbs receliving o Y‘concentrate cske rabe
Jon' nad a lighter incidence of parasitism compared with'
those receiving o smaller rabiow, Taylor pointy oub
that this may heve been due to the shoriter grazing tims
for those animals recelving large asmounts of the concenw
trabe. In the absence of more definite informationm, i%
cannet be sald that the apparent fallure of the larvae
ty dnfect the lasnbs wes definitely due to the concentrate
gheap nobs,

(6) 1

Sechodoue of biom Whatever criticisms there
are which can be K@Vﬁil@& at the methods employed inm
m@&xchmn& for the perasiteg, the writer is ceritain thatb,
had thers been several hundred lsrvas present in the aboe
masum, the technique would not have falled te locate a
fairly high proportion.

In the light of later experience it is realised
that & wore critical examination of the ingests would
heve been made, By taking one Lifth of the ingesta,
dividing it intoe fine snd cosrse perticles by sieving,
adding Togol's lodine stain and dilubting with water, the
ingeste covld be exswined thoroughly fibre by fibre if
NOCSHEELY This method was used with suvccess in later
work where very small forms of G, curticei had to be
found, Theagh painfolly slew, 1% is very efficlent,

Ag ap additionsl check, the abomaswn lteelf should
have been washed in copleous guantities of waber, paying
gpecial attention to the folded fundic region, The
waber, left to stand so that particles of ingesta, epi-
thelium and worms might settls, could then be poured off
and the solid materiasl added to that already collected,

The examination of the raissd white asress was cone
gsiderdd adequate; though no sectlioning was carried oub,
the methods wsed would net have falled to locate at least
gume of the larvae, had they been pregent to any signifie-
cant degres,

Ihe plan of the ex

The plan would have been
improved if three separate levels of infective larvae had been ad-
ministered, 8.g. 5.0008 10,0005 and 15,000, Assuming that the
aeturl slze of the dose was pespongible for the gmall numbers
Tovmd then it is pogsible that this methed would have yielded

pome paresibes st the higher levels,

The thres oblectives of this experiment were set oubt in the
sacbion on the Plan of the expsriment, It remains to be sesn to
what extent these objectives ware reslised,

(1) The results showed that the centrifusing of the ingests
was pobt sstisfactory, mainly becavse only small amousts could be
studied,

(2) The dose rate for infective larvae has already been
discussed,

(3) Hothing was learnt about the size and development of

tertagis abt different ages., Those forms recovered seven days

sfber infectlion wers spproximately the same length us those recove




48,

grad thres days after infection.

This lack of develepment may be the clue to the appsrent
ahsence of larvas, it is possible thet the larvees were unsble
to develop past the third parssitic stage, dos to the feed of
the lawmbs or sowe other factors - though the actusl cauge csnned
be steted with any degres of scouwracy.  The larvas would then be
likely te be eliminated.

The round white sress in the Dmdic reglom of the sbomssunm
were reported by Threlkeld (67) as appesarinz 90 hours after the
commancanent of parasitiswe. Embedded in these he found frem one
to favr coiled lazvas, without shesaths and presumably in the
fourth instaer,  After 120 houwrs from the commencement of parse
gitimm, Threllkeld reported that the walls of the abomaswm wers
pacroscopically normel oxcept Tor a few sleovaled arsas which
coptained no lavvae,

In this work the writer did not find any ralsed white areas
until the geventh day of parasitienm, Thiz would seem to indice
ate that the development of the Jlwrvse wae slower than reported
by Threlkeld, at least in lambg 17 asmd 12, killed on the S5th and
{th day respeckively.

It hag bhesn pointed out that the ralsed whibte areas were

numerous in the fundic region of lamb 12, his. dndicates that

many larvee must have been present at some time to cause thig

upseb Lo the epithelium. Why were they not found within  these
elevationgs? It may be that they were eliminated while trying to
pepebrate the wall of ths abomssum, but had alpeady cavsed sulfe
iciesnt demage to the tiszue to produce the ralsed areas. PR
natively they may have already left the shelizr of the epithelium
in the normal (but delayed) course of their life, and wers then
sliminated. Threlkeld seye that on the fifth day of parasitism
oply a fTew eglevaled sress were left, and they contained ne larvas,
it can be suggested that, had lemb 12 been killed a few hours
later, Tower elevations would have heen geen,

* o @ o
L3 A » e




CHAPTER VIIL.

THE MALN AND SUBSIDIARY RAPERIMENTS - METHODS,

The experimental plansy ave deseribed, Datails of the
collection of larvae, the estimation of their numbers, admine
igtration to and slaughter of the sheep, snd the collection of
the parasites are glven,

LPronoomr o,

Athough infection and killing of the lambs was carried
gut at different times for these twe @x@@rimamtmy the metheds
are very similar, So fer as the resulis are concerned, they
are combined, and the methods will therefore be discussed as
vne rather bthen separabely.

THE BXPEEIMBENTAL DESIGN.
(a) The Main Experiment

This experiment was originally de-
signed to cover the growth to maturity of Qgtertagia circume-
cincta in the sheep, As explained elgewhers, 1t later changed
te & growkth gstudy of Ceoveris curticel. Since the life highe
ories of these worms are very similar, no change was made in the
programne 28 originslly concelived,

In designing the programme, three factors had to be con-
gidaerads-

First, the plen must cover the total period of growth of
the worm, snd allew alse for sny individusls or populations
which sre slower in resching maturity than the normg

Secendly, as many populations sz pogsible mast be obtained
at the times when the parmsibe iz msking the wmost rapid chanpes
in morphology: snd the intervals between th@<&b3@rvations mug b

be close enocugh to ensure that these changes csn be followed

accurately:
Thirdly, since individual sheep vary in their suitability

as hosbs for parassites, with some showing more susceptibility
thew others, as many shaeep &g possible wmust be slavghbered at
sach killing in eorder that some messure of the individual vare
istion can be obiained,

Then the time came for the adminisiration of the larvae,

two gseparate dose rates were empleyed, in view of the numbers
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available, The objsct of thiz was bo determine the sffect, if

any, of gize of pomlation vpon the growth of individusls within
that population, This necessiteted some modification of the
origiual progremme, which lg explained in a labter section,

Plap of the Main Fxperiment. It was decided that twe
killings at intervals of twenty-four heurs would be adeguate to
give populabiong at nessurable stages of development.

The follewing programe of killines was therefore mads ouble

Days from adninistration Ho.. 0f lenbg
of. Anfeciive larys

1 day 1

2 - 12 days 2 sach day
14 days 2 lambe

wf; i oy @

18 4 o it

oy @ 2 L

po # o #

|

Total Hoe of lambs 35

Only one lamb was bto be killed on the first day. lLarvae,
after twenity~four houvrs in the host, would be very little changed
and it was thought that the one animal weuld suffice,

From two %o twelve deys, Couperis snd Usis

% pass
throuegh a pericd of rapid growth, iveluding twe molts. Ancorde
ingly., twe sheep weres killed each day.

After twelve deye, the intervel for kEillings wes changed %o
two days., Heasons for this werel~ first, twenty-three sheep
wereg sirsady included in the programme, it was necessary to
keep sheep numbers within reasonable Llimits, not only becsege
the number avallable was nobt great, but elso because too large a
bulk of materisl would take too lopg to messure, Secondly, the
wormg wers nesrly wmabture at twelve days and the greater part of
their growth was finished.  Thirdly, the anumber of infective
larvae available would not be grealb.

On the fourtesnth, gixteenth, eighteenth, twenitieth and
twenty-second days, two shesp were to be killed. Thouvgh worns
would be fully meburs b fiftesn or gixbeen days, the killings
were vlannsd bo extend to twenty~twoe deys. in order to meke guite
sure, &s slresdy mentioned, that asny worms which were slew in
resching maburiby would have a chance to finish their growth,

Nomber of Layvae in Hach Dose.  After the fallure of the

frial Exzperiment using five thoussmd infective larvae, it was de-
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cided to uvse ten thovsand for esch dose,

Later in the ssame day, when further infective larvae were
collscted by Hsermann's spparatus, snd it wes realised that mere

were availsble than were expected, & second level of infestation

was selected = 22,000 1&xv&® pér dose,

total populations in sheep killed in the msin experiment (Tetley
conducting smother experiment concurrently, deta unpublished),
it was found that there was a distinet fall in the numbers of
worms recovered on the seventh day. With the prim&xy‘abj@at of
investigating this phenomenon, eight sheep were made aveilable
for further study. Prom the polnt of view of this thesis, these
sheep were to serve the following purposesie

(a) To provide additional data for the period covering the

final ecdysis of Cogperis oy

{(b) To study further the effects of very heavy infestations
compared with mederate or light infestations,

(e) By providing additionsl dsta for the age groups already
covered, to zive further insighit inte the guesition ef

variation between hosts,

Plan of the Subsidiary Experi

ment. The eight gsheep were
to be killed two at & btime on the gixth, seventh, eighth and
ninth days after infestation,

The infestation was to be

at two lavelgi-
(1) In the viecinity of twenty thousand larvae
(2) A very heavy infestation, the number of larvae used

being dependent uvpon the nuwmber availsble,

THE COLLECTION AND COMPOSITION OF THE INFECTIVE MATERIAL.

(a) The Main Experiment

Stock culbture animals used, Az asoon as ths steck culture

lambs 3 snd 22 commenced to pass large numbers of egegs in their
faeces, dung wes saved as a source of infective larvae for the
Main Experiment. The Lame ewe lamb was not used as a souwrce of
infective material for either this or the Subsidiary Experiment.

The procedure with the culbures was the same as that pre-
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viously explained. After incubstion they were sbored in o
refrigerator,

Species present in the culiures. [Eggz counts were made

of the fasces of the stock culburs snimaels while the culitures
ware belng prepared.

As explained in a previeus section, eggs from L, curticei
goon ouwbnumbersd those from Qptertasis species.

It was also possible that epgs of other speciss were prese—
ent which would confuse the esrly parassitic stages. Tetley (B)
has gshown that the dimensions of Irichosironeylus cplubriformis
and T, wvityinug are practically the same as §, circumcinets and
O, trifurcats,

In order to make sure of the speclies present in the cultw
ures, it weas decided te kill stock culbture lamd 28@ This was
done 8 soon as sufficient fasces for culturing purposes had
besan collected,

Technique for collection of the parasites and their removal
from the ingests was the same as with the Lame swe lamb killed
sarlier, Species present werei-

L8, species 10
8, gircumcincts
al

& faw O, @rifutgét

180

It was therefore considersd that those species present in

the culbtures other than §,

be an important forelipn element in the final populations of the
infected shesp,

(b) The Subsidisry Exr

For this purpese lambs 3 and
5 were used as a source of infective material. Lamb 5 had been
drenched with 22,000 infective larvae in the Main Experiment,
Yhen laxb 22 was killed, it was decided to rebtain lanb 5 as a
stock culture animal, The fueces of these lambs were collected

and cenltured in the warm box, and gtored in the refrigerator
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wnbil reguired.

went in the ovltures. The same conclusions

ware resched as for the Main Ezperiment,

THE ISOLATION OF INFECTIVE LARVAE FROM THE CULTURES.
Twe methods for collecting infecbive larvae from the
culbures were employedie

(1) Washing larvae off the sides of the jar with a sentle
ghrean of warm water,

(2) Placing the faeces in Baermann's apparatus.
(With the exception of the Trial Experiment, both these methods
were employed., In the Trisl Experiment, method (1) only was

used, )

in most eultures, the lavvas collected in grest mumbers on
the sides of the Jax. They formed large sgeregetions which
could readily bs seen with the nsked eys., To wash these larvas
aut, the Jar was held with the wmouth pointed slightly downward
and the gides wers washed with a gentle stream of btap water at a
temperature of approximately TO°F, The jar was revelved several
timeg so that the wabter came in contact with the entire inner
surface. The suspension of larvee was then povred off inte a
patrie dish, This process was then repeated a secoend time,

Gare was necessary bo susure bthat the fasces did net work
loose and fall out inte the water when the Jar was tilted,

(b) Collection of Larvae from the faeces, Baermann's apparatus
was used for this purpose (See Appendixlf,.

The dung was removed from the culture Jjars snd placed in
the apparatus., The larvae soon became visible as they moved
downwards to the bottom of the fumnel, %hen the majority had
reached the bottom (in about 30 to 60 minutes) the first few
ces of waber containing the larvae were run off inte a petrie

ﬁ.i%h@

ESTIMATION OF THE NUMBERS OF LARVAR.
Frocedure.

The suspension of larvae was poured ints a messuring cyle
inder snd made up to bthe nearvest convenlent whole number of cos
with water,

For counting, a series of samples, sach of 0-1 ce were
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taken, Priocr to withdrawing the sample, the measuring cylindex
wag inverted seversl times In crder to easure that the larvas
were distributed ms evenly as possible throughout the water,
A pipette Fitted with & rubber bulb was inserted te approximately
the gane depth at esch sampling, It was allewed to half £il1
with suspension, Upon withdrawing, the robber buld was squeezed
and the liguid foreced oubt umiil the bottem of the meniscous
reasched the 0.1 co, mark, The bottom of the pipette was held
against the side of the messuring cylinder during %bis operation,
This aided in the removal of sxcess liguid, snd prevented any
dreps from adhering to the end of the pipette. The suepension
was then spread over & piece of glass ruled into small sguaeres,
Counting was done under low power bineculars (x 12) with
the aid of & hend counter., The ruled squares facllitated
accurate work, The foellowing are the detsils of ths counting

for the Main snd Subsidiary Bxperimentgi

Counts made on four ssmples wers ss follows i

lst sample, volume O*1 ce. 28 larvae

2m 4 % it i 37 ]

3 rd it L] 1 39 #

4 £h 1] # ] . 3 8 #
Mesn 355 0

Total volume of suvepension - 540 ces,
The total popvlation was therefors estimated to be
BAQ wx  BR.E pr 191700 larvas.

0-1
The dosage rate already decided wpon was 10,000 larvae for

each of 16 lambs. To obtain this number. 540 x 10,000 , ox
‘ 191,700
282 cecs would be needed for sach lamb,

This left 90 cecs or 31,950 lavvas, This portion was
concanbrated by standing for a short time, the lafvam fized by
the sddition of a 1ittle formalin, and kept for fubure study.

A number of 2 oz, screw top Jars were used for sach sample,
A measuring cylinder was used to determine the 28 aégk and a
pipette for the 0-2 ces. The susp&nsion weg thoroughly agitated

before messuring each aliguot.

vae collected with Baermann's

Counts were made on five sanples as follows:ie
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st &%%plww volume 01 ao, Zg l&gva@
aﬁ(’}. # # |
: i it it i
Bfﬁ i i i 52 #
4% 5
Sth i # 26
Mean 5H.2 ®

Total velume of suspension - 600 ces,
The total population was therefore @&ti;&tw& to be
600 _x 552 , or 330,000 larvae.
Q'éh@ dosage level was selected as being 22,000 larvae,
With 15 lowmba, 40 ces of suspension was used,

This was measured with the aid of & wessuring cylinder and

glaced in screw top Jars.

Larvae from the gides of the Jar and from Baermann's
spparatus were holked together, The suspension was nade up o

500 ees, Samples of 0-05 cc were taken for messuvrement,

Sanple HNo,.

1

2

3

4

5

6

I

8

9 157
10 166
11 165
12 185
13 186
14 186

Mean 1816

Therefore Larvae in 500 ces totalled 1,820,000,

& glide on which was placed & drop of the suspension was
exsmined uvoder the microscepe and larvag present were identified
as "Stronsyloides" or 'Cooperis-Ogtertagis! since these latter
W i&k@l% to be present in lerge nunbers conpared with other
Trichostroneylid larvae,

Of 86 larvae exsmined at random, 56 were Strong

free living femele forms and perssitic forms,

Four doses of 157 ces volume were wade up, These each
contained 57.148 infective larvae of all types. ©Of these approx-
imately 19,900 would bé "Copperia-Ostertacia®.

The remainder of the suspension was divided into four parts

of 109 ccs volume each, and sach portion contained 396,700 larvae,
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of which approximately 138,000 larvae were "Coppe

it

Ogtertagia .

ADMINISTRATION OF THE LAHVAR.
Exocedure. |

The lervee were sdministered in all experiments with the
ald ef & glass fonnel and & shoert length of pressure tubing.
This was the same apparatus as had besn used previevsly in ade
ministering beth live worms and infective larvae to laubs,

The suspensicn of water conbtainling the larvas was poursd
inte the funnel a few drops at & time, wntlil the full dose hed
been given, A "chaser" of water of approximately 30 ces volunme

wge then poured slewly into the funnel in order to wash the lare

vas as far sg possible down the throat of the lamb,

(a) The Main Bzperimemt. The first 16 lambs dosed re-

ceived 10,000 larvae each, There was some selection in thig
group since only those lambs with the lowest numbers of Sironee
¥loides and Nepsbodirug eges in the fasces were dosed.

The following lembs received 28-2 ccs of suspension con-
taining ten thousend infective "QOstertasgis' larvae on April 13th,
1949, between 1030 and 1100 n.m.

Lamb No. {as on ear tag)

il
ot
<

Bt ol b pd et ot

CNT I s PO
E W
T -t

The remaining 15 lsabs received 40 cos of suspension in

water of 22,000 "Qstertazia® larvae on April 13th, 1949, between

4+30 and 5+00 pem,
Lapd Ho. (as on esr tag)

p)
6

7

=i SN I 1O
bt
£

{continued over,..
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Lagb Np. (as on ear tag)

8 31

9 35
10 38
i1 %Y
12 4%
13 43
14 47
15 51

(v) The Subsidisry Experiment. For this purpose, eight
lambe, selected abt random from those left in the snimal house,
worae used,

The following received 19,900 "Qgtertssia” larvae in
15.7 ccs of water between 3-00 and 3045 pem. on June 16th, 1949

Lamb llo. (as on ear tag)

L 10
2 25
3 40
Fil 42

The following received 396,700 larvae in 109 ccs of water

between 3-00 and 345 p.m. on June 16th, 1949:«

Lapb Np. (as on ear tag)
5 2%
6 28
1 34
8 49

THE KILLING PEOGRAMME.

Hodifications to the Orisinal Plan of the Main Experiment,

A dese of ten thovsend larves was glven %o sixteen lawbs,
Later in the game day, when the remsining larves had besn recov-
srad from the dumg by the Baermsnn’s apparetus, 1% was decided
to reduce the mumber of lambs from sinetesn to Fifteen, thus ene
abling & dese to be glven which would be over double that admine
lgtered in the morning. This difference in population, it was
hoped, wouvld bring out sny pessible differences in growth due to
level of population, Bach day would see 2 lambs of different
population levels killed., (The obvious difficulties which this
introduces by confounding pepulation level differences end indive
idusl host veriation will be discussed later.)

The Tinsl plen adopted for both experiments, bogether with
the individosl pumbers of the lawbs killed, is shown in the

Tollowing teble.
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Table ...
4ge of MAIN EXPERIMENT || SUBSIDIARY EXPERIMENT
Worm
) Zhaep Sheen . Gheep Sheap
A receiving | receiving) receiving | receiving
10,000 22,000 20,000 - 138,000
Days larvae, larvae. || larvas. larvae,
Sheep no, Sheep no. |, Shesp no, Sheen no.
1 46 >
5 44 39
4 16 14
5 4 35
6 37 24 40 28
7 - 40 & 43 10 23
8 8 19 42 34
9 2 7 25 49
10 48 -
11 36 38
12 26 -
14 he 51
16 33 30
18 Y 29
&0 - &
22 28 & 18
! H.B. Yunbers in these columns are those on
sar bags of the sheep.

Table of Mein snd Subsidisry HDwperiments, showing
punbers of lambs killed,

The progrance ls unchsnged wp bo nine days, except that ab
gseven dsys two lanbs (nos. 41 and 43) which had received the same
done of infective larvaee were killed, %hi@ was due Lo an erroy
n s field note book used when lambs were m@l&ct&d,fmr killing,

At ten and twelve days, one lamb (instead of two as orig-
inglly proposed) was killed. The same applied at twenty days.
On the twenty-second or fimal dey of the experiment, two were
killed, both being of the same dosage group. This wag unavelde

able, owing to the previgus eryror on the seventh day.

The Subsidiary Brxperiment.

This experivent 4id net deviete from its original plan,

THE COLLECTION OF THE INGESTA.

The following procedures was adeopted fer all killines in
all experiments, with the excepbtion of one lswb, sz mentioned
later,

The stomach and intestines were available for treatment
about btwendty winutes after the animals were killed. The mege
anteric fat was removed as much az possible from the sbomasum,
An incisicn was made with e knife betwsen the reticulum and the

omegun and bhrough the dvodenun lmmedistely posterior to the
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wylorie valve, This kept the abomssum free with both ends
blocked,

& mason jar 65 inches high znd 3% inches internal diameter
was placed ln o large pie dish, The latter was intended to
cateh sny ingesta which failed %o enter the jar. The abomasum
wag then oot free and the fundic end ioserted inte the Jar inte
which most of the ingesta then flowed, A glit was made down
pune ¢ide of the sbomssun end the pylorie reglon close syround
the walve everted to expose it as much ay possible to the fixe
atiwe and preservebive,

Formalin QQ@%} was bhen added at the rate of spprozimately
50 eas to 500 ces or 600 ces of water making a 3% or d% solution,

The small intestine was then run out in three=foot lengths
until the thirty-ninth foot mark was reached, It was cut at
this point sod run inbto & mason Jar similar to the one vsed fox
the sbomagvm, The laft hand weg placed over the top of the Jar
with one smd of the intestine protruding from belween the fimgera
which were held btightly tegether, The intestine was then pulled
gently so that it ren throuvgh the fingesrs and the ingeste was
thug held back and forced out inte the jar., Fifty écs of 40%
formalin was added to this, while the intestine itself was
discardsd,

The second helf of the small intestine was cult free from
the large intestine and accorded the same traatment,

Haogh Jur had o one-inch strip of brown paper completely
encireling the exterier, On this wes written the number of the
lamb, the date killed and the region from which the contenis were
ohtained, ?h@ Jers were also numbered comsecutively from one
for the sbomagun of the first sheep killed through te ene hundred
and twenty-four for the second part of the small intestine of the
lagt gheep killed, This was a usefvl guide in storxing the Jars,

ALY Jays had screw hops. These wera removed on arrival at
the laboratory and & check made on the presence of formalin, In
additlion, & pisce &f white cardbosrd one inch by three was ine
seribed with the game information ss on the label of sach jar,
written in lndian ink, and placsd inside the jar,

In sddition to the contents of the gut, & sanple of faeces

was removed from the rectum at the same binme, This was not
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preserved, belmg handled in the laboratory immedistely.
This proceduvre d.ffered for the sheep killed on the first
snd second days of the mein experiment. The sheep killed on

the firet day had & btenth portion of the contents of the rumen

Lovlum snd omasum. he reticuls

collected, as well ag the

of the two mals killed on the second day were kaptb. These

sne were handled on srrival in the laboratory.

GOLLACTION AND SORDING CF THE SEATOTES.,

(a) From the Intestines.

logeste was poursd inbto a lavge slass botile gradustsd in
five hundred cublio willilitres wp to the five thousand wmark. it

&

wag bhoroughly stirred and bhen poured inte a fine sieve, after

whiies gtresn of watsr was directsd onboe ib, This forced

the finer debris through, leaving the cosrse material snd all

but the very imsabture nesmatodes, it was found that those forms

which had been in bthe hosbt for only three or four dsys wounld

gometimes wash through sisve, so the "filtrate' was always

3

exanined Tor bhe.o

It was easisr in a8ll cages Lo sieve and search the fine and
cosrse fraction separately, rather than examine the undivided
AR o

The ¢ sap residue Lo the sieve was washed inte a beaker

ﬁ.

& Littls of Tmgolts i1edine stain added. It was then diluted

with a Litble waber snd & small guantity pouresd into the special
container menbloncd in Aopendim Vi, Thig portion wag then
gesrehed for nematodes, wusing & low vower dissecting microscepe.

Horms ware readily removed with a dissecting needle, Only

Cooperie curticei were collected. odd individuals of other speciss

"rittrate" was treated similarly except that,

in thoge csses vhere all the nematodes in the cosrse portion had

been falrly aatore forms, 1% was consgidered sufficient to exenmine

& part, than the whole, In order to emsure that a good
repregentative sanple was collectad, 1t was the custom te collect

nematodes from at least half of bthe ingeslta. In seme cases,

where mumbers wers low, all were .

wved,  Nematodes were pre-

in all Jars a Five per eent solution of forme

slin and g&g*w¢&m@&
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() Frow the Owmasun, Heticulun and the Faeges,

In lamb 46, one fifth of the rumen contents was saved

for exsnination.

o this lemb, snd in lsobs 32 snd 44, the rebtionlum weg
alzo saved, For a1l ghesp, the Tasces from the rectuw were
collected,

ALl this materisl was examined for larvel forms by using
Basrmarm s apparabus, The larves were pressrved in test tubes

conbaining 2 dilube solublon of formelin,

*
b
£l
2]
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AHE MAIN  AND  SUBSIDIARY EXPERIN

Though the Main snd Subsidiary Experiments have received

sepsrate treatment in the discussion on metheds, it is more
convenient to regard them as ome experiment for the analysis of

rosulits, The subdivision will therefere be discarded,

o JTHE LINBAR MEASUREMENT OF AGE GROUPS.
g1 TEbles ot
In fppendixZ(, the reswlis—of—the measuremente wg 1@%5??&
t r“al,,C-of"?S‘

zei of different ages are shown as histegrams, The

data from which these were derived is contained in Appendix X

48 & convenient picotorisl summary, the resulis
are presented in Figs, 5 and 6, which in oubline follow the
Dice = Leras method for the comparison of samples (guoted by
Hubbs and Perlmutter (24)),

The regults are discussed in terms of populsbtions of
G, _curticei from day %o day. They will be easier to follow if

Bbidd. s

read in conjunmction with the plen of killings on pages 59—wnd—57.

(That is, populations 24 hours old). Sheep 46

was killed and 87 larvas were recovered from one fifth of the
c@&%@mtg of the rumen, The distribution of lengths is 1lluge
trated in graph 3.  The mesn snd standard deviation was 759 L 40,
messurensnts being made with the soular micreometer, AL lapvas
were in the third (infective) sbtage, shown by the retention of
the second stage sheath,

The abomasum was not examined.

From the firet 39 feet of the swmall intestine, ong larve

in the third (parasitic) stage was recovered,

Sheep 32 and 47 were killed, The length dis-
tritmtion of the population from lamb 32 is shown in graph 4,
The mesn length of 98 larvae measured with the camera lucida was
72€¢ﬁm& the standard deviation 41.., All larvae were in the
third (parasitic) stage: this is readily distingunished by its
blunted tall,

' The frequency distribution for lamb 47 is shown in graph 5,

The mean sand sbtandard deviatiom for 87 larvae was 7252 61;,, ALl
/

larvae recovered were in the third (parasitic) stage.
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Fig, 5. Comparison of Range, Mean snd Standard
deviations for male populations,
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Fige 6, Comparison of Renge, Mean snd Standard
deviztions for femsle populations.
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Day Three. Sheep 39 snd 44 wers killed after three days
of parssitism,
The distribution for lamb 39 is shown in graphs 6 and 7,
being two different presentabtions of the same data, Two types
of larvae were foundie

(1) Thizd Stag \bic) Larvae: Mean length and
skamdmrﬁ amvi&micn for 31 of these was 870 .. 140 .
These werse nearly sll close to the third ecdysis,
because in many cases the vesophagus at the anter-
ior end had assumed the charasctberistic swollen
shape of the fourth stage form, The sheath in
some cases was loose, especlally srovnd the head,
and in one or two specimens 1t was broken, Dige
tinguishing features wereils

(a) The eesophagus had a shape very similar to
thet seen in infective larvae, and like that
found in twoe=day old populations, In some cases,
it was more like an early fourth stage vesophsgus
(see below) but = stoma, or elongate mouth cavity
could alwaye be found,

(b) The tail tip was blunt compared with the
fourth stage larva, spd within it in mest speciw
mens the outline of the fourth stsge btall could
b seen,

‘gurt re Lorvos Helevant figures for the mean
and stanﬁaxd deviatan were 996 . 90 for 117 larvas,
These were readily differentiated from third stage
(parasitie) larvae by ths follewing charactersi-

(a) The anterior emd of the oesophagus was wider
and thicker than the coyrespending porition in the
third stage, and the slongabe stoma was lacking,

(b) The tail was more poinited than in the third
(parasitic) stage. The cubicle was finely
wrinkled or crumpled, an effect lacking in the
third stage larvas,

The distribution for lamb 44 is given in graph 8.  Again
fourth stage and third (parasitic) stage sppeared togsther. The
mean and shendard deviabion for @2 third stage larvae was 7542

lé}ﬂm Corregponding figures for fourth stege larvae were 1.056

7

" The third stage larvae shown here are much shorter on the

s

whole than those in lamb 39,

HOTHs  Unless otherwise mentiomed, in the following data 200

icel have been measured for sach sex,

&

Sheep 14 =nd 16 were killed on the fourth day

of parasitism, Corresponding graphs are nuwibers 9110 and 11:12,
Only fourth stage larvae were found.

Sex differentiation was posszible, males having a distinetly
blunter tadl than females,

Hean lepgths in millimetres, and standard deviations werelw
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Sheep 14 1035 % 11 mms 10382 +16 mms

Sheep 16 145 ¢ 16 mms 1048 * »13 mus

Two sheep were killed, mumbers 4 (graphs 13:14)
and 35 (graphs 15316)., ALl larves were in the fourth stage.

lieans and gtsndard deviation wereiw

Males
Sheep 4 179 = 15 mme 1099 .24 mus
Sheep 35 161 = »17 mms 1969 = <22 mms

Four sheep were killed, numbers 24, 28, 37 and
40,  Graphs for these are mumbers 17 te Qﬁc The distributions
for sheep 28 {graphs 19:120) differ from others of the ssme snd
preceding deys in the positive skew of the male frequency curve
and the flat topped sffect or negative kurtosis of the female

CUTVE, 431 larvae were in the fourth stege. |lMesng snd stand-

“ard deviations werele

Sheep 24 2:107 14 mus 2:30 % 25 mms
Sheep 28 10972 25 mms 2026 £ +37 mms
Sheep 37 1:99 ¢ <13 mms 24277 21 mms
Sheep 40 2014 : 17 mms 2038 T 022 mms

o

Seven. Shesp 10, 23, 41 and 43 were slaughtered snd

frequency distributions for the lengths of Cggperis recovered are
in graphs 25 to 32,

From sheep 10 (graph 5) cne adult male was recovered, all
other worms from this and the other shesp belng in the fourth
stage. Aduldes of L, curticel were readily differentiated from
the fourth stage larvas by the presence of ths cephalic inflaties,
and (in %he male) by the axpanded bursa and absence of the pro=
Jecting rudiment of the early larval tail. In the larvae, the
cephalic inflation was visible through the fourth stage cuticle,
god in some femsles close scerutiny was needed to debermine whether
or not the fourth scdysis had taken place.

The distributions for sheap 23 (graphs 27 and 28) show a
pronounced positive skew; as mentioned sbove (sheep 28) this is

exceptional,

The entire population of sheep 43 was measured, ziving 84




67.
males and 142 females. The female distribution (graph 32)

is bimodsl. The male (graph 31) has a provounced negative skew.

Mesns and stendard deviations werels

Hgles,
Sheap 10 2011 T 19 mms 2045 2 27 mms
Shesp 23 1e77 = 022 mms 1091 £ 34 mms
Sheep 41 2e22 £ 021 mmgk 2040 % 39 mmy
Sheep 43 2046 £ 027 mms 2043 = +51 mms

Doy Bight., The frequency distribubtions for the lengths of
populations of sheep 8, 19, 34 and 42 sre recorded in graphs 33
e AD,

Both fourth stage and adult forms were vpresent, the adults
forming less than half the populstion in all cases (see Fig., = ).
These formed separate frequency distributions, with the mean
length for the adults always greater then the cerxresponding
figures for the fourth instar, Means sod stendard deviabions

are given belowie

Males Zemales

Tourth inster  Adult Aduly
Shesp B8 2019 £ +19 mus 2038 £ 26 2:49 * +25 mms 2012 + «4lums
19 2016 % 1% mms 2638 L 219 2.52 & 25 mms 2.91 = °23mme
“ 34 2077 1 25 mms 3046 2 29 3026 ¢ «60 mme 4°0L * +43ums
fo42 2014 2 +15 mms 2033 & 019 2043 * +23 mums 2:79 % «30mms

Doy Nine. Sheep 2, 7, 25 and 49 were killed, The dige
trivotions of lengths of the {ooperis populations are shown in
graphe 41 %o 49, ﬁn 2, 7 and 25 the proportion of fourth stage
larvae was less than half the total, but in sheep 49, the populate
lon was markedly wdeveloped snd all larvae wére gtill in the
eoxrly fourth stage (Fig.6H. ),

Twe samples were collected from sheep €5,  CGraphs 45 and
46 represent populations recovered from the intestine in the
normal menner, deseribed in Chapter 8,  Graphs 47 and 48 are dise-
tributions of populations left behind by this method, and recove
ered by flushing the intestine with water, “They have therefore
baen termed "washings",  Shorter fourth stage larvae wers preswe
ent in these distributions., Mesns smd standard deviations (in

millimetres) were as followsie
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EIGHT DAYS NINE DAYS

SHEEP || NUMBERS

s /9 34 42 2 7 25 £9
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Fourth stage and aduli Tesvee-al 8 and 9 days.
retobeied. Fraw skl 8,19,3%, 42 ord 2, 7, 25 %A
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Adulis Fourth Instar

Sheep 2 2012 ¢ +26 mmg 3041l % 38 mms 2040 2 28 mmg 4019 2
7 2024 % 023 mmg 3000 2 36 mme 2074 % 52 mmsg 3°69 £ o 43mms
B 25 1499 = o318 mms 2463 £ 234 mme 193 2 036 mmg 3e17 2
48 wee-gexes undifferentiated..,....1°30 2 .24

W B

15

Day Tem. Only sheep 48 wes killed én this day, The
population was mainly adult, only isclated fourth stage forma
being messured., The distributions of length are shown in
graphs B0 snd 51, Means and stendard deviations were 3.5 £ »3Q

ums for males, and 445 % 51 wme for femules.

Sheep 36 and 38 (graphs 52 to 55) were

v"v L8 S
slaughtered, Isolated fourth stage larvae were found in all
populations except the males of sheep 38 (graph 54). Means

and gtandard d@vm‘mwﬁ WOLE s w

Males
Sheep 36 30924 o51 mms 4°76 % 63 mus
Sheep 38 As09 = 35 mmg 502 £ e 47 mms

In fifty female worms exsmined from sheep 38, only two

contsined ova, A similar pumber from sheep 36 were 81l without

BEES,

Doy Twelve., Sheep 26 (graphs 56 aud 57) was killed,
Only a few fourth staze larvae were found, The female distribe
ution (graph 57) exhibiits an extreme negative skew, and has a
tendency towards a bimodal curve, Males (graph 56) are less
skewed, lesns snd standard deviations for males were 4+60 L 68
wms, and 50837 102 mms for females,

Spproxinately one third of the females cuntalned egas.

(The presence of ova has been mentioned here in order to
draw abbention %o the abtalnment of sexusl melurity. Their
presonce oI absence will be discussed more fully in o later

section, )

Day Fourteen. On this day, sheep Bl and 52 were killed,
Frequency distributions of length are given in graphs 58 to 61,
Isolated fourth stage larvas were still present, except in the
female distribution of sheep 52 (graph 61}, Mesms and standard

deviations worsie
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ieles
gh@@p 51. §w% & a@ﬁ e 6081 + ,85 e
Sheap 52 4996 * %9 mme  6e26 * 047 mms

Day. Sixtesn
SR B oS SO otin

ubiong of the lengths of £, cuxbicel recovered from sheep 30 and

In graphe 62 to 65 the frequency distribe

3% ave shown. Ho fourth stage layvse wers found, lMHesns and

standard deviations werele

Sheep 30 4°85 + 239 mms 6002 * o5 mms
Sheep 33 5016 = o37 mus  6e35 * 47 mus

Sheep 9 and 29 were killed. Digtributions
of length are illustrasted in pgraphs 66 to 69,

In sheepr 9, ne fourth atage larvaee were found, though some
vary shert sdelbs were measwred,

In sheep 29, (eraphe 68 and 69) fourth stage larvaes were
present in greater numbers then found for any mature populations

praviouws ly exsmined., Means mmd stendard deviations wersie

lales
Egurth stage  Adulls
Sheep 9 - 5e20 & +51 mmg - 6250 + 63 mms

29 1493 £ 19 mms 4061 ¢ <66 mma 1063 © 75 mus 5043 $§£93 mms

Day Twenty. Only sheep 6 was killed on the twentieth day
of parasitismy no fourth stage larvae were recovered, Disbribe
uvtiong which are drawn in graphs 7O and 71 have means of 488 =

«43 mms for males end 6013 * 47 mms for females respectively.

Bay Dwendtyetug. The Lfinal killings of the experiment were
sheep 18 =md 27 (see graphs 72 te 75). In &1l cases, fourth
stage larvas were foumd in nuwbers comparable to those in sheep
29 killed st 18 dsye, and the adult distributions show wider
TOngeH

Ispeeially noticesble is the bimodal distribution in
graph 13, of the females from sheep 18, In later work, this
distribution was snalysed into ids components, The mesn valuve
for the entire adult female distribution is given below, along
with the means snd standerd deviations (in millimetres) for

associabed distridbutions i
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Hales,
ourth stage  Adulls
Sheep 18 1.92 % 22  4:31L % »61 1480 T 231 4e75 % <01

Uo27 1682 % 14 4e48 + 059 1s93 T 18 5.30 ©+86

B, THE STAPLSTICAL AVALYSIS OF THE LINZAR

(a) A test is necessary to determine whether there arve any
gignificent differences batween mesn lengbhs of populations from
different-sized infestatlons,

(b) A similar test is necessary on the mean lengths of
sueeessive dally peopulationsg,

(¢) in estimate of between-host variation is degirable,

{a) A determination of the significance of the differendes
in length bebtween sexes is also necessary.

AL, THE AMUALYSIS.

{4A) COMPARISON BRTWEEN MBANS FOR FOUR LEVEL SRALLL
AND LENGTHS OVER SIX, SEVEM, RIGHT &%ﬂ %lﬁ@wwﬁxg

MALE WORUS

Meen Lengths in millimetres.
Dose rate (He, of Larvae)
10,000 | 22,000 | 20,000 | 138,000
6 days 1:99 2011 2014 1097
7 X 2231 2219 2011 177
g " 2026 2021 2020 2+99
g * 3040 2.88 2458 1031
Hobei- (a) The value at 7 days, x = 231 mms, has been

determived by minimising the error sum of squares, This pro-
cedure was %@@@maaxy because there was ne vAlue in the original
data corresponding to this cell., The apprepriate formula, set
out below, is taken from page 268 of the Ath edition of Smedecor's

fStatisticsl Methods", (1946).

(8 =~ 1)(b « 1)

&

where nisging value

number of treatments

wumber of blocks

sum of ibems with the same treatment as
missing ibems

- sum of items in ssme block as missing items

gum of all the observed items,

U

b g e
i85 88

i

Substituting, =x 4(6+07) = 4(7-6B) = 3411

(4« 1)(4 = 1)

= 2"31 hisiis




(1.
In order 4o keep an unbissed estimste of erreor, wne
degres of freedon is dropped in the snslysis of wvarisunce set

out below,

(b) The mesns for eight daye are mesns for beth
fourth stage larvae and adults, The mean for nine days (340 mms)
is the mesm of the adult population only. Beference %o graph 41
in the Jppendix will show that the few fourth sbage larvae present
sre abnormally small and for this reasorn they asre not included in
the mean, The two following valuss for nine days (2:88 mms and
2¢58 mms) are means for both fourth stage larvae and adulis,
Reference to graphs 43 and 47 will show that the larval and adult

stages cannot be separabed,

S _OF VARIANCE. "'

Spuree Sum of M@X‘ aep of ;' Mean 5%
Squares Freedom Square Point
Dose Rate » 4881 3 21627 4°07
Days 26923 5 »2308 407
Brror 2:5072 8 3134
Potal 306876 14 - -

Thers are ne significapt differences belween the daily neans, or
between mesns Tor the different dose rates, because the ¥ ratio
would obvicusly be less than the value reguired for significance
at the 5% point,

The coefficient of variation is 24+59%, which is high.

Therefore, it is possible that sigmificent differences do exist,

but the expeoriment was net precise enocugh to detect them, Ilater
1% will be shown that this is actuslly the case,
Dose rate {(Ho, of Larvae)
10,000 22,000 20,000 138,000
6 days 2027 2030 20738 2026
7 % jxs2:67 2442 2:45 1-91
g ¢ 259 | 255 | 2.53 3049
9 4-19 3255 507 131
The missing value, x, was estimated ass described abeve, The

means have been selected on the ssme basis as for the males, so

+3 Detalls of the amalysis are to be found in Snedecor's
"Statistieal Methods”, Ath ed., 1946, chapters 10 and 11,



far as inclusion or exclusion of the fourth stage larvas is

{&e

concernad,
ABALYSIS OF VARIANCE.
Source Sum of Degrees of | Mean 5%
Bouares Freedon Square Point
Dose Hate | 9480 3 3280 4007
Days 14565 3 * 4895 407
Hrrow 45663 8 «5708
Total 7-0068 14 a -

As with the meles, there arve no significent differences

between dalily mesns or bebween meang for different dose rates,

The value of 28:82% for the coefficient of varistion is likee

wise high,

Lt was believed that if the varisbillity im the grouvp re-

ceiving 136,000 larvae was reduced, some significant differences

would become apparent,

T test this an spelysis of veriance was made on the data

excluding the low value for 9 days (1e31 mms),

The expacted

value {caloulated from the formula already described) was ine

serted, Significeant differences were found betwsen the 8th and

9tk deye for femsles, bubt not for males, Ho significant diffe
arences between dose rates were found, snd detelils sare therefore

@mi@t@‘i@

A further analysis was made, leaving out the 138,000 dosace

ZLoup. The detwils are given balow,
MALE WORMS
Mean Lengths in millimetres.
" Dose rate (No, of Larvae)
Hean
10,000 22,000 20,000
6 days 1-99 2.11 2.14 2.08
7 * $w 2935 2619 2,11 2022
g ® 2026 Pl 2020 2eB2
9 " 340 2.88 2,58 2095
te! represents a wvalue fitted by the formula deseribed
above,
ANALYSIS OF VARJIANCE,
, ! Sum of Degrees of | Mean 5%
Source Squares | Freedom Squars ¥ Point
Dose Hate 21203 2 <0602 ! 14121] 579
Days 1-4082 3 4694 | Be741} 541
Brror 2685 5 + 0537
Total 1-7970 10 - o | -
Therefore there is g significant difference between daily
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mesng, bud no sigpificent difference bebwoen dose rates,

Caleoulation of the fiducial limits of the means indicates
where significant differences cccur. (Snedecor, "Stabtisticsal
Methods", Ath ed., page 266),

The fidueisl Tlmits, calceulated from the product of the
standard error and ﬂm value of "% st the 5% level of probability
for % degrees of freedom are 20486 mms, Foplication of this to
the dsily mesoe of length shows a gigpificent difference botween
the eighth and ninth days omly.

The coefficient of varistion is much reduced, being 9-8%.

FRUALE HORMS
the in millimetres.
Dose rate (Mo, of ﬁ&mvm}k Mo
10,000 22, 000 20,000
6 days 2427 2¢30 2038 2.
[ fmap | 2E | 2b 2.53
. 2¢59 255 2053 2+56
9 4¢19 %055 3007 3060
Sy' represents o value fitted by the formula described
OOV,
, Sam of } Degrees of M’am 5%
Souxce Squares | Fresdom Square F Point
Dose Rate +2376 2 211881 1300 | 5279
Days 3. 0052 3 10017 | 10960 | e 4l
Errox 4568 5 s 0914
Total 306996 10 - - -

Apain, there is a significant difference between daily mesns,

but no significent difference between dose rates.

The fiduveisl limits of the memns ave ©

dicates that the only significent difference is between the means

for § snd 9 days,

The cosfficient of variation is again considershly lowered,

being 10-99%,

m&mw{} @QQMM&MW%
Day Group & Group B
ie 4060 X ® 4043
14 4096 500
. 3.6 Lo +16 43‘@85
18 5.20 4-61
a0 y = 505 4488

*635 mms which ine

by Wininising the
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error sum of squares, as described previously.

AUALISIS OF VARLANGE.

| Sum of | Degrees of | Mean P :
Souzae Squares | Freedom Square szng
Groups .0884 1 +0844 el
Days = 4922 5 -0984 1+66 | 901
Error 1778 3 +0593
Total - 7584 9 - - -

Therefore there are no significant differencos between
daily mesns, The coefficient of variation is 5-94%,

FEMALE WORMS

Mean Lengthg in millimetres.

Day Group A Group B
12 583 xs 577
13 6+26 6+81
1 6435 6402
18 650 543
20 v = 6019 6e13
22 5+30 592

¥x' and 'y' are estimated values derived by the formla
already described.

— 1 Sum of Degrees of Mesn 5%
- Squares | Freedom | Square Point
Groups - 0102 1 «0102
Days 1-0571 5 *2114 =901
Error +9637 3 +3212
Total 2.0310 9 - o

Therefore there are no significant differences betweem

daily means, The coefficient of variation is 9+38%,

This snalysis is concerned only with sheep killed in the

Main Experiment, Dose levels are regarded as equivalent,

HALE WORMS

Mesn Lengths ip millimetres.
Day Group A Group B Mean

2 73 13 “3

3 1+02 %% 1-00 |
41 145 1. 1-40

5 1+79 1.62 1:71

6 1+99 2.11 2.05

g X w 2032 2.19 2426

2.26 2:.21 2624

9 3 2.88 3414
10 . J =339 34 |
1 5416 28 5e01
18 520 4-61 4-91
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In the foregoing table, 'x', 'y' and '2' are estimated

values, using the formula previously cited, [Eed lines
indicate where significant differences exist (see analysis below),

ABALYSIS OF VARIANCE.
! Sum of Decrees of | Mesn Square 5%
o Squares Freedom ¥ Point
Croups 1222 1 .1222 4007 | 4+96
Days 61-1778 13 47060 154+295 | 2489
Error « 3048 10 « 0305
Totsal 616048 24 - » &

Therefore there are significant differemces between daily

mesns, Fiducial limits of these means are <389 mms, Refer-
ence to the tsble of means for males given sbove shows that sige
nificant differences are found between the 3rd and 4th day, H5th

and bth, Bth snd 9th, and between 10th and 1lth, 1lth and 12th,

and 12th and 14th days, These are indicated in the table by
red lines,

The eoefficient of varistion is 5-91 &,

FEMALE WORMS
Meap Lengths in millimstreg.
Day Gronp A Group B Mesn
2 *73 713 F
3 1.02 <97 1e
4 149 138 (1-
5 2.00 1+69 ‘1.8
6 2.27 2:30 2.
g x = 2457 2.4 2+49
8 | 2:59 255 2.57
9 4+19 3455 3+87
10 4+45 ¥ = 429 437
11 476 502 489
12 8 z= Bb .
_Ajag, *°‘27Eé§“”' - e — 57
1 635 602 6-19
18 6+50 5+43 597

tx?, 'y" and *z' are estimated values, using the formula
perviously cited.

Bed lines indicate significant differences between daily

means (see analysis below).

ANALYSIS OF VARLANCE.
'| Sum of Degrees of | Mean 5%
WL Squares Freedom Square . Point
Groups 1713 1 «1713% 1.822 | 4.96
Days 109-2754 13 8.4058 | 89-423 | 2-89
Error * 9404 10 +0940
Total | 110-3871 24 - - B

Therefore there are significant differences between daily




mesns, and fiducial limits of these means are

Beference to the table of mepns above shows Fheb slgnificant

differencss erist bebtween the Zod md 4th deys, %rd and 5%h,

*683 mms,

{0

4th snd bth, Sth and 8th, 8th and 9th, 9th and 1lth, and betwsen

11th snd 12th, snd 12th amd 14th days.

the table by red lines and arrows,

(D) BETYRES B

HOST VARIATION

These sre indicsted in

The experimenbal design precluded sny possibility of

auslysing

this variable,

{Ses the discussion on the Experi-

mental design, page 49 seq.)

(8) COMBINED ANALISIS FEOM 2 20 18 DAYS I

D§H RATES FOR THE MAIN BXF

ﬁﬁ 45 IDENTICAL.

LR OF GOMBINED TENGTHS (XN )

Hoge rates Sex
Deyrs
& B liale Femnle
2 1-46 1e4b 146 1046
3 2004 194 199 199
& &y{g& ;’3«?:‘5 ?»8{} &Z’QSY
5 319 331 3e4% 3269
6 4226 A 41 4010 4-57
8 4+85 4076 447 Sel4
9 159 6243 6e28 174
11 8e08 Gell 8s01 978
14 Lle22 1181 9s96 1%.07
16 1181 1087 1007 1237
18 1170 10004 Ge81 1193

Derivabion of the Table.

Trastunents 4 and B are the sum of the means for males snd

Temalay for ssch sopsrsbe hreatmend.

Hale and femsle coluvmme sre the gsum of all the msles® mean

lengthe (irrespective of treatment) and sum of all the femsles®

mesn lengthe (irrespective of trestument), respectively.

MALYSIS OF VARIANCE.
P " Sum of Degrass of | Mean 5%
Soures Squares ngaﬁ@m Square L ¥ Poing
Replications 2284 1 2284 2056 4-96
Days 146-8331 10 14-6833 | 132160 2.97
Error (1) 11114 10 21111
Sexes B AA40 i %0 4440 | 281238 4084
Box x D 209945 10 +2995 | 24+549 2+86
Frror (2 21347 11 20122
Potal 154-7461 | 43 - - -

Therefore there ars significant differences between daily

mesns (over both sexes), between sex mesns (over all), snd be=




tween delly 8¢X means,

The Gombinasd Analysis gives snswers te the guestions
slready discussed, as well as additional informeltion on sex
differences. However, the valldiby of a combined analyesis,
when twe sefs of data show umegual variability is open %o
guegbion, and the &nt&wpr@ﬁaﬁi&ﬁ of soms of the results is %o
he made with cantlon,

This interprstation will now be congideved,

The means Tor msle and female populationg are ag meb

[

out belowie

ey Males Fomales Daily Meang
& o [ A =50 o 730
3 <995 *995 995
4 e 4CG 144 1.42
5 171 1485 1.78
& 205 2429 2:17
8 Ze2 2eR7 2040
9 3014 3.87 351
i1 4-01 4-89 4045
14 4498 654 576
16 5Ol 619 560
14 49k Syl He44

(1) Differences betwsen daily wsans for both sexss can
be derived from bthe fiduclial Limits of the mesns, calevlated
in the mamner already described. Pidueial limits at the 5%
value of "o for 10 desrees of freedom sre T »53 mmn,  Signif-
icant differences occour bsbtween days 2 and 4, 3 and B, 4 =and 6,
5 and 3, 8 and 9, 9 and L1, and 11 and 14,

{2} Sex means are already shown o be significantly diff-
arsnt, the ¥ rabio, 13216, excesding tus 5% level, 2-97.

{%) Yex means within davs, i.8, the significence of the
differences bolwsen males amd females of the same agei- fiducial
1imibs fox the mean are T 24 mms. The differences are barsly
gignificant abt O dayvs, and arve significant thereafter,

(4} Significance of differences bstween daily means within
the sexesi- the fidueizl limite for significance are ¥ 24 mms,
The interpretabtion of this snalysis le doubtful, For example,
it ghows significant d4iffsysnces between day 2 amd day 3, which

is contrary te the previous analysis,

The significance of these analyses will be discuasged in

ralevant gections of this works
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Many infective larvae were recovered from the fasces, all
of which were scblive sod apparenily normal, They were killed
with heat and messured with the oculer micromster,

LINGTE OF LARVAR RECOV

Days from Sheep Hos, of larvae |Mesn
Infestation Noq recoversd Length

3 39 21 176

3 44 7 811

A Y 5 165

4 16 31 go2

8 19 2 675

12 26 i 760

16 30 1 820

The murbers sye not comparable, becsuse the size of the

dung sample varied from 30 %o 60 gms,

D. THE PRESENCE OF UNDEVELOPED LARVAR.

S e o R

In order to direct attentlon to the presence of worms which
were retarded in development when compsred with others in the
population from ehich they were drawn, certain results are
collected and presented wndsr this heading.

It is obvicus from graphs 1 to 75 in the Appendix that
nearly all populations have associated with them small numbers
of uwndeveloped parasiies. These are more commorn in older pop-
wlations, where in some cases both mmabare adulde and feurth
stage larvas are ssseoiated with fully developed adult populaticns,

For convenience, the resulis are presented in thrse ssoitions,

{2) Undeveloped Adults., The presence of these forms is

discusned, and data scguired in o spedlal study of them
is presented,

(v) Undeveloped Foprth §tage Lorvae. These are examined

from two aspectsi~

(1) Those present in populations older than
aight dsys,

{i1) Those present in younger populations,

{(¢) Undeveloped Third Stasze (Parssitic) Larvae.
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9.
(a) UNDEVELOPED ADULT POPULATIONS.

O b O b

(i) The femsle distributions,

S st

Expminabion of the freguency curyves for the lengths of some
atuly female populations showed marked irregularities, This was
espacially true of the twendy-twe doy old population frem lamb
18 (graph 73), This distribution is bimodsl with the modes
approxinately 4°0 mms and 5080 mms, Since it was unlikely that
the shorder femsles were part of 2 second infestatiocn following
cloge behind the first, it was concluded that cerbain of the
females in the original population had besn unable to grow tu
full size, Since the corresponding distribubtlion for the male
population (graph 72) did not show any very marked bimodal
gifects, it was concluded that the differences in lenglh within
the female population were likely to be associated with, if not
caused by, some inherent femsle characteristic., (The obvious
falgity of this statement will be discussed shortly.) Being a
female characteristic, ovulation was selected as a likely factor.

Heasurements were made of the lengths of one hundred and
twelve females from the population of lamb 18, and the numbers
of eggs present in the uteri of each worm were counted, Dige
tributions were then drawn up of the lengths of worms with ne
egzs, and Lhe lengths of worms with eses, as shomm in graph 82,
B, curticel with no eggs had 2 mean snd standard deviation of
4+62  #66 mms, Those with sges had = mean and standard dee
viation of 5.92  «16 mms, end the distribution was very close
to normal.

The mesn of the numbers of eges in the females was found
te be 19 71 the distribution of these ova is shown in fig. 7.

Similear edmminations were made on two normal distribubions,
For this purposs the female p&pul&%iogg{af 1amb3 9 and B2 were
selected (graphs 67 and 61), |

Of fifty females examined in the population from lamb 52,
only six were without eggs, and the mesan length was 5048 mms,

The mean value for the lengths of the remainder was 6427  *43 mus.

In 1anb 9 only twoe out of fifty females examined were withe
ouk gval both were very much shorber than the others, the mean
being 5.0 mme, The remainder of the population was divided

into three arbitrary groups on the basis of the total numbers of
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@ggg‘in the uteri, as followsd~ 1 = 19 egss, 20 = 29 eggs, and
those with 30 or more eges. The mean lengths and standard de-
viations for these divisions were £6.19 * 10 mmg, 635 T <52 mme,
and 6.70 £ .45 mms respectively. This is shown in graph 80,

The wmean of the numbers of eggs found in the females from
lamb O was 24-75, The distribution of these egg numbers is
shown in fige 7.

ds @& resuvlt of thege findings, it was decided to examine
irpegularities in other female disiributions in respect of total
length of worms and egg numbers. Only three distributions were
not analysed in this manners those for lambs 6, 30 and 38(Graphs
71; 633 B5). Thesa frequency distributions were very close to
the normal curvé, snd it was assumed that they would be similar
to the distributions for lambs 9 and H2 (already exemined) in
respect of the numbers of barren females.

Ova werse not found in female wormsg less thun twelve days
0ld, with the exception of 2 worms at eleven days.

The fx@@menéy curve for females twelve days old is sﬁown
in graph 57, It will be noted that this has a very marked
negative gkew, Meagurement of 100 females, and their classific-
ation inte two distributions, "with ova' and "without ova®, re-
sulted in the histogram reproduced in graph 76,  About 30% of
the females exsmined contained eges, Their mesn length was
680 % *2% mms, snd as graph 76 shows, the distribution was very
close to normsl, The lengths of the females with no eggs form
a2 bimedal cuorve, but by doubling the class intervals thie dige
BOPeSTS , @@&tﬁh@ distribution has a flat top (or negative kurt-
osis), The mesn iz H+63 mms and the standard deviation 86 mms ,
which is larger than the coryresponding figure for the females
with egas.

Thae distribution of the numbers of eges within the worms
is shown in fig, 7. The nean is 8 eges.

Of the two female populations fourteen days old, one
(Lamb B2) is a normal distribution, and its analysis has already
been described, The other distribution (lamb 51) is shown in
greph 59.  Apalysis of this distribution is shown in the hisbo~
grem in graph 77, Of fifty females examined, it was found that

those shoriter them 62 mms had from no eges up to 10, Of those
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longer then 6+2 mms, four had no eges, and seven fewer than 10,
these forming one gquarter of the females examined which were
longer than 62 mns,

The mesn length and standard deviation of all femsles
with fewer than 11 egzs was €032 mms * 70 mms, The females
with more than 10 eggs averaged T-10 * o4L mms, It is likely
that the majority of females shorter than sbout 66 mms in this
populstion (see graph 59) would have few or no eggs.

Out of fifty females from the population of lamb 33 {graph
79). only four contained no eges. One of these worms was quite
long, being near the middle of the distribution, The remsining
three averaged 5.24 mms in length, Temales containing ova were
divided intoe btwo arbitrary groups, those with 11 %o 20 and those
with 21 or more eges. The mesn lengths of females in these
categories were 5°93 &+ 18 mms, and 6012 % 111 mms,

The spalysis of the number of ova per femsle iz seb oud
in fig, 7. The mean number per worm is 27.

The freoquency distribution for lamb 29 (graph 69) shows a
very pronouvnced skew effect, Jnalysis of the number of ova in
fifty females showed (graph 81) that no worms shorter then 519 mms
were fertile, 411 the remainder, emcept itwo, contained more than

20 ova, The mean length of these forms was 597 2 37 mms, and

the mesn of seven femsles with fewer than 11 cges was 479 % »Fomg,

The female population from lamb 27 (graph 75) contained a

gmzll vombexr of fooperls shorter than 500 mms, Bxasination of

84 femsles selected at random from this population showed that
the majority of the females below this length had from no eggs up
o 20 eges per female, However, &mmy wornms longer than 500 nps
had less then 20 eges, as illusitrated in graph 83,

Using the divisions of "0 = 10 egzs®, "11 « 20 eges" and
"over 21 egzs”, the means of the lengths of femsles in these cate
egories are A6l mms (6 worms); 5045 © 2401 mms (21 worms)g and
Ba76 L 045 mms (55 worms),

The distribution’ of the numbers of ova in the females is
gshown in fige 7. The mean of this distribution is 2173 eges

per worm,
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(11}  The male distributions.

The frequency distribution for male lgoperis in lamb 18
(zraph 72) shows only a slight deviation from normalisy,

Previously it was assumed that some "factor" had affected
the growth of the females bubl not the males, and it was suggested
that this factor would therefore be sssociasted with & particular
female chgracteristic, such as the production of ova, it has
been shown that the degree of sexual development has been related
te the length of the females, Though the conclusion was correct,
the premise was not sound. It is most wmlikely that thers would
exist = differential "factor", operating on one sex and not on
the other, It was decided to examine thié male population Yo
determine whether any of the individusals were sexuslly immabure,
as had alresdy been done with the femsles,

Sexunl maturity in the male could be determined in two ways,
firstly by the presence or absence of spermatozoa in the genital
tract, smd secondly by the colour of certain parts of the genital
orgens, especially the spicules,

Veglia (68) working with H. conto

rtug, found that "frequent-
1y" he was able %o see spermatozoa in the vesicula seminalis,
Specimens of G, curticei were exsmined for the presence of sperm-
atoroa, In some cases they were observed, but in many cases
thairkpxﬁsamﬁﬁ was doubtinl, This wes largely dus %o the state
of the mabterigl, which had been for a year in formalin and glyce
erine, leaving it very clear and btramsparent,

The possibility of staining the spermatozoa was exsmined,
Goodey (20) recommends Nile blue sulphate stain for the reprode

vctive ovrgans of living plant parasite nematodes., It has been

tried by the wikiter on Qstertagis spp., but has not been found

very effective.
The spiculs colour was relatively sasy to determine and
was unlikely %o be changed by the formalin preservative,

Monnig (37) working with Trichostronegylus

spR. reported that ab
about sigh¥sen days from infection the spicules darkened to a
light brown colour., He regards this as an indicstion that
copulation has taken place. {This conclusion is not necessarily

true, As 0, curtice

i matures sexually the genital organs darken,

this being an indication of sexual maturity, but it may not nec-
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sssarily imply that copulation has taken place.)

A sample of males from the population of lamb 18 was
sxsmined snd the spieules classified as "Light" or "dark®,
Light splovles sppearad under the microseops to be grey, whilse
the dark spieules ranged in golour from light yellew %o dark
arange-brows, A8 stendards for these colours, splevles from
lawb 38 (whers s11 the females had been found to be sexually
immatvre) and from lamb 6 (where the females were mature) were
referred to. VYorm lengths were plotied as two frequency dis-
tributions, depending on the eolour of the spicules. These are
shown in graph 84, The mesn length of males with light spicules
wag %294 + +46 mos snd the corresponding figure for males with
the darkened spicules was 4°65 ++49 mms,

Exsminabion wes made of the males frow population of lamb 9,

It has alrsady been ghown that the femsle distribution, which was

normal, conbained only twoe forms with no ova, Yhen 50 males were
exanined wnder the microscope, only btwe were found with lighte

coloured aploulss, o lengths were yecorded,

(b) UNDEVELOPED FOURTH STAGE LARVAR,
Forms which had been arrested in development in the larval
stagze and had not passed the fingl sedysis £all into two divisions:

(i) those associated with populations older than
eight days

(ii) those associated with younger populations,

(i) iated with older populastions
Raeference to the graphs in the dppendix will show that many

adult populations {i.e. those older than nine days) had a few
fourth stage larvae associated with them, [Ho third stagze larvae
were found 8 such populstions.

Adult populations which had no fourth stage lavvae were
found in lawbs 6, 9, 30, 32 and 52,

Thoge which did contain fourth stage forms are summarised
in fig, 8 for the males and fig, 9 for the females. In each
figure %hﬁxé is a typical nine day old populabtion of larvase which
are abeut to moult, drawn from lsmb 25 (washings), This acts as
g basis of compariscn betwsen normal snd wndeveloped forms,

Bxamination of fig, 8 for males shows that the distributions

have mesns which are closely similar to cne another and %o the
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normal forms from lamb 25, It was at first thought that V
the larvae from lambs 18, 27 and 29 were significantly shorter
than the remaindeyr, dn analysis of variance was made and the
F ratio indicated that the chances were sgainst the differences

being significant, This analysis is suwmarised below.

Degrees of

Soorce of Sum of Hean
Voariation Sguares Freodom Squnare
Tobal 1387 149 -
Batween 166 7 0-2%71
Groups
Within 29 o Qe
Groups 1eeel 14 085
F = 22301 = 2.7, which is below thel% level of
085 probability, 276 for 7 and 142 af,

The distributions for the females sre shown in fig. 9.
Though the mumbers of females and males are closely equivalenst,
the femsles appear to be fewer than the males becsuse the dise
tributions are more scattered.

Only in lambs 2, 18, 27 and 29 ave the worms sufficiently
numerous or well enough grouped to give a clear picture, As
with the males, these larvae tend to group near to or slightly
below the average length at which females moult (as indicated
by Lawb 25),

There is evidenced in populations from lambs 18 and 27,
as well as in lswmb 29, & tendency for & second mode to form

at 1.5 mums,

Mogt populations have forms present which sare less mabure
than the norm, No males of this desceription are foumd in
populations from lambs 8, 16, 19, 23, 24, 28, 34, 37 and 40,
Othsr populations have a negative skew frequency, and it is often
very diffienlt to decide whether the shorter larvas should be
regarded as Deing significantly less developed than the others
in the same population. Two typical examples of this are %o be
found in graphs 29 and 31,

So far as the females are concerned, there is a greater

tendency towards skew curves than with the males, 0dd individe
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uals, obviously “zmdw@lf;m&, can be seen in graphs 28, 38,

40 and 49, It is more difficult with the females to decide
whether the lower valves in the skewed distribubticns asrve sigs
nificantly less developed. Une notable excepbion to this is
shown in gx,&@&}& Here the distribution is definitely bimodal,
with & small ﬁ&m‘bw of lasrvae in s distribution having & mean of

1051 mms and the remsinder with a mean value of 2¢64 mms,

(¢) UNDEVELOPED THIED STAGE LARVAR,

In graphs 6 and 7 there sre & small numwber of third stage
parasite larvee, with s modal length of MCiw It is probable
that thess were undeveleoped third stege larvae which had nelther
been able te grow nor moult,

After three days from infestation, ne third stage larvae,
elther pavesitic or infeetive, wers fowd in the contents of the
intestine, This lg interesting im view of the fact that in the

fasces of five lambs killed up bto sixtesn days sfter infestation

add nunbers of infective larves wers found, I% was not definitely

yerified hewsver that thess woere Qopperis larvae; they may have
been Ogtertagia spp.

a
[

as
2%
eo




CHAPTER X

As CRITIGUE OF THE EXPERIMEATAL DESIGN.

Although the experimentsl design snabled s study of the
linsar growih of U, curticei to be made, it failed %o give any
indisation of the dezree of inter-hoet varistion which might be
expacted, This is an lmporiant aspect of the growth study,
because without sn estimate of inter-host varistion in g&awth” i%
is not possidble to predict the differences vhich must be sxpested
betwesn development of worms of the ssme sge, but from different
hosts, 4 second welkness of the plan is that it is not peossible
to determine the effect of size of infecting dose on development,

Both of these questions could have been suswered if several
sheep with the same dose rate had been killed sach dgy., In add-
ition larger mumbers of sheep would have inereased the precision
with which the tests of slgpificance could have been applied, b
example from the statistical analysis of dabs will make this clear,

Heference to the analyses of the lengths of the male worms

for 6, 7, 8 and 9 days, at infestation rates of 10,000

. 22,000 and
20,000 larvas, will show that the difference between means has to
be less than +486 mns for significamce at the 5% level {(pages 70-71).

This caleulation (52, page 266) is made as followsi-

o5 = 2571 BCO53T) = +486 mms,

3

where 2571 is the value for "t! at the 5% level for 5 degrees of
freedom (52, page 65), and 0537 is the error mean gguare from the
analysis of variaﬁae. The divisor, 3, represents the number of
population mean lengths (i.e. sheep). If it is asssumed that the
voariation iz the same, it can be seen that increasing the number
of sheep will give a larger number of #egrees of fresdom for the
error varisnce and thus incresse the senslbtivity of the whole
experiment,

It msy be argued that the killing of so many sheep after
growth had ceased (i,e. from sbout fourteen days) was unnecessary.
These sheep did not provide any data on the development of £, curbe

icei, but they did give valuable information on variations in fingl
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gsize and on evolatlion, This in ibteslf Justifies the late killings,

B, THE METHODS OF REARING "NORM-FREE" LAMBS.
The degree of care teken to resr "wormefree" lambs varies.

In Threlkeldts (67) study of the 1ife history of Ostertssis cireume

civeks, the lambs were r@may&& from thelr mothers as sooh sy DOSEw
ible, fed with pasteurized cow's milk snd lsber with csbe and hay
which had bheen sbeamed in an guboclave, The lawbs were housed in
raised cages, sud waber was so placed as to aveld fascsl conbame
ination, Though Locelidie sppeared at sboub $en weeks, their ndme
bers were small zud eventuslly they dlssppesyed, The spimale 4id
not have any nemsbodes parasibic in the alimentary tract will the
experimental infestation was made, 48 a checlk on the presence of
parasibes, he made faecal egg vounbs ab regelar intervals and in
addition two lambs were slaughtbered in ordex that thelr inbtesiinal
tracks could be examined for nemabtode parasites. Blood counts and
hasmogleobin percentages wers also made as an edditionsel check upon
the normality of the lambs,

The contrast to this aystem is found im Mndrews' (2} life
history studies of L, curticei, JAndrews reports that he used
geven lambs, (The experiment records ten separste stages of the
1ife history, which presumably weuld reguire 10 lambs.) Of these
lambs, only three were not “ral&tivaly free from parssitism.”" Two
of these had been on pasture during the weeks lmmedisbtely preceding
the experiment, while the thiprd had been on pasture the previous
SUmner, fndrews reports that the presencs of parasites in thesge
lambs did not interfere with the experiment and that the develop~

mental stages of Qﬁ_aﬁmg

si oould be readily distinguished from
other species an&gfkam ovlder G, curticel.

Threlibeld pexhaps went to unnecessary lengths to check on
the presence of parssites in the gut when he killed two lambs for
agxamination, The ezz counts, especislly when they were made at
waekly intervals, should have bsen sufficient,

Indoor feeding is neither so difficult nor so little under
stood that sgheep cennot he kept in s healthy gtete without the
aid wf blood tests to check on their well«being, it is guestione
eble as to how the paragites Threlkeld later gave the sheep would

bae affected by physiological conditions giving rise te a blood
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sount or hasmoglobin percenbase oubsids the Limits of norme
allty vsed by him as standards, Jxtreme variation would be
gvidencsd in a sick animal which would not normally be used for
any experiment of this type, The life-cycle of the parasitic
nematode would éaarcaly be influvenced significantly by changes
in the bleed determinations, if these were not of suflicient
magnitude to produce eliniesl symptoms in the lambs,

Though Andrews sppsrently did peb encounter sny difficulties
with those lambs wh;@h bad previcusly been in the field, it may
well happen that such sheep would develep sonme degres of lumunlty
o parasitisnm which would interfere with normel development of
WOLHE o It is slso possible that o nomber of parssites could be
present which were immature snd these could csusse cwnfuai@n if
the artifieislly pdwinistsred parassibes were at sbout the some
stage of growth when the sheep was killed.

The methods used for rearing "worm-free" lambs in this exe
periment, whiles neltier as wunecessarily painstaking as Threlkeldls.
nor as aimple ay A&érmwg°, wore @ﬁtiwely'@ﬁmiafanrﬁgﬁ in their
final resvlis, as an sxaminatio of pre-sxperimental parasitism

will show,

Co THE LIMITATIONS AND SIGNIFICANGE OF THE FARCAL EGG COUNTS.

The value of the fascal egg counts of the experimental
"wormefree" lambs lay in their indication of the presence or
absence of nematode parasites in the alimentary tract.

Tetlay (65, page 28) states that the method of dilution
egz counting which was used in this work is not relisble for
small numbers of eges, This is net important for the present
experiment, where all that was raqnirm& from the dats was an
indieation ag to whether the pre-infection was likely to be big
enough to confuse the outcome of the investigation,

So far as negative egg counts are concerned, Tetley (ibid,)
belisves that a negative cauqt can only be accepted as sn indicabe
ion of the absence of parasitgs if repested for several weeks,
Those lambs which recordsd negative sge aomngs warg not necegse-
arily abselutely free of paragites; howsver, it can be accepted
that any perasites which might be present would be very few in
number,

One further advantage of the egz comnts was that the species |




of parasites which were present could be identified, making
sure that there would be no vnecertasinty or confusion in later

axperiments,

D, PREE-BXPERIMENTAL PARASI

sent prior to Fxperimen

b morten
following species of parasibes were present in the experimental

lambs prior %o srtificial administration of infective larvecie

it in gxbremsly difficult to rear lambs free from this
nemabtods, bedemise of the abllity of the infective form o penetrate
the skin of the host. In lambs, it is likely that the soft skin
about the hoof and muszle gserves as » wesnsg of entry, In this
connection, it is to be noted that Monnig (37a) does not regard
S, pepillosus as being a strong skin penetrator, infection through
the wouth belng the most impertsnt methed, in his opinion, of

entering the host. Tetley (65) states that S, papillosus

been found in lambs only a few weeks old snd ¢%ill on a wmilk dist,

For this reason he belieWes that “percutenecu

g invasion by this
species accounts for a greater part of the esrly parasitism in
lambs®, Gongidering these circumstances, it is not unexpected

that lambs 39 and 50 had 8, papillom

19 ova in the fasces when
examined on 12/11/48. Presumsbly most of the lambs would be
gimilarly parssitised at that time,

Bxposure to infection would occur between birth snd housing
in the shed, though this period was as short as possible, Hore
significant exposure would be during the feeding times when the
awes come in?@ the shed, Dirt from the hooves and dirty wdders
would probably be sources of infective larvae.

o records were kept of the actual numbers of §. pepillosus

recovered from the ingests, bub they were low., There was no




dangey of confusing $, papillosus

staze, the snatony of the twe forms belug very different, The
long oesophagus of §, navillesus was a valuable differential
factor., This speciss was therefore of no significance in this
experiment,

Hematodirug spp.

Ho attempt was made vo differentiste between N, filiecollis

and N, spethicer. Counts were kept of the numbers of these

species present, Some, selected at random, arele

Lamb 3)6 Y P 'y 33 ‘7-‘ matodirus spp
' 29 P @ PR 20 #
“ 18 @ o uu aen & "
# 48 ¢ 8 X X 18
ﬁ ? & oew @« B T 2‘5
# 51 P 5w e &40 35

=

= =

These are insignificant compared with an average maximum number

in summer of 1,033 N, filicoll

ig and 433 H, spathige:

lambs on pasture (Tetley 64).

Adalt forms would not be confused with . curiiced

val forms sre longer snd wider then §. curticei of the sawme age.
Boulenger {5) noted that the forked tail snd the terminal pro-
cesoes of the perasitic third stage layrve are present in the

male up te the time of the fourth eedysis, and even after thig in
the femnlesn,

Semptodirne cennot penetrate the skin like Strongsyloides

Work by Boulenger has demonstrabted its ability to remain visble
with dessication snd at high tempersturses (60° C) if dry, It

is therefore vossible that free living forme of Henms

present in the hay which was the only feed in the latter part of
the lembe® 1ife, These free living forms can be removed by
sutoclaving with stesm, a practice adopted by Threlkeld (67) in
faeding his worm-fres lambg,  Another possible source of ip=
fection would ke dirt from the feet of the ewes and from their
dang, Though the shed wss clesned out regularly, it may have
baen poseible for some eggs to develop to the infective stage
snd be shsorbed with the hosts’ foed,
Zrichostronzylus specics.

The nurber of adult Trichosironsylug

gpacies present in
the intestines of lambs killed in both the Main and Subsidiary

sxzperiments was sbout the seme as the mumber of Stronsyvioides




94.
being wmiformly very low, lo record was kept of the actual

number, Luwevell,
In measuring immature forms of G, curticel, very occas-

ionally larval forms were found, vwhich wers deduced t¢ be Tri-

Lug speciss. The obviows difference in these forms
lay in the smberior zegion, which itapered in s fashlon distinctly

diffarent from G, corticel They aleo failled to teke on the

coiied form, characteristic of Cooperis from sbout the fourth

dsy of parasitism,

The low numbers of Irichos 3pP., 2nd the fact that
they were rescognissd in the immsbture stages, eliminated them ue

insignificont factors in this study.

Lrichuris ovis and Osteritazis species,

With the exception of a rare adult Qstertasgia in the mature
Coope

rie populations, neither of these gpecles are of concern in
this work, Ho ilunabuwre phases of Qslertesis were observed in
the immature fooperis populations: it is posegible that an odd

individual was vverlooked,

cie curticel.

The presence of odd adult {, curiicei in lambs 10 and 40,
thege being part of the Subsidiary Experiment, was probably due
to iufsctive larvae picked uwp in the lawd shed, During rotation

of sbock frem pen bto pen for clesning purpeses, accldental infect

§

ion cowld heve sccurred, ss the Stock Gulture animels and the
infeeted snimals of the Hain Experiment were included in such
rotation, although housed in pens separate from the other expere
mmmm animals,

The larvae could have lived long encugh to produce Cpone

ove in the faeces, This wsas the only case in which £, curticel

were not derived directly from an experimentsl infestation,
To conclude, it can be definitely stated that the few para-
gites present in the experimental lambs pricr to the @xp@rim@nﬁai

infestations were of no significence in the growth study.

SIGNIFICANCE OF THE SPECINS PRUSENT IN THE LAME BUS LAMB.
Cultures of infective larvas wused inm the Trisl BExperiment
came directly from the Lame ewe lamb, ALl other cultures were

derived from stock culture sunimals, which wers infected in turn
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with Ostertasis species or with "Qutertasia' larvae from
the Lame swe lamb, The species present in thig lamb which live:
in the sams habitat as the subject of this experiment are there-
fore lmportant,
It has slready been explained that thig study, originally
concerned with Usterliasis species, was changed to o gtudy of
Ly curticel, becaunce the latiter wes more nmumerous. G. gurticei
lives in the smpall intestine, and the gpecies in the Lame ews lamb
which would be associsted with this same habitat were Hematodirug
filicelliis, I, spatbhiger, Ipichoglroneylus vifrinus, T. golubri-
formis, Strouneyloides pepillosys and @R&gﬁﬁﬁﬁéﬁmﬁx&gg&ﬂgﬁagﬁkﬁas
B, trigowocephalum is never p#@ﬁ@&t in large numbers in the
Manawate (59) acd is mot therefors likely to be important,
Hemstodiros snecies and Sbrongyleides have been shown to be easily

differentiated from €, curticel in all stages of their life hist-

QWY 4 Trichostropeyles species alene are likely to present diffie
culbies in identification in immature stages., The post mortem |
af the Lame gwe lomb was not well conducted, no counts being made
of the relative mumber of Lrichogtronegylius species present,
Howaver, in all experimental populsations which had reached maturity,
the mumber of aduld Yrichostrongylus species were very low, and it
is reasonsble to assume that similar insiznificent numbers would
occur amongst the immaturs populations of Q&wgggﬁggg;,

It ig concluded that, in gpite of the multiplicity of species
present in the original source of lnfective materisl, there was no

pogsibility of confusion with £, curiicsl.

¥, THE DIVELOPKENT OF 4 STOCK GULTUKE.

The exact reasons for the failme of the ova to develop on
the charcoalesterilized faeces mixture are not known, It is posse
ible that lack of feed for the larvae, or emxcessive moisturs, wers
contritutory causes,

The faeces was steriliszed prior %o use, in order to kill
unwanted spp. of nematodes, and it was at one time thought that
thig had also killed the bacteria. MeCoy (33) has shown that
infective larvae of the dog hookworm could not grow unless live
bacteria were present; however, it ie exitremely unlikely that all

the bacteria were killed under the conditions of sterilization
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employed in this experimen$, Other workers (Dickmems and

Andrews (14) and Morgan (39)) have used heatesterilized sheep
dung succsssivlly, though in the work of the former it is appay-
ent that the faeces was sterile in respect of nematode ova onlyg
doubtless the same applies to Morgan's work., The only concluse
ion which can be drawn is that in thie experiment it lis most woe
likely that lack of feed was the cavse of the failure of the ova
to .develope

The practice adopted in meking culbures of wnateds ova is
to avoid excessive molsture. A damp, crumbly conditicn is cone
sidered desirasble, Lapage (30) states that many observations
have shown that nematode eggs need oxygen to develop, which is
in sgreement with the avoidance of excessive water. McCoy (34)
has shewn that very low tensioms of oxygen in wabter will allow
eggs of the dog hookworm to develep, but that amounts of less
than 04 cc per litre are inhibitory. It is not gafe to conclude
that the same applies to ova of £, curticei, It is likely,
however, that attempts to culture ova under conditions of excesse
ive moisture do fail because of inadequate oxygen tensions, But
the subject cen be 1ittle more than mentioned here, with the coun-
clusion that excessive waler was probsbly a cause of the failure

of the culbure to develop.

The persistent failure of live adult worms to find lodgment
in lambs 1, 2, 3 and 22 cannot be definitely explained, The
adult stage is a means of reproduction, while the infective stage
alone has the ability to locate a habitat, It is not surprising
that only a few adults would mensge to getile on to the walls of
the abomsgum, but the number which were successful seems unexpect-
adly small, Lt is possible that some did remain in the sbomasum
however, bubt ceased to lay eges, so that their presence would not
be revealed in faecal egg counts, It is unlikely that many
would remain very long under these conditions,

Host likely the nematodes werse too long away from their
original host, both in the laboratory and in the rumem of the new
host, and they wonld therefore be weakened by the time they
reached the sbomasum. It is possible that the heal thy state of

the new host and the concentrated feed were alse significant
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factors in this connection,

Go MEASURENENT OF SIZE OF DOSE.

The mathematical statements of the number of infected larvae
given to eagh sheep cannot be regarded as being highly accurate.
Their main value is in the fact that they give a reliable indicabion
of the size difference betbween populations administered. Thus 4%
is ressonsble to sgy in the cage of the Madn experiment that the
lambs receiving 22,000 larvae had a2 population approximately doubls
that given to the lambs receiving 10,000, Since the samples for
sach lamb were prepared with the greatest care, thsy would be
closely similar in the number of larvae they contained.

It can be gaid therefore that, within any particular popul-
ation group, the lambs received equal nmumbers of infective larvae,
but that the figures of different populations indicate & relative
order of magnitude only.

In both Trial and Subsidiary experiments, many living as well
as parasitic f@rﬁa of 8. napillosus were present in the infecting
dose, and slso, in the latier ewperiment, numercus Tirst &md
second stage larvas of wnidentified species. These were a&ll ine

cluded uvnder the heading of "Stroneyloides" and a separate coumt

made of them, The individual samples would contsim an equal

number of these

numbers in the Jjejumam, five to twenity-five feet from the pyloric
gphincter, Infection in any one sheep may be confined to narrow
limits, but regions of pesk numbers may very from seven feet to
thirty feet from the anterior end of the small intestine,

In this experiment, the small intestine wes cut at a point
about thir%ywnina feet from the pyloric valve, so that the anterior
section should include the vast majority of the population., The
posterior section of the small intestine was retained, In one
case (lamb 49), where it was suspected that the population was
being sliminated, this section was emim&@ This was not done
for any other sheep, it being reasoned that since this study re-

guired only a sample of the population, any parasites which may
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have bean in the posterlior section would not be of any

imporbanse,

The wmethod described for collecting ingesta snd parasites
from the small intestine was the standard technigue sdepted in
this laboratory.

It has already been shown that the Subsidiary experiment
was carried oub partly with & view to investigating the drep in
the total numbers of parasites which Tetley (in concurrent work =
unpublished) had observed on the seventh day of parasitism,

This aspect was independent of the growth study, which, as mente
ioned previously, needed & sample of population rather than total
numbers for measurement, Conseguently it was not investigated
sxhaustively, The results did show, however, that many parasites
were rebained in the small intestine after it had been rum through
the fingers, Gomplete Fauuts of the populabions were not avalle

able, bubt the table bhelow sebs out those which are known,

Age of Population Lamb | Nos. of C,curticei collected by
{Days from infsction) Ho, (i) Stendard ({ii) Additional
’ Method Washing,
6@ B & ow o® & £ € F K ¥ & & & {\28 - 13766
’ ‘ {40 - 113
?W%vmwwovqw»?%@@ 23 7600 e
8@«@«w»a&¢@«wc&s 34 - 7846
9 {49 5910 1861
[ 3 B B N A O B A A (85 13?0 1600

Though the figures are incomplete, they do indicate that the
method employed did leave a varisble proportion of the population
behind in the gut, The numbers thus retained were larger then
expected by the wiiter. The crucial point, in so far ,s this
thesiz is concerned, is whether the larvae rebained asre in any
way different in development from those collected by the usual
method. 1If this were so, then the populations recovered from
the gut wenld not be truvly representative of the entire population
for any given age. To test this, twe hundred male and femals
worms were moasured from each of the two populations from lamb 25&k
The frequency distributions are shows in graphs 45 and 46 {(worms
collected by usual method) and graphe AT and 48 {(worms retained

and subsequently washed out), The means of th&‘ngulatiwns are
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set out below,

' ! Metn values for
popalatione collbeted byie

Sex dge (1) Steamdard  (ii) Additional
method washing
¢ 4th instar 199 mme 2:06 mms
Adult 2064 mms 2079 mms
R Ath instar 1+9% mmg 2024 mms
4T T saus 3017 mus 3030 mms

The writer dogs noh Telleve that there is sny significant
difference between the two populations collected. However, the
pogsibility does exist thabt the sbandard technique could on certain
gocasiong have a geleotive effect in the parasites i% removed,

Thave is m@ reason %o suppose that this woeuld be likely in the
adult steges. If Andrews (2) is correct in saying that the early
fourth stage larvas are free in the intestine, while these still
in the crypts are in the third stage, thmma population collected
% this alsge of development by running the intestine through the
fingers would be 1ikely to have tuvc low a proporéion of third
'«;gﬁag@ f&&m&,

The yesulis obtained here, incomplete as they sra, draw
attention to the fact that it is posaible %o leave large proport-
fongs of the nematode populations ba@ind in using the method deg-
eribed, The subjeft is worthy of further investigabion, though
Tetley (personsl comwmumication) considers that, on the average,

the methed is s sound ope,

Care was taken %o avoid any suggestion of bias in selecting
nematodes for messuring, The ingeste was well shsken with a

1ittle water and divided into hslves., Usually all the L, _curti

were ploked ont of cne of these portions, In a few cases some had

to be picked from the remaining helf, =smd 211 worms had %o be re-

noved for measuring in one case {on the seventh dsy (lamb 43)).
Yhen these nematodes were %o be measured, they were well

shelken up in the 2 oz, bottle in which they were stored, and a

portion of the formalin and glycerine scolution containing the

worms poured inte a small dish, Care with the shaking ensured an

sver distribubion of the psrasites bthrough the formalin, se that
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it was unlikely that there wovld he any bias to this stage,

In picking Cooperis out of the dish, sn ares was selected
and all the nematodes removed and messured, In some cases the
whole digh would be used, in others only = part.

The writer is confident that these precautions in the sel-
aetion of parasites for meassurement gave = representstive saumple

of the entire population,

1, EXPERIMENTAL ERRORS.

Brrers in the messurement of §, cuplis

g fall inte the
fellowing categoriesi- |
(1) Those assccinted with methods of fixing and preserving.
{2} Thege sssociated with the opticel instruments,
{3) Those arising from drawing and messuring,

(4) Those in the table used for converting results to
millimetres,

These will now be discussed under their respective headings.

The nematodes snd gut contents were all placed in 5% forme
alfn as soon as possible after the lamb was killed, They re-
mained in this in some cases up to six months, by which time
nearly sll worm populations had been transferred into 5% formalin
and glycerine, Nematodes were m@aéureﬁ after varisble periods
of from one to nine months in this medium,

The only differences between groups are in the times spent
in the formalin and formalin/glycerine mixture, I% is not likely
that this difference in trestment would make any significant
cﬁangﬁﬁ in length between age groups,

It is not known whether the formslin solution induveed sny
gradual shrinksge or expansion Qf the paragites over a long per-
iod of time, leasurements should have been made of =z number of
live 0, curticei first in a thin film of water, snd then in
formslin at successive intervals for several months, This was
not done however, and definite knowledge of the effect of pre-
servation ig therefore lacking. Indirect negative information
éan be deduced from the fact that the parassites measured after
several months in the preservative had closely aimilarfrequmnqy
digstributiong to those of the same sge mesgured a&rlier“’ Mhig

applies especially to lawb 18, where investigations on the bimodal
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curve Led to a second series of messuroements some five monthe
afber the first, HNo obvious differences existed between the
two disbribubions, it is considered uanlikely that the periocd
of time spent in the pressrvative alfected the l%ngth,b@ a2y
significant degres.

The use of hot fixstives were first conglidered in this
experiment. Hot waber snd formalin, or hot 70% alcohol could
have been employed. fventusglly the idea was abspndoned in favony
of cold formalin, nobt only bscmuse 1t was much mors ﬁwnvagiant*
but also because work by Scott (50) showsd that in eorder to get

complete straightening of fngoylostons canizmm, the worme had o

st

be introdvced a few at & time Inte the hot fimmblive, This was
not poseible wnder the conditions of the experiment, where all
the ingesta, slong with the parasites, was lntroduced into the
fizative ab the cne tiue, Later, when measuring begen, it was
foud that even very tisghtly coilad G, curiicei could he measured
Just as accurately as sitralghd svecimens, so $that it was not

necessary Lo straighien the worms with a bob Lixstive,

Brrovs sssociebed with the Opticel instruments.

(1) 'he Microprojector

(a) Pressvre of the Cover Slip,

& nematode lying parily in the vertical plane would
give a geometrical projection of its length onto the paper, and
its imagas would thus be shorier, To overcome this difficulty, &
cover slip was slways used. Hrecess glycerine and formalin moung-
ing media wze drawn of T with blotting paper se that the cover slip
regted on the worms snd férced them into the horizomtal plane,
Undue pressure would probably slter the width, but it is very une
Liksly that the length wounld be distorted to a significant degree,

(v) Incorrsct Focus.

The projector was always adjusted to give as clear
& definition as possible, Very bad focussing, a condition under
which worms were not mﬂasureﬁ; produced small errezs. For exe
ample, the image of an object was 3+45 mms long when in focus,
When out of facus,kraadings of 368 mms, 393 mms and 3»62‘mms
were obtained.
(e) Absrration of the Lens.

When an image in the centre of the field was corr-
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ectly in focus, images on the outer edeges would be out of focus,

In erder to minimise ervorg of this type, nematodes were kept as
nearly as possible to the centre of the field by moving the slide
ags described previcusly, A better guality lens would have large
ly overcome this difficuliy,

(8) Vextical movement of the Lens.

Any werticel movement of the lens relative to the
dpawingdrawing board would introduce errors. An object 354 mme
long was placed on the stage and the lens moved upwards 1.5 mms,
The image of the object was then 368 mms lomg, loving the lens
dovowards 2 mms and 4 mws below the usual position gave measure~
nents of %41 mms and 3¢ 30 mms respectively.

ihe leans support was clamped lighitly to the vertical giand
and the pogiticn checked occasionally sgainst marks on the stand,
A% mo stags weye measurements made with the lens in any other
pesition, This care eliminated sny possibility of errors from
this source,

(2) The Camers-Iucids,

o enoe

It hes slresdy besn explained that vhen this instrument
weg nsed the microscops bad do be tilied backwards so that the
lowsr edge of basal fuce of the prism weg directly over and para-
1lel o the paper, A less convenlent method was to tilt the
drawing paper unbll Lt was y&ga&&éi te the face of the prism,

This wethod was not employed.

LT the basel face of the prisw was not in the game plsne as
the paper, bub o a plase at ab acule angle te elther ths frount
or back edge of the papsc, disberticn cocurred, This was parite
foularly obvicus when the lmages of the sguidistant lines of the
pbage micrometer were dramm on ths paper. The lines became
further avd further soart as ths distsnce between the plane of
the prism and the plans of the paper incresged.

In additlon to distortion, changessz dn the mngle ab which the
wicroscops was Liliad (that ig, chenges in the apgle of the lower
face of ths prism relative to the paper) produeed slight differ-
ences in magmilfication, They wers not obvious and could enly be
datected with a stsze micromeber, The microsgcope was set so that
the image of & lime 100 microns long whsn drawn on the paper was

the same lengih as the civowifersnee ui the measuring whsel,
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wave made while working to ensure that the mage

Hepeated checks
nifloation resained conshand,

Brrorve srising from Jraving end Mose

wring.
In oxder to determine the acouracy of the methods of neage

aremant, the Llwmag of a grovp of nine adulbs, nine fourth astage

larvae and geven infeetive larvas were drawn snd messured ten
conpecutbive bimes,

I addition, one nematede from eseh of these thiee groups
was drawn and o series of measurements made of the one drawing.

The obJject of this was bo galn informstion on the veriations ro-

gultant on rupning ! meaguring #heel aleopg the line represeniing

bhe worm, Irn the case of the adult wornsg, the measurements were
made Lrom albernste ends In an attempd o ses whather thers was
any variation in measuring frowm cne end as opposed o tha other,
The existence of such s varistion was suspected becavse the intere
action %ﬁﬁweém the confliguration of the line snd the handling of
the wheel nade some worme more avkward to messure from one end
than from the other.

The mesgurements obbained aye sebt ouwb lun Appendix o
Uging the siteandard technique for the snelysis of veriance as set
out by Snedecor (52}, the figures were anszlyied to determine tho
g tendard errer, the blme errox, and the error dus fo mesguring

woerss from one snd as opposed bo the oiher, The =nalysses are

bobles 1 te 8 which accompany the data in the

dpeslysisg of date derived from repeated
drewings and measurements of the same worms, taking out the "time"
variance, shoved that there was a sigpificsnt difference between
mnassuvensnte from time Lo time in some cases, This was not go
with the fourth stags larvae, the analysis of variance (table 1)
indicating that differences between nmeasurements of the same worm
from time teo time were not significant.

¥ith the adult worms (%able %) the F ratic was £.08, which
was significent at the 5% level of pecbability. Exsmination of
the dats shows that at time 1 the length in a number of cases was
grenter then lengths recordsd at other times for the ssme worms,
Vhen time 1 readings were dropped from the analysis, the time

mesns did net differ significantly,




104,
The tine error of the microprojector was not likely to be

due to fatigue, [Heither was it likely to be due to actual alte
erations in the instruments’ masgnification, becauss the setiing
was wnchanged throughout, Lpart from a persodgsl errer, it is
possible that the worms were not in focus when messured. Incorr-
aot focusing has already been shown %o be a likely souxce of errers
ol the seme general order of magnitude as displayed in measurements
made at btime 1,

The error is small, as con be shown by & stoudy of the stand-
ard errers, Refervence to tzble 3 shows that the error mean square
is 0047, giving a standard error of 069 mms, This is the value
which should have been obtained for the standard error if the time
mesns were entirely consistent. This is of course impossible,

By including the time factor in the error sum of sguares, the
error mesn square becomes 0052 and the standard error 073 mms.
The actuzl effect of the time factor is therefore small, in gpite
of the fact that one series of measurements showed a significant
difference from the others.

Before making an analysis of time errors in measurements
with the Camera-Lucida, allowance had to be made for one observab-
ion accidentally omitted in the tenth series of measurements,
Rather than discard all the other readings for this series, re-
course was made to a formula described by Snedecor (52) by means
of which a missing item may be supplied in s Randomised Bloeck

treatment,

tT @ BB - §
(t « 1)(B = 1)

The missing value X =

where % = nuwber of treaitments
b » number of blocks
T = gom of the times with the same
trestment as the missing item

B = sum of the times in the same block
as the migsing item
8§ = som of all the observed ibems,

Substituting, o 2004314) « 7(7069) - 50584

(9)(6)

« {{9 microns,

The analysis of variance proceeds as before, with the ex-
ception that the desrees of freedom for "total® and "errors” are
reduced by 1, in accordance with the requirements for the use of

this formula,
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The snalysis is shown in table 5, snd it reveals that the

differences in length from time o time sre barely significant,

as shown by the F value of 2.07, which is & little greater than
the 5% level of probability, 2.06 for 9 and 53 degrees of freedom,
Unlike the data on the adult worms, no set of observationg at any
particolar time csused this, as far as ils known, Thers is some
gansral inconsistency invelved which may posasibly be explained

in two waysie

{a) The Camera~Ilucids with which these measurements were
taken was particularly difficult to use. Ilrawings would tend to
become less sccurate as time passed,

(b) The magnification could be altered by movement of the
draw tube and the angle at which the microscope was tilted,

Ater each get of seven drawings had Dbeen made, it was necessary
to re-adjust these, using the stage micrometer to restore the
correct magnificstion, 411 this would contribute to errewrs,

if messurements had been entirely consistent, then the standard
error per observation would have been the square root of the
error mesn square, 36°78 (table 5) which is 6:06« .

The aetual standard error is the square root of 42.50
(table 6) which is 6452 . The offect of these incosistent meas-
urements is therefore very small,

Pogition Effects. Lt was thought possible that the
awkward shapes of some worms may have made them more difficult %o
measure from one end than the other,

In table % { Appendix¥1y) the analysis of variance in mease-
urements of one drawing from either end gshows that there asre no
significant differences,

The Estimation of Standard Errors

the standard error per observation (redrawing the worm each time

For adult worms,

for measuring) is A/+005265, i.e, the square root of the error
mean square, 073 mms (see table 4, Appendix«l), Similar values
for fourth stage larvas (table 2) and infective larvas (%table 6)

are shown in the analysis of standard errors set out belowi-
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OF STANDARD EERORS, & e
Hedrawing for| ALl measurements! Drawing
Group sach from the Brrors
measuremnent same drawing ( 4=B)
4dult worms 0-073 mus 0028 mms 0+045 mms
(4&1}3}& %& \\H&Jﬂx;@;
Fourth stage
Inrvas 0057 mug 0010 mms 0047 mms
(1-6mms to 2 Jums)
Infective 0
larvae 6.5 2.9 3e6
(600 %o 800 )

From data on repeated messuvemenis of the sane drawing,
Appendixz Y\, similar standard errors csm be caleulated and ave
ghown in eoluwn B of the above analysis. These values axgigérgw@&
from snalyses of vavisnee shewn in tables 8@:ﬁégg Mz%WN%£;§%§g§M;
pregsent standard serrors due to messuring, time Tsoters and fatigue.

The standard errors determined by redrawing (e@lumﬁ A of the
sbove analysis) include, in addition %o those mentiloned sbove,
errers due to the drawing process itself, Therefore the differ-
ence between the figures in column 4 and those in column B ree-
presents the stendard error due to drawing alone, recorded in
column G,

These results may be more resdlly spprebended in the foll-

owing formis

Yoxinun errors due to different causes for 95% of ceses.
o | Pine g | B
Adults » 00mm « 0% bmms o 126mms
K?ggzgastagﬁ *094mms » 020mmsg ~114mgs
.ngﬁszzve 7.2 548 13:0

For exsmple, if an advlt worm 5 nms long iz messured, the
measurement is within 146 mms of the correct figur@l snd within
<056 mms of the correct length of the line drawn, The line
drawn ig iteslf within 09 mms of the correct length of the worm,
Hotet- The above does not refer to the HEAL length of the line,

but te the resl length divided by the megnification,

Bounding errors should not exceed
1/4 of the standard error per observation., Therefore, im meas-
urements of adult and fourih stage larvae, rounding errors should

not excsed -018 mmg and 014 mms respectively, The second decimel
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place can be rounded to even numbers; but it cannot be discarded,

ln messurements of the infective larvae, rounding errors must not
excesd 1/4 of 6452 or 1.6 ., Thereforse the wnit figurs in the
micron m@aauremwnts is needed, bulb it way be reduced to even numbers

All deta has been taken tu the second decimal place in the
case of the millinetre messvrements, and Yo the uvnit figure in
micron mesgurements, No figures have been rounded,

dxzrors in the Tables.

Ihree tahlsg were used to express the revolutions znd fracte
fong of & revoelution of the measuring wheel in terms of millimetres,

Twe were made for use wlith the microprojector, the other with the

camera~iucida,  All three tables are reproduced in Appendix X v nu
The tables were consitructed from a whele gseries of repeated meas-
wremends, as explained in a preceding section, The only signific-
ant exvorsg ave rounding srrorg due tu correcting certain values to
bwo decimal places,

The obher erroxs in the btables would be insignificant, Posse
ibly the most importsut is the erxror which arises in drawing the
magniiied image of the six millimetre line on the paper, The image
wag nob vely sasy Lo gse, ln the Light of the numerous observate-
ioos made before the Lables were construcied, the errors are known
to be dngignificant, This statement is well illusgtrated by the

differences betwssn the original and ceorrvected millimebre trans-

pusing %abi&wwgﬁw

g

J, ENVIRONMENT AND GROVTH,

In any growth gstudy, it is imporiant that the variations in
the envirenment be known snd, where pogssible, controlled, In gome
work it is necessary to destroy ths epvironment in order to take
meaguremants, A complete picture of growth cannot be obiained
without a number of entirely separate environments, and it is often
impessible to regelabte these =o that they ave é&l equal for the
purposes of the expsriment,

In this ewxperiment, sach sheep represents an entirely separate
envirenment in which the parssites grow. In addition, it must not
e forgotben that within esach individusl nematode there ig also an
envirenment which will be variable from woerm to worm to a greater or
lesser degres,

This section is a study of these enviromments and will poini
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out, as far ss possible, where differences exist which are

likely %o have & elgnificant inflivnence on growth.

The Internsl ¥nvirenment,

Brody {42) regerds the internsl ewvironment as being result-
ant on three fTactors, He desoribss these as firstly, the inherw
ent force within a cell %o grow indefinitely: secondly, the re-
terding influence of the finite medium in which the cell exisis;
and thirdly, hormonal fachors,

Oomparatively 1ittle ls known of the intermal environment of
the Nemsbods, snd this is not an occagion for discussion of the
subject, Hobson (23) has recently reviewed the knowledge of
nemakode physiobogy, and more recent worxk of importance has been
donse by Bogsras (44) on serobic mebtabolism, by Bueding (8) on the
effects of drug: on parasite metabolism, by Geiman and McKee (18)
on protein metebolism, and by von Brend (6) on carbohydrate meta-
bolism,

Within one spscles, individusals may show varying reactiens
te the same emvironment becsuse of differences im their intermal
environments. Thus in some populations meesured in this experi-
ment, there sre pressnt ene or twe lsolated individuals very much
shorter {and occasionally wuch longer) than the majority of the
population (see graphs 26, 33, 36 eand 38 in the Appendix). These
may be interpreted as bveing worms which are in some way abnormal
in thelr intermnal environment, and as a reswlit unable te develop
normally.  These isolated varistions are few in mumber and are of
1ittle concern in this work, This obgervation, ﬁowevar, is made
with cavtion, and doeg not exkend %o cerisin small groups of abe
srrant individuals to which partisular reference ig made in later
discusaion,

Somebimes big differences sre reported in the raactimn’of
one species te the same or gimilar environments, and the groups
are known ss physiological sgtraine,  The differences in intermal
eovirenment, which are exhibited by 0dd individuals, may be due
to chenes varlabions; the differsnces hedtween groups or straing are
the resuld of some vhysiclogiesl differences in the internal en-
vironment betwesen two groups of the gsame species, Strains of
parasites sre well known,  Scott (49) has shown that differences

exigt bebtwsen members of the spsciles JSncylogtoma caninum which are
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paraaitic in the dog sand calb, These differsnces, he zays, are
exemplified in the diffsring ebility of any one particulsr strain
to infect Yhe sams host, Koino (as guobed by Lapage(27)) has
shown that the "pig" strain of Ageeris ludbricoides will not de-
velge in man, wheresg the morphologically similar "man® strain
witl 4o so.

¥

Tha exiztenne of etralns in G, ourbicsi has net been demon~

oo % s S

gtrated, nor have $hey been delinliiely shown to exisgt in the re-

fo.3

iated type Ho_copborius, Stoll (55) stating that he can find "few
if eny messursble diffaprencas’ betwesn several strains used By him,
It is not very likely that the differsnces in growbh rates

o

which azist within the populations exanined are due to straln diff-

erances ., If 1t be zllowed thalb there were any such differences,
It mupt be renembered that the infective larves used were wall
mnixed together, and thab thore wounld not be any differences be-
tween Individual doses in respect of relative numbers of each girain
present, Thervefore, variations within populations would bs rease
onably consbant from host %o hest.  However, while some populab-
dong axhibillt zreal irregularity, others zhow a normal fraguency
diegbrihubion of langth, with low standard deviations, It is

agoncluded that the populabion of infective larvae was homogsnous

gibh regard to growth rats of worms, and %that straln diffsrvences
are nob appareant,

The Extaornsl Environment.

The oxterual suvironment as far as 0, curticel is concerned
is the Jejusom. The suitability of this hablitat foxr the parasite
is governed by & wmumbesr of factors, which may be summarised as
(a) the quelity and quantity of the host's feed, (b) the host's
heslth (which may be concomitant with lts ability to resist parae
gitic infectioms), (¢} age, =nd (4) host individuality,

The feeding of the lambs had slrsady been discussed. It
was thought that becsuse the lambs were growing well they would

not meka idesl sublects for o sgiudy of development, — However,

this shatement iz made with some reservetions, There ig record
of 8 seriss of experiments by Fraser (16) culminating in work

*,

which showed s well-fad flock teo harbour fewer parssites than a
pocrly fed flock which had Veen given the same number of infective

larves, IFreser's experiment wes not designed chiefly %o show
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whether the yate of developmant of the paraglites was slower in
the well-fed heslthy lanbs than in the poorly fed lambs.  The
fact that the averags x&%ﬁ of devalopmant of £, curticel in the
present experiment followed thab givea by Andrews (2) as the
normal Life cycle would seen to indicate that the general good
heslth of the experimental flock did neot upset the broead oublines
of thiz cyecle,

Tha £lock as s whole was faivly aven as regards size,
weight zaing psr week, age, snd, within Limits, the parvesitic
infestations elresdy in sibu. The pwwwinfaﬁﬁatian parasitic
vopulations wers go gmall thal 41 is vwalikely that they would
produce any scguired immunity,

The guestion of the dovelopment of acguired reslsimnce %o
the experimental nfesbtalbions iz nobt sirietly a subject for Alse

cussion under this

.aber gectlon evidence will be
presented vwhich hog wnabled the writer o draw the conglusion
thab such reslslance would not davelop over the compsrablively
w“avh peciod of the experimental infestabion,

L g0 far as sach shesp, as an ladivideal, varies from ibs

fallows dn spite of wlforvwlly of agze, Teeding and gensral condite

&

loog, it would s expectsd thal hentinal environment would
alao very in lig genersl sulitebility to parasitism,  This may
be termed = form of natural resistancs, snd the literature (58)
on parssite lomunilty shows that this iz & well known, if 1ittle
wndsrsieod, phenonenon,

o far ag thils experimsnt iz concernsd, it was not pessible
Lo have any contrel over 4this 1ittle known wvarianbtsy it mey heve
been measured, however, by having severel host animals for the
one age growp.

To senclude, it o believed thalt the ouly major difference
between the enviropments which the parssites snoeotntered in the
different hogts was due to individusl variation or 'nabural re-

eisbance’, The sxbent to which this was the source of variations

observed will be dlscussed laber.

=a

aw
ne
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CHAPTER XI.
THE MAIN _AUD  SUBSIDIARY RXPERIMENTS - DISCUSSION OF
TBE _RESULTS.

A._ UNDEVELOPED PARASITES.

SUMARY.

The possible origing of lomature parasites associated with
older populations are congidered. The significance of populate
iong of epeless femsles and the numbers of eges per female are
exsmined and attention paid to the onset of ovulation, The
eocurrence and significsnce of fourdh stage larves, and the
agsocliation of scdysis with lnhibition of development are studied,
and the inhibition of growth is examined,

POSSIBLE ORIGINS OF UNDEVELOPED PARASITES.

Three Likely explanationsg for the praaance of undeveloped
perasites in the sxperimental lambs can be guggested., They are
(i) re~infaction of the hest; (il) delayed pessage to the intest-
insy (iii) arrested development in the intestine.

(i) Beminfection of the Host.

So far as the thirty sheep used in the Main Experi-
ment are concerned, it was net possible for them to become ine
fected with Uoopperis ourticsi larvae other than thoge adminigte
sred axperimentally.

The eight sheep uwsed in the Subsidiasry Nxperiment ram a
risk of exposurs o accidental infestation., They were assoc-
iated with the sheep from the Main Experiment when some of the

latter were passing ova of . curlbicel

io the faeces, and were,
wntil killed, in the ssme ghed as the stock culiurs animals,
though in separsbe nens, Two of these eight sheep were found to
have one or two adult . curticed in them when slaughtered,
These werse nob derived from the experimental infestation, but
ware probably acquirsd sccidentally vwhen the sheep were moved
from pen %o pen in the cleasning operabions,

It is pot possible therefore te explain the presence of
imnature formsg found in sheep frowm both Main and $ubsidiary Bxe

perinenbs s being the resuld of scoldental infestabtion with

S0 far as the fourth stage larvae are concerned,
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the shapes of the freguency digtribvetions suggest the simpltane
sous arrival in the dntestine and parallel development of & nuwe
ber of larvas, (See figs, 8 and 9, pages 85 and 86).

it is not likely that any larvae held in the psunch for a
long time would remain as a small group and enter the intestine
together, Food material is well mixed before entering the ine
$osbine, and larvae, if they were left behind, would more likely
snter the intestine in a steady bubt decreassing strsam, This
would give a skew distribution of length, similar to those found
in distribution curves of some adult populabions, e,z graphs 57
and 69, On these grounds it is unlikely that the fourth stage
larvae represent worms which have been delsyed in thelr passage
te the integiine,

8¢ fzr as the adult populationms iw graphs 57 and 69 are
concerned, in spite of the negabive skew which might be expected
te be assoclsbed with delsy in srrival in the intestine, the
wriber doss nol belisve thal this faetor has opersted. VWork on
the passsge of larvas through $he gut indieates that thsy are nob
Likely to teke more then a Tew dayg in reaching the lumen of the
intestine,

N@%ﬁi@'{BY) hag meagured the rate at which infective larvae

wprbisnun passed through the paunch and

of Qesophaszostbor
Jr@&mh&& the inbesiine. Afber five hourg from administration, he

f@umd T0% of the larvas in the rumen, at eight hours only 8%, and

afber twelve hours they were "rare", over 90% being in the intest-
ine, Dess ocxitical work by Veglia (68) showed "very few" infect-

ive larves of B, crotord

ag, i the rumen between 24 and 36 hours
after infestation, None were found 48 hours afi@r infestation,
It is wnlikely in view of this work that larvae would be more
than %wo oy three days in the rumen sud sssociated organs before
resching the imk@gtimw; and the undeveloped forms connot be eX

plained in terms of delay in reasching the intestine,

ted development.
This ig the wmost likely explanstion for the prege

ia;x}

ance of uwudeveleoped feorme with mabure populations, Any growing
population, plant or animal, can be expected to contain individe
uals in varying steges of development, and in this instance the

undeveloped larvae are believed %o be representative of such forms,
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UHDEVELOPED ADULTS

(i) Implications of the Results.

The results indicabe that though L. curtd

ged has
been from 12 to 22 days in the host, it dees not follew that all
the population will conaist of sewnslly mebure adulbg., It is
pessible thalt z veriable proportion of the aduvlt population will
not be mature, This will be reflectsd in the shorter lengths,
the absence of eggs in the uberi of the femles, and in the light-
coloured sploules of the wmales,

In genersl, the gheps of the freguency distributiom of total
length of females will show whether or not these forms are present.
Some nearly normal distributions may have a few agamic forms
associated with them. The some will apply to the male frequency
distributions for length, although the differences may not show
up g0 wall beesuse of the smeller varistion snd sherter total
length of males compared with females,

(11) Agamic femsles apd Inferpreiation
fge Count dute.

In most populations exswived, the number of asgemie
females has been low, The swall error which this would introduce
Into fascal egg counts would Le of ne significance, Vhere the
wroporblen of sgamic to fertile indlviduals ls high, the egg
counts may lesd to an erronecus concepblon asg to the trus magniite
wike of the parssite iofection,

The tuble on page /[ gives the percentage of agamic fe-
males, In %wo cases thie is high,

The first case, thabt of the population from lamb 26, cccurs
b a bime vwhen the females are Just commencing eze production,
The fact that the mean tobtal number of eggs por female is ouly
sbont 8, as compared with values of 18 snd wmore for mature pop-
wlations is indicstlve of this, Since egp counits made in the
early stages of egg laying sre mecessarily sccepbed with the re~
gervation that the population has not yeb resched ibs maximom
rabe of lgying, the presence of sgomic females st this stage is
of little imymr%aﬁc@@

The second case where a lavge number of sgamic individuals
ccouxr is in lemb 18, killed when the parasites had been 22 days
in the hesgt, It cen be argued thab, since the egg count would

probably still be rising at this stage, it would net be accepted
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as an indicsbion of the degree of pmrasitism of the anlmal,

The importance of this exsmple liss in the faet that it
showg that sn aninal cen bharbour o wabure porasidie populstion,
and only show in ibs fesces egee sgulvalent to o populablon less
than hald that vwhich is sebaally present, This could be &
gerious factor du experimestal work, especlally that conneoted
with the use of ege cownt dabts lv resistbance studies, The dme
portance of the barren fenales in this connection has been emphase
ised by Schwartz, Alicats and Lucker (48), They state that

Tthe counts of worm eges iv the faeces, especislly

in gonpnection with resistance gludies, give no
direct or positive information in regord o males,
jmmature worms or sepile females, which might be
pregent in the host In considersble numbers,

This limitation has been pointed out from time %o
time ip the past, but even yet lg not alweys taken
inte consideration or kept in mind, The signife
icence of the pogsible pressnce of agsmic parse
sikes in a stabe of arrested development hss been
entirely overleoked in the past.”

These workers base their chemrvations on werk with Nippo-
shrongvive muris in rals. These snimsls wers super-infeched
al'ter the eggs resulting from a previevs infection had entirely
dissppesred, Killed later when the worms were expected to be in
full ege production, the hosts were found %o have many undeveloped
larvas xn the lungs, and wmost of the wormg in the inkestines were
not folly grown, Few of the females had attained s ege laying
sbage and they contained relatively few eggs in the wterus, Bges
in the fasves imwsdintely prior to killing were lnsignificant in
mumber compared with the numbers present &% o correspunding stege
of development in the first infeciion.

The cases they cite involve acquired resishance and are
more exbreme thap those which eccurred in the sheep used in this
experiment, vhers scguired resistance iz net a faclor,

It would be interasting te lknew how many sheep can hold
parasibic worme Iin s reduced situte of development similar to
sheep 18, Tetley (63) working with Nematodirus concluded that

fat any ome point of time almost the entire population of worms is
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laying eggs®™,  This obesrvation is in line with Stoll's

work (53) from which the latter concluded that the average egg
count on & daily basis as well as on s per gram of faoces bagls
tan be correlasted with the number of worms in the host.

These obgervations susggest that in sheep, and in other hosts,
the presence of many sganic lndividusls over a lozg peried of time
ig wnusual, snd consequently srro¥s in egg counts from this source
are Likely to be low, However, asgamic worms may become mnore
nemerous when svper infection btakes plage, snd could essily become
- the sourte of & sericus experimentel errer in resistsnce studies
fellowing ro~infection, sund in nterpretabtion of faecal egg couwnts

generally.

(1ii} The Siemificance of the Distribution of
the Humber of eggs Dex woRN.

Dstritutions of The numbess ol ove per worm arve
ghown in fig. 7, page 80.

The mesus of these distribubions are as Followsle

Bamb o, Aere of population, Memn No, of epse,
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The low numbers of eggs per femsle in lamb 26 may be due to
the faet that at 12 daye the femsle is Just commencing to produce
aggs in the wheri,  This particvlar population has wsny Individe
wals without eges which sre ?a&y nearly the same mesn length ag
those wilth sgee, and 4% is sugeested thal they might have becoms
gravid shortly afterwards,

Populations examined at 11 days were found %o heve (in the
case of lamb 38) two worms containing eggs out of 28 exemined,

In hoth cases, these were preszent in the posterior uterus, two
‘@g@a in owe, snd one in the other,

This iz additional evidence for the belief that females do
not begone gravid wntil on or after the twelfth day of parasibism,

The figure of 16-8 ezze per fomsle in the case of lamb 52
may be interpreted as indicating that production of ova had enly
recently oommanced.,

Of the other values, it is considsred that all sre probably
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comparsble, except lamb 18, with 18-:5 eges as the mesn number,

In this case, the female adulit distribution of length has aslreedy
been shwwn bu give evidence of marked lnhibition of growth, and
it is probsble thet this lower figure iz a further reflection of
the slow developument, Paylor (58) says that the numbers of eggs
in the femele worms present in resistant gheep mney be small comne
pared with the numbers carrvied by females in pon-resistant sheep,
The populabtion in lamb 18 (graph 73) gives every indieation of
some degres of nabural resistance, so that Taylor's statement is
gonf lrned,

It has been assumed in this work that the tetal number of
ogegs iun the ubteri of esach female isg an indication of the fecunds
ity of sach parasite. Tetley (63) believes that unsecmented sggs,
rather than the tobal mumber of eges, iz & more relisble basis on
which to Judge feoundity,

In aplite of this, i% is probeble that the distributions do
indiests the gensral order of relative egg production betwesn
pupalations,

(iv) Ihe omgab of Ovulation.
The data obbained in this work shows that eggzs first
nade tholr appearance ln the uviterl of females after twelve days
of parsslibism, Thereafbor, the members of females without eges

sould be expscted ho fall, This ig illustrated in the tableil-

Lanb Ho. Age of papvlation & Azamic femsles.
36 11 100
26 12 66
51 14 18
52 14 12
33 16 6
g 18 4
27 22 8
18 22 64

It woat be remewbered that this table ig from a series of
different populations in different hosts, snd care nuwet be teken
in weing cowmparvative flgures in this way. This is smphasised
by the percentages of sgeless females recovered after 22 days of
peregitism, The psrticular cese of lasb 18 will be discussed
under a separabe heading,

Yetloy (65, page 160) has showm from fasesl ege counts for
lawbs glven a single infection of [, conboritus that egegs commence

to appesar 13 days after infestation and rise to & pesk at 35 days
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from infestation, Under the controlled conditlons of his

experinent only twe factors covld have caused this risze in the
numbers of eggs per frem of dumg, First, inoresse in the rate
af eoplaying, smd second, lnoresse in the powbers of femalos
Garrying eses. L% in prebable that §, gurileel would show a
gimilar curve ol egg prodaction, In this csse it cem be arguved
that, sinee in 81l populations except one older then 14 days 90%
of the females are producing egee, the increase in absolute pume-
bere of egegs in the feeces would be dve largely to sn ivovessse in
the rabe of egg production per indieidual. It 1o reasenaible o

areue back %o Tetley's experiment, and likewise consider thalb

inerease in the numbers of eges per gram in the case of H, ocone

i was probably doee be dnoresssed productlon per individusl.

UHDEVELOPED LARVAE.

Where there are numeruvvs lmnature fourth stags Llarvae in
populabions older than nine days, the frequency distribetions of
the lengths of the adult females sre either very strongly skewad
or bimodal, Hxsmples of this zre geen in populations frém
shesp 18, 27 =and 29 (gravhs 69, 73, 75).

Yhers there are no undeveloped formg present, the adwlt
females have a pormal freguency distributier for length, Ex-
enples of this are seem in grephs 61, 6%, 67, 71.

Thin suggests thet gome lambs provide an swvivonment which
ig not b the liking of a ym&pmﬁ%&&m of the worms at =ny tihe
while they are develouping. TWhere the life cyclse presents diffi.
cult phages, these worms which are net in complete harmeny with
thelr environment sre either uvnable to grow any forther or their
development is slowed up, The diffioult pheses appean to be the
final lethargus and attainment of full walturity & day or se aftere
wards} perbsps ab the time when the body commenced te make demands
for additional nutrients for reproduvction., Pogsibly the very
strong growth impulge which takeg bold se soon as the larvae
enter the adult stage iz sufficient to prevent any worms Trom
falling out for a matter of 24 or 48 hours, because s11 the graphs
of older worms show thaet there ave Weiy faw young adulds laft une
devaloped at lengths Just past the typieal length or the final

molt,

% will be noted that 1% iz the female dlsbridubions vhich
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are cited as showing the skew effect, Ag explained elsewhere,
mﬁmm%mmgm@mzmwymmw@wMWmﬁwmwﬁi&%M&mm@pmmh%Mm’
are undevelopsds; this hag 5@&m shown clearly for lamb 18 (graphs

72 smd 73}, If a proporvion of & population is delayed in de-
valopment and the remsinder are messured & few days laber, bthe
femeles, growisg faster then the meles, will show a shewsd op
bimodal distribution,  The laler group of males will not be very
much longsy proportlonelly than those which bave falled te develoep,
and the dlsiributior cwrve wmey bhe only slightly skewed or even
gppesy normel, For this resson, ithe females are emphasised in
thie diseussion,

"

There ave several axceptions to the statements made at the

o

beginning of this section concerning the assoclation of fourth
shage lorvees and adulbs, In three grephs (53, 57, 59) there are
amsll mywbers of fourth stege larves, i.e. 6 or 8 sssociated with

skewed curves 1o She adult stages, o far e grephe 53 and 59

eaed, the adulb Temales have nob wory markedly skewsd
surves, smd there are s number of short adults at odd lengths
betwean the fourth gtoge lswvas and the main aduld distribubion.
Groph BY bas a disidribulisn cudve wlih a very proncunced negabive
slkaw and adolts of alwost all lengbhs excepd the shoxrtest are

sant,

Tha ononalons Taature of these disbriboations, so fapr ss the
pratininary statenants made sre concerned, i the scercity of

Torarth ¢

wo larvas,  Such skewed distributions woull bhe expected

%o have a lagger nunber associated with them, It is probable

i
&

3t these distribubiogs represemt pepulations which were not
worlly srrested in development uniil they resched the adult stege.
Bub it iz egually true that fourth stage larvae mey have been
progent, yeb ellinminsisd goon after development was grrested,
Another exception is provided by the distribubions shown in
graphs 51 and BB, In these, %we or theree larvee snd s similar
marber of wmdeveloped adults arve sssocibbed with normal distribe
utiong of developed asduvlis, Bere it is 1likely that the environe
ment was quits suitable for the development of the parasites as a
whole, as evidenced by their novmal distribution curve of length,
The few undeveloped individuals, it is suggested, are themselves

almermal and fall behind for thisz roasson,
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Onily one other case has not been examined in the light of

the propositions advenced sbove, This is in graph 65. Here
there wers no wndeveloped forms in the popwlation meagsured, bub
the distribution is slightly shkewed, Vhen this distribubion wes
mmalysed in berms of the mumber of ova per worm asscclated with
different lengths, it was found that the lower end of the dise
tribution contained worms with reduced numbers of eges (see graph
73)e 1t appears likely that Just prior to the end of the grow-
ing pericd some worms were arrested slightly in development,
Gongeguently, they did not grow guite as much as the rest of the
population and produged a skewsd effect in the distribution curve,
Some were able to produce eggs, bub a little later than the longer
members of the population (assuming here that the number of eges
in the uteri is an index of relative Ffecundity) as shown by the
fewer eggn they contained,  Othsrs, shorter still, had net pro-
duced any when the host was killed « though one isolated cgse is
&% excepbion to thisg

To econclude, it is sugeested thal where s populstion has
been able to develop without hindrance o maburity, the distrib-
wblon curve of length will be mormel, snd only odd, presumably
abpormel, individusls are likely to be found at shorier lengths,
Where a population has received some check 1% will be likely %o
have s pumber of immabore adulis, or fowrth stage larvas 2330C
iated with it, and the distribution for the adult female worms

will be negabively skewed,

From the dats summarised in fig: B, itils evident that many
nale lavvas are ahiw to grow to aboub 2 mms, but are unable to
proceed any further, This is clese to buld alightly'bamww the
mesn length for all fouwrth stage larval nales asbeut to meuld
(2% mms). Evidently the ecdysis and lethargus are difficult
growth phases which some individuals are wnsble to negotiate.

Meny snimels have similar criticsl periods in their growth
history which present obstacles to development, Brady (7) guotes
work which shows that the curve of specific mortality (or ratic
of dead to living individuals at the same time) for the chick
embryo hass itwe maxima, One, abt eight days, coincides with the

maximam concentration of laptie acld pricr to the organisation of
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a mechanism for its eliminsation, The other, abt sizbeen to

nineteen days, coincides with cessation of growth conseguent on
the chenge in respirabory mechanisms,
If we regard the undeveloped larvae as equivalent %o the

mortality, this case cited by Brody is anslogous to §, curiicel

and 1% is not svrprising if the dats gives evidence of higher
*mortality” at a period of adjustment and chenge such as the
Tinal eedysis.

8o far as fourth stage female larvee are concerned im Tig. 9,
it is noticeable that lsmbs 26, 36, 38, 48, end 51 show little or
no evidence of incressed “mortality® sbout the time of the fourth
godysis, This at first glavce msy be regarded as a congaguence
of fewer pumbers, bub is not so becsuseée the male and fenmsle larvae
are pragaﬁx in approximately equal numbers. However, in lambs
2, 18, 27 snd 29 the association of inhibition of development with
the ecdysis is obvious,

fn addlsional factor enters wiih the presence of larger
nymbers of larvas at the lower ends of the freguency distridbvuticas
for lambs 18, 27, 29, 36 and 25, the modal value being sbout 1e5mms
This is not the only case of this nature,

In graph 32 concerm&gg famale populations the frogueancy dlge
tribution has two peaks snd the mean for the shorter one of these
s 151 mms,

This corresponding effect im completely lacking in the male
populationsy but in graph 31, which shows the &&séri&m%ﬁam of the
males from the samne population Just mentioned, a proncunced nege
abive shew is present,  This is interpreted as indicating that
the males were likewise inhibited in growth at the seme time as
the females, but due to their slower growth rate no Eima&&x effevt
is shown,

If the hypothesis is adopted that some physiological change,
such as an ecdysis, is associsted with increased "mortality", i.e.
andeveloped forms, then the guestlou may well be askedi« why are
a0 many parasites seomingly srrvested in development ab 1.5 mms
length? Is it risky to reason from effect to cause, and say that
this is an indication of some physiological change taking place
when the femalss are about 15 mms long, With the small numbers

concerned, such an inference is probably wnwarranted.
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The presence of undeveéloped larvae of this length in

several sheep is nevertheless an interesting coincidence; larvae
are normally about this length on the fourxth day of parasitism,
and if datd ‘collected in this work is accepted as normsl, this is
one day after the majorlity have passed the third cedysis, If
indrews' observation that the third ecdysis took place on the
fourth day is more normal, then these larves may represent forms
which have had their devslopment inhibited lmmediabely alter the

third ecdysis, They have gucceeded in .

ng the third eedysis,
and as such the position is not strictly the same as with fourth
stage lsrvas which have failed to mevld into the aduli siage,

dpert Hom this dodbtful esge, thers is no evidence that the
third eedysis is as difficult Yo pass as the fourth, The complete
lack of lsrvae in the third perasitic stage from all populations

older then the second and third dsy dees not, however, necessarily

wean that ell have succesded in hﬁauming fourth stage larves, bew
couge it iz not known whether any wdsvsloped forms were eliminatbed

it ig important to realise that while "mortality” may reach
different peslks of intensity, there is al the same time a continual
loss of &m&iv&du&ls ot o low zadbe from sny population, The odd
individuals representing arrested development scabbered slung all
lengths of the distribution may be & part of this regulsr normsl
loss, |

GEOWTH OF THE UNDEVELOPED PORMS,

The writer believes that the undeveloped forms were not grow=
ing vhen the host was killed, with the pussible exception of some
of those in populations twelve days old and less. HNo very con-
vincing a%ﬁ&@uce can be advanced in support of this hypothesis,

The fellowing two points are worthy of consideration howeverie

(1) If fourth stage larvae in assccistion with a young adﬁlﬁ
population (graphs 56 and 57) are still developing, why is it that
fourth stage larvae of szbout the same length are still present in
populations from sheep killed over a week later? (Graphs 72, 73).
It might be expected that, if these lsarvae are developing, they
wowld have vassed the final ecdysis by the time they had been
twenty-two days in the host,

it seems more logical to believe that the larvae have been

arrested al the ecdysis and have made neo laber progress, & gine
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ilar srguement may be applied to uhdeveloped adults in older

populations, with a simllar concluslon,

{(2) In the shsence of personal experience the writer has
.gmm&y%a& the statement made by Schwartz, Alicata and Lucker (48)
that ",..agamic worms remain in the host and may ultimately come
to fertile maturity, apparently a few at a bime",

The writer belleves that this may be interpreted as meaning
that the agsmic forms are not developing slowly and steadily, bub
that over a period of time some meay recommence growing and evente
wally may reach maturidy,

THE CAUSEH OF INEIBITION OF GROWTH AND BEPRODUCTION.

The title of this gection opens inte & field bayond the
geope of the present study. Data already discussed has indicated

that the growth of £, curticel in the lawbs was not a direct vne

hindered process, bult that in certain shesp sowe, or even all, of
the perasites were definitely umable %o reach full maturity,
Inhibition of growth and reproduction im well knewn in
nematode parasitism, The work of Schwartz et al (48) has already
been referred to, They claim that their work demonstrates ex-
perimentally the development of & growth inhibiting mechanism on
the part of the host, which checls propagaticn and develeopment,
Chandler (10} records finding reduced egzg production in a single
troneyive
Taliafferre (H6) has suggested that nematodes (and N._muris

longestanding infection of Nippos

[

in particular) are subjedt to an ia%géﬁiun of reproduction agssote
igbed ultimntely with & general impairment of the metsbelic ast-
ivities of the host,

This work directs abttention to the fact that the environe

ment in which the parasite finds idself iz mob always the gpil

for fuvll development, The asctuml degree to which it departs
from the opbimum is called by Tetley (63) "the pitch of the hoste
parasite relationship®,  According to him it may be vagusly in-
dicated by, inter alis, the gize to which the parssites have
grown snd the fecundity of the parasite,

The wndeveloped parasites found with develepsd populations
are evidence of some incompatibility, ‘Vhen odd sberrant indiv-
iduals are found, the incompatibility is probably a function of

the individueal, which may be physiclogically sbnormsl, Yhere
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many sre found the environment iz more likely to be the source

of the incompatibility., This incompatibility in the environmens
may be due to the development of soms immune mechanism, The
work of Schwartz, Ghandler and Taliafferre cited shove is more
concerned with t&ig type of resction, It is most unlikely howe
ever that the experimental lambs used had been able to develop an
immumnity mechanism in even the oldest populations studied, Tebe
ley (65, page 159) has data which he believes indicates that rese

igtanee o &,

gl is slow to develop, and would not be likely
to occur in three weeks of parasitism, It is also known (53)

that sge production doss noit resch a meximwm value in H,

until about 14 or 15 weeks after infection, which would indicate
the develepment of resistance zmboubt that time at the esrliest,

Sarles {47) has reported a similar period for the development of
immunity to Zrichostrongylus

Lt is belisved that the undeveloped worms are evidence of

aratus in rabbits,

individuval inherent differences between sheep ss regards their
sulbability for parssitismy this may be a type of nsbursl resiste
ance, dJust what form these differences take it ig not really
possible o say. Possibly the pH of the intestinal g@@r@ﬁi@ﬁ@
may be invelved.

Veglin (68, paze 425) found that H, contortus reached mat-
urity in o shorter period in a hot gaws@h and & longer period in &
cwi& s8ason. If this observation can be sccepbed, it still dees
not affect the data obtained in this work, Reference to meteore
ological observations (40) for the time the sheep were infected
with growing worms shows that no extremes of temperature werse ene
combered, The lambe-gshed would reduce temperature variation %o

an even smaller degres,

il

B, THE SIGHIFICANCE OF THE DEGREE OF SYMMETRY OF THE
ESTRIBUTION CURVES

& stedy is made of the degweé of normality of the frequencty
disbributions of length, and the possible relationship between
evidence of natural resistsnce and the shape of the freguency

distributions,

The following forms of freguency distributions are evident
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in graphs 1 = 75 illustratedin the Appendix,

I, Bormal distributions,
1L, Hegatively skewed distributions,
LiL, Bimodal distributions,
I¥, Positively skewed distributiocus,
V. A distribution shewing pronounced negative kurtosis,
o tests were made to determine the degree of normality of
the data, It was considered that, for the purposes of this dige
cussion, departures from normality which were not immediabely obe
vicus o the eye were of no likely significance.

The writer is aware that the shapes of distribution curves
cen be proefouhdly altered by the numbers of observations, and
that in genersl the grester the number the more symmetrical the
curve tends to become.

The distributions are from samples of spproximately 1/20th
to 1/40%h of the populations; in some cases, they represent an
even higher proportion of the total, snd in one lamb (Lawb 43)
all aveilsble worms were measured, There are only four excepit-
ions to this: the distributions for lambs 23, 28, 32 mnd 49 re-
pregsent smeller fractiong of the populations, possidbly as low as
1/75th or 1/100th, In view of the rslative sizes of sample and
population, it is believed thab the symmelry of the distribubions
ig indicative of the relative order of normality of the whole
populations,

ANATLYSIS OF THE DISTRIBUTIONS.

(1) Normal distributiong. Infective larvae used in this
experiment exhiblt & normal distribution of length, ds populabe
ions mature, they show greater variation snd the distributions in
some coses luse their symmetry,

It is believed that a normal curve in sn aduldt population is
indicative of wnhindered development at that stape, This is
supporbed by the fact that normal adult distribution curves (e.g.
lemb 6, graphs 7O and 71) have either none or else only isolated
individuals with retasrded developmenti at the shorter lengths, and
within the distribution curve itself, there are found very few ox

no femsles without ova,
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The ssme inference sboul the normality of dlstridbution

curves of fourth stage larvas has less validity (see graph 49 of
undeveloped larvae). It is possible that inhibition of develop-
ment iz less likaly to alter the sbape of the freguency distribe
ublon,

Lamb 49 (graph 49) has a population of fourth stage lare
vae with a fregquency curve which doss not conform to the hypothesis,
being normsl, The population of this lamb exhibited a greater
degree of undevelapment than any other studied. The possibility
does exist that the population did aetuslly develop normslly but
was late in commencing development, It is more likely, however,
that development commenced at the usual time and proceeded normally,.
Sudden cessation of development would then “freeze" the curve in
its normal shape.

(2) Hegatively skewed distributions. Frequency curves ex-
hibiting & negative skew are common, sgpecially in al&et age
BrOUDS e HSome however are found in young age groups, ss shown in
graphs 8, 18, 24, 29, 30 and 31, In the case of grsph 8, the
negative skew is due to the presence of both third stasge parasitic
larvae and fourth sbage larvas,

With exceptions of this nature, it is probable that negative
skew distributions indicate that the population encountered soms
form of incompatibility in the intestinal enviremment. 4s a re-
sult, gsome individusls weuld be delsyed in their development to
varying degrees, and the distribution assumes an asymuebrical form,.

%his hypothesls can be supporited by the fact that distribe
utions of this type are commonly sssociated (in the adult stage)
with numbers of immature fourth stage larvae which have falled %o
reach maturity. In addition, many adult females sre witheut ove
(laub 29, graphs 68, 69 end 81), Additional evidence is apparent
in the population from lamb 43 (grsph 31), The distribution,
which hags & prouconced negative skew, represents the entire male
population (eighty-four worms).

Other lambs receiving s comparsble pamber of infective lsrvae

contained between two znd five tham&aud‘ﬁayﬁﬁgﬁﬁﬁ

» of which sbout

% Data supplied by J.H, Tetley,
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balf would Yo males, £t iz belleved thabt the small populabion

indicates am environment which was not enbirely optimal for paras
sitism by G, curbicel; and it is highly probable that the negative
skew of the digtribution is o further expressieon ¢f thig incowms
patibility.

(3) Bimodal Distridbutions. Two forms of bimodal distribe
wblon are bo be foundie

{i) Those due to the presemce of adults and fourth stage
larvae in the one pupulstion, e.g. lawb T in
graphs 43 and 44.

{ii) The second type is seem in graphs 73 amd 32, It
has been ghown elsevhere that the twe modds in
graph 72 ars a result of different degrees of devel-
opment = see graph 82 for an smalysis of this, Yo
eriterion of relative development was studied in
the population represented by graph 32,

I% is believed that bimedsl curves of this second type are
indioaetive of gome degree of incompeitibililty in the environment,
similar to and possibly stronger than that which has been suggest~
ed as giving rise to & negative skew, 1t should he noted that
the corresponding msle distributions (grephs 72 and 31) do not
show evidence of binodal curves, This point will be discussed
later,

(4) Positively skewed distribut

iong, OUnly a few examples
of this type of asymmebry are known; see graphs 19, 27 and 28,
drawn from populstions of lamb 28 and (for the two latter graphs)
lamb 23,

It has slready been stabted that the distributioms of these
lambs are representative of samples smaller than 1/40%h part of
the totsl poptlation, In spite of this, it is highly probable
that the whole population likewise exhibils positive skew of the
same general order of magnitude.

£t iz believed that the positive shew is an indication of a
foirly high degres of incompatibility in the environment, greater
then that respongible for negstive skew or bimodsl disitribution,
It is suggested that the result of this incompatibility has been
o allow & few individusls to grow narm@lly while & majority exe-
perienced z high degres of delayed development,

It is relevant to mention that both thess populations were
administered in numbers far above any others with the exception

of the comparsble levels given to lambs 34 and 49, The possible
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influence of size of infestation on development is discusged in

a labsr section,

(5) Negative Kurtosis. 4 pronounced degres of negative
kurtosis is exhibited by the female disbributions from lamb 28
(graph 20), While the exsct mechanism of the derivation of such
a curve is not easy %o suggest, it is worthy of note that the pop-
wlabtion sduinistered te this lamb was of the same order of mage
nitude ss that adninistered to lambs 23, 34 and 49, In all of
these lambs, the populations exhibited varlous degrees of abnormal
development, reflecisd in the lengths of the larvas and in the
symmetry of the freguency distributions of lanéthw In view of
this, it is believed that the flatetopped distribution shown in
graph 20 ig indicative of some dersngement in normal development;
possibly ﬁh$& is messocisted with the level of population originally
administered.

it is concluded thet » freguency distribution with a nege
ative skew ls evidence of sowme degree of incompabibility in the
envirooment of the parssite snd of inhibition of growth and de-
velopment, 4 similar conclusion can be drawn for bimodal dige
trivutions within one population. The validity of interpreting
distributions with & positive skew, or with negative kurtosis, as
indicative of resistance is questionable, If it be allowed that
& nornal dlsiribution of leungth represents unhindered developument,
then any depsrture from normality may represent some degres of

abnormal growthe

G, THE GROWTH OF THIED STAGE LARVAE.

Differences beltween the mean lengiths of several populations
of infective larvae are anslysed, The possiblility of an incresse
in length of lsyvae while still in the third psrasitic stage is

studied,

In the table below are given the mean lengths of the loop-
eris-Osterisesin infective larvae. The data is derived frem three
sources: (i) the larvae used for infestation em 13/4/49s (ii) lar-
vae from the rumen of the lamb infected on 13/4/49 and killed on
14/4/49; end (i11i) Larvas from the faeces of several lambs, the

nunbsrs of which are given in the table on page 78,
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HRAN %m@%@w@ﬁ* IEFECTIVE LARVAR FROM THRER SOURCES.

- Hean Length and lethed of
soures Standard Deviabion Measurement
Infecting 746 F 34 . Microprojector
dope TTL % % e Camers lucids
| Rumen of lamb
46 killed one . poular
day from 59 1 41, Mierometer
infestation
Talean alive from
fasces of 199 % 44, ggﬁiﬁi@%@r
infectad lambe | ;

The mesns show great variation, some of which is dus to the
different techniques employed in messuring the larvas, The
camers lucida was the most relisble lnstrument for the measurement
of very small forms, emnd the mesmn valus of ??%&&fww the infective
larvae cen be sccepted as being fairly sccurate, less relisnce
cen be placed in the Microprojector for messwring larvee, The
fast that the lsrvae in lamb 46 were shorter on the average than
those taken from the infecting dose as measured by the camers
lucida is assumed to be dus to the occvler micrometer method of
messurenent, which was slso unrellablea, it is believed %h&%»%h&;g
larvee in the rumen of lamb 46 were probably dachanged in length
and that {allowing for sampling variations) s mean length nearer
??Qf;wmﬂ&& ba more accurate than Yﬁﬁﬁhw

It iz congidered that the difference betwsen the means of
the populabion from the rumen of lamb 46 and the larvae recovered
from the faeces of the infected lawbs is a resl one, smd nob
couged by sby veristion in the techunlgue of meaguring with the
oeular micrometer, which was wsed for both populations, It is
likely thal the lengihs obbained by the voular micromeber sre
consistently lower than the real wvelussi the mean of the larvae
racovered from the fapces wmay be higher,

Teleing into sccowmb errers in messursment, it appesrs thatb
the infective larvae found alive in the faeces of the lambs were
longer than the mean length of lavvas in the population frem which
they were originally cobiained, Two aliernative conclusicns may be
drawm,  Bither the larvse bave lvoressed in length or else there
has been = gelection in favour of shorbter larvae remaining in the
inbestine,

It is appropriate to mention here that Hung (quoted by Scotd
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(25} )} found that there was an apparent incresse in the lemgth

of infeertive larvas of Ancylostoms cenloum and Nector americanus

when recovered slive in the fasges of rabs three days afber skin

infeetion, This is in agreement with the yesulis described abeve,
Scott (51) investigated the problem and found "great vare
iation" from case to case. He concluded that thers was a de-
eresse rather thap an incressgse in lengbh, and advenced the ldes
that longer lsrvae had been selected to stay in the gut., 1t was
frem this sugrestion that the writer dexived the wpposite cole
ception of selection of the shorter larvae to remain in the gutb,
This would explain the results presented zbeve. o reason can be
advanced as %o why larvae of any particular length should be sele
ected to stey in the gut, The hypothesis of selection en the

bagly of length is not valid without evidence,

Seott has attempted to prove his case by measuring the lar-
¥ae remaining in the rats, from the fasces of which he regovered
the short larvas; he foumnd (51) that Yan increase in size may have
occurred®, but he eould not show that it was sigpificant, Tulle-

born (quoted by Scott (17)) working with Unecineris stenccephsla

obbained similar results,

From this review, it is apparent that the situation it con~
fused; end there is no definite proof for elther shorter or leonger
larvae in the faeces than in the infecting dose, sand no logical
explanation has been advanced by these workers in suppert of their
claims,

Though it cannot be sccepted in the light of published evid-
gnce, nelther as a resvlt of this present werk, that there was a
gelection in faveour of one particulsr exbreme length %o inhabit

the intestine rather than smother, the alternstive conclusion thab

the infective larvae lucressed in length ls alse 4ifficalt %o
aceapt,

The mesn length of the larvae recovered from the fasces rew
presents sn inerease of 5% over the mesn velue for the langths of
the infective larvas from the rumen of lamb 46, as measured by the
ocular micrometer. Such a small increase may be the result of
the fizing and preserving methods empléyed. The larvas recoverad
from the rumen of lamb 46 on the first day of parasitism were fimed

in approximstely 5% formalin and glycerine, and mounted in glycer-
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ine for nessuring, Larvee recoversd from the fasces were
killed by hesting i a2 drop of water on & glide., Usre was token
to keep the temperature low, and the slide was not sllowed to be-
come hobt enough to sting the back of the hamd,

It is believed that the incresse in length is due to the
best trastment of thess larvas,

% is most unlikely that infective larvee would have any
ebility te increase in length, Their funciion iz to find a habe
itat in the hogt and thelr energy reserves muet necessarily be
limited because they are not able to faeds vhat food reserves they
have ave probzbly used in the process of finding a habitat, it
is slso doubiful whetheyr the sxbternal cutlels would bs capabls of
extension, since it ls really “dead" in the sense that snother
vubicle liesg bheneath 1%, separating it from the true larva.
Lapage (29) has shown that incressed pressure, resulting from the
pormeability of the sheath vhen placed in mixbtures of HalH and
HGY, zuptores the inner layer of the sheath first am&.than the
outer loyer, in & line Just below the head, If the infective
larva could grow, it would preobsbly ruptore sb lesst the cuber
sheath, Just ss doss the incrsased prepaure,

{2) THIED SPAGE PARASITIC TARVAR.

The mezn lengths for third stoge parasitie lsyrvaee and young
foorth stage larvae ave gel oul below,

LERGER OF THRED DAY TAHVAR.

@h&ap | Graph | Staze bl Hesn and
oo Vo Shas Standard deviation
Frd pEyge
%9 6 &7 | sitic stage 877 = <14 ..
4th stage 996 £ +09 .
: 3xd parg. e
44 8 gibic stage 154 = 161 .
4%h stage 1050 ..

in an gzperiment on the differentiation and measurement of

taglia spp. described

2§$w

it ie ressonable to assume thabt the lervae recovered from
lambs 39 and 44, coming originslly from the same population of
infective lapvae ay those mesgured, had ﬁniii&lly a mesn length of

about ?ﬁﬁﬁaw It is also reasonable to assume that the loss of



the second sbtage sheath reduced the averasge length to T30 .

approximately, which is in agreement with the length of third

shage parssitic U, curticel lsrvee on the second dsy of p&raaiﬁigm
in this esperiment, (See graphs 4 and 5 (in the Appendix)).

The mean lengbths of the third stage infective larvae recorded above
sre mush grester then the mesn lengths which cheracterise larvas
Jost entering intoe the third pavesibic stage, This iz especizlly

obviove in lawb 39 where gsome third stage paragitic laxv

over one millimetre long (see graph 7 of the &wp@m&mii
Apparestly the third 3@&@§jpﬁ$&mikiﬁ larvae meassured have

inersssed in length in varying degrees uwp to EQQMW$ or even mors

in some ceses, Many must make very swell incresses in length,

becaunse both graphs 7 snd 8 show seme fourth stage larvae which

are aboult the same length or & little longer thean the mesn minlmos
size of third stege parasitic leorvas immedlabtely afber the gsecond
sodysis .

ipdrews® (2) account of the life history of 0. curticei

vagpe on this peint, JApparently he noticed some larvae which
had grown a little, becsuse he says that the larvae "sppeared to
inersass very little in length'., On the other hand, he records -
sbgerving some which were shoriter than the infective lsrvas,
. Thege were probably third stage parasitic larvae which had just
pazsed the ssoond eedysis, Othors which were evidently not shoprde
er than the infective larvae, but the same length {or even laxg%w?)
may hove been larvese which had increased in length slightly, after
passing the sscond ecdysis. There is sn alternative possibility.
They may represent the longer infective lsrvae, which on losing-
thelr shesths would be about the sawe length as the @V%&&gg;a%Mﬁ%e
K& is not possible to decids from dpdrews® ﬁmﬁaqwhwth&w all
third stage parssitic larvas increased in length before they
chunzed dnbo the feourth stege; wor iz 1% possible %o decide whether
third stage parssitic larvae which have increased in length ars not
forms which have been unsble to leave the cutlicle al the third ece
dysin, bob rakther have received the slromg stlmeluos %o grow Just
the same, |

Vork by Monnig (37) on Irichosta

bug spp. shows thet the
parashtic third stage larvae grew om the-average from 683, at 48

hours, to (at 72 hours) 362ﬁ¢f@x males and 942, for females,
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Phrelkeld (67) mskes ne mention of =my increase in length of

third etage parasitic larves of 0, gircumcinets and Veglia (68)

working with H, contortus states that "it sppears thet in the

parassitic part of the third stage the larvae do not increase in

length wher compared with mature larvae of the free living stage®,
It is concluded that there is a possibility that third stage

parasitic lorvae of . curtigel incressed in length, The subjeet

worrants further investigation, however.

D, THE BCDYSES OF G, CURTICHL.

SULARY.

iz sectlion ls a discussion of the sevond, third and fouvrth
aodyses in relation te Hime, place, length of worm, constancy from
host to host and of the effect of the final lethergus and ecdysis
on the growth curve,

THE_SEGOND_RODYSIS.

ALY lsrves recovered from the lamh killed after one day of
parasitism had reteined the gecond stage sheath { graph 33, In
the twe Llombs killed twe deys after infestation 211 larvae recove
pred were in the third parasitic stage {graphs 4 and 5), Theree
fore the geoond ecdysis ocourred bebtween the 24%h and 48th hours
afber the larvas wers administered,

Sines the larvas recoversd from the rumen of the lamb killed
" om the first day of parasitism had net ewmesheathed, Lt ssems prow
bable that the second ecdysis ook plass in some part of the glie
mentary tract posterior %o the rumen, l.e, either the sbomasvm or
glse the small iotestine, L% is possible that the aclid in the

gbomagun has a similar effect on infectbivéd larvas of both O, cuorke

Aeel and Zrichostrongylus species, The labtter, according to
Honnig (37}, will readily ex-sheath in dilute hydrochloric acid,
and he sngeeste that the acidity of the sbomsgum hay s slailer
affack,

It is not known whether the second eedysis of L. curticel

will Sske plage in s wore anterior portien of the slimentavy %ract
if the larvae ave sdministered in selid feod instesd of in s lige

uid suspension. Veglis (68) found that H, gontorius larvas passed

the second eodysls in the sbomasum if administered in water, but

when introduced in solid food they comsnced %o lose the ghesth
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within the month of the sheep.

dndrews (2) found, in sgreement with the results recorded

in this experiment, that §, curbticei larvee were in the small

integtine forty-elight hours after administration, and wers withoud
the second stage sheath, 1.8, in the third parasitic stage, He
mads no observabions for the first deay of parssitism, In contrast

to this, w@nnig (37) found Trichostreneylvs instebilis

lambs only twenty-four hours after administration,

Whether these differences in times taken by the larvas of

eylug spp. 1o Teasch the intestine sre a
funetion of the species themselves, or of the environment withim.

the gub, is not possible %o d&&i@@ with the data available,

ALl larvee foumd in the intestines on the second day of
parasitism were in the third parasitic stege, In populations one
day older only a few were sbill in this stage, The remasinder,
(comprising 87% of the population examined from lamb 44, and 78%
of the population exsmined from lamb 39) were in the fourth stage
(see graphs 6, 7 and 8). It is concluded that the third ecdysis
for the majority of these larvae took place between the 48th and
Tend hovrs from infestation,

This is contrary to Andrews (2) who foumd that the lsrvae of

33 did not pass the third ecdysis until the fourth dsy

from infegtation, one day later then recorded in this experiment.
Possibly the time at which the third ecdysis tekes place will
vary with different hosts, fesds or even sirains of worms { assome=

jeed).

It should be noted however that there ls close agresment between -

ing such latter exist; there is no evidence of them in 0, curd

the two lambs 44 and 39 as to the time of this scdysis, This ig
suggestive of a major difference between these sheep and those
used by Andrews. Previcusly it has been noted that a few of the
sheep he used had already acquired infestations of £, curticei inm
the fisld, It is possible that svme of them were the hosts used
in the early stages of dndrews' experiment, If it is sssumed
that they had some degree of acquired immunity, they may have de-
layed the ecdysis, This is one way to accownt for the differences

in results, but it is purely conjsctural,
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It is interssting to conpare G, curbiceld with other related

species inm respect of the third scdysis, Threlkeld (67) worke

interpreted to mean that the sxegheathed larvae found in the wallg

gircumeincks is confusing: his work may be

of the shomasum at 90 hours were in the fourth stage, Veglia (68)
wes able to distingoish between third stage parasitic larvaes of

H, contortus wvhen in the active periocd and in the lethargus, He

believes that the latter commences about 30 to 36 hours after the
larvas enter the host, and that it lasts 12 hours, after which the
skin in shed,

indrews? observations on §, curticed

considered that the worms both live in the same hebitat and are
closely zelated gemera, The cbservations recorded in the present

2l more like H. contortus in the
time of the third sedysisy on g priori

experiment would make G, ow

grounds this soems less

reagonable,

The fourth ecdysis is the final change or moult through
which the larval form must pass to reach meburity, VYhether it is
any wore perilous from the point of view of the nemstode than the
otheyr ecdyses is not kanown, though in date discussed earlier it
was shown that there were menmy larvae which were unsble to pass
the fourth ecdysis, In contradistinction to this, few or no
forms appeared to be held wp by the third scdysis. This does not
nevegserily indicate that 1% ds lesg difficult for the larvas %o
pase this phase, because 1t is not known whether any would be el-
iminabed If ithey falled to develop. it may be that the change
from a fres Living to a perasitic form, even though it is accom-
plished graduslly with two moults (the delayed second, and the
third moult), is more perilous then the fourth scdysis.

The fourth scdysis (sand possibly the third) may be likened
to & dam scyross a river., The larvae dbuild wp behind this "dan”
and growth ceages, corresponding to the formation of a pool of
waber, Vhen the ecdysis takes place there is & sudden snd vigore
ous spart of growth, as if the dam had burst snd water was relessed,

This sudden spurt of growth can be seen in any graphs of pope

ulations killed on the 8th and 9th days of parasitism (e.g. graphs
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35, 36, 37, 38). The fourth stage larvae have z mean of

ghout 2% mpg for amales and 2°%5 mmg for females, The aversge
length for adultbs, even If wvery young, is greater than the mean

for the fourth stage larvas in any particular population, This
explaing the bimedal freguency distribukions of some populabionsg

in hosts killed abt about § or 9 days (graphs 33 - 48). Thase are
reslly sepsrate frequency dlsteibublicns paxtly or enbirely swuper~
impoged, In the latter (graph 33), the young adults have not iun-
eressed in lengith snough Yo show the bilmodal effect, and in outline
the two curves s=ppear as one normal curve,

THE CONSTANCY OF THE THIRD AND FQURTH FCDYSES.

Seott (49) was net able to measure the sarly growth of
dneviostons czninum in its host largely becsuss the time of pagssing
through the different woulis varied sc much that "even sverage fige

ures were unreliabls".  In G, curiiesi no such diffienliy was ex-

perisnced bocanse both third and feurth moultes were fairly regular,
Graphs ©, 7 and 8, preparsd from populabtions three days old show
spproximately egulvalant mumbers of third gstage forms in esch host,

The fourth ecdysis was takiog place on the 8th and 9th days
of parasitism in all cases sxcept one - leamb 49 (graph 49).  This
animgl proved to contain an exceptional population which iz dige
cugsad lakter {pa@a§§%)x From the other sheep, only one adult was
recorded pn the seventh day of perasitism - a male from lamb 10
(graph 25), By the niath day the greabt majority of worms exsmined
had passed bthe ecdysis, With the exception of lawb 49, it is be-
lieved that the sheep contained lsrvae which were passging through
the final ecdysis In spproximately the normal btine, It is posge-
ible that somehosis umay have had some adulis by the seventh day of
perasitism, es with lamb Eé, but it le net likely thab the number
would be high, But, while development is mot likely to be much
faster than evidenced here, 1% could sasily be slower, as the pop-
wlation of lawmb 49 shows,  Whether 0, cwuriticei in lambs in the
fisld develop émﬁ,pasﬁ the final ecdysis within the lengths and
Plmee found here is not kmown, but it ils highly probable that they
do, Yhere 2 shoep has been able to develop some degree of resiste
ance however, it is likely that development would be slower,

LENGTE AT THE FOURTH ECDYSIS.

The average fourth stage male larva at eight %to nine days s
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2+3 mmg long, and the average female 2+5 mms, lMore extreme
lengths are common, The longest were found in lamb 34 (graphs 3]
and 38) where males were 3460 = 3+79 mms and females 4+60 « 4+79
mng, both in the feurth stage, The shortest adults found were
males at 1°40 = 159 mms in lemd 25 (graph 47). The shortest
adult females came from lamb 42 (graph 40). They were 1:60 -
1+79 mms long,

The ecdysis is likely to take place between 150 mms and
3070 mmg in males with the mean at asbout 2+3 pyms, and in females
between 1+70 mms and 4°70 mms with the mean at about 2.5 mms,
Indirectly, length, in so far as it is correlated with develop-
ment, would be the deciding factor in determining the time of the
ecdysis, A certain stage of development must be reached before
the worm can moult, and there would be a lower limiting size be-
low which the worm would be insufféciently developed to do this,
1t is probsble that there is an wpper limiting size beyond which
the worm camnot grow without moulting, These extremes doubtless
approximate the limits set out above,

Normally, the worm is developed sufficiently to moult at
about eight days. Time in iteelf does not determine the moult;
as this thesis has shown, there are undeveloped forms which may
persist in the fourth stage for up $o three weeks at least,

An attempt was made to relate Prizbsm's rule (quoted by
Wigglesworth (70)) to the moulting, This empirical law (which
incidentally is by no means umiversal) states that the weight of
ingacts is doubled during each moult, snd at each moult the line
ear dimensions are increased by 1426, The rule is based upon
the hypothegis that every cell in the body divides once and grows
to its original size and moults, This was found to have no re-
latioustie %o the length of G, curticeli at the different moults,
This is to be expected because quite apart from the empirical
nature of this rule, O, curticei increases in length between
moults, and nqt at each moult,

The effect of the fourth lethargus on the growth curve is
to be seen in the discontinuity or "step" effect sbout the 6 = 7
day period. (See figure 10, page ! Fi
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Seott (49) did not construct a growth curve for the dog

hoskworn for forms younger them the fourth ecdysis, He sugeests
thet grewth pricr to this moult tskes place &b the same rabe as
after it {2 point to be elaborated lster) and he slso suggests
that the discontinuvity st moulting is prebably slight. The data

axemined hers doss nob bear this oub for (.. ticgei, though it

may bs btrus for Ancyl

ostoms caminup.  The fourth lethargus extends

over nearly twe of the twelve dgys which

reach maturity, or nearly one gixth of ite growth period, and the
growth is profoumdly affebted.

Such discontinuities are the rle rather than the exception
in growth curves of all but the mors simple orgenisms (66, page
159},  An anoual plant liks the lupin will show the simple growth
cycle, IDxpressed as o summebion curve it will show a charactere
igtle slgnoid form.  Bxpreseed ss its differemtial it will show
o gimple rige frowm 2 minimel %o o maximal value, zpd back to a
minimel like 2 normal distribution curve,

In most crgenisme however 1t is only s section of the whole
growth cyele vhich shews this gimple form, The int@grai corve of
growth rises in = geories of steps and stalrs, and is really a
gseries of sizmoid curves end %o end, The differemtisl curve
shows o geries of peake instesd of one simple pesk, indicating
several periods of maximom growlth velocliy, interspaced with
pericds of minimal veloclsy,

Some workers guv further thsn sthers in describing growth
curves in temwe of & series of short discontinuouvs ecurves,

Brody (7) for exsmple has divided the simple S-shaped sigmoid
corve into twe phases, which he bas deslgnated the selfestcalers
ating phaze and the gelf-inhibiting phagse, The former iz thab
portion of the differentisl curve which shows increasing velocity,
the latter the portion showing declining setivity. In the summe
abtion corve of growth the division between these two curves is
marked by the point of inflaction, which coincides with puberty
in man, or flowering in plents, The selfesccelerating phase
Brody fvrther subdivides inte a series of eycles, This is shown
in the differential growth curve of the rat from shortly after
concepblon, where four cycles appear,

Within each of these segments or ecycles of the curve, the
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percentage growth rate is constant and less then the preceding
segment, and each segment can be represented by a comparatively
gimple formuls,

it should be mentioned that Brody's division of the sigmoid
curve into s number of independent exponential phases are by no
mesns universally accepted. Weymouth et =l (69) has criticised
the emphssis Brody places ou the point of inflection in the sige
moid cwrve and Gray (22) poinss cub thabt sny curve can be expressed
a8 8 series of straight lines or exponential curves within suite
ahle limite, Unless thére ig good evidence for the division of
a growbh curve into a "finite number of successive and different
procegses, the process sub-division of the growth curve is merely
arbitrary’,

In the growth curve of §, curtigei, there is “good experie

mental evidence' for the subedivision of the growth curve; in a
later section, an attempt will be made to express these segments
of the curve in terms of growth eguabions,

Both the summation curve and its differentisl, the velocity
curve, are shown in figs, 10 and 11 om page 145 and (i

The velocity curve, fig, 11, especially shows the effect of
the fourth ecdysis in reducing the growth rate to a zero value atb
1 days. The drop at two days is due to the second scdysis, and
the lengbh of the larva from that point hes been taken as the bass,
This loss of sheath is not "growth" in the real sense, and the
declining line from 1 to 2 days is not reslly analogous to the

decline from b %o 7 days.

B, FFFECT OF S1ZE OF INFESTATION ON GROWTH OF THE PARASITES,
The relationship between size of infestation and its effect
on the growth rate is discussed, srd & hypothetical "latent ree

action® is suggested %o explain the observed results,

One of the objects of this ax&or&m@nt was to investigate
the pasﬂi%&li%y"5% %h@“s$§éﬁ&f inféé@ﬁ&&wﬁﬁgrfecﬁing‘dmvelapmanta
Statisticsl mmalysis (see page 70) did not revesl any significant
differences in development betwean populations originating from
infestations of 10,000, 20,000 and 22,000 infective larvas,

Statistically, the populations originating from infestation of
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nearly 400,000 larvae were not significantly different from thoge

from the smallest infestatlons,

Four lambs, nos, 23, 28, 34 and 49, recsived nearly 400,000
larvae each and were killed at 7, 6, 8 and 9 days respeetively.
hen the psrasitic populations were examined, it was found that
three of them exhibited some differences in development when come
pared with smaller populations of the ssme pges from other sheep,

The population from lamb 28 (graphs 19 and 20), killed at
6 days, is not really significantly different from the others of
the same time,

‘yﬁﬁﬁpuﬁ&%ians of lambs &5 (graphs 27 and 28) and 49 (graph 49),
killea‘mﬁy? and O days respectively, are both shorter than the
other populabions for the gsme days, while the worms from lamb 34
(greph 37 md 38) are far longer than any others at 8 days.

In some cases, the frequency dlistributions of length were
different from the uvsual form. That from lamb 49 (graph 49) is
normal, snd the distributions for lamb 34 (grsphs 37 and 38) are
likewise normal, These two populations are the most abnormal of
the four in terms of length in spite of the normality of their
distributions, The frequenecy curves for lamb 23 (graphs 27 and
28) have & slight positive skew, This is very unusual, only one
or two other populationg out of all those measured showing this
effect, One of these is graph 19, the distribution of the males
from lamb 28; the female curve is not skewed but gives evidence
of a strong negative kurtosis {(graph 20),

Thus nmone of these populations were really "normal', Even
vhere the means corresponded closely to the mean for “normal®
populations, as with lamb 28, the distributions presented features
not found glsewhere.

Uhf&r%mnataly the experiment was very poorly desigped in
respect of the auﬁject of this sedbion, znd in the statistical
anglysis it was found that there were no significent differences
between the mean lengths of the populations receiving 400,000
larvae &m& those receiving numbers of the order of 10,000 and
20,000, This is largely due to the fact that the variability
within the 400,000 larvae group was high and also the numbers of
sheep killed were too small - one only « for each of the "dose-

level - day" cells. Consideration of all relevant data leads 1
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the conclusion that the effect of the large dose level is a

resl one, but that the experiment is not sufficiently refined %o
detect i%,

The observed effect of a large dose of larvae on the devels
opment of its members supports Mayhew's (32) suggestion that large
nambsrs of developing larvae seem to interfere with the rate of
development, It is in contradiction %o Scobt's (49) finding that

cenivnm wade ne differsnce o

different sized infestations of 4
the 1ang%ha'wf the worms in the host., He used déses of all giszes
wp te one thousand; it may be that more than this would be required
to produce sn effect,

It is not easy to give a satisfactory explanation of these

variations in growth, Taylor (58) discussing the aequisition of

heavy and repidly scquired infestations of some of the Izxighge

sroneviides suggested that thelr devslopmsnt was inhibited bew

cause gsome substance stimulating the greowth of the larvas is used
ap guickly,

This theory may be a possible explanation for the undevelop=
ed populations of lambs 23 snd 49. Lamb 28 has & normel popule
ation se fax as length is concerned, which may be explained if i%
is suggesbed that extira large amounts of the growth stimulating
subsbance wers avallable. Taylor's theory does not sexplain the
population of lamb 34, In effeet this is a "giant™ population,
Hot only are the adults longer for their age then mmy athm'a%k bub
some of the fourth stage larvae have reached amazing lengthsi a
few fourth stage males are nearly deouble the length at whish mest
nermal larvas molt, ‘In goarching for an explanation we must
toke account of this last population,

One possible theory is as followsie

Assume that lamb 34 is a lamb which is very susceptible te
parasitism, i.e, its intestinal enviremment is very suitable for
parasites,

Suppose lamb 28, while it is not unduly susceptible, is nob
very resistvant, i.e. i1t has an intestinal envirenment which may
be termed as "average".

Agsume lambs 23 and 49 have a natural inherent resistance,
the latter more than the former, |

If we place an egual number of infective larvae into these
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it may be that their potential degree of infestation ls emphasised,

That is, susceptible lambs wesken in the face of evervwhelming
nurbers ond allow the parasites to develop to an sgbove-average
gizga, Pobenblally resistant lambs aot in the oppesibe wayp ine
ghoad of belng overvhelmed they have thelr powers of resistance
enhanced by the stimulus of large numbers, It is as though the
potential level of the natural suseeptibllity or resistsnce ig
already decided by the responsible mechsnism in the lamb, but i%
iz latendy a big population cap meke 1t reaet in ite trve menner,
while a small one may not eveoke any diffa&emce veotwesn the hoste,
4 lamb with a hypothetical "average" susceptibility like no,.28
would produce worms of a'normai® length,

The problem of gize of infestation snd development of the
resulbant population is an importent one snd it neseds further

specislly planned investigation,

SUMHARY

The conseguences of the faster growth rate of the females

over the males on the shape of the freguency distributions are
digscussed, 4o anslysis is made of the commencement of the
gexual differentiation of length.

The dabts shows that females have a greater length than males
of the game age over the btter portion of their growth, Since
they commenced growth from the same lengith it follows that the
femd es must grow faster than the males, Measurements of this
growth rate have been attempted uMsing the velocity constants of a
logistic equation, For reasons explained in a later section,
pags , such a measurement cannot be regerded as sitrictly correct,
Ho other of the many possible waye of meassuring growth rates has

bean abttempled,

As the populations mature, their "spread” er "seatter! ine
craages, Uomparison of frequency distributiams of young and old
populations reveals this, This spreading -effect is greater in
Temales than in males, because of the faster growth rate, 1t
follows from thig that distributions which may be hidden in the

male frequency curves are revealed in female curves, This is
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well shown in a comparison betwesn graphs 72 and 73 and between

31 and 32, 1t has been emphasized slsewhere that, because the
females will zrow more than males in any glven time, the increas
in length over any undeveloped portion of the population will be
graster for females than for males, Therefore a "trough' will
gppeayr in s female digtribution which will be bimedal, but the

corresponding males may show a skew distribution only (see page

liales snd females could be distinguished at the fourth dg
merely on the shspe of the tail, After the fourth day, the mal
are ghwmx than the females, but the statistical analysis show
this is barely significant at 6 days of parasitism and definitel
significant at 8 days. See the Gombined Analysis (page 76).

indvews (2) has observed that, on shout the fouwth day of
parasitism, i.e. immediately after the third ecdysis, the genita
primordium of the females was nearer to the posterior end of the
larva then in the male, S8ince in this experiment the thizrd ecw
dysis took place on the third day, indrews® findings should apply
to three-day old worms,

dn abtbempt was made to measure the distance of the genital
primordium from the posterior end for sach three day old larva
2t the some time as the total length was measured, It was hoped
to be able to draw a frequency distribution of thess distancedy
(from the zenital primordium to the posterior end): this would
probably be himodal, I% would then be pogsible to relate thig
distribution for each worm back to the length distribution, which
would be a normal @m, and Pegolive it into potentially male and
female distributions,

Attention to more important sectlons prevented this from

being carried out, peyond & few preliminary measurements.

G, THE GROWIH CUEVE.

A freehand curve of growth has been drawn through points
representing the mean lengths of populations of known ages. The
valldity of this curve as a representation of the individual
growth curve is examined. me points have been fitted to a

curve using a loglstic eqnmiem, and certaln growth congtatits
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derived, The empirical nature of this procedure is discussed,
and the spplication of a logistic squation to the growth curve of
G evrticed ls compared with similar work by Scott on Jngylostons

FREEAAND GROWTH CURVE.

4z a finsal study the means for the different age peopulations
were plotted and a curve drawn through these points to give an
outline of the course of growth of §, curtigei. (See fig, 10).
This curve is not mathematically fitted bul s freehand curve drawn
throeugh the greatest possible number of points. It illms%xaﬁ@s
more exactly then any previous analysis the growth of the worm,

The length of the worm doves not change till the second day
of parasitism, vhen it decreages due to the second eecdysis, Fron
the third to sixth days the curves rise sieeply and the male and
female cwrves diversgs, At any given sge after sbout fouxy days,
the females have a greaber length than the msles and must theree
fore grow faster. The effects, If any, of the third escdysis en
the shape of the curve are not shown becsunge the time intervalyg
were too large bto bring it out, Had shorter intervals been used
it is poesible that the curve would show a "step" effect (similar
to that for 6, 7 and 8 days) due to the third lethargus. It
mast be remembered howaver that the svidence for growth in the
third parasitic stage put forward in this thesis is scanty. It is
guite definits that whatever growth there is, is very small « say ,fi
from 730 to 800 or 900 on the average. In order to produce a |
decided bresk in the curve like the fourth ecdysis, or like the
second ecdysis as shown by McCoy (fig, 3, page 6), there must be
steady growth prior to the lethargus. The third stage parasitic '
larvae do not show evidence of steady growth, and if there is any
bresit in the growth curve at the third scdysis it muet be small and
would be very havrd to show, even with smaller time inbervals.

At 6, 7 and 8 days the curve flattens out; as already mente
ioned this represents the final lethargus, From 9 days onwards,
the curve rises steeply, this rise being associated with the onset
of the growth impulse immediately after the fourth ecdysis, The
curve flattens out at shout 6 mms for females and just below 5 mms
for males,

&t the end of the growth curve the mesms of 20 and 22 dav
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populations are lower than the means for the other adult popule

ations, This of course must not be interpreted to indicate that
the curve should drop. Py chance the average lengths in the old-
est populations recovered were shorter than the majority of the
adults for other populations, Statistical analysis has already
ghown that there are no significant differences between the mean
values for sny of the populations after twelve days.

As an exbension of this cummlative or summation curve, its
d.i.rfcrontiai or velocity curve was drawm by plotting the increments
of length for successive ages, This curve is shown in fig, 11.

Two complete cycles are imvelved for both males and females,
From O days %o 2 days, the curve drops in concession to the low-
sred length conseqguent on the loss of the larval tail. 7From a
gere velecity at 2 days the curve rises to a maximum for 4 days to
6 days, and drops again to zero, or nearly so, at | days, This
repregsents the firet phase of growith up to the fourth ecdysis, 4As
already explained it is not likely that this eurve is resolvable
into two cwrves by the third ecdysis,

The second curve rises steeply to a series of peak values
and falls again to zere after about twelve days.

The irregular nature of the velocity curves is due both to
the variability of the material and to the smallness of the number
of sbaserwations, In theory such curves should be emesth, with
growth veloeity rising from minimal to maximal values and pulling
back %o minimal values again, The high peak reached by a popul=
ation ab twelve days does not imply thai the greatest velocity of
growth is reached at this time. Indeed fastest growth in the
adult stage is reached at about 8 days, immediately after the fourth

ecdysis, and the velocity of growth is declining at 12 days,

In eonsidering the eurves presented in fige, 10 and 11 the
question arises as to what these curves reslly represent, Do they
faithfully portray the course of growth which an individual worm
would follew, or are they little more tham a line drawn through a
geries of average points,

It must be remembered that gd_tdduﬁi do mot grow exactly
alike and that individual curves (both integral, fig, 10, and diffe
erential, fig, 11) will differ from organism to organism and will
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also be different frem s curve compoundsd from mesn wvalues of
large y@p@iﬁﬁi&n& of known ages,

The &&ﬁaxg&a%a&&on of aversge curves was the subjeet of much
diseugsion two decades ago when some workers, following the fuol-
stepa of P,W. Hobertson {43), interpreted cyeles or fluctuations
in average growbh curves as belng represeuntabive of epuchs in the
1ife of the Individual, Abbompts were then made %o assocliate
thegse with physiclogical changes in the individual., These intere
pretations became the subject of severs criticism by other writers
of whom ¥, Merrell {36} and G.B, Davemport {(13) are the best knowmn,

Horrell analysed mathematically a serles of growth curves of
the rabbit, She found that an sversge curve wag not a reflection
of sn individusl curve, bulb thabt, especisally where the mabaxial
arhibited great vearisbility, certain differepces were introduced,
These are the result of the averaging process and may take the
form of ecycles and of varying degrees of skewssn

$he showed the sverage of a group of logistics 6 contain
more waves Shan a simple laogistic, and that these variationg aauld
be enbirely lecking in the individual growih curve., In biological
maberial of what Merrsll calls "ordinary variability', such fluct-
uablong do not show uwp fo a ai@ﬁificamt extent, The skew effect
is however nmore sana&tiv@, and dn maberdial with a comparatively
small smount of variability it can produce signiflcant differences
in the degree of symmetry of the avernge curve when compared with
individoal, supves, A rather unexpected offact i introduced if
the individual curves are thamselves skew, Merrell found here
that the sverage curve was mors symuebtricsl than the individual,
Hormal individual curves howsver produce skewed average ourves,

From this work of Merrellls it follows that curves of the
types iﬁif$gw, 10 and 11 are not a true picture of individual
growth, Individuals' curves can be expected to vary considersbly
from ﬁh@smgﬂ Howevsr, the varisbility of the material has ob-
vicusly nob haenVsuch as to canse these grd%%h curves %o give an

entively erronsous picture, because they do conform to our know-

ledgs of the growth of §. curticei, at least in outline,
THE GROWTH BQUATIONS.,

En the review of literaturs it has slready been mentioned

that Scatt (49) fitted loeistic curves to the mesn lensths of




differsnt aged adult popnlations of Ar
(34) extended this to the free-liwving larvae of the same species,
‘The egquation used by both workers was e\f a logistie typei-

| A b
"1 e e®

- aF

where L = Length in mms,

3
it

time in days Irow infestation

b = finel size of the worm
snd ¢ 2nd 4 are constants, 4 being used by Scott and McCoy as a
messure of the intrinsic growth rate.

In fi%ting curves of this type to the data on the fourth
stage larves, acccunt had to be taken of the fact that they did
not gtart growth from a zerc value. The formuls was slightly
modified by the insertion of amother value on the lsft hand side
to sllow for %his, The finel curves fitted were as follmi-

Kales.

1.51
1 = 3 daye L « <650 = 223

1 & o7 - 1-20487

8~164 L = i
P S 1 » o3°0158 = +4654F

Femalas.

1-8&&;7': L~ 650 = 3-89

e ‘5.2654 - 1.20567

6.600

8 « 16 days L = e
1"302923- + 42947

The valus 0.650 has been selected by a process of trial to be
the hest allowance which can be made for the fact that the larvae
comuenced growth at & finite length, The values fu; ¥p", the final
gize, are "educated gueess" only. The constants ¢ and d were sel-
ected by trial and arror as giving & curve which fitted the givem
points mors clogely than any other values, ‘

Uging the sbove formmlae, curves have been plotted and are
shown in figz, 12, The data from which these curves were derived
is reproduced in Appendix Xill,

Certain information cab be obtained from these curves, though
it must be accepted with reserve, It is all based upon the cal=-
eulated theoretical curves, and these srr in two major ways,

(1) ™eay sxe very empirical, Not only could other values
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for the equation give nearly as good 2 fit to

the peints (if not just as good) tus preobably
ethexr types of equations such as the Gompertz
or algebraic forms™ wovld fit Athe polats slse.
Thess would zl1 give different values for the
congtznts, The valuves for "%, the maximom
size, avre an egtinzle only, ss is the value
0650 to allow for the initial length of the
fourth stage larvae,

(2) It has already been empbasised that curves of
growth drawn from averages ars likely to give
erroneovs results. Consequently, any informe-
ation derived from them cemnot be applied %te
individual cases, bul is merely an approﬁ.n—-
ate to some true paramsler,

The following relsvant information can be derived from these

growth egquationsi-

(1) Maximun leagth For adults, "b"
For fourth stage larvae (a + b)

(2) Lenetk

For adults, 8b
For fourth stagze larvae b » 2a
CT—

aX i

For all forms %

(4) Maximam xate of erowth
For all forme %bd.

These values are set out on the next page.

o beex

% Gomperty equation y = ke ~ °©

Beeorate " yax fE° (2.8

8se Wilsom (71).




by
(1) Mazimun lengths Q:ﬁ mms
(Q) ngm for maximam %gzzth 10407 mms 1575 mms
(3) Tine of maximum growth rate 4.08 days 4029 days
(4) Maximom growth rates 00456 mms/day 04558 mmsfday.
B,  ADULTS
(1) Maximmm lengths 502 mms Eob mms
(2) Length for maximum growth 2.6 mms 303 mms
rate .
(3) Time of maximam growth rate 8.2 days 7+67 days
{4) Maximom growth rates 00605 mms/day 0709 mms/day.

Maximam lengths, as already explained, are purely estimates and as
such will be only aspproximately correct,
It will be noted that the time given for the maximum growth

rabe is aboub the time of the ecdysisgi this applies %o both aduld

and fourth gtage forms. This is to be expeéted. The freguency
digtributions for populations eight and nine days old show that
both mele and female adults are longexr on the average than the
fourth stage larvae, and in some cases the difference iz guite
considerable (grephs 36, 37, 38 and others of the same bime),

The comperative sbsence of adults (in older populations) just
slightly longer than the length at which the ecdysis %akes place
may algo be significant, Possibly the strong growth impulse after
the ecdysin does not allow many young adults to fall by and remain
undevelaped,

If this is %rue 1% is to be expected that likewlise there
weold be very few if any larvae ab lengths corresponding to the
lengths of young fourth stage larvas, i,e. lmmedistely after the
third ecdysis, Hvidence has already been presented (see figs 8
and 9, pages 85 and 86) which indicates that in some cases there
is an accumulation of larvaee at this length, i.e. 15 mms or therse
abouts, In the sbgence of larger numbers, it is hard to say whetbhe
er the presence of these larvae is significant,

In the data gbove, maﬁimum rates of growth for females cocuy
earlier than for males so far as adulis are concermed. Thig would
seem to imply that the females pass through the fourth scdysis
before the males, bubt counts of relative numbers of male and female

adults in populations passing the ecdysis have net shoewn sny real
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differences to exist in this comnection (see fig 6a, page 67).
It iy poseible that the figwres given for the time of maximom
growth rate are not significamtly different. For fourth stage
larves, the maxiwom growth rate according to the formals is
reached first by the male, Since sexes cazn oply Just be ident~
iflied by the tail shape and length at this time, it seems wnlikely
that there would be sny resl difference betwesn these values.

GROWTH RATES,

lMeles and females commence growth at the same length, but
by the time they have reached maturity, there are big differences
between them in length, It follows that femsles must h&&m grown
fagster ﬁhan males, and this is in agresment with the growth rates
for meles and females caloulated from the growth eguation,

In view of the known errors inherent in this mathematical
analysis, it may be argused that the differences between the sexes
in respect of growth rate only coineide with whal sebually
happens by chance, Perhaps a slightly different set of values
for the constents b and 4 would have aliersd the relaticnship of
the figures purporting to give the rate of growth of the sexss,

To &xxive at the true growth rate wovld probsbly mesn an
analysis slong the lines of Bredy's true instantaneous growth
rates (7).

in spite of their disadventsges, it ls within all probabe
ility reascnable %o accept the fact that the maximum growth
rate (ibd) is faster in millimetres per day in adults then in

fourth stage larvae.

The logistic growth curve of Reobertson's type is not satise
faetory as o pleturs of growth =nd has been eriticised amongst
others by Brody (7).

He believes that Robertsonm's (43) fundemental ides of the
loglstic sguation as a descripition of growth is incorrect,

Growth is not necessarily an subocabalytic process as Hobertson
inferred, The aqu&%immﬂgg advanced represents & true loglsiic
curve, i,e. a symmebrical curve, and Brody atbttacks this bellef,

Growth curves according to him ars not usually symmetriecal because

the inflection does not tske place in the centre of the curve,
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The growth curve of g curticel has presented just this very

LN IB T T XA AN 1% s not truly symmebriesl because the fastest
growbh rate, i.e, the steepest slope, is not in the centre of
the enpve, As o resulit it hae no’% been possible to mslke an
axnod fiﬁ‘ﬂf o logistic curve to the debe, HFig, 12 shows this
¢lenyly: it dg the begt Litting loglabtic ourve and yel the curves
dv not reach their upper ssymptote +ill about 18 or 20 days for
the females and 16 to 18 days for the males,  This implies that
growth iz sHill deking vlsce ab this time, vhereas the velecity
corve of growth, crude though it ls, pietures correctly the
ceggation of growth ab about 12 days,

To evercome dAifficulties of this type, Brody found that
he had $o subdivide the curve of growih inko o number of come
ponent ports snd it different egustions te sath, The gingle
gruwth curve iz too cowplicated for representation by a single
gsimple mathenatical axpression,

1% is only falr to note thet Brody has been criticised
{22), it Deing pointed out that his subdivisions of the sigmoid
curve inte 5 number of distinet ezponentisl ourves or straisht
iines iy porely arbitrary in msny csses, aznd can be done with
any ourve of this type.

Thotever Tore of growth sguetion varlous workers suponrb,
many of them believe thabt in cur present stage of knowledge we
are not on safe ground if we venture beyond dsing growth sguste
ions ag an empirical clessificatiom. Gray (22) believes that
in sneh an smpiriesl formuls only two symbols hove sny real
meaning, those vhich denote time and size. ALl others are
mesninglegs, snd can heve walues assizned to them which give the
best representation of the data avallsble,

To conolude this seotion, it iz cbviews thabt little uvse
can ba wade of the facts concerning rate of growth derived from
the logistie formula, Hot only are the squations largely em-
pirdeal, aud the sverage curves distorbed, as slresdy desecribed,
but slze, ia meking use of symbols (velocity constants) other
than thoge dencting realities which we gen messure divectly, il.e.
the Metyical constants (to use Hedswar's (35) terminology) we
are on dangsyous ground. These yslosity constanis {i.e, ¢ « &)

are as already emphasiged too readily manipulsted in an arbitravy



faghion e give the best £t %o the curve. They havs,

as used here, no real significance,

It s not propused Yo abtempt comparisons bebwsen veluss of
the r“ci” consbont of the logistic used in this thesis with ite
equivalent as used by Scott (49). In view of the numercus srrors
lovolved in thelir aspplication such & comparison is scarcely valild,
It i¢ interssbing to nobe however that Scold makes no mentlon of
having any difficuity in fititing hiz loglistlie curves to the pointks
on the graph, in conbra~distinetion to what was found here, He
4id net find any differences betwesn the intrinsiec growth rates
of male snd female hookworms, as measured by the "d" constant
(referred to by him as the "b" constant). This is in accordance
with the implications of the eguations made here,

He did however find differences in the lntrinsic growth
- rates of hookworms from the deg when they managed to grow in the
cat, so that the formula used was sble bo plck growth rates of

that order st least.

Ho AGE BSTIMAPION IN ©

The use of the data obtained in this experiment bto determine

age in = population of O, curticei is studied and the difficulties

are noted, An analysis is made of the possibie ways in which
field acquired infestations would be expected to differ from the
axperinental daba, and a number of suggestions are sdvanced for

the practical use of the method in the age determination studies.

ol acquired
by a wormefree lamb when it is placed on contaminated pasture.
Two guestions arise., First, supposing all worm populations grew |
in much the same manner as those examined in this experiment,
with what degree of relisbility could the data on lengths be ine
terpreted ik terms of sge?  Secondly, what variations in the

growth of {, curticei

are to be expected, and to whal extent will
they negate the spplication of the knowledge slready gained?

To amgwer the first gquestion, it will be presumed that a
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geries of pupulations are avallable marwwap&ﬂ&iag te those

found in the experiment, These will be examined to find oub
the difficulties presented by the data on an estimabion,

(To aid in this disoussion, the mesms of populations have
been marked in figse 13 (males) and 14 (femsles) sand numbered
according to the sheep from which the population was recovered,

Graph numbers refer as usual %o the Appendix.)

"Infective Larvae in the Bumen®  Graph 3,
ONE DAL
In so far as this data iz concernsd, the aom%ina%iwn of
ruper amd infective larvas csn probebly be regardsd ass indie-
ating parasibism of up to Swenty-four hours dwration. 4% no
other stage were infeciive larves found in the lambs, including,
ag well as the smaell intestines of a1l lawbsg, the rebiculum of
the lemb killed on the first day and reticule of the two lambs
killed on the gsecond day. In view of the rate of passage of
larvae through the rumen (see pags ) it is mot likely that
any significant numbers would be present after the first twenty-
four hours.
of lgmbs killed on the second day. bto confimm this siatoment.

(The fact that ne infective larvae wers recovered from the

small intestines of any of the lawmbs is interesting becsuse live
ones were found in the fasces many days after infestetion (see
pags 78). This would seem to indicate that they were overw
looked in gearching tha‘ingasta of the gmall intestine, This
is surprising because the sxamination of the ingests was most

thorough) ,

“Third stage parasitic larvae, with &
mean length of 730 , located in the small
inbestine =nd without fourth sisge larvae
present,

THO DA Graphs 4 and 5.

"Impature fourth stage larvas with a mean
length close to 1 mm, mssocliabed with
smaller nwnbers of third stage parssitic
larvae showing some signs of belny near
the third eedysis”,

Graphs 6 te 8.

The actual proporticns of third to fourth starze larvas
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will possibly very considerably, and may not be a veny m&géul

exriterion, lLength is & more valuable feabure, larvas aboub
one willimetre long being likely Ho have Just passzed the third
ecdyais,

"Fourth stage larvas, with » mean length
of 1e3 %o 15 pms and with sex differ-
ances becoming evident in the shape of
the taill,

Graphs 9 %o 12,

In lemb 44, containing a three day ¢ld populabticn, some
iervas ¢id show differences in the shape of the tail Hip.
Tery few of them could be classified with certainty as male or
female, and no such differences were found in the population
from lamb 389, =lgo killed on the third dsy, Sex diffsrent-
iation slong with the distinctive mesn lengths (see figs. 13
end 14) sre sufficient to distinguish between three and four

day populations obtalned in this experiment,

"Pourth stege larvee, with a mesn length
for males of 1+6 to 1¢8 mms snd for fee
meleg of 1-7 to 2.0 mms",

PIVE DAYS Crephs 13 to 16,

With incresge of length, the possible range of lengths
glgo increaged, $tandard devimbtions are likely to be gresater
in five~day than in four-day populations, especiglly with fagt-

gr growing female wormsg, as shown belowie

SEX POPULATLONS POPULATIONS
4 DAYS OLD 5 DAYS QLD

lisle | Q.16.and 0:1l., | 0015 and 0.17.,

i

Femsle | 0013 and 0:16.. | 0:25 and Os22...

The danba above also shows that it is likely that on the
fifth dey female populaticns will show & greater standsrd dew

viation then males, This does nod cccur on the fourth day.

"linles sbout 2.1 mme long snd
females about 2¢3 mms long",

SIX OR SHVEN DAYS Grephe 17 %o 32,

It is not possible to distinguish betwsen populations six

and seven days old in terms &f length, If a population with a
mean corresponding to those given for this age contained z few

adults, it wonld slwosi certainly be seven days old, The

AdPFIi T he 4o 'khm‘;l', Ehmre sra wavw Foo ol e Favenmd od oaron
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dayet only ons wag recovered in ithis emperiment, a male fyom
lsmb 10,

Reference to fige, 13 and 14 shows that the mesn lengths
for the worms from lamb 23 are sufficiently short to place them
in a five day old population. The significance of this pop-
wlation will be discussed later,

(M,B., VYhere the frequency distribution is bimodal as
with females of lamb 43 (graph 32), the mean

distribution ig taken ae the

growing larvae are regarded ss standsrd,)

onlation mesn. T™e faster

"immature adults aed fourth stoge
larvae present®,

BIGET OR NINE DAYS  Graphe 33 %o 49.

The mesn lepngth for a2ll advlt males at eight days is
2463 mme snd for females 3¢13% mms, Corresponding figures for
nine days are 2096 mme and 3.68 mms respectively,

In order to differentiate between 8 and 9 day populations,
it was firgt decided to base the lengihe of the pupulstions on
the mean value for both 4th staga and adulbs, It was found,
however, that especinlly where there were many larvae atill in
the fourth lethargus, as heppens at eight days, the memn length
for the whole population became aslmost the same as the mean for
the larvae in the fourth lethargus and the mean for 8 days then
differed very 1little from the mexit lower group fer six and
gevern days. On this account it was decidsd %o use the mean
of the adult worms in 8 and 9 day popuisbiens. This is emly
reagonsble when it ié cone idered that these adults sre growing,
wheress the fourth stage larvae are note This principle is a
natursl extensien of that sdopbed with bimodal curves (Lamb 43,
graph %2} where the shorter mode was regarded as being a mease
ure of worms with slowsry growbh rates, and was therefors not
included in the population mean,

In nddition to the length, the proportions of fourth
stage larvae present may be useful in deciding whether a pop-
ulation is eight or nine deys old., VWhere less than hali the
population ig adult, the chsmees asrs that it is eight days,

The shaspe of the frequemcy distribution may also be of
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walue, Bighteday=o0ld worsps will prebably form a normal dis-

tributieor, In nine day populations, the adults will have been
growing for a longer %ima, and the distribution will tend to be
bimodal,

Twe spomalous values ocours lamb 34 at elght days, and
1emb A9 abl nine duye, Thiz will be discussed laber.

The presence or shegence of fourth sisge lsrves shouvld meke

the distinction between seven and eight day populastions guite

clesar,

Y4dult males 3.5 mme long and adult
females 4-4 mms long, and a few
fourth stsge larvae present®,

TEN DAYS  Graphs 50 and 51,

Because only one population was exemined here, it is not
posgible to make any estimate of the probable varisbility, In
figs, 13 zmd 14 the mesn values for the populstion frem lanmb 48

are guite distined from both 9 and 11 dey old worms.

#idult meles shout 4 mms long and
femaleg 48 to 5 mms leng. A fow
may have 1 oy 2 sges in the uwberi,
but the majority are devoid of sva®,

ELIVEN DAYS  Graphs 52 to 55.
The presence of odd eges is likely to be a uvseful identi-
fying feabure, It is wost unlikely thet any females abt 10 days
would hove meny egge. On the other hand, 1t iz Just as likely
that there would bs no femsles with egge in populations of this

age,

"lioles A6 mms lome, females 5.8 mme,

& pumber of females conbalning ova,
averaging 8 per worm, Thase will be
mainly the longer worms, The shorter
females show derkening of the vvaries
in gome cases®,

DUELVE DAXS  Graphs 56 and 5T,
Here sgein data is confined to oms peopulation.  The
number of ova, snd the proporidion of larvas containing ova, as
well ag the length of the worms, mekes this an essy age group
to identify, The populabtion on which this dsts is bagsed shows

a propounced skew, which may even be interpreted as being bhimode
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al, It was not possible %o divide the distribution inte two

curves however. By eliminating all forms shorter than 5e4 mmg,

the mean becomes 6.4 mms,

It is not possible to determine the age of a population
older than twelve deys with certalhty becauge growth cesses

gbout this time.

The foregoing illustrates how the data could be used to
determine age. It now remains to study the obvious defects
which appear in this scheme., They areil=

(1)} The reliability of the onset of ovulation as an
index of age.

(2} The interpretation of Bimodal snd skewed distributions
of length,

(3) The differentiation between 5 and 6-7 days.
{4) The ecdysis as an index of age.
(5) Abnormal rates of development.
(1) Onset of &

wormg was cited as one of the identifying features of a popule

The presence of a few ova in odd

ation eleven days old, A% the same time, it was mentioned that
this may not be a very reliable index, Similerly, the use of
the presence of ova in a prioportion of twelve day old worms as
an indicabion of age ghould likewise be accepted with cantion,
Data obtained in this work (see page 79) has shown that there is
a big possibility of variation in the number of fertile females
amongzet growing mature female populations, It is likely that a
twelve day old population could be found without any eggs, and
it is also possible, but mach less likely, that a large proport-
ion of females eleven days old could have eggs.

1% is therefore hard %o accept the presence or absence of

ova as an absolute indication of age to within a day,

Bimodal and skewed dise
tribvutions of length a::.'a not very numercus in younger populat-
iong, but their incidence and importance, especially in female
frequency distributions, increases with age, They are likely
to cause some confusion and doubt in age esbimation,

Obvious and easily explained bimodael curves are common in
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nopolabions eight and nine days old,  Thess are caused by

the fast growing adulis assoelaled with fourth stage larvves

in ths lebhargus. 1t has slready been explainsed why, io these
curves, the mesn value of the adult freguemey dlstribubion is
accephed ag an age im&@x&

However, in cartain cases where the true explanabion of
these bimodal curves is not obvieus, therse s 2 resdl dangey
that they will be interpreted as representing two populations,
Tor exsmple, the females from lamb 4% (graph 32) show a bie
modsl frequency distribution with mean values 1o5L and 2064 mmg
respectively, This could be deseribed ag heing & mixture of &
4 day smd a 6 - 7 day population, Similerly, lemb 26 (graph
57) shows a very skewed curve, Hending almost %o a bimodsl dige
tritution, Theugh it is enly one population 1t could easily
be regarded sz belng » mixture of sleven and bwelwve day pope
vlations,

Gertain other populations show only elipght desrees of
gkew which shopld net cause any confusion, The mesn for
these distributiong differs wery 1ittle from the meds however:
elimination of the extrame values mskes 1ititle differense %o
the mean,

¥ith mature populations, there are vexy big deparinres
from normal., The c¢lassic example of these is the female dig-
tribution from lemb 18 (grapvh 73). Had this been subnitted
’fnr sre estimation it would have been classed as a mixbture of
popmia&&amﬁ ten and twelve days old,

Where two disbribution curves ocour, the meas for one
being fourth stage larvae about the length at which larvae
pass the final ecdysis, and the mean for the other a much greats
er lengbh, special difficulties in interpretation ccecur.

There are two possible alternatives for this type of distribe
vbionge

(i) 1t mey represent 2 single comparatively old

population with a few individusls which were
wable to pass the scdysiz.

(i1) 1%t may represent two populations, one 6 or
7 days old, and the other much oldsr,

1f the fourth stege larvas ars few in numbers in compare

igon with the adults, snd ave net soumbined in a distribubion
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with asdults of the same or slightly gvesbter lengths, it is

iikely that they represent immabure Lerms of the same age as
the adult dletribution, as suggested ln the first alternabive
above, Bxauples of this are common, 8.2 Lawb 2 (grapils 41
and 42),

If the older populablon had associsted with it in the
gaovnd &i&ﬁwib&tiam an approrimately egual nuwmber of worms in
a fregueney carve bypical of those found ab the elghth ow
ninth days (i,e. adulbe and larves in cloge assccistion) them
it conld be fawly regerded as s double sge popuplation, ag i
the second albernabive,

There iz no obviocus way rowd this lobesrpretation of
sertain bimodal or skew curves. In practics, probsbly the
begt gcheme would be a study of populations from severel lambe
killed en the same day. If & bimodsl cuxrve in any one pupe
ulabion was due to worms of different age groups, then it
woald he reopeated in sach lamb, sssuming thay were all egually

gxpwsed to the factor which initlated infestations.

{3) Diffsrentiation between five and six = seven davs.

Erior bo five days, populabion chavacieristics ave very daf-
indte for gadh day and it is not likely that they would present
any aiffienlty in lnterpretatlon,

There may however be some doubt ss to whether s popule
ablon was in the five day group, or in the siy - geven dey
group, Ao additiomal %est would be to exsmine live specimens,
Those which moved actively could be placed in the fifth day
group, or perhaps sizth day. dny which were more or leas
mobile would be seven days old, or perhsps six. Veglia (68)

was able bto wee this methed to pick lsyves of [, conboer

the final scdysis., Mo attemot was made to apply it to

(4) The lmportsnce of the Hedysis. The third ecdysis

has been suggested as an ald in differentisting betwesm pop-
ulations three and four days old. o view of the fact that
dndrews found this to take place on the fouvrth dey, while in
thie experiment it wes Lfound to be mearly concluded ai sventy-
twe hours, it cannot be regarded as & very stable index of age.

& popalation of third stage parasitic larves wnder the
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date obbained in this experiment would bs clagsed ss & two

day population, It must not be overlooked however that it
may be g three dsy old populsation, which will pass the third
eedyais on the fourth day of parasitisn,

The fovrth ecdysiz has aleo beon regerded as o velatively
ponatant faetor for age identification, This assumption hasg
been confirmped by sll populations recoversd whem elght or nine
days old with the exception of lamb 49,

(5) fbpermel revss of Develovment, Mentiom bas slready

been mode of one pubshending example of abnormal development,
lamb 49, eraph 49). At nine days, the mesn length of this
population was only eguivelent to a four day old population,

8imilerly, ab seven days, the population frow lamb 23
showe glomg of being moch shorter than other seven daoy populsde
long,  The mean is more compatible with a five day populabion,
Lamb 34 (grephs 37 and 38) conbaindd & populabion which at eight
days wes smeh lenger than othar eight dsy pooulabtions, nolb only
in young sdults, bub also in fourth stage larvae, which were
the lemzest of thiz stage found.

Thepse three populations, from lamba 49, 2% and 34, #11
had one feature in common - ﬁh@ infective dose wag wmany biues
larger them sny of the otherge Une othex population had a
similar doge (lamb 28}, but it iz no different in mean length
from others of its sge group (figs. 13 and 14),

This zspeet has been dlsovssed in the section on the
affect of the gize of infestation on growth, It is sufficlent
e dndicate here thaet such verisbion can exist and iz Likely do
be & gerigus scurce of erroy in the Interpretation of lengths
into ages. The only obvievs solubion is %o uwse 2 lerger pumbey

of lambe as svggested in the discusgsion on bimedal or skewed

CUrves .,
ZLELD NEBSTATIONS.

o far, the value of the dets In esbinasting bthe age of
Sa corbigel has been discussed, This daba was obtained from
artificisl infaestations., It remsins %o consider how naturally
asguired infestations may be expected to differ in terms of
development,

In interpreting measurements of worms gbtained from nabe
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el dofestetions in hitherts wormfres lewbe, the gsigpificence

ot

of the following factors must be kept lp mindie

(1) Individuality of the sheep,

{2} The effect of the change of nutrition,
(3) Acguired resistance,

{4) Elimination of infestations,

(5} Size of dose and rate of dosing.

(1)

Jpdividpality of the gheap.  Abttention hag beon

drawn in a shody of ovalatlon bo the fact that all lamba do not
produce envirenments which are %x&&ﬁky alike In so far as the
growth of 0, coriigsl is concerned. The data just discussed
also provides sxamples of thip and 4% is reasousble Yo prosume
that thege diffsrences in envirenmente will be signiflcant
foeaturss in naturally segnired infestabiona.

Of the thirty-elght sheep veaed in this sxperiment, nine
producad popnlations which ware partly or Waelly wndeveloped
in comparison with obhers of the same ags. In all except two
cazgs this could only bs due o differences inherent in the
suvivennends within mﬁ intestines of the Lanbs, The two
possible excepbions are lambs 49 and 2% (discussed slsewhere)
snd the ether Llawbs are nos. 18, 24, 26, 29, 40, 41 snd 43,

If we can seccevt thess situations as byplesl, Lt is posge
ible thabt sporvoximately one oub ol every five lawbs used poyv
show nigne of sbnormal development in ite parasibie Tama, and
this will render interpretation of length distribubtions diffie
oali,

in the field, the best safee-guerd agalngt this Aifficulty
would be te kill several sheep al the same time « 2t lasat four,
This wonld assist in debermining undeveloped and otherwise ahw
aryant populations,

(2) Fatrition. 1% is not likely that the sudden change
jn dlet frow s hay - ooncentrate feed bo & green pasture wovld
hinder infestations, Lt is even possible that the digestive
upsets cavsed by the change weuld weaken toe host and ald the
parasibes in sebablishing themgelves,

(%) Aponmived resistence, Elgewhere it hag been shown

that this is likely to require ssveral wesks %o develop. It
will therefors be of no significance in age esbimation, Since
growth of G, curticei ceases at abpub twelve days, it ig not

possibles to determine age alfer this time, ab least oo the dats
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obbained here, 1t ig bhuos Little uee keeping lambs out for

mors whan about twelve days before killing,
(4) Binination of infestations. layhew (32) observed

that the faecel sgeg cvunt of & calf infected with M. conborius

dropped sharply almost to zero when a further dose of infective
larvas was given Yo the suimal,

If this same phen‘amenm can bale place with G,

lambg, then thers is a danger of incorrect conclusions belng
dravm, It would, for example, be possible for a laub to acquire
an infestation when environmenbtal conditions were favourable for
the infective larvae. i in a matter of & few days o Turther
infestation was acquired, which prompily caused the loss of the
previoug larvae, then there would be no record of the original
infestation, and conseguently no record of the assoeliabion with
it of the particular environmental condition which proved fave
ourable for parasitic infegtion,

LIt would be advisable to repeabt Mayhew's work, using lambs

8&3&1 uu,: ot

icei. A special attempt should be made to find out
whether or not immabure forms would be eliminated as a result of
the introduction of the infective larvae, and at what dosage
level the elimination would take place, It is mok likely thatb
there is a sigilar answer for all sheep to this labiter query.

has alresdy been shown that the size of dose affects the devel-

it

opment of the population, Hate of dosing is also important,
according to Leiper {quoted by Lapage (30)), in that a series of
small infestations constantly picked up may lead to the develop-
ment of a resistance somewhat different from that developed by
snimals receiving isolated or periocdic doses, This is not
likely %o be important in experimental asge determination of the
type envisaged, because the animals would be out for too short a
time for sny resistance to develop,

Poseibly a low ¢ongtant intake would result in a frequency
digtribution with no particularly mariked pesk and with a very
large standard deviation,

Size of dose is thus likely to be an ijmportant factor in

fieldenoguired paragitism, lLarge intekes of larvas may ine

Fluanaes the davatmemont af tha wewael eaddan Mo sroem af  msemonanan't
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gheep will not necessarily obvercome this becsuwse they will
net 21l be affected in the same way, =ms observed in this exe
periment, Yhere snomalous curves ef distyibution of lengbh
are found in seversl lsmbs killed at the seme time, 1t may be
advigable to combt the whole population, If the numbers are
very high, this may he an indication that excessive numbers of
paragites have interfered with the gwowth process.

SUGGRSTED EXPERIMENTAL PROCEDURE.

It is suggested that the technigue for studying factors
which predispose a lamb to parasitism by an estimation of the
age of its nematode fauna be defined in the light of the folle
owing peints based upon the data obitained in this experiment,

The numbers of wormefree lambs reguired.

Because 81l lanbs do not pregent the same environment for

the growth of parssites, it would be wiss to use several, pre-
forably not less than four lembs at any one killdps,

fhe length of the free srazing neriod.

I lewbg are killed after & period of more than itwelve
days in the field 1% will become difficult to estimabte the age
of amy 0, curtigel they may acquire., For example, ihe age of
& wabtvre population from & lemb which had been left oub for
ghabeen days could only be estimated as belng between twelve
and sizxteen days.

Ihe sex bo messure.

In G, ourticel male worms have the advantage of being
shorter and less variable within a population., They therefovre
boke less time to measure and a smaller sample can be used,
The frequency curve of distribution is more regular then with
the females, and irregular or delayed growth is less likely to
show up as an shnormal distribution. A& further advantage is
that in mixed infestations the meles would be eagler to idente
ify frewm other species than females,

To femalesg gm@g the adventage of faster growth, which
neans that differences between mean values of populationsg from
day %o day ave greater thean in meles., HMeny of the variations
concesled in a mele freguency distribution may be of valne in

age estimation, These will frequently beceme svident in the

Femete Aletribotion. A eownariasn of orovhe T2 and T8 witd
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illustrate this soint,

in apite of these advanbages, 1% would probably be enly
necessayy bo meassure nmale wormg where g@vwxmx sheep are killad,
3£ numbers sre limited, it would be advigsble teo nmeagure female
worms as well, JFor the smsller formsg, five days old or less,
there uyoeld be no harm in cowblning neles and females in the
pame dlatrilution, becanse the diffsrenpes in length betwesen the
sexes are not great.

Iho. Speches. Lo messure,

| In geme csges 1Lt way be advanisgeous bo study the sges of

two species conjointly, for exsmple Uooperis and Usbexriacis,
easuming that they sre affected in 2 similar manner by these
voriationg in the epvirenment which influnence the rabs of ine
fastation in sheepn. This would help in the analysie of some
shmorusl pepulstions, sepeclally whers only a Tew sheep couldld be
killed at the one btine,

L% would slso be an advantage to study a specles which

B

took longesr %o reach maturity than O, ourd

igsi, vhile at the
game bine retaining the simple 1ife uyola, He oonltorius may
prove a wise cheolee, provided it could be obiained in adoguabe
numbers,

Shee of sample.

in collectlng this daba two hundred worms of sach sex were
messurad frem populations verying in sisze (with some excepiions)
from one thoussend te five thovssnd individuale,

It iz lmportent to have sn egtimube of the size of sample
which ghowld he measured, A methed iz furnished by Snedecor
(52). On page 46 of him work he quotes =z formula for the
estimation of gample size when the mepn and gtavderd deviation

»

of o gample are know,

=

The sarple slze, 1 =

2
when V =  variance
% = ratio of mean to standard ervor
L o fiducisl linlibs of the mesn,
Since the wariation in length within = population incresses with
aga, thres populstions of 4ifferent spes were seleobed in this

experiment. They were those frow lawb 35 (5 days o14), laud
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4B (10 days old) and lamd 18 (22 days old).

in g1l dases, the variancs was alrsady knmown,  Values of
t for the 1% and the 5% level were obbtained from a table given
by Snedecor (52, page 65). Two values were selected for L, ‘Tad

*3 mmg, Begults of these gsloulations sretl-

AL 5 days (lemb 35|10 days (lamb 48] 22 daye (Lamb 18)
SHXE Hale | Fenmle Male Fomele Hale Female
Fidaeial
pmdte of bhslo-3loeslors  lousio3| 0u5l0.3] oe5l0.3 | 0e5loe3
{mme )
Sine §~ %
popule | ® | 411335} 451187 19615441 31318701 2941817 | 406{13%0
ation |58
tnt few B u
values ’5‘”’% 72 12001791220 (34119471 5451255] 4941382 | 707[%0%
Quﬁ g'ggw 3’

it is obvigus that whatever limits are set for the values
of % and I, the sample must be bigger for older populabtions than
for younger popuwiations, and that more females must be neassured
than males for the same values af«%iamﬁ B

Snedecor emphasises that this formula is only a rough
guide bu spemple size,  Hizid adherence to these egiimales s
not necessary in this method of determining age, Vhere a
curve of dldgtributicn is made from young worms, snd especislly
where oboly » simple curve is lnvelved, very smell mambers are
probebly sufficient to determine the age tv within a day or so,
and messuring the large numbers se determined by the fermula is
not likely to mske the sgtimate of age wore accuralbe,

The populstion from lamb 18 was selected bocaves it is
probably the nearsst approach to the slightly complicated dia~
tribution drawn frowm lambs in the field, ILarge somples are
needed to meke falrvly certain of placling a mean within the fid-
ucisl limits selected, Lt is likely howsver that the fiducial
Limits of even 0°5 mms are needlessly small forQa mature pop-
wlation, Oiven & knowledge of the growth of . ouriicei, an
nvestigobor should not mead linits 29 small as those suzgested,
and he could accordingly messure smaller numbers, In addition,
if seversl sheep are killed st the same time, =nd $the populations
they have acquired together have all grown normally, then by

superimptsing the distribubtions of a fow wo
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an accursbe picture of the ages of the populations could be
obhained, Therefore, in geperal terms, the wmore lambs which

can be vsed the lower need be the nowber of worms neassured,

8o far ss other spscies which grow similarly to §, curte
Aged are congerned, it is likely that their growth and vari-
ation will be similsy to Cgoperia. Therefore the remayks

congerning sanple size in §, curbic

ai may be applied to them
ale o,

»u
Be
28
L2
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LHAPTER ELL.

THE  DIFVERENTIATION _AND MEASURFMENT OF INFRCTIVE
LARVAE.

SUMMARY.

Gencluding that the culture was mainly Looperi
and Qsteriagia spp., & study wes made of the Literabturs to 4«
termine the most suitable way in which ko differentiate between
the two species, Total length of the laxva, and the shape of
the tail tip were selected as being together the most suibable
chavacteriatics, sod an estimation of the mesn length of both
Ss..curbicel end Qsteriegle spp. was nades
LNTEODUCTLON, |

In. prder to complete the study of the parasitic growth of
kﬁﬂ curticed, it was decided io measurs the I@Rgths of & sauple
of the infoctive larvae used in the Moin Experiment.

Two problems were involved, Firstly, there ware seversl
spocies present in the culture, Secondly, the material was
found %o haove dsteriorated with storage, snd finer detalls of
the anatomy were not readlily disceornible,

It was known from examinations of the peoulablong erigine
ating from thie cultvre that the mejority of the larvae were
Osterteglia ond Cooperis species. Only o few Irpichestrongylus
species were found. Mematodirus spp. and Strongylnides pen-

ware also presenk, bub as they were present in the ex~
perimental lambs pricr to infesitation, their presence is not
necesenrily an indicaticon thab thay wers in the culiturs, It im
unlikely however that they were sntirely absent frem 1%,  Though
no gearch was made in the shomasum or the large intestine of any
of the experimental lambs for other species, & study of the
source of the cultures shows thabt others were likely to be presw

ent (pages 39 and 52). These were Qesophasosbomum venulosum

and Hasmonchus conbortus.
EEVIEY OF LITERATURR.

Dickmens and Andrews (14) have sxamined the infective
larvas of G, corticel and Ostertssie spp. They say "the larves
of G, oncovhora snd . curticel may be distinguished from the

others hy the oresence of prominent oval cuticvlarized stroote
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ures ab the antericr end of the cesophezug snd by the very

blunt snd rounded posterior epd of the lavve proper. The tail

sheath is slightly longer thar that of 0, circumcineta.

In describving Q. clycumeincts thay nobts the prasence of

cuticularized structures syound the bagse of the bueccal capsule,
In thelr own words:= "The buecel cavity is oveld and is connscted
to the oral opening by o fine cenal. The walls Just posterior
o the buccal copesals are slighily wore consplouvovs, belng mors
highly cubicularized bub siill very smell®., The tail they de-
seribs as "bluntly pointed’.

The difference betwaen the "very blunt and rounded tail® of

G, curticel and the "bluntly pointed! tail of @, civeumcingha is

not wmuch in words., However. drawings from Dickmans end Andreows!

work (14, plate V, figs. % and 4) show thet the tail tip of

G, curticei ‘\ia distinctly mors blumt then that of Q. circumcincis.

Wennig (38) found the larvae of Cooveris spp. and Qgiere
Jagia spp. the most difficult bo differentiste. Ilis drawing

{38, pese 265/266) shows that he recesmised the "bluntly pointed”
tail of O, gircumcinchs and Q@mmmy However, he was not
working with G, curbticei but with a mixed collsction of G, fnslle-

borni, paba and fp sntidorcs. a1l perasites of wild anbte-
lopes in the Union of Scuth Africa.,  These lsrvee, sll very much

alike, have a more peinted teil then D, circumcincts, snd are

therefore not the same as ﬁwm in this wvespect,

Length has been used by mnany workers as & means of differs
enbiating bebween speches of infective larvae. The literature
contains only one measwrement of the length of the Infective
larves of §, curticei. This is given by Dickmensg and Andrews
as being from 711, %o SSSOW, with the mean '?ﬁ%m

Many measurements have been nmads of Q. circumcinets, and

there ls a wide wvariation bdeiwecen these, The values given arve

as follows lw

Svurce Spacies Rang Masn
(Microns) {Microns)

Horgen (39) %MQ&?GH@ cincha not given 830

Monnig i : 8869307 907

Dickmans S :

& Andrews 197-866 619

Gordon (21} 656580 {79
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Monnig says "the m&mxwmﬁm@ shaws the most freguent

{not the averase) followed by the shortest and longest obtzined”,
It is sbrange that the most frequent messurement {(or mede)
ghould have no values bigher than it whalsoever. Hematodes
mazsured in the course of this investigation have vot shewn

guch 2 prooounced skew frequenay.

Gordon's messurements are btaken from 1000 larves, and
give & lower 1imilt than the obhers, Commeniting on the vaxiatiox
haetwesn the resulbs of different workers, he says thet it ig =
fnatter for speeulation®,

I% wovld appesr that the two most importent verisbles sre
Jikely to be (1) variations in the envirenments in which the
larvaes were cultured amd (2) metheds of fizabtion employed,

The following systems were nsed by variovs workers in
nraparing cultores e

Dickmens and Avdrews poured sterile walter conkaining ova
and detritug of female worms on %o a mixbure of sand and the
contents of the caeca of a sheep, This mixture had previecusly
been heated st a low temperature to kill any nematode aggs or
larvae already there.  Both lMonnig snd Gordon used dung from
snimals which were hosts of a pure infection of the nematode
studied. This dung was kept in a glsss Jar and (with Momnig)
this was left at a temperature of 26%C =nd where possible in the
dark, lMorgan's procedure was gsimilar to Dickmans and Andrews,
Fomale worms were teassed oub, relessivg the ova, which were
cultured at 259 in sterilized sheep's feeces mixed with snimal
0h&ra&@i or sherilized soil. \

Glasser and Stoll (19) studying the erowth to the infect-

ive stage of Haemupchus contoritus on sterile nuirient media,

compared the lengthe of these larvae with larves cultured on
wneterilized sheep dung, The former were found %o be on the
averase shorber than the latter, the figures heing 569t 19 as
opposed %o 679 + .f:I, and €b4 & Eﬁw_&f@r samp:{ém of the larvae
resred on sheep duggﬁ This work shows the varlation vhich can
be expected from different cultures, It is not unreasonable
to suggest that some of the variation in larvel lengths of
Osbertagis species may be due te the different conditions under

which the larveae were reared. involving verhaps varistions in
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guantity and quelity of availsble nutriente.

The second souvrce of varistion sueggesited is that of the
method of fizing employed. Dickwans and Andrews made all their
messuremnents on larvee killed in werm Fleming solution, whils
both Gordon and Morgan used gentle hest to fix their larvae
prior be measursment,  Monnig deoes not sbtate which method he
employed. These different Bechniques may have contributed to
the variation betwesn different workers,

Yhere the differences ln lengih belween species are so
small with meny newstode infecbive larves, and where methods of
hendling the waberial may cause variabions grester than the
variation within a specles, sn ascewabe technigue in beth resre
ing and wessuring the larvae seems Very NeCOsSary.

For this study, the work of Dickmens and Andrews was used
#e & golde, becsuse it is the moest complebe account availeble,
The differences betwsen infective laxvae of §, gurticel and
Ogtertaszis spp. as enuvmerabed by these workers are set out below,
211 the messurements being in microng e

C, cuxbicel Ostextazia spp.

Totzl lenghh 711850 787.866
Dimensions of (}%8{} By 10 &){}
intestinsl cells Z ¥ 1 by 1
Xa*%ﬂ@th of % 6@ o a0
Deguphagas 1501 150-13
Distance from anbag-

ior end of genitael 340448 280-430
primordiomn

T2il of lervae proper 5«99 2040
dmus to tip of sheath GTwl 22 94110

METHODS BWPLOYED IN DIFXERENT

& preliminary attempt was wasde to sepsyate the two species
pragsent by messuripg the lenghh of bwo husdred larvae, using the
microprojector and the measuring wheel, Later the Camers lucids
was employed toe messure larval length,

in sddition te length, it wes decided to study other chape
acberistios. The messurement in the beble abuve which shows
the greatest differsnce between the twe spscies is the length of
the larvel tail. This is the weasurement from the anmus to the
tip of the larval tall, The state of the materidl was such

that it way extrewely difficult teo identify the anus, even when

Wemn Nomparsn wema  wrfl Nl mwee ewmBer e eowayr ol G atie gian 0P
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cluded posaibilitiéa of using the measursment from the anus to
the tip of the sheath. There is little difference between the
gpecies in this respect however.  Another measurement which is
not greatly different between the species is that from the anter-
jor end to the genital primordium. The variation within sach
species is very large, being, in the cage of the Ostertagia, over
twice the varistion in lemgth, In nezrly all cases, the mt@t-
inal cells could not be distingnished as separate enbtities, so
that measurements were impossible, Disintegration of the larvas
slso made it extremely difficult to pick out any details of the
bucesl capsule, even when using the oil immersion lens,

It was finally decided to measure the length of the ceso-
phagus, ma:nly because it was well d:fmd. In a few cases,
however, the junction of the ocesophagus with the intestine was
obscure due to disintegration of the intestinal cells. :

in addition to total length and the length of the ocesophagus
the shape of the larval tail tip was used as a means of identific-
ation., This in prectice was not as easgy as expected, (Creat
care had to be taken with the depth of focus, or else a pointed
tail could be misjudged as being rovnd,

RESULTS.

ALl the measurements obtained are reproduced in Appendix X,

A frequency polyson was constructed from the data obtained
by measwring two hundred larvae with the micro-projector and the
measuring wheel. This revealed defects in this system of mease
urement when very small objects were invelved, The data, pro-
duced to two decimal points of a millimetre, was arranged with
the following class intervalsi~

69 - -70
71 - 72
73~ <74
75 - =76
In some class intervals no values cccurred, for example t=
69 = -70 28 larvae
Nl - -"2 nil
13 = <74 44 larvae
75 = 16 45 "

From the nature of the material, it was realised that this

il result for a class interval covld only arise through defect-

ive measuring. IExamination of the chart unsed in transposing
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revolutions of the messuring wheel lute millimetres showed that

there wers no revolubions or fractioms of a revelubion equi-
valent to the following dimensionsie  °49 = 50 mmgg *60 « <61
mngy *7L e 72 mme; °82 ~ 83 mms, From the class intervals
employed it will be seen that the values 49 « 50 mme and 71 -
e 72 wmme form complete cless inbtervals,  However, the walues

60 « 61 mmy and *82 -« 8% mme £all each within two class ine
tervals, and go no obvious gep oceurs in the frequency polygong
thus 60 « 61 mms lies partly in the class interval °59 « +60 mms
md partly within the interval <61 « *62 mma,

ﬁ@m&w#&ngmmant of the clags intervals produced & frequency
polygon which overcame this difficulty (graph 1). Twoe distinct
curves are seen to be inveolved. The mesn for the entire dige
trivution is 7465 = and the standard deviation 3@”% .

From nessurements of the length of £ifty lerves tcken with
the camera lucids, a fregquency polygon was construched.  Bach
larva wes classed as "Cooperia” if it had a blunt $ail, snd
"Oatertasie® if the tail wes pointed, This ennbled the distribe
ubion to be divided inte two types of lsrvae. The forms with
the rounded larvael fall are centbered on a mean of YQ%f&?E5'§M H
those with o pointed teil on a neen of 781 2 30*%ﬁ&(gxaph 2).

The mean length of the oesophagl in the disbribution cente
ered on ?61,%wa$ lﬁgﬁ,ﬁ That of the o@&a@h&gi in the distribe
ubion cenkersd on ?8§&#w&a 155»»@

With total length of the larva as absiOcae, and length of
the vesophagus as ordinate, & seatiber chart was prepared,

Since length of the cesophagus and total length are shorter on

the average in Cooperis than in Qgshertaci

&, it was expecited that

two overlepping but distinet groups would be formsd,
DISCUSSION,
Ao The shape of the Larvel tail ss a gpecific charac

In order to test whether the shape of the tip of the lare

val tail had been uvsed corvectly as a differentisl character in

dsciding if a larval form was £, curticei or Osbertas

i apecles,
an analysis of variance was made (52) on the data, and is set

out on the followinz page,
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ANALYSLS OF VARIANCE ON MBLUNT® VERSUS "POINTED TAIL DATA,

Source of Degrees of Sum of Mesn Squere
Variation Fresdon Sguares

Batween 1 4200°9 42009
Groups

Within 5 27056, 0n
Groupe 4 57955°5 790-7
Total 49 421564 -

F o 420009 . 5-31, which is greater than the 5% level
7907 of probebility, 4-04, for 1 and 48
degrees of freesdom.
if the population of infective lagvae ls very lsargely a

s, populabion, then the significance of the

Logperie ~ Ogleriagd
difference betwsen the two groups is sn indication that the sel-
action of the species on the basis of tail shape did in faet chow
8 veal difference, The likelihcod of i% belng due to chence is
only 1 im <20,

Additional evidence can be seen in the mean values for the
EL OV o The shorter mean, 761 microms, lies close o the valve
for the length of U, cupticel infective larvae which is given by
Dickmans and Andrews as bveing 752 micremns. The higher mean
length, 781 microms, is shown to be in clese agresment with the
779 microns given by Gordon as the mean value for the length of
Ostertasia larvas.

the predominance of the lgoperis - Ostextssis type in the
population used for infection has already been discussed, Had
other species besn present in more than small numbsrs, the ghape
of the tail slone wovld not be a practicable method by vwhich to
isolate the fJogperig and Dglsritagia larvae, as some spscies have

rounded tails like Cpoperis. e.g. Qenophagos

while others are more like QOstertasis. o.g. Irichpstronsyius vile
ripus (14).

B. Sveeific differentiation wsing the Scatter chart.

The scatter chart made from the combination of total length
and ovesophageal length is nol reproduced and the grouping was net
analysed statistically, Since the total lengths of the two
groups differed significenbly, this method of identification was
congidersd to be superfluous. It may be of uvse in some cases
where lengthg alone will not revesl the presence of separate

groupings,  This remsins to be proved however.



' Gowparison bekween the Camera Iueids and the
Miero-vrojector as messuring instrumsnts for 3

Larvse mesgured with the micro-projectsr had s nesp length
of ??ﬁgmy not including Torms shorter then 652ﬁ&m The mesn
length of larvee nmeasured with the camera Iucida was ??%f%§
(See graphs 1 and 2 of the Appendiz),

It is believed that the camera lucida is the more accurste
lng brvment, This is %o be expected, becavse its msgnification
wag very wmoch higher then the mlero-projector, being somevhere
in the viginity of 400 dianmeters. In sddition, it avelds the
reunding eyrors which syre unaveldable in the table nsed for
traneposing the revolutions of the messuring wheel inte absolube
tormg.,  These erroys becoms very large when lengths undsy lﬁﬁg%

#

#re helng consldered.
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SUMMARY AND CONCLUSIONS.

1 &i%ﬁy&%&fa pr the relationship betwesn growth and age, mud
growth in the Bepabods in reviewsd,  Afber o stedy of the mabs
omy of O, curkicel am@ relsted types, length is selechbed as the
most suitable index of growth, and metheds for its weasursment
aye investigeted., The problem of resring worm-~fres lambs and

&

proparing a purs infestation of U, ourbicel ls discussed.

2, A Urisl exverimsnt is dondueted to lunvestlzate bechnical
methods, It is concluded that at lesst 10,000 infective larvae
are needed to infest the sheep for the conditions of this

experinent,

%y The infestation of 31 lawbs for the Main Szperiment, snd
8 lambe for the Subsidisry Hxperiment s described, Hasulis
sre pressubted in terms of freguency distrlbutlions of ths leugtheg

of populations of §, gurd

feel of wvarious sges from ocns %o lwenilye

two deys,

4,  The ezxperiwentsl deslign is not entirely satisfactory.

5, The methods for rearing worm-free laubs compare more than

favourably with those of other workers.

$e of the mulbiplicity of speciss present in the
source ocvliure, the experimentsl dose is slmost pure €. curligeie~

Batexkagin sop.

T Deleyed passege to the intestine does not cauvse the pre-

sence of undsveluped parasites,

8, Updeveloped pavasites are the result of a partisl locompal-

ibility bebween host and parasite. In a partlially incompatible

hogt, the females, or a portion of them, are likely %o have no
laose e

eges, or oise fewer eggs, ﬁbaﬁ\mgrm&l hosty will reborn,

G Agamic fenales could introduce ervonsous factors inde the

interpratetion of egs count dats,

10, Older females have more eggs in their uteri than those

which heve only Jjust matured,
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11. ALl the femdles of £, ourbticel in g non-resisiant

i

pad

shaap will produce eggs in the ubtari at aboub 12 or 13 duyse
aftar infestation.  Subseguent increass in numbers in faecal

agg commbs iz doe to incrsased eagg production in the individusl,

12,  Skew or bimodal adult distributions of length are uwsuelly
assoaiated with distributicns of wdeveloped Tourth stage larvag

of the sawe age. Such distributions are evidence of o degres

of partial, incompatibililty.

13. T™e male distribvutions of length are likely to approximate

more closely to 2 normal ourve than the femsle curves fryom the

gona population.

14, The foorth sodysiz iz & phese vhieh s proportion of lavvee

fail to poss,
15, Undeveloped worms may cowme to wmsfority a few ab a tine,

16, ‘There is gome evidencs fer an increase in length of third

stage parasitic larvae.

17. The sscond ecdysis of §, curticei took place in some portion
of the inbestinal traect posterisr to the rumen, betwesen 24 and

48 hours after infestabion,

18, The third ecdysis took place in the smell intestine bstween
4B =nd 72 howrs after infestation, This is not in asgreement

with previous work (Andrews (2)).

19, The fourth ecdysis %ook place on the 8th and 9th days from
infestation, The lethergus snd ecdysie couse o bresk in the

growth cuwrve at thig tipe,

20, The growth impulse which bresis the fourth scdysis is
particularly strong, Constants from the growth curve formulas
sleo sugeost that the fastest growth rate occurs afber the

fourth ecdysis,

g1, An infestation of the order of 400,000 §, curticei larvae
s likely %o dnterfers with the normal growth rete in g pogitive
or w negeblve divection, & theory is advanced to sccount for

this phenomenon,
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22, As the populabtions mature, the freguency distributions of
length show a greater "spread". This is more prominent in

female disbributicns, since fenales grow fasber thon nales.

57

2%,  Under the conditions of thas experiment there iz no sige

nificant diffarence babwsen the lengihe of male and feomals

Lo gurticed until the sixth day of parasitism.

S

24, ‘The composite growth curves (figs, 10, 11 and 12) are not
truly repvesentative of ilvdividusl growith curves. They do
however give s ressonable idea of the individuel curve becanss

the dats iz nebt hishly verlsble,

€5s

abants derived from the growth formulse must be accepted

wikh regerve.

26, The growth of S..0us

ig nob sbrictly leglistivc in the
sense thab Lt cenpot be represented by & logistic fermule wiith

a high degree of scouracy.

&, Ueing the daba snd technigue describved in the bext, it
sheuld be pusgible Yo devermine the age of infestablons of
e ouriicedl to within 1 day of the correct figure, wilth worms

up te aboub 1< days of age.

28, A technigue to determine the length of {, gurticel infecte

ive larvae in @ mixed Upoperis curticel - Ostertazis spp. pop=

wiation is described,

Py
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