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The experlpental stales of Cr. J. E. Aekert end his

aaaoelates on the varied phases of reslatanee of ehlekens

to the large roundworm, Aaearldla llneata (Schneider) were

Initiated in 1921 by A«kert and Ilerriek (1928) who demons

strated a definite resistance of chickens to this parasite.

A great deal of the subsequent work has dealt v.'lun re-

sistance factors. Horrick (1926) demonstrated that a

gradually increasing age resistance to A^ lineata



developed In ehlckena raised In confinement. Aokert (et al)

(1929, igsia, 1931b, 1953) have ahovm ttie relationship of

certain vltamlne and dietary supplement* to «ie resiatanee

of ehlckena to thla nematode. The work of Graham, A^ert,

and Jonea (1932) Indieatea the development of an aequlred

resiatanoe of ehlckena to thla paraalte. Porter and Aokert

(1933) deronstrated that the reaistanos of ehlckena to the

Inteetinal nematode, iU lineeta may be lowered by the re-

peated loss of blood.

Investigatora in other fields have studied resiatanee

and ita developnont. Probably a great deal more work baa

bean done with baeterla than with the protozoa and the

metazoa. The Inveatigatlona of Roberta and Card (1926)

denonatrnted a natural resiatanee to baelllary White

Clarrhea that vaa hereditary. Lasibert (1932) working with

a baete/>ial dlaeaae of ehlckena. supplied evidence of In-

herited realstanee. Blaekloek and Gordon (1927) demon-

strated a true metar.oan iBBiunity In their work with paraal-

tlc dipteroua larvae. Anone the helnlnthologlats, Ilerriek

(1928) ahowed evidence of the development of age resiatanee

in hla studlea of the dog hookvom, Ancylostoma caninTim.

bnt he waa unable to deTaonatrate on iiamunity traceable to

prevloua Infeetion. McCoy (1931) irorking with the satae

paraalte believed that aueh an aequlred iramonity waa



developed. SandgroTind (1928) denonstx^ted the development

of a speelfle inaxmlty In the ease of a nenatode Infection

of dogs and eats. Rebrassler and UeCrory (1931) failed to

•ho« aignlfleant evidence of an artificial inaunlty to V
Aacarldla llneata In ehlekena. ^M

Relatively little work has been done on the eonparable

resistance of races or varieties to helminths. It Is well

knoim that the varlovs races of the huraan faislly are not

equally susceptible to certain bacterial and protozoan m
diseases. Roberts and Card (19S6) eonpared the reslstancfl ^
of v;hlte Plynotith Rock and Rhode Island Red ehlelcens to

baclllary white diarrhea. While they did not find a sig-

nificant difference between the breeds, their work indicates

a varied resistance In strains in the resoective breeds.

J«mbert*8 work (1932) suggests differences in resistance

aaong strains. Uairrls and i3oughton (1928) ai^ Dudley H
(1928) have studied the death rates of various standard

breeds of fowl. No essentially different death rate was M
shown In these coaoarisons.

In studying factors In the resistance of chickens to

the nematode, A. llneata . during the last few years. Dr.

J. E. AoI:ert and his associates have used pure bred V/hlte

Iieghorn ehlekons, almost exclusively, as the host animals.

To ascertain if other breeds react similarly to the H



A. llneata. a aerlea of five exoerlmenta were begun In

October, 1932, and ternlnated In Uarch, 1934. comparing the

resistance of White Leghorn and Tfhlte Ulnoroa chickens to

the fowl nonatode, Agearlflla llneata (Schneider).
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MATERIALS AND riBTHOCS

The general plan of this problem was to subject VThlte

Leghorns and White tllnoreas to equivalent experiments to

datamlne the comparative resistance of these two Ledlter-

ranean breeds of Gal lus doneatloua to the large fowl i»na-

tode, Ascarlrila llneata (Schneider). Pure bred chickens

obtained fron an accredited hatchery were uaed In all of

the experiments. Both b]:>eeds were from the sane hatches

and were about thlrty-slx hours old when received. A



l>robable variance In age reslsti^nee and other factors was

thua controlled.

The cMekens were rnlsed helminth-free. In clean,

vell'llghted. well-ventilated, rat-proof pens. The breeds

were provided with equivalent floor spaee In cernent-

floored pens covered with clean straw. Sanitary conditions

were maintained. An adequate diet for ehleksns reared in

eonflnenant, was fed in hoppers and was before the chickens

at all times. It consisted of the following ingredients

i

yellow com taeal, 40 parts; alfalfa leaf rraaX, 4 parts;

neat meal, 10.4 oarts; skim milk oowder, 6.4 parts; oatona,

12 parts; cracked wheat, 15 parts; end cod liver oil, 1.64

parts.

At approxiinately two weeks of age, the eliiekens were

banded and weighed individually. Thereafter they were

weighed each week until the termination of the respeetiva

experiments. Ths average weights were calculated for eaeh

breed of chlcUona and growth eurves were plotted to deter-

mine the eonparatlve rates of growth. In Experiments 1,

S and 3. groups of the two breeds were parasitized at ages

of approxinately one month nnd six weeks, respectively.

In Experiments 4 and 5 the breeds were parasitised at IS,

19, 26, 3S, and 40 days, respectively.



The life eyele of A^ llneata la dlroot; the embpy-

onated ogg Is the Infective stage (AeUert, 1921). Gravid

fenale Aj^ llneata were obtained from a large poultry

packing hoiiae. The viscera of the worraa of apja-oxloately

the same size were removed and the uteri Isolated end

punottired to saeure samples of the eggs. Aeliert (1931)

hoired that more fertilised eggs were found In the proximal

portions of the uteri and that the presence of a central

light spot was Indicative of the fertility of the egg.

These rngga trere placed In sterile petrl dishes. In dis-

tilled water with four to five drops of 2 por cent formalin

as a protective measure af^alnst molds and bacteria. Ex-

traneous material such ns ploces of uteri and other tissues

««re removed from the petrl dishes. The cultures wer«

carefully stirred at 48 to 72 hour Intervals to allow suf-

ficient oxygen to reach the eggs. The latter were Incn-

O A
bated at temperatures between 27 and 30 C. for approxl-

laatoly three weeks. A steady tenporature approaching the

optlTiKun (SO CO 33** C.) Is neeesaapy for an even develop-

ment of the eggs (Aekert, 19S1). Care was taken to have

the laaxinmis number of eggs in the infective stage upon the

day of parasitizing.

It was determined to use 50-5 embiryonated eggs of

A. llneata as the dosage. Certain advantages aeerue in the



nae of thl« nvirber. It ha« been shown that 50 egg* pro-

vide a reasonable and satisfactory per cent of developing

worns (Aekert, Qrahaia, Self, and Porter, 1951). The nma-

her Is small enotigh to be conveniently counted — an Im-

portant time faetor In the experimental infection of a

larae nixnber of hosts. Another probable advantage is that

this number of worms will not cause a heavy mortality

aaoog the chickens.

The counting of 50 - 5 embryonated eggs was accom-

plished v:ith the aid of a compound niicroscopo and a me-

chanical stage. * drop of sgg culture cas placed upon a

glass slide and the aaribw of enibr^onated eggs counted.

Other drops of eiilture were treated likewise until the

total number of infective eggs lay between the 45 to 55

limits. Then these drops were carefully wiped vcp with

small pieces of filter paper and these were placed in the

esophagus of the chicken with the aid of blunt forceps.

The period of parasitism was tex>Qinated in three

weeks, because by that time the worms have withdrawn from

the subiBueosa and are living free in the intestinal luneo

(Aekert, 1923). Shortly after this age, they begin to be

ellainated from the Intestine in increasing numbers

(Aekert and Iferrlok, 1928). To rilninlze the intestinal

contents and to facilitate collections of the worme all



feed and litter were rerwved from the pens aeTOral hours

before the birds were klllo<J. The (shlckens were then

sacrlfloed and the Intestines from the glssard to the c

eaeea re-wved. The worM and debris were flushed from the

Intestines with the aid of hot water under pressure

(Ackert and Holf, 1929). The oontonta of the Intestines

thus seetired, were placed In Mason Jars In S per cent

formalin with the leg band of the ehloken for Identifica-

tion. A binocular ralcroseope which oonld be rotated on a

novable arn, was used In the search for roma. \7hen

A. ilneata T?ere found, they were placed In sraall vials In^

2 per cent fonsalln with the respectl-we les band.

As an aid In -lieasurlns the wonss, use was made of a

photographic enlargement apparatus. Shadows of the wonasl

enlarged exactly six times were projootod and traced upon

onion skin paper. A rallied wheel calibrated for a dlpe«t

reading was run the length of the traced line. The cri-

teria for Judging the resistance were the nnnber

(viability) and the length (growth) of the Aj, Ilneata froB

each group of chickens under comparison. The ratio d/E

(actual difference divided by tho error of the difference)

was deternlned statistically for both nurabers and lengths

of worms to reveal possible significance In the compari-

sons of the breeds of IVhlte Leghorns and VJhlts Klnorcas.



In this paper a ratio of 3.00 or more Is considered Indies-

tlTS of a significant difference.

SXPBRUrgHi'AL DATA

Experiment 1

Fifty «fhite I.eg)K>m and fifty iahite itinorea ehlelssna

hatched at an aocredited ooEsnareial hatchery October 2,

1832, were reeelved v^lthln 36 hours. At 16 da^s of age

these eaiekens were bnided and wele^ted. Weekly average

weights were determined throvighout each experiment and the

growth curves of the two breeds eonqjared (Fig. 1), Ihls

chart shows that while the viihlte X<eghorns averaged slightly

heavier during the first few weeks, the White Mlnoroas

forged i^ead at approximately f out- treeks of age and froa

then on they slowly built up an ever-Increasing lead.

The growth charts of Kxperlments 2 and 5 Illustrate

similar curves. In Kxperiment 2, the growth curves corr«»

•pond very closely to those of Experiment 1 (Fig. S). In

Kxperiment 3, the growth curves for both breeds are rather

erratic (Fig. 3). The £lnoreas are the heavier breed

throughout. While this chart does not correlate dosely

with Figures 1 and 2 (which can very nearly be superlmiwsed

upon each other), yet the general trend is very similar.

Q'^"? £t On hoverriber 1, 1932, at the age of 30 days.



pMl!lli|'!!T:'!||!IH!!i!l!l'UinilMi'|l!iI|!!''l!i!1|!ili|!i!|lit4H'!l'!!ll'-|J!H;!ill'ili!!.!!|!!!ll

fig. 1. Showing growth cvmvos of White Leghorns (WL)
snfl milto lainorcaa ('«M). Pnll, 1932.
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r
24 White Leghorn and 84 White lilnorea ohlekens chosen •«

random from the original groups were plaeed arbitrarily In

Oroup C and were parasitised with 50-5 enbpyonated eggs

of A. llnenta. After a period of parasitism of three weeka

dwatlon, these chickens (age 51 days) were killed. The In-

testines were Immediately removed and flushed and their con-

tents plaoed In Kason jars. Upon Isolating the A^ llncata

It was discovered that the range of Infestation was one to

22 worms In the White Leghorns with five ohlekens escaping

Infestation; and one to seven wor-ns In the ainorca* with ten

chickens free from A^ 1 Ineata. The average nunber of woras

tor the Leghorns was 5.33; for the Ulnoreas. 1.76, or a slg-

nlfleant difference of S.57 worms per ehlek (4.38 times the

probable error). Table 1. In regard to the ler«tha of the

worms, those In the Leghoma averaged 22.29 ma., i^lle those

In the Ulnoreas averaged 16.5 mm., a mean difference of 5.79

B., whleh was significant (7.34 times the probable error).

According to this analysis, the White Ulnoreas were deci-

dedly more resistant to Infestation with the nematode,

A. llneata, than were the White Leghorna.

°^°"P ii On Hoveinber 15, 1932, at the age of 44 days,

the remaining chle)»n8 of Experlaent 1 (24 Leghorns and 25

Ulnoreas) were placed in (b>o«9 B and parasltlised with 50 -

5 embryonated eggs of A. llneata. As before, the worna

were allowed three weeks for growth. Then the ehlekena

1
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I
(age 65 days) were Idllert i>nd the »ornw obtained subjeoted

to blometrieol analysis. The range of Infestation for the

tegltioms was one to seven worns, «lth six ehlekens escap-

ing Infestation; and for the Ulnor«as, one to six worms

with ten ehleksns free from A^ llneata. The average nunA>evi

of worms per Leghorn vas 1.87, per Hlnorea. 1.43} with «

ean difference of O.SS worm Which was not significant.

In considering the lengths of worns, those In the 3hlte

Leghorns averaged 17.31 tun. and those In the Mlnoreas

slightly loiiger (18 .SB ran.), a mean difference of 1,07 bob.,

which was not significant.

Rerrlek (1986) showed that experimental ehlckona

(White Leglioma) developed age resistance. Certain phases

of these experiments confirm his work (Table 2). The

Oroap C L«gharna averaged 5.33 worms per ehlek, while

Opovtp B averaged 1.67 nematodes which gives a significant

difference of 3.66 worms per chick (4.60 times the probable

error). The avei>age length of the worms In the younger

chickens (Oroup C) was 22.29 ran., as compared with 17.31

mm. In Oroup E Leghorns. The mean difference of 4.98 mm.

Is 5,89 times the probable error and therefore considered

significant. It Is evident from these data, that the

White Leg^iorna have developed considerable age resistance

In the two weeks Intervening between Oroup C and Oroup E.
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In eonsidsrinc the Khlt* Klnoroae, Group C had an STsrage

of 1.76 worrM per ohlok; Group E an average of 1.43 worm*,

a msan difference of 0.35 which wna not slgnlfleant. The

BTer«ge length of the worraa In the Group C Klnorcaa was

16*5 Mm. eonpftred with a slight Increase In average length^

for Group E (18.38 tas. ). The aTerage dlfferonee of 1.88

BB. was not significant.

The results of this exp^rlaiont Indioate that of the

chickens parasitised at 30 da/s, the l?hlte Klnorcaa are

more resistant to infestation than are the TThlte Leghorns;

that the Leghorns develop a decided age resistance in the

interval between the respective grotips, aafl that th»

Klnorcaa apparently do not develop an Increased resistance

to Infestntion.

Sxperlnent 2

Fifty White Leghorns and fifty Tfhite Hlnoreas hatched

Pebruary 6 w«re received Pehruary 8, 19SS. The ssno

toehnique was enployed with tliese c!'ielMna as with those

of Experlnent 1. Weekly average weights were charted, the

growth curves for the chickens of Experioent 2 (Fig. 2)

elosely paralleling those of Experiment 1.

Group C^ At 29 days of age (Hareh 7, 1953) twenty-

five chickens of each breed were parasitised with 50-5



ambryonated eggs of A. llneata. The viability of these

eggs waa accidentally destroyed shortly before these

chickens were parasitised, so that when the chickens were

killed three weeks later, no aortas mre found. ^f

Qroup K. The remaining ohlekois of Experlnsnt 2, eon-

atltutlng 22 VThlte Leghorns and 20 TThlte Ulnoreas were Wt

parasitised at the age of 43 days, two weeks after ttiose

of Orotip C. Three weeks later, these chickens (age 64 days)

were killed and the worns counted and measured. These data

were subjected to blocietrleal analysis as In the previous

work (Table 3). The range of Infestation for the Leghorns

was one to six worras; for the Mlnoreas, one to five womis.

Five Leghorns and twelve Hlnoroas escaped infestation. The

average number of wornB per Leghorn (tfilek was 2.S6; per

Vinerea, 0.9, a mean difference of 1.46 which was not sig-

nificant. The average length of the worsts in the Leghorns

was 24.62 gm. as compared with 16.5 sm. for the Klnorcas.

The average difference of 8.13 is significant (7.90 times

the probable error). This analysis indicates that the j|
ainoreas are more resistant to the gBowth of the Aj, llneata

than are the White Leghorns.
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I
Sxperlioent 3

nhlte Leghorn and VHilts lU.norBa ohlokeas Umtohed

Hay 7, 1933, were reoelTsd tho follovlng day. Average

waalily weights of the rospaetlve broods wore grap}iad

(Pig. 3). While the ainorcas wero slightly heavier from

the start and t!ie resijoetlve grosth eurvee were aonecrhat

exvatlc, eouparlsoa with Figures 1 and 2 of the previous

experltcents, respoetlvely. will sho'.7 a related trend.

Qroup C. At the age of 30 days (Jone 6, 193S) 25

leghorns and 24 iilnoreas were parasitised with 50 ^ 5

eabrjonated oggs of A^ llnanta. Conforming nl th rrevloua

work, the nematodes were allo;:;ad three weeks for growth, at

«bloh tlais the hosta (age, 51 daya) were killed and the

worms seeurod for blomstrleal analysis (Table 4). The

range of Infestation for the I«ghorns was one to 57 woraa

with no infestation foimd In five ehlekena. For the

Itlnoreas, the range was one to 14 wopoe with 12 ohlokeos

eseaplng Infestution. The average number of woroe for the

I,eghoma was 6.1S eompared with a 3.3 average for the

Kinoreas, a cean difference of 2.82, whleh la 2.45 tinea

the probable error. Just short of slgnlfioanee. Taken

alone It would nean nothing, but In oonflroatlon of breed

eoaparlaons of Experiment 1, It auggests that the difference
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b«t»a«n the ra«pe«tlvd breeds Is valid end not due aii^ly

to ehanoe. In regard bo length of worms, tbe average for

the X^ghoms vaa 26.07 ma,, that for the Binorcaa 20.44 oa.,

• aean dlffarenee of 5.63 which la 10.55 times the ps^bable

error of tho difference* These results oonflm those of

Experioent 1.

Oroup £^ Acoording to the schedule, ehlckens of

aroup K were to be parasitized June 20, 1933, at 44 days of

a^. Hold had destroTod suitable egg eulturea of A^^ llneata

so that tliia group oould not be parasitized bo obtain

ftirther statlstloal evidenoe.

Combined Results of Sxperiinents 1, 2 and 3

'The results of Bxperiiaenta 1, 2 and S dealing with two

groups of oUlckens wore ocnbinsd and tho data troated

statistloally (x'able 5). '^ere were two acceptable C

grottpa (K:£pea>imentB 1 and 3). Likewise there were two

acceptable Z groups (Sxperimonts 1 and 2).

Qrotip C ( Combiaod). The 49 "tThlte Leghorns avwaged

5.7S worBB per chick, and 49 ^Tilte liinoreas S.Sl nematodes,

• man difference of 3.22 which was significant (4.52 tinea

the probable error}. The ^orns from the Leghorns averaged

S4.35 m. in length t^ilo those from the Ijinoroas averagad

19.03 ma., a signifioant difference of 5.32 whieh was 11.41
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tlBSB the probable error.

Group E (Conblned). The 46 Leghorn hosts averaged S.O

wopiM oer ehlek, and 4S Hlnorca* 1,19 A. llneata . an average

difference of 0.81 whleh naa 3.97 tinea the probable error.

In the Leghoma, the average length of the worm waa 21.45

mn. as eompared with 17.71 am. In the Ulnoreaa, a neen dif-

ference of 3.74 which was significant (5.52 tines the

probable error).

Age Resistance (Conblned). The Qroup C Lef;horns

averaged 5.73 worns per chick, while the older birds

(Group E) averaged 2.0 worms per host. The mean difference

In numbers between the two groups waa 3.75, which la 5.44

tines the probable error and therefore considered signifi-

cant. The average length of the worns In Group C was 24.35

nau and In the older Leghorn chickens 21*45 ma., a oean

difference of 2.90 whleh was significant (5.15 times the

probable error). Among the Group C Ulnoreaa the average

number of warns was 2.51; In the Group E Ulnoroas t^e

average was 1.19 nenatodes per chick, a nean difference of

1.32 which was significant (4.25 times the probable ervar).

The average length of the worrae In the C group was 19.OS

BIB. and In the older group of this breed It was 17.71 .,
an average difference of 1.32 ma. whleh waa not significant

(2.2 tlstes the probable errorj.



The difference between the two breeds in resistane*

to infestation with the roundworm, A^^ llneate . was very

Mirkad. The White Mlnoreas were consistently more resist-

ant to the A^ lineata than were the White Leghorns. The

ratios between the breeds in Oroup C ore greater ttian ere

the respective ratios in Group E. The combined results

show that both breeds have developed age resistance. This

is far more narked for the Leg>}oms than in the UinorecM

(Table 6). The Leghorns show significant differences for

both numbers and lengths of Aj_ lineata. The Uinorcas show

a significant diffei^nce in ntunbers between the two groups,

but the difference in lengths is not constant.

Xxperinent 4

The White Le^orn and White Minorca chickens used in

Exneriment 4 were hatched at an accredited coinnercial

hatchery October 15, 1933. and were received October 17,

1953. These chickens were reared under conditions similar

to those of the previous exnorlrnents and the same technique

was employed throughout. Average weekly weights were taken

and the growth curves of the two breeds plotted (Pig. 4).

In comparing this growth ehart with those of previous exper-

iments (Figs. 1, 2 and 3) a marked discrepancy is at once

noticed* The White liinoreas, according to the standard
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weights of breeds (Jaai, 1926) are listed ss one pound

heavier than the Leghorns and It Is reasonable to aasnias

that, starting at approxlnately the sans »el{^ts, the

Klnoreas would build up a slight but ever-Increasing lead

on the basis of nomial growth ctirves. The rospeetlws

Br«*th charts (Pigs. 1, 2 and 3) of 2xperlnents 1. S and S

WMD^pllfy the normal growth curves, but with Experiment 4

this Is not the case. In this experiment the gresrth evrr*

of the Klnoreas Is well below that of the Leghorns, a dis-

crepancy whleh aeens to be elosely correlated dth the re-

sults obtained In the blometrlcal anolysls of the data on

the parasites In this experiment (Table 7). These results

Indicate that different strains of Ulnoreas If not of

Leghorns were used In Experiment 4.

Group A. At 12 days of age 23 Leghorns and 21 Ulnoreas

(October 27. 193S) were parasitized with 50-5 erabryonated

•ggs of A. llneata. After a period of parasltlsn of ttiree

weeks duration, these ehlekena were killed at the age of

S3 di^ra* In Isolating the A^ llneata It was fotnd that of

the 44 ehlekens only one, a Minorca, conpletely escaped

Infestation. The range of infestation was one to 12 norms

in the Legysorns, and one to 16 Aj_ llneata in ttie lanorcas.

The average number of nematodes per Leghorn was 5.5; ner

Hlnorea, B.l. or a difference of 2.6 worms per ehiek iriileh
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probably was significant (3.32 tiiaea the probable error).

According to this analysis, the tllnoroas were leas re-

sistant to Infestation than were the leghorns. In eon-

olderIng the longtha of the warns, those In the Legliorna

averaged 19«63 rm., while those In the Binoreaa ew«r«g»4

18.73 m. per nenatodo, a nenn difference of 0.85 nra. *hleh

was not significant. It will bo seen that the perowitage

of Infestation was wery high as evidenced by only one

ehlelcen ont of 44 with no worms and that variation In

nunbera of woms Is not marked, two faotors siiggestlng the

existence of ooraparatlvely well«««trl{»d strains In the

respeetlve breeds.

Group B. On {Jover*er 5, 1933, at 19 days of age, 24

Leghorns and 23 Mlnoroas were parasitised with 50-5

embrj'onated eggs of the nonatode, Aj_ lineata . T!» para-

sites were allowed three weeks for growth, and then the

hosts were aaerlfleod and their Intestinal contents ex-

amined for worrB. The range of Infestation was from one

to 25 worms In the Bhlte Leghorns with two chickens free

fron Infestation. In the Mnoreaa, the nuwbers of noroB

ranged fron one to 23, only one chicken escaping Infesta-

tion. The average number of nematodes In the Lef^orm

was 10.9 while In the Mlnoreas, the average was 10.7. The

difference of 0.2 was negligible. As to the length of the
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jwraaltes the Le^oriM «Ter«c®<l 20.01 nsn. as compared wltti

20.59 T3!iu for the Mlnoreae. The awan difference of 0.56

was not algnlflcant. Srjimnarlslng. the percentage of in-

festation waa Q'jlto high for both breeds as It ijaa In

Group A of this eXTJerlment . On the basis of the statletl-

eal anelysls of the data fron Group B the two breeds seom

to be about eqnally suaeeptlble to Infestation with thla

parasite.

Orony C^ Tlw 8S Leg' orna and 24 lilnorses of Oroup C

were paresltlBed Kovenber 10, 1925, at 86 daya of age vltli'

80-5 enbryonated egga of Aj^ llneata. Three noeks later

the ehlekena (age 57 daya) wero killed and the woms iso-

lated as in previous experiments. Ba^ breed ahoved a

range of infestation of one to 59 worm and also in eaeh

breed fbur ohiolcena eoosped Infestation. The average ntuD-

ber of Tjorraa per iSlhlte Leghorn was 11.0, per Minorca 9.8,

• wmma dlfferencs of 1.2 vorms which was not significant.

The average length of the Le^orn parasites was 17.S am.

while those in the Klnoroas ware slightly longer, averaging

18.8 aa,, a laean difference between the breeds of 1.3 on.

which waa significant (5.55 tines the probable error).

This analyaia anggeats that the tSinorsas ere leas resistant

to infeatatlon than are the Le^orm. Again, it la to ba

noted that tha percentage of infestation was quite hi^ and



that variation In moiAtar* of varmB between the breeds was

very slight.

Oroup E^ At 40 days of age (Hovei*er 24, 1933) 18

Leghorns and 20 I'lnoreaa were parasitised with 50 ;^ 5

enbryonoted egga of II^ itneata. After ^ree weeks of

iwraaltlsin (age 61 days) these ohlclwna were sacrificed and

the intestinal voria eolleeted. The range of Infestation

In the Lef^ioms was one to 16 worms with four ehlokena free

from Infestation. The Blnoreaa* Infestation ranged from

one to 8 woraia and ohlekena of this breed escaped In-

festation.

The bloaetrleal analysis of the results shows that the

aiwarsge number of woriw In the Leghorns was 4.5, and In the

Klnoreas 1*05 wonsa per ehlok. The difference of 2.5S

warwm was significant (3.41 tiines the probable error). In

the Leghorns the average length of the worm was 13.09 aa.

•• eonpared with a 10*85 ma* average lei^h In the Mlnoroas

The difference of S*S6 rcn. Is 3.75 times the probable error

of the dlfferenee and tienoe probably significant.

It la to be noted that for the first tlnie In Hxperl-

aent 4 the White Leghorns were significantly nore suscep-

tible to Infestation than were the ISlnoreas. The results

of the statistical analyals of ttto data In Oroup B are la

fall accord with those obtained In Bj^perloenta 1, 2, and 3*

i



However, the total results of Experiment 4 are too much at

variance with those of the earlier experiments to allow the

correlation of one part to be a Justifiable or final con-

elusion.

The evidence of age resistance obtained from the blo-

netrleal analysis of the results of Bxperlment 4 is very

contradictory (Table 8). The comparisons of Groups A and

B, parasitised at 12 and 19 days and Jtllled at S3 and 40

days respectively; and of Qronpa B and C, parasitised at

19 and 26 days and killed at 40 and 47 days, respectively,

revealed very erratic results for both breeds. The analy-

sis of the Leghorn A and B comparison of numbers of woras

gave a negative significance, that is, Oroup A seemed to be

more resistant than Oroup B which was older when para«i-

tised. There was no significant difference in length of

the wwwi in these Leghorn groups. With ttie equivalent

groups of the tSinoreas, the reverse was true. In this

breed, the comparison of worm lengths revealed a signifi-

cant difference in which the longer worms were in the

younger group. Ko constant difference was fotmd in nxunbers

of worms. In the conporlson of the B and C Groups parasi-

tised at 19 and 26 days respectively, no constant differ-

ence was found in nur*)ers of rorms but both breeds showed

significant differences in lengt>i of parasites, dcsunstrat-
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log the preaenee of age resistance. When Qroup C wqs coo-

pored vlth Group E whieh was parasitized two weeks after

Qroup C, constant differences Indicating evidence of aga

resistance were revealed. It is possible that the meehsn-

Ism of so-called age resistoneo is not developed tuitll the

chickens are five or six weeks of age. That would account

for the vary erratic results in the yoiinger groups.

Gxperiraent S

The White Leghorn and ^Tiite Minorca chickens used In

Experiment 5 were hatched January 14, 1634, and were re-

ceived the following day. They were secured fron the saaa

hatchery as those chickens In the fonaer experiments.

Average weekly freights were talcen and growth oui>ves of the

two breeds oosipered (Fig. 5). Ihe same dlscreoaney that

was noted in Expericient 4 (Fig. 4). that Is, the growth

curve of the Uinoreas falling well below that of the Leg-

horns, was evident In Exnerlnent 5. It would seem from

these data that the ehlekens of Sxperinents 4 and S or at

least the ViThite Kinorcas in these experiments belonged to a

different strain than did those chickens of the three former

experiments. The varied resets from Bxperlnsnts 4 and 5

when compared with those of Sxperioents 1, 2, and 3 tend to

substantiate the strain theory.



ii:!i!i:!!||.!:!|:Mi|!'in!:''!ll!n!iM|!i!li!iilllili|i!;iH!!:i:i!llin;in:;|!:!|li;;ii::::i::::ii;::iM;:i:;:;i;M:|;;:;i:K

500

-^

800

[^-

iih

/

/

-

/
/

i:

18 19 S3 40 47 54 d«7Sl

91gc S, Showing grotrth curvos of White Leghoms (WL)
and milta Utnoroaa (¥>U}. Winter, 1954.



'sT

Group A. At IS days of age. on January 26, 1934. 12

milte LegHorna and 11 White Uinoreaa wei>e pax>e8ltl8ed with

50-5 ecdsryonated eggs of k^ llneata. TbB infestation in

the Leghorns ranged from one to 11 worma and three ehlekaos

of this breed eaeaped infestation. The range of infesta-

ti<Mi for the Ifinoroas was greater, from one to 19 «oriia*

Two of the Hinorcas were net Infested. The average number

of woras in the leghorns was S.4S; while the Uinoreaa

averaged 6.36 worna per ehiek, a mean difference of 2.94

that was 2.22 times tlie probable error. The average length

of these Leghorn paras itea was 21.95 mm. That of the

Hinoreas was 24.52 ran., a lasan difference of 2.37 that was

2.2S tinea the probable error. It will be noted that the

range of infestation was rather unif(a'n, and that while the

differences were not significant, they tend to confirm tb9

results of Exnerinent 4, Group A, that ttie Uinoreaa are

possibly less resistant to infestation than are the

Leghorns

.

Group B. On February 2, 1934, at 19 days of age, 12

White Leghorns and 18 llThite iV.lnoreas were parasitized with

50-5 esibryonated eggs of A^ lineata. Three weeks later

these chickens were killed antl the A;^ lineata Isolated.

The range of infestation for the Leghorns was one to 10

woras and t^ree ohiekens of this breed were not infested.



In the Blnoreas the raoge of Infestation waa one to IS

wonos. Four Ulnoreas eaeaped infestation. The average

number of worm per Leghorn was 3.92; per Ulnorea 4.72, an

m^mvmgfi difference of 0.30 worim ttwt vas not significant.

The average length of the iTams in theae ]>^orns waa 20.98

B. In the Uinoreas the wonas averaged 19.56 mm. The iae«n

difference of 1.42 mm. was not significant. The jHinge of

infestation was rather \mlfox*m fbr the Leghorns but some-

what less so for the Kinoreas. Both breeds, however, ap-

pear to be about equally resistant to Infestation.

Group P. Twenty-six White Leghorns and 26 iVhlte

tlinoreas were perasltlEed Febrmry 16, 19S4, at 35 days of

'

age with 50-5 errfcryonated eggs of A^ llneata. After

three weeks of parasitism, the ehlckens vere killed and the

A. llneata eolleeted. The range of infestation for the

Leghorns was very low, tovr A^ llneata being the largest

nuii2>er found in one chicken. Eleven Leghorns were not in-

fested. The nunfbei^ of worms In the Uinoreas ranged from

one to 8 and 14 chickens of this breed escaped infestation.

The average number of rorns in the Leghorns was 1.0; in

the IJinorcas 1.35, a difference of 0.35 that was not sig-

nificant. The average length of the worioB in the Legh<H"n8

was 17.81 mm.} in the BUnorcas, 23.74 cm., or a mean dif-

ference of 5.05 imn. which was significant (5.89 times the



ppotMible error).

The results from Experiment 5 have shown little dif-

ference between the z^slstanee to Infestation of the

Leghorns and the ISinorean (Table 9). Only with regard to

the lengths of the worms In Group D of the entire experl-

nent haT« the differences between the breeds been signifi-

cant. The analysis of the worm lengths in this case shows

that the Ulnoreos are less resistant to Infestation then ere

ttM White Lgghorna.

Tlie evidences of age resistance resulting from the bio-

netrloal analysis of the data from Ezporiiasnt 5 are contra-

dictory and inoonclusive (Table 10). Groups A and B were

parasitised at 12 and 19 days of age. and killed after

three weeks of parasitism at 33 and 40 days, respectively.

Oroup B was further compared with Ovoiip D which was pare-

sitiiced at 33 days of i^ and killed t^ee weeks later at

64 days of age. The A-B Leghorn groups revealed no constant

difference for either niaibor or lengths of worna. The coia-

parlsm of the B-D groups of this breed suggests a develop-

ing age resistance. There was a constant difference in the

average noniber of worms, while the 3.17 ma. difference in

lengths of wornss was Ju3t short of signlficonce. In the

equivalent i:inorca group eoaparisons, the A-B groups showed

no significance for numbers of worms, but the lengths of
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womas revealed a eonstent differenee th&t suggested evl-

denee of age resistance. There was a slgnifleant differ-

ence in nuiabers of vorns in the B-D group eociparlson of

this breed also indicative of age resistance, but the

analysis of the lengths of the worms gave contradictory

results, ilere, tbere was a constant difference in wont

lengths, but it was negative, that is, the longer worn

were in the elder chickens.

As in S]q>erinient 4. it would seem ttiat the neehanisai

of age resistance is not developed at the earlier ages.

Berriek (1926) showed evidence of a gradiinlly increasing

age resistance, but he was working with rather small nuio-'

bers of chickens over a ooiiqwrativelx shorter period.

There also seems to be evidence that the tShite Uinorcas

have less tendency to develop age resistance than do the

I<eghorns. In this experiment the Uinoreas were maro vari-

able than the l«ghorns.

DISCUSSIOI

The gmaaral analysis of the results of these experi-

ments indicates that the White Leghorn bi^ed of chickens

is less resistant to the intestinal worm, A^ lineata than

is the breed of White Uinoreas. EsDeeially does the early

work, that completed prior to the Fall of 195S, bear out



this conclusion. The results of the analyala reveal that

the differences Involved are slcnlflcant and ape conalst-

antly In favor of the Klnorees. A constant difference r«-

gardlne age resistance Is fotmd In both b3?eede, but especi-

ally la this true of the Legborns. This Is In a^i-eement

with the wortt of Herrlck (1926).

Sxporlnents begun In the Fall of 19S3 and extending to

Kareh, 1954, gave very erratic results when the data were

analysed blonetrlcally. In the groups parasitised at 12,

19, 26, and 33 days of age, not once In the analysis of

either nunbers or lengths of worns were the White teghoms

found to be more susceptible than were the Y?hlte Ulnorees.

In fact. In the 12 day gjroop, the Mlnorcas proved to be

3l -nlfIcantly less resistant than the Leghorns aa Judged

by nusibers of roms. PurtVior Indloatlona of the leaser

resistance of the Klnorcaa were found In the analyses of

worm lengths for both the 26 and the 33 day groups where

constant differences occniTPed. Other data of the tovr

groopa •«* not significant. Group E, parasitized at 40

aays of age was peculiar In this series of exporlnents be-

cause significant differences between the breeds for both

nusAMrs and lengtlis ot worms Indicated that the Mlnorcas

were asre resistant to infestation thaaa wers the IJeghorna,



M
The evident contradictions occiirrlng as they did under

carefully controlled conditions are best explained by prob-

able Innate differences between the breeds or anong strains

within the breeds. The Iieghorns and the Hlnoreas are both

edlterronean breeds of fowl with the same gMierel body

confArmatlon, but the standard weights (Jull, 1926) list

White Klnorcaa one pound heavier tlian V.Tiite Leghorns. Both

of these breeds are classed as non-broody and are kept for

•gg-prodvelng purposes rather than for meet production.

Observations on the general development revealed nesllbible

differences between these breeds, feather-growth, early

crowing attempts of young cockerels, end aetlvity of the

breods were so closely correlated that the two breeds of

chickens evidently are closely related.

Closer inspection is needed to clarify the conflicting

results so that a eoneluslon on the respective or eonpara-

tlve resistance of these two breeds may be reached. Stand-

ard weights of breeds list the \Vhite Uinoreas as one pound

heavier than White Leghorns. Because their egg aiees and

their rates of growth are approximately equivalent, it is

reasonable to assuos that, starting at approxizoately the

same wei^ts. the Vhlt* Hlnoroes would build up a slight

but increasing lead on the basis of normal growth curves.

The first series of exr)eriinents (those tH'ior to the Pall of



18S3) aetiially showed mxidh grcwth curves (Pico. 1, 8 and 3)

snd It was In these experlnsnta that the Hinoreas were oors

resistant to Aj_ llneata than were t^» Leghorna. When the

gpovth etirves for the experlTsents eowJueted in tlae Pall of

19SS and ths Winter of 1934 (Plga. 4 end S) were graphed

It was found ttiat the Minoress averaged considerably less

In weight than the Leghorns ttirotjsho'ut the experlisents

,

and It was in these experinenta that the ^ilnoreas were lesfl

resistant than were the Leghorns, lioreover, v*«n tJ-;eae

growth cnnroa from the second series of ex'ierliDcnta wore

superla^posed upon those of tits first series (Pigs. 1, 2,

and 3) it was evident Ciat the Uinoreaa of the second series

were markedly lighter in weight. This fact together with

the lower resistance of these Lllnorcas as conpared with the

earlier ones loads to the Inference that different strain*

of KlnoroflS were used In the respective series of experl-

nents. On the basis of the results, t3io presonoo of

•trains maj aoooimt for Uie major variation between Uie

breeds. On the other hand. It la possible that, with the

slmllarlt? of these two bareeds, the eoaperlson of larger

nuabers of both breeds t'ouIS fall to show constant differ-

ences in their resistance to A. llneatn.



SOWUXI

1. Five experiments Involving 470 ohlcksna were eon-

dweted to compare the resistance of White Leghorn and Vhlte

Mlnorsa ehlekens to the nematode Aacarlcila llneaf

(Schneider).

2. The chicks secured »t eonmerolal hatcheries wore

raised In confinement. All groups under comparison were of

the same ages and were given the same Bumbor (50 - 5) of

nematode eggs. The criteria for Judging the resistance were

the numbers (viability) and the lengths (growth) of th«

Aj^ llneata from each group of chickens.

3. The results of Experlneots 1, 2, and 3 (Fall. 1938.

Winter. 1935; and Sumner. 1933. respectively) Indicated that

the OTilte Leghorn, were less resistant to the nematodes than

were the White Einoreas. in Experiments 4 and 5 (Pall,

1833. and Hlnter. 1934) the failure of the results to fully

substantiate the earlier ones Is attributed In part to the

smaller Hhlte Hlnoreas used. The results of the five exper-

iments Indicate that White Klnorea chickens are more rm-

slstant to Aj. llneata than are White Le^iorna when birds of

normal weight are used; .hen vmite Mlnorcas of subnormal

weight are compared with Legharns of normal weight the latter

appear to bo moro resistant to the parasites. Apparently two



strains of vniito Hinoreaa were used.

4. The devolopaeiit of «ge resistance vaa aore rapid

in the "iShlte LegViorna than in the White lUnoreas; it was

less marked In ohlekMis parasitised at 33 dajra of age or

younger than aaong chickens parasitized at older ages.

The variability in both noiiAters and lengths of netnatode*

increases in ohiclntns parasitized at five or noro weeks of

age.
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