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I N T R 0 D U C T I 0 N 

Carcinomas of the small intestine were long considered uncommon 

neoplasms i n  all species. Ove� the last decade there has been a 

growing a\vareness that, contrary to this belief, small intestinal 

carcinomas are common in sheep, at least in New Zealand. Not only is 

this high incidence of an otherwise rare neoplasm f>cientifically 

intriguing, but it is also of potential economic importance both to 

individual farmers <lnd to meat slaughtering firms. In addition, the 

possibility of the existence, in the rural environment, of an 

unrecognised carcino_c:en to whi0h man also might be susceptible adds 

to the importance of this disease. These factors stimulated the 

initiation of the present investigation into the patholo�� prevalence, 

··epidemiology and aetiology of this neoplasm, results of which form the 

basis of this thesis. Included also are reviews of the pertinent 

literature concerning small intestinal carcinomas of other species, 

including man, and of neoplasia of sheep in general. The results of 

preliminary experiments to investigate the effect of known carcino�en� 

on sheep are also reported. 



C H A P T E R I 

1 

R E V I E W 0 F L I T E R A T U R E 

Neoplasia in sheep has generally been regarded as infrequent. 

Similarly , carcinomas of the small intestine are infrequent neoplasms 

in man and most animals. Despite these t\.10 observations , over recent 

years small intestinal carcinomas have been reported to be common in 

sheep in New Zea land. In this chapter the availa�le literature on both 

neoplasia in sheep and carcinomas of the small intestine in all  species 

is reviewed. 

NEOPLASIA IN SHEEP 

The only informative data on preva.lence of neoplasms in sheep 

h�been collected at slaughtering es+ablishments . In  the United States 

of Ameri ca (Steiner and Bengston , 1951; Moulton , 1963; Brandly and 

Migaki , 1963 ) and Great Britain (Anderson , Sandison and Jarrett , 1 969) 

the prevalence of tumours in Blaughtered sheep has usually been 17 to 

24 per million (0.0017 to 0.0024%). In contrast , Norval (1968) found 

neopl<>.sms in 0.03o% of sheep slaughtered. at Edinburgh and Misdorp (1967 ) 

diagnosed tumours in 0.027% of sheep slaughtered at Amsterdam, Webster 

(1966 ,  1 967 ) recorded a still  higher prevalence in·sheep slaughtered 

at a Meat Export 'vlorks in New Zealand. In 1965,he f ound tumours in 

0.95% of ew9s slaughtered over a 90 day p�riod� By more careful 

inspection techniques,this figure was increased to 1. 4% in ewes 

slaughtered over a four mont� period in the following year. Of all 
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T A B L E I 

The Prevalence of 'rumours in  Slaughtered Animals 

Prevalence of Tumours 

(% of Animals Examined ) 

Reference and location Sheep Cattle Calves Pigs Horses 

Steiner and Bengston (195 1) 0.002 0.063 0. 003 0.003 0. 022 

(u.s.A. ) 

Brandly and l1j eaki 

(u.s. A.) 

Moulton 

(u. s. A.) 

Hebster 

(New ZealanCl.) 

Misdorp 
(Netherlands) 

Anderson ,  Sandison 

and Jarrett 

(Britain) 

( 1963) 0.0017 0.2235 0.0036 

( 1963) 0.002 0.04 0 .003 

( 1966) o. 1 1  

( 1 967) 0.027 0 .060 0.006 0.004 0. 140 

( 1 969) o. oo24 o. o23 0.0036 
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TABLE II 

Miscellaneous Neoplasms of Sl-ieep Diagnosed 

by Various Authors 

No.of 
Anatomica l Region Tumour Type Cases Reference 

Mouth Gingival fibroma 1 Lombard and 

Gaubert (1959) 

Squamous cell  carcinoma 

of gum 1 Cotchin (1960) 

Oesophagus Papilloma 1 AnC:.erson et al. 
--· 

( 1969) 

Ca.rcinoma 1 Montfallet 

Rumen Leiomyosarcoma 1 Sastry and 

Tweihaus (1965) 

Omasum Acanthoma 1 Jackson (1936) 

Squamous cell carcinoma Hanko ( 1947) 

Small  intestine Adenomatoid �perplasia of 

Brunner ' s  glands  Jackson ( 1936) 

Large intestine Adenocarcinoma 1 Head (1953) 

Cystadenoma of rectum 2 Nobel ,  Neumann 

and Klopfer 

( 1970) 

Pancreas Carcinoma 1 Jackson ( 1936) 



Table II Con tel. 

Miscellaneous Neoplasms of Sheep Diagnosed 

by Various Authors 

Anacomical Region 

Feritoneum 

Dige3tive Organs 

(Unspecified) 

Nose and Nasa� 
cavity 

Lung 

Mammary Gland 

Vulva 

Uterus 

Tumour Type 

Mesothelioma 

Carcinoma taken to be of 

peritoneal origin 

J,lalignant fibromas or 

sarcomas 

Squamous cell carcinoma uf 

nostril 

Carcinoma 

Multiple cystadenoma 

Visceral mesothelioma 

Rhabdomyoma 

!i'i brosarcoma 

Squamous ce 11 carcinoma 

Leiomyoma 

Smooth muscle tumour 

No.of 
Cases 

1 

Reference 

Plummer (1956) 

Saini ( 1941 ) 

2 Brandly and 

:Migaki (1963) 

1 Sastry (1959) 

1 S chutz (1880) 

1 Eber (1891) 

1 Besnoit (1895) 

·1 Sticker (1�02) 

1 Jackson ( 1936) 

2 Brandly and 

:Migaki (1963) 

1 Feldma!l (1931) 

1 Feldman (1931) 

1 Day (1922) 

1 P.!.ummer (19)6) 

1 Monlux, And8rson 

and Davis(1956) 

2 Feldman (1931) 

1 Anderson and 

Sandison(1969a) 



T2.ble II Contd 

f.Jiscellaneous N�oplasms of Sheep Diagnosed 

by Various Authors 

No.of 
Anatomical Region Tumour Type Cases Reference 

Fibroma 1 Anderson and 

Sandison ( 1969b) 

Chondroma 1 Sastry (1959) 

Adenocarcinoma 1 rl'erlecki and 

Hatson (1967) 

Ovary Granulosa cell tumour 1 Casarosa(1950e..) 

Female Repro-

ductive system 

(Unspecified) Leiomyoma 1 Brandly and 

Migaki (1963) 

Testi.a Intra tubular seminomas 5 Jcnsen and 

Flint (1963) 

Seminomas 2 Shortridge and 

Cordes (1969) 

Sertoli cell tumour 1 Shortridge(196?.) 

Kidney Adenoma 1 Flir ( 1952-3) 

Carcinoma 4 Sandison and 

Andorson(1968b) 

Embryonal nephroma 2 Jackson(1936) 

1 Pamukcu( 1956) 

1 Brandly and 

Migaki (1963) 



Table II Contd 

11isceJ laneous Neoplasms of Sht!ep Diagnosed 

by Various Authors 

No.of 
Anatomical Region Tuwour Type Cases Reference 

1 Harcourt and 

Spice (1968 ) 

Feldman (1933 ) 

3 Flir ( 1 95 2/.3) 

Hebster ( 1 967 ) 

Haemangioendothelioma Flir ( 1 95 2/.3) 

Skin Melanoma Lund ( 192.3) 

Baxter ( 1960 ) 

Sastry and 

Tweihaus ( 1 965 ) 

Anderson et al. 

( 1969 ) 

Fibroma Jackson ( 19.36 ) 

Head ( 1 953) 

Brandly and 

Migaki (1963 ) 

2 Cot chin ( 1 960 ) 

Fibropapilloma 5 Head (195.3 ) 

Papilloma 1 Cotchin (1960 ) 

1 James, Rao and 

Sastry ( 1967 ) 

Cornu cu taneum 1 Jackson ( 1936 ) 

Adenocarcinoma ( Cystic type ) Feldrnan ( 19.31 ) 



Tab le -=-II=--__;C;.;::o:..;;n:;...;;t.;;;;d . 
li!iscellaneous :�E'oplasms of Sheep Diagnosed 

by Various Authors 

Ar.atomical Region 

Eye 

Lacrimal 

Tumour Type 

Capilla�y haemangioma 

(congenital) 

Melanoma 

Squamous cell carcinoma 

Adenocar0inoma of accessory 

lacrimal glands 

Neurofibrosarcoma 

Tumours (unspecified) 

No.of 
Cases Reference 

1 Davis (1935) 

1 Cotchin (1960) 

Sastry and 

Twf:ihaus( 1965) 

2 Feldman (1932) 

4 Davis and 

Shorten( 1952) 

1 Micheletto(1968) 

JD.mes et al. 

( 1967) 

2 Davis,Leeper 

and Shelton 

( 1933) 

Nervous system Lipoma of meninges (congenital) 1 Jackson (1936) 

Benign neurofibroma or 

Neurolemmoma 

Meningioma 

Anterior pituitary Adenoma 

Thyroid Carcinoma 

1 

1 

3 

1 

Brandly and 

Migaki (1963) 

Pi ·mik( 1968) 

Casarosa 

(1950 b) 

Feldman(1931) 

Jackson(1936) 

Sandison and 

Anderson( 1968 a) 



.:;;.T.:;;.a'\:l;;..;l;;;..e�I�I�--"-C.::...ontd 

�iscellaneous Neoplasms of Sheep Diagnosed 

�Various Authors 

Anatomical Region Tumour Type 

Adenoma 

(after radio iodine 

administration) 

Tumour (unspecified) 

Adrenal Carcinoma of cortex 

Adenoma of cortex 

Benign adrenal medullary 

Pheochromocytoma 

Carcinoma (Unspecified) 

Adenoma (Unspecified) 

Bon�; Osteoma 

Osteosarcoma 

No.of Reference 
Cases 

1 

1 

9 

1 

1 
1 

tumour 1 

1 

No bel and 

Neumann(1960) 

Marks and 

Bustad(1963) 

Davis et.al. 

( 1933) 

Feldm.'ln ( 1931) 

Sandison and 

Andersor. ( 1968a) 

Feldman(1931) 

Cotchin(1960) 

Brandly and 

Migaki (1963) 

Sandison and 

Anderson(1968a) 

8 Davis et al. 

(1933) 

1 Davis et al. 

(1933) 

1 Jac�son(1936) 

1 Cotchin(1960) 

1 Feldman(1931) 

2 Webster (1967) 



Table II Gontd 

Miscellaneous Neoplasms of Sheep Diagnosed 

by Various Authors 

---- ----------------------------------------------------------

Anatomical Region Tumour Type 

Connective Tissue Fibrosarcoma 

Fibroblastio t umuurs 

Fibrolipoma 

Li�oma 

Mixed cell sarcomas 

Myxoma 

Rhabdomyoma 

illtabdomyosarooma of carcass 

Rhabdomyosarcoma 

Haemangioendothelioma 

Haemangioma 

Lymphangioendothelioma 

Thymus Thymoma 

No .of 
Cases Reference 

1 Jackson(1936) 

1 FelcJman ( 1932) 

3 Anderson and 

Sandison(1969b) 

1 Jac�son (1936 ) 

1 Anderson and 

Sandison(1969b ) 

1 ,Tacl::son ( 1936) 

1 Jackson( 1 936 ) 

1 Feldman(1932) 

1 Harcourt and 

Spice (1968 ) 

1 Collet , Collin 

and Flachat 

(1952/53) 

2 Ander�:;on and 

Sandison(1969b) 

1 Webster (1967) 

1 Anderson and 

Sandison(1969b) 

1 Santos and 

Costa Durao (1�65) 

2 Brandly and 

Migaki (1963)  

1 Anderson et . al. 
--

(1969 ) 



Ta�le  II  . Contd. 

Miscel laneous Neoplasms of Sheep Diagnosed 

by Various Authors 

Anat0mi �al Region Tumour Type No. of Reference Cases 

Carcinoma ( Probably of 

Has sells corpuscles) 1 Feldman ( 1 931)  

Thymus tumour 1 Davis et al. 
--

(1933) 

1�alignant thymic tumour 1 Nyka ( 1929) 

Heart Sarcoma 1 Cotchin(1960) 

Fibrosarcoma Misclorp ( 1962) 

Osteosarcoma 1 Misdorp( i 962) 

Unknown Origin Encephalcid tumour of ohest 1 Cris?) ( 1867 )  

Carcinoma 1 Savage and 

Isa (1955) 

Adenoma 7 Nobel et al. 

( 1970) 
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sheep , including lambs , slaughtered over that period , 0. 25% were 

reported a s  h�ving neop] asms , but of these, 59% were. a splenic lesion 

of un certain nature . .Jolly ( 1 968 ) subsequently described these 

p articular lesions as uodular hyperplastic changes rather than neoplastic . 

It is  therefore reasonable to omit these splenic lesions  from Webster 's 

data, leaving a prevalence of 0. 58% of neoplasms in ewes and 0. 1 �% in 

all sheep in Hebster ' s  latter survey. 

In comparison with the prevalence in sheep, reports of inv e st1gations  

at slaughtering establishments have usually revealed con siderably more 

tumours in slaughtered cattle, but approximately the same number in 

pigs (Table I). The tv1o reports from slaughtered horses i ndicate a 

considerably higher prevalence in that species. Webster ( 1 966 ) did not 

state how many cattle were inspected to find the sixteen neoplasms he 

reported . He did , however , in contrast to other authors ,  state that 

the preval ence in cattle v;as much lov.rer than the tumour prevalence in 

sheep.  

Despite the relative infrequency of diagnoses of ovine neoplasms 

in most countries , a wide range of types of neoplasms has been reporteu, 

affecting most organs and tissue types (Table II) . Apart from these , 

a number of  characteristic neoplasms occur with regularity in· cartain 

circumstances. These , ommitted from Table II . are discussed in more 

detail belOt-.'e 

Sheep Pulmonary Adenomatosis  (Jagzickte) 

One of the most interesting of ovine neoplasms i s  pulmonary 

adenomatosi s  (jagziekte) , a disease recognised at lea st since the turn 

of the century (Robertson, 1 904) , and since reported in Peru , Chile , 

Iceland, Uniteu Kingdom, most of Europe , Southern Russia , Israel, India 

Kenya , South West Africa and South Africc.. (Tustin , 1969 ) . 
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In spite of  this ,  considerable r-onfusion exists  over its  differential 

diagnosis t hrough fai lure to recognise the adenomatous lesion as being 

neopJ.astic,  and to different iate i t  from pneumoni c lesions characteri sed 

by alveolar epi  thelialh;ation. Robertson, in fact , described jagz:i.ekte 

as a chroni c catarrhal p�eumonia. Cowdry and Marsh ( 1 927 ) considered 

i t  to be the same condi ti on as Montana progr8ssive pneumonia, although 

Cowdry ( 1 9 25 a, b ) had previously commented on the pro li ferative 

nrt.ture of the disease , and iH thei r  compari son bet>veen jagziekte and 

Montana progressive pneumonia, Cowdry and Marsh re cognised that alveolar 

epithelial proliferations were more marked in the former. Marsh ( 1 955 ) 

later re cvGnised the two conditions as sepa�ate entities , with 

progressivE: pneumonia. rr.ore closely resembling Naedi , a proliferative 

pneumonia o f  sheep des cribed from I celand ( Sigurdsson, 1 954 ) .  Sheep 

pulmonary adenomatosi s was recogni sed by Dungal , Gislason and Taylol' 

( 1 938 )  as b eing primari ly an adenomatous condition accompanied by 

inflammatory changes .  The frankly neoplastic nature of thi s l esion 1-1as 

confirmed L,y the noting of secondary :esions in thoraci c lymph nodes 

by Cuba-Caparo, de la Vega and Copai ra ( 1 96 1 ) ,  Stamp and Nisbet ( 1 963 ) ,  

Wandera ( 1 967 ) ,  Nobel e t  al . ( 1 969 ) and Cvjetanovi c, Forsek and 

Nevje sti c ( 1 970) . Metastases e lsewhere than the thoraci c l�nph node s 

have been reported by Enchev ( 1 963 ) ,  Nobel e t  al . ( 1 968, 1 969 )  and 

Tustin ( 1 969 ) .  Ench�v reported m�t astatic lesions in the liver, spleen,  

kidney and myocardium, whi le Nobel e t  al . reported metastat i c  lesions 

in skeletal muscle , kidneys, the 'pe lvi c cavity" and in the peritoneal 

cB.vi ty. Tu.stin observed two sheep in which lesions had spread to 

involve the pleura. On the basis of the se condary lesions observed , 

Nobel et  al . ( 1 969 ) and Tustin ( 1 969 ) suggested thi s disease should 

be called "carcinoma" of the lung. 
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The transmissible nature of jagziekte was suspected by 

Robertson (1904) and Cowdry ( 1925 b ) . An epizootic of this disease , 

affecting up to 5ofo of sheep in some Icelandic flocks, was investigated 

by Dungal et al. (1938) , w ho traced the introduction of the disease 

into Iceland to a ram imported from Germany. Experiments by Dungal 

( 1946) confirmed that the disease was contagious and suggested that 

a pneumotropic virus was responsible . 

Experimental transmission of sheep  pulmonary adenomatosis using 

cell free and bacteria free preparrttions has now been achieved in a 

number of laboratori8s (Sigurdsson, 1958; Enchev, 1966 ; Cuba-Caparo , 

de la Vega and Durand 1967 ; Wandera 1968) , suggesting a P. P. L. O. or 

viral aetiological agent.  Naturally occurring lesions are generall�· 

accompanied ty mesenchymal proliferation and leukocytic infiltration 

of alveolar walls. Experimental tranmission using bacteria free 

preparations has, h0wever, confirmed that pulmonary adenomatosis is 

primarily characterised by adenomatcus proliferation of alveolar 

epithelium. ��coplasmas have been isolated from lesions of the 

naturally cccurring disease (lllackay, Nisbet and Foggie , 1963; Deiana 

a.nd Cerotto , 1967) , although their aetiological significance is unknovm. 

In studies in which tissue cultures were seeded wit h material from 

characteristic lesions, either proliferative or cytopathic effects 

were produced (Mackay, 1969). Examinaticn of preparations from these 

tissue cultures with  an electron mic�oscope reveale� particles 

morphologically similar to herpes viruses ( Smith and Mackay, 1969) . 

The aetiological. significance <.•f this vi ru .=; has still to be demonstrated. 
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Neoplasia of the Olfactory mucosa 

Multiple cas e s  of tumours of the olfactory mucosa, variously 

classified as adenopap i llomas and adenocarcinomas have occurred in 

individu�l sheep flocks in Europe (Nierberle , 1 939 ; Cohrs , 1 953 

Camy, 1 955 ; Gussman, 1 962 ; Rubaj and Holosyn, 1 967 ) ,  t he 

United States of America (Young, Love lace , Hawkins and Catlin, 1 96 1  

Duncan, Tyler, Van Der Maaten and Ande rson, 1 967 ) , and South 

Afri ca (McConnell, van Rensburg and van Wyk, 1 970 ) . These neoplasms 

arose in the olfact.ory and ethmoid regions of the nasal cavity and 

appeare d as red bro� thi ckeni ngs of the rrru co sa that grew to occlude 

the na.sal passage producing clinical signs of dyspnoea ( Goldbere , 1 920; 

Camy, 1 955 ; Young e t  al . ,  1 96 1 ) .  Histologically the lesions vari ed 

from diffuse carci nomas (Goldberg, 1 920 ) t o  papi l l ary carcinomas with 

signs of squamous metap las i a  ( Cohrs , 1 953;  Young et al . ,  1 96 1 ; Gussman, 

1 962 ) .  No metastas� s have been reported. 

Genetic predisposition does no t ap pear to account for the 

prevalence of this disease on individual farms, as Young et al . found 

tumours a,ffecting sheep of different breeds on the one property. 

Whereas Gohrs ( 1 95 3 )  was able to transmit this tumour using a cel l 

free filtrate, similar attemp t s  by Duncan �t al . ( 1 967 ) were 

unsuccessful. 

Whether or not al l these neoplasms were a single pathological 

entity rli th a similar aetiology has n.ot been determined. 

Lewis ,  Markson and Allcroft ( 1 967 ) found neoplasms of the nasal 

cavity in two o�t of five shee� fed for ur- to five years on ground 

nut meal containing aflatoxin. One of these neoplasms was a 

chondroma and the other was described as a mucous adenoma \-Ji th 

osteomatous differentiation in the stroma. 
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S9,U;an1ous Cel l Car cin_omas of the Exoosed Skin 

vlhil� squamous cell carcinomas on the ears and other areas of 

expo :::;ed skin of sheep are well knovm (Jubb and Kennedy, 1 963 ) , there 

ara unly a fevr report s in the literature from places other than 

Australia (Beatti , 1 9 1 6 ; Feldman, 1 93 1 ; Head, 1 953 ; Anderson et al . 

1 969 ; Nobe l  e t  al . 1 970 ) .  In Australia , these neoplasms are common 

on the tips of ears arising from areas which have undergone chronic 

inflammatory changes (Dodd, 1 923 ) .  Up to B% o f  ei'les were affe cted in 

flocks examined by Carter ( 1 958 ) and Lloyd ( 1 96 1 ) ,  with lesions 

affe cting the ears, muzz le and perineum. l·1etastatic lesions have 

been loca·�ed in lymph nodes and, more rarely, in the lungs (Dodd, 1 923 ;  

Lloydr 1 96 1 ) .  

Beatti  ( 1 9 1 6 )  suggested penetration of the ears by thorns might 

be responsible for thi s neoplasm as seen in Argentina, while Dodd 

considered chroni c granulatinG ear mark wounds might be the site of 

o:-igin. The ultra-violet portion of sunlight is  no\i well recognised 

as being c•..1.rcinogenic to skin (Blum, ·1 955 ;  Hueper, 1 957 ) , and Lloyd 

considered sunligh J� \ofas the major aetiological factor in squamous cel l  

carcinoma of  the exposed portions of the skin o f  sheep. He suggested 

that a prece ding period of photosensitivity was responsible for the 

e spe cially high incicl ence in flocks examined by Carter and himself.· 

Squamous Cell Carc.inor:.as of the \-/ool Bearinl? Skin 

Squamous cell  carcinomas of the wool bearing areas of the skin 

l: f sheep have rarely been reported . Feldman ( 1 9  3 1  ) recorded two such 

neoplasms originating in the region of the s capula ,and Sastry ( 1 959 )  

recorded one case ari sing on the neck. In contrast , Carne , Lloyd and 

Carter ( 1 963 ) found squamous cell carcinomas originating in epidermal 
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T A E L E I I I 

The numbers of  Neoplasms of Different Types 

Diagnosed by Various Authors 

Reference Primary Lymphosarcomas Cartilagenous Other 
Liver Tumours Tumours Tumours 

Sticker( 1 902) 5 1 0 1 

Feldman( 1 93 1 ) 5 4 2 29 

Jackson( 1 936 ) 3 4 0 21  

Monlux et al . 

( 1 956 ) 8 20 3 35 

Sastry ( 1 959 ) 1 0 1 2 

Cotchin ( 1 960) 1 2  1 0  2 1 4  

Lombard, Guilbard 

and Rimbert 

( 1 960 ) 0 1 . 1 0 

Brandly and 

Migaki ( 1 963)  8 1 1  3 1 2  

Moulton( 1 963)  ? 11 ? 1 63 

Sastry and Tweihaus 

( 1 965 ) 0 3 2 5 

Webster( 1 966 ) 27 23 2 68 

Webster( 1 967 ) 34 1 2 342 

Misdorp( 1 967 ) 6 1 6  ? 1 0  

Anderson , et  al . 

( 1 969 ) 33 44 3 27 
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T A B L E  I V  

Hepati c Tumours Diagnosed by Various Authors 

Reference Hepatocellular Cholangio- Others Unspecified 
carcinomas and cellular 

carcinomas 
or Bile Duct 

adenomas 

Johne ( 1 879 )  1 

Besnoit ( 1895 ) 1 

Sticker( 1 902)  5 

Hodgson( 1 903 )  1 

F�enkel ( 1 927 ) 6 

Feldman( 193 1 ) 2 2 1 Ca:rci.noma 
(uncertain 
cell type ) 

Jackson( 1 936) 2 

Plummer( 1 956)  3 

Pamukcu ( 1 956 ) 1 angiosarcoma 

· Monlux et . al. 
( 1 956) 8 

Sastry ( 1959) 1 

Cotchin( 1 960) 8 3 1 uncertain 
Bile Duct 
Carcinoma 

Pierotti ( 1 963 ) 2 5 adenocarcinomas 

Bra::1dly and 
Migaki ( 1 963 ) 5 3 

Rao , Christopher 
and Sastry 
( 1 964) 1 

Manktelow(  1 965 ) 1 3  Hepato-
blastomas 

Webster ( 1 966 ) 20 7 

James et al. 1 Cavernous 
( 1 96n-- haemangioma 



Table IV Contd 

Hepati c  Tumours Diagnosed by Various Authors 

Reference Hepatocellular Cholangio- Other Unspecified 
carcinomas and cellular 

Hepatomas carcinomas 
or Bile Duct 

allenomas 

. Misdorp ( 1 967 ) 5 1 Carcino:.. . 
sarcoma 

Webster( 1 967 ) 2 He:pato- 32 ( liver 
b lastomas carcinomas ) 

Anderson and 
Sandison 23 9 1 Bilary 

· ( 1 968 ) cystadenoma 

Watt ( 1 970)  1 Hepatochol-
angioraa 
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irr.plantation cysts . in  the wool bearing skin of sheep. The sh'eep in 

three related inbred loSeriuo flocks t-1ere ger.etically susceptible to 

the formation of cutaneous cyst s  fclloi;ing the penetration of the 

skin by grass seeds. It  was from the wall s  of these cysts that the 

neoplasms originated. 

Experimentally, the appli cation of dimethylbenzanthracene to  the 

skin resulted in papilloma formation ,more commonly in the cyst­

susceptible sheep than in other sheep, and the injection of dime thyl­

benzanthracene into the lumen of cysts stimulated the formation of 

squamous cell carcinomas (Lloyd, 1 966 ) .  An electron microscopi c 

study of these tumours was described by :3orland and Hebber ( 1 966) .  

Hepatic Neoplasms 

Primary neoplasia of the l iver ic not uncommon in sheep 

compared with neoplasia in othe1· orgar..s (Table III ) . Steiner and 

Bengston ( 1 95 ·1 ) considered hP.pa i;ocellula.r carcinomas \oJere the most 

common malignant neoplasm found in sheep, \oJhile !�o.rval ( 1 967 ) believed 

the l iver was second to the small intestine as the most common site in 

whi ch tumours were found. in slaughtered. 8heep. 

Tumours of the liver have usually been classified as arising 

from e ither hepatocytes or bile duct epithelium, but there is· variation 

in the terminology used by various a�thors (Table IV ) .  Webster (1967 ) 

failed to classify tumours of the liver beyond calling them liver 

carcinomas . However,  in  his  ee>.rlier survey (vlebster, 1966 ) hepato cellular 

tumours pre�vminated and this is in accord with other series of l iver 

tumours. 
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Haemopoiesis in live-r cell tumours of sheep has been reported 

by a number of authors (Frer.kel ,  1 92'{ ; Drieux and Ninard, 1 942 ; Nune s 

Pesti ca , Paz Ferreira and Carvalho Varela, 1 96 1 ; Manktelm11 ,  1 965 ; 

Ande1·son and Sanc.i son, 1 968 ) .  On the basis of thi s  finding, and ot11er 

pathological considerations, Frenkel ( 1 927 ) suggested these lesions 

might best be  called hepatoblastomas, and this  classification was 

supported by Nunes Pestica et al. ( 1 96 1 ) .  Further evidence that these 

v�sions were of  embryonic origin 1.;as the finding of similar lesions in 

ne·.-� born lambs (Manktelow, 1 965 ) .  Hebster cal led liver cel l  tumours 

in lambs hepatoblastomas , but  those in older sheep he classi fied as 

hepatocelJ..'llar carcinomas . Atl.derson and Sandison ( 1 968 ) , who also 

found haemopoiesis in l iver tumours from lambs , preferred to classify 

them only as "l iver cell tumours". 

Though it has been inferred that liver ce l l  tumours of sheep 

are commonly malignant ( Steiner and Bengston, 1 95 1 ; Nunes Pestica 

et al . ,  1 96 1 ) , this is  not supported by most authors. Metastatic  

lesions we� ·e located in approximately une-fifth of  the cases examined 

by Brandly and Migr.J.d ( 1 963 ) ,  vlebster ( 1 966 ) and A.nderson and 

Sandison ( 1 968 ) .  The se la st authors located mete.stases i n  two 

of  the tvienty-one cases of liver cel l  tumours examined.  In the 

absence of metastases they considered a further three lesions 

malignant on histolor,i cal criteria. 

Lymphosarcomas 

Lymphosa1·comas are one of the most carurally recorded tumours o f  

sheep (Table III ) .  Anderson and Jarrett ( 1 968 ) conside red most cases 

were multicentric, involving numerous lymph nodes .  Frequently 
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internal organs such as k�dney, spleen, liver, lung and skeletal 

muscle were also involved. 

Isolated reports of diagnoses of lymphosarcomas in sheep have 

come from Jowett ( 1 906 ) ,  Feldman ( 1 9 26 ) ,  Head ( 1 953 ) ,  Lombard and 

Hitte ( 1 959 ) ,  Hilgenfeld and Krieg ( 1 965 ) 1  Nobel et al , ( 1 967 ) and 

Dukic, Stamatovi c and Dur�ckovic ( 1 969 ) .  

An extensive volume of literature i s  available on lymphosarcoma 

of cattle in whi ch specie s an enzootic form of possible viral aetiology 

is  present (Bendexin, 1 965 ; Dutcher ,  Larkin ,  Tumilowi cz , Nazarian, 

Eusebio,  Stock, Guest and Marshak, 1 967 ) .  Similarly, there are 

indications of a transmissible  aetiological agent in feline lympho­

sarcoma (S chneider, Frye , Taylor and lJorn, 1 967 ; Thei len, 1 968 ) .  

Despite this ,  and the relatively cormnon occurrence 0f lymphosarcoma 

in sheep , no experimental work and fei·l epidemiological observations 

on the ovine di sease have been reporteU.. 

�!U�� � Jungnitz and Robger ( 1 96 1 ) reported the exist9nce of a 

flock of  sheep vd th a high incidence of malignant lymphoma, similar to 

the situation in certain herds of cattle.  Observations on a. flock of 

sheep vaccinated two years previously with bovine blood rrom a leukosis 

herd, suggeoted that t ransmission of the cattle leukosis  agent might 

have induced a high incidence of leukosis in tl,_at sheep flock (Enke, 

1 964) .  An attempt by Farny ( 1 935 ) t o  induce lymphosarcomas i n  sheep  

by  inoculation of three animals with both ce�tr:i.fuged and filtered 

sera from a leukoti c  cow resulted in a "lymphocytosis" but no _discrete 

neoplasms.  Wittman and Urbaneck ( 1 969 ) ,  hov1ever, were able to induce 

"leukosis" in sheep by inoculating them with heparinised blood from 

leukot i c  cattle during the first 24 hours of life . There are no 

reports of succes sful transmission of ljmphosarcoma frcm sheep to sheep. 
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Despite this, evidence for a viral aetiology for this disease i n  

other specie:J and the observations that bovine leukosi s may be 

transmitted to young lambs suggest the possibility of an infective 

cause for the ovine disease. 

Tumours o f  Cartilage 

Althoagh Steiner and B3ngston ( 1 951 ) claimed cartilagenous 

tumours ,  chiefly of the scapular and thoracic cage, were relatively 

common in sheep, they form only a small proportion of  most series o f  

ovine neoplasms  (Table III ). Most have been diagnosed as  chondromas .  

I n  contrast ,  Sulliva.n ( 1 960)  examined histological f::c <.:tions from 

twenty-t1vo lesions in sheep and considered only two could be  cla ssed 

as  benign. Records of  thirty-two cartilagenous neoplasms of  sheep 

were available to Sullivan, and of the se , eleven arose on the ribs , 

eieht on the sternum , four on the scapula , four on various arti culations 

and one Ol". e, tuber coxae. '1\-Jo lesion·.> were located in the heart and 

two cases Here recorded as multiple metastatic nodules  only. 

Metastases were reported in the lungs ( 1 0  cases ) , liver ( 5 ) ,  diaphragm 

( 5 ) ,  heart ( 1 ) , intestine ( 1 ) , and kidney ( 1 ) . Hock ( 1 922 ) diagnosed 

a cartil agE:nou s neoplasm o f  the proximal epiphysis of  the femur in a 

sheep wi th secondary lesions in the lung. 

Carcinoma of the Bladder 

Harbu�t end Lcaver ( 1 969 ) found carcinomatous lesions of  the 

urinary bladder associated with haematuria in sheep which had access 
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T A B L E  V 

The Numbe r  of Small Inte stinal Carci nomas Diagnosed 

in Series of Ovine Tumours 

Re ference 

Fe ldman ( 1 93 1 ) 

McFadyean ( 1 93 1 ) 

Dav i s ,  et al , ( 1 933 ) 

Jackson ( 1 936)  

ll:ionlux, e t  a l  

C o t  chin 

Dodd 

( 1 960 ) 

( 1 960) 

( 1 964) 

Brandly and Mi gaki ( 1 963 ) 

C o ok ( 1 964) 

Sastry anu Twe ihaus ( 1 965 ) 

McDonald and Leaver ( 1 965 ) 

Web ster 

Hebster 

Mi sdor·p 

Norval 

( 1 966 ) 

( 1 967 ) 

( 1 967 )  

( 1 968 ) 

Anderson, e t  al ( 1 969 ) 

Sheep Tumours Smal l Int e s t i nal 
Exami ned Examined Carcinom� Di agno sed 

6 1 . 1 1 x 1 0  

88 

30, 450 

(ewes ) 
363 , 500 

53? , 946 

( 1 966 and 
1 967 Figs ) 

4• 5 X 1 06 

40 

34 

39 

66 

38 

34 

1 0  

62  

385 

32  

1 64 

1 07 

Nil 

1 *  

Nil 

1 

1 *  

1 *  

) 1 ** 

N i l  

6*** 

2* 

5** 

37 

339 

Nil 

96 

1 

* The primary site of the se lesions was not fully stated and 

they could have ari sen in the large int e s ti ne .  

** The se reports are re stri cted t o  carcinoma o f  the small int e st i ne .  

**•� Cook reported the se lesi ons as "neop1.a.s ia o f  the int e s t ine" only. 
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t o  bracken fern for at least 1 8  months . On the basis  0 1� the proven 

carcinogeni ci "!;;;' of bracken fern (Chapter V ), and the simi larity of 

these lesions to those produced by feeding bracken fern to cattle ,  

i t  was suggested t hat the se  tumours re sulted from bracken inge stion. 

Carcinomas of the Smal l Intest ine 

Pri o r  to 1 960, carcinomas o f  the intestine of sheep had been 

reported on�y occasionally and some of these early reports failed 

to state the portion of the intestine from v:hi ch the tumours 

originated (Tc:.ble V ) .  Dodd ( 1 960, 1 964) reported a total o f  fifty-

one cases o f  carcinoma of the ovine small inte8tine in  material 

passing through a New Zealand diagnostic laboratory over a period 

of seven years . Six o f  the eighty-eight '"'·last ing" shee.r examined by 

Cook ( 1 964) in Uew Zealand were affe cted by "neoplasia of the 

intestine" . The common o ccurrence of smal l intestinal ca�c-cinomc:s in 

ewes in ll'ew Zealand vias confirmed by vlebster ( 1 966 ; 1 967 ) .  

In A11stralia , McDonald and Leaver ( 1 965 ) diagnosed carcinoma of 

the small intestine as t he cause o f  death of five sheep on one property. 

They consi de red this di sease was causing t he death of 0 . 4% of all shc eiJ 

and 2% of  sheep over five years o f  age on that property, but could not 

locate the disease on surrounding farms. 

The only locality outside New Zealand in whi ch relat ively la.:::-ge 

numbe rs o1 carcinomas o f  the smal l i ntestine are known to occur i s  

Scotland. Norval ( 1 968 ) found between 0.0 15  and 0.048% o f  sr.eep 

slaughtered at Edinburgh Abattoir affe cte� each year from 1 962 to 

1 967 . Thi s  contrasts markedly with the situation in  Great Britain 
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as a whole , as reported by Anderson et al . ( 1 969) ,who found one 

6 carcinoma 'Jf the smal l intestine in 4· 5 x 1 0  sheep examined. 

Hebster ( 1 967 ) diagnosed carcinomas of the :::mal l intestine 

in 0. 52% of slaughtered ewes ,  and in approximately 0 . 02% of hoggets  

and wethers . No  cases were noted in  over 200, 000 slaughtered lambs.  

Norval stated that his cases  of small intestinal carcinoma came from 

aged ewes ,  and, as these constituted 1 5  to 2o% of sheep kil led, the 

prevalence in e\-.re s  would be approximately 0 .  cfo. 

Husbandry practices generally preclude the possibility of  

examining large numbers of slaughtered rams of  cow.parable age to  

the slauehtered ewes �  and hence no comparison of  prevalence in  

different sexes  is  possible . 

The view that ovine neoplasms are of generally low prevalence 

is supported by the literature reviewed but Hith several exceptions . 

The most L >table exceptions are the cvmmon occurrence of  small 

intestir.c.l carcinoma in s laughtered ewes in  New Zealc::.nd and Scotland , 

and the comparatively high prevalence of total tumours in sheep 

slaughter-ed in these two localities and Amsterdam. Other excepti onr: 

include the endemic 2nd sometimes epidemic  occurrence of pulmonary 

adenomatosis ,  tumour> of the olfactory mucosa, squamous cel l  carcinoma 

of the exposed skin and �qua�ous cel l  carcinoma in cyst-bearing , 

genetically susceptible sheep. 
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T A B L E  V I  

The Numbers of Small Intestinal Carcinomas Diagnosed 

in Series o f  Bovine Tumours Examined by Various Authors 

Reference Animals Tumours Small Intestinal 
Examined Examined Carcinoma Diagnosed 

· Chandre sekharan-N ai r and 

Sastry (1954) 2003 Nil 

Plummer (1956 ) 447 10* 

Brandly and Migaki (1963 ) 5* 

Sastry and Tweihaus (1964) 202 Nil 

Webs ter (1966 ) 7x1o4 1 6  1 * 

Misdorp ( 1967 ) 24.7x104 208 12 

Anderson, et al. (1969 ) 130x1o4 302 1 *  

* The primary site of these tumours was not positively 

identified . 



COMPARATIVE ASPECTS OF Tire OCCUPJlliNCE OF 

CARGirJO!tiA OF THE SMALL INTESTI!JE 

As �lready noted , sheep,  at least in New Zealand , and to a 

lesser degree in S cotland , are notable for a relatively high 

prevalence of small intestinal carcinomas compared with tb.e prevalence 

of other neoplasms. Reports of carcinomas of the small intestine in 

all other animal species have been infrequent and generally indicate 

that they are an uncommon type of neoplasm. Many authors have fai led 

to differentiate between carcinomas of the small and large intestine , 

and few have defined the population size or type from whi ch they 

originated. Veterinary pathology texts consider t1.at intestinal 

carcinomas are rare in all domesti c species  (Runnells ,  lilonlux and 

Monlux, 1 960; Smith and Jones ,  1 963 ;  Jubb and Kennedy, 1 963 ;  

Nierberle and Cohrs ,  1 967 ) .  Moulton ( � 96 1 ) considered carcinomas 

of the intestine v-;ere most frequent in the dog, followed by the horse , 

cat , ox and sheep. N ie rberle and Cohrs ( 1 967 ) ,  however,  stated that 

intestinal carcinomas were most common in horses and fowls.  

Standard medi cal texts (Boyd, 1 949 ; Robins , 1 962;  Morson, 

1 966;  Horn, 1 )66; Gould, Hinerman, Batsakis and Beamer ,  1 964; Willis ,  

1 967 ) consider that carcinoma of the small intesti ne i s  a rare neoplasm 

in man. 

Cattle 

Table VI contains repo:r·ts of several series of bovine neoplasms 

examined in various laboratories ,  together with the number of small 

intestinal carcinomas diagnosed. The rep01•ts of Brandly and Migaki 

{ 1 963 ) ,  Webster ( 1 966 ) ,  Mi sdorp ( 1 967 and Anderson et al. ( 1 969 ) 
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T A B L E V I I 

The Numbers of Small Intestinal Carcinomas Diagnosed 

in Series of Canine Ne opJc:sms 

-

Reference Tumours Examined Small Intestinal 
Carcinomas 

Uberreiter (1955 ) 3040 Nil  

Plumrner ( 1 956 ) 83 1 *  

Cot chin ( 1 959) 4187 3 

De Kock (1962) 72 1 * 

Ho ward and Nielsen ( 1 965) 1053 Nil 

Stunzi (1967b) 2 12 Ni l 

lllurray (1968 ) 189 Nil 

Mugera ( 1 968 ) 559 2* 

Hoorens and Thooren (1968) 925 Nil 

* The primary site of these lesions was not positively 

identified. They could have arisen in the large 

intestine. 

Diagnosed 
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indicate a prevalence of intestinal carcinoma in slaugh-tered cattle 

ranging from approxim�tely 0 . 0001 to 0. 005%. This  prevalence range 

is  considerably belov1 that recorded from sheep in New Zealand and 

Scotland , but i s  simi lar to  data from sheep in the rest of Britain or  

in  the United States of  Ameri ca (Anderson et al. 1 969 ; Monlux et al . 

1 956 ) .  

Schlegel  ( 1 925 ) reported the diagnosis  of carcinomas of the 

small intestine in three aged cov·Js and Kajagoschtin, Zeinert ( 1 9 3 1  ) , 

and Dzuvi c ( 1 969 ) each reported one case . 

Table VII summarises reports of series  of canine neoplasms , and 

the nwnbers of carcinomas located in the Slf.al l intestine . These 

reports indi cate that carcinomas of the small intestine form a 

smaller proportion of  canine neoplasms than is  the case in either 

sheep o:.: cattle . 

Isolated cases of  small intestinal carcinomas in  does have al so 

been diagnosed by Petit  ( 1 905 ) ,  Joest ( 1 9 1 9 ) , Ste ckencorn ( 1 933 ) ,  

Rubarth ( 1 934) , Taylor and Kate:::' ( 1 954) , whilt Wuller ( 1 954) and Case , 

Helper,  Knecht and Small ( 1 968 ) each recorded two such iesions. 

Krook ( 1 956 ) reported a further eight small intestinal carcinomas 

from dogs, but gave no information on the population size from whi ch 

these casas were dravm. He found that dogs over 6 years o ld were 

predominantly affected and that no breed predisposition was P.Vident . 

Krook ( 1 954) indicated that carcinomas <.'f both the small and large 

intestine accounted for 2. 05% of canine carcinomas at the Ro yal 

Veterinary Colle ge ,  Stockholm . 
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T A B  L E  VIII 

The Numcer of  Small Intestinal Carcinomas 

Diagnosed in Series  of Feline NeoDlasms 

Reference Tumours Examined Small Inte stinal 
Carcinomas diagnosed 

Cot chin ( 1 959 )  57 1 1 0  

Head ( 1 959 )  57 1 8 * 

Sastry and Tweihaus ( 1 965 ) 1 4  4 * 

Brodey ( 1 966 ) 46 ** 3 

Schmidt and La11gha.rn ( 1 967 ) 256 1 * 

Stunzi ( 1 967a ) 86 * *  Nil  

Whitehead ( 1 967 ) 1 65 2 

* The site of  origin of  these tumours was not defined. 

They could have arisen in the large intestine . 

i!:* Thi s  article is  restri cted to tumours of the alimentary 

tract only. 
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Cat s 

Tab le V I I I  summarises reports of serie s  of fel ine neoplasms 

and the numbers of carcinomas l o cated in the small int e st ine . The s e  

reports i ndi cate that carcinomas o f  the SQall intestine form a 

simi lar proportion o f  total fel ine neoplasms to those in cattle and 

a large r proport ion than in dogs . 

Pet i t  ( 1 902 ) ,  Joest (no date ) , Antoine and Brouwers ( 1 941 ) ,  

Taylor and Kate r  ( 1 954)  and Theran and Thornton ( 1 968) have each 

report e d  s i ngle cas e s  of carcinoma of the smal l inte st ine in cat s .  

Few authors have stated the age of cat s with smal l inte s t inal 

carcinomas , however that reported by Taylor and Kate r  ( 1 954) was 8 

years o ld ,  by Theran 3.nci Thornton (. 1 968) 1 4  ye ars , and one "probab l e  

carcinoma" reported b y  Cot chin ( 1 959 ) was i n  a 2 year o ld animal . 

Brodey ( 1 966 ) noted no signifi cant sex difference in the 

occurrence of gastro-inte s t inal neoplasi a  in cats. 

Ho rses 

Samso and Catan'3 i ( 1 952 ) ,  in a review of Continental European 

literature on inte s t i nal neop lasi a ,  found twelve refe rences to twenty­

three tumours of the small intest ine of hors e s ,  none o f  whi ch were 

referred to as carcinomas . Mo s t  were sarcomas of varying type s ,  but 

o thers were ment i oned merely as " cance r" . Also quoted was a survey 

by Ce s ari who di agnosed intest inal carcinnrnas in 0 . 04% of 40, 000 abattoir­

ki lled horse s but d i d  not s tate the port ion of intest ine from whi ch 

they aro s e .  

Rubarth ( 1 934) and Ant oine and Brou 1-1ers ( 1 941 ) each re corded 

one case of equine small intest inal ca.rcinoma. 



1 6  

Pigs 

Intestinal carcinomas have not been reported in pigs . 

Goats 

On ;) carcinoma of the intestine of a goat was diagnosed by 

Brandly and Migaki ( 1 963 ) ,  but they failed to define its site of 

origin. 

Non-domestica ted Mammals 

Iso�ated ca ses of carcinoma of the small ir: testine in animals 

in zoological gardens have been reported in Felis leo ( lion) , 

Procvon lotor ( ra0coon ) ,  Dasyurus maculatus (Australian tiger cat ) 

(Ratcliffe , 1 933 ) t  Panthera tigris ( t iger )  and Mephites mephitis  

( skunk) ( Lombard and vlitte ,  1 959 ) .  

Laborator;z Animals 

"Spontaneous" , as opposed to experimentally induced, ca.l�cinomas 

of the small intestine have rarely been diagnosed in laboratory rat s  

and mice. Rov1latt ( 1 967 ) ,  in an extensi'.re review, noted references to 

only one such lesion in a rat and three �n mice .  Fortner  \ 1 957 , 1 958 ) 

reported the occurrence of small int�stinal carcinomas , usually in 

association with large intestinal lesions , in a number of hams�ers. 

A condition descri.bed b;y- J onas • Tor..·.i ta and 'o/yand ( 1 965 ) as 

"enzootic intestinal adenocarcinoma" in hamsters did not give rise 

to metas·�ases and was considered by D�dd ( 1 968 ) to be an adenomatous 
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hyperplasia, similar to a condition he des cribed in pigs. 

Bi rd a 

!11o st l e s ions previ ous ly clas s i fied as carcinomas of the 

inte s t i nG in b i rd s  Here considered by Jackson (1936) t o  have been 

metastat i c  l e si ons from tumours of the reproductive t ra ct . Jackson 

considererl earlier sugges tions that carc1nomas of the inte ::;tine vle re 

common in birds were wrong. 

Smn.ll inte s t i nal carcinomas have been diagnosed in fowls 

(Petit and Germain, 1909 ; Jackson, 1936 ) ,  an o s tri ch (Joest and 

Ernesti , 1916), � mal lard duck (Anus platyrhynchos ) ( Rat c l i ffe , 1933 ) ,  

a duck (Fox, 1 927 ) and a b i t te rn (Botauru s  lentigi no s i s ) (Fox, 1923). 

The s i te of origln of  an int e st i nal carcinoma diagnosed by Lombard 

and \Htte ( 1959) in a Canad ian goose (B.ranta canadensi s) \._ras no+. 

defined. 

Ne i ther Arnal l ( 196 1)  nor Blackmorc ( 1966) located any carc i nvr,Jas 

of the i ntestine in extensive colle cticns o f  avi�n neoplasms. 

Hur.1ane. 

The first de s cription of carcinoma of the duodenum is believec. 

to be t hat of Hamberge r ( 1 746 ) .  Sor l in ( 1 824) was t he first to describe 

a carcinoma of the jejunum. Since those times, a considerable volume 

of literature has ac cumulated on this subject, consisting principally 

of reports 0f only a few case s . 
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T A B L E  I X  

Proportion of Malignant Tumours of  the Small 

Intestine in Mo.n Hhi ch are C?.r cinomas 

Reference Total Malignant 
Tumours 

Tuttle ( 1 905) 59 

Raiford ( 1 932) 38 

Fraser ( 1 945) 2 1  

Doub ( 1 947 ) 47 

Roddy ( 1 957) 13 

Dockerty ( 1 958 ) 167 

parling and Welch ( 1 959) 110 

Arlich ,Blank and 

Fomon ( 1 960) 15 

Krause , Everly 

and Babcock ( 1 961)  1 2  

Botsford , Crowe ( 1 962) 44 
and Cracker 

Wianko and McKenzie ( 1 963) 1 4 

Strauch ( 1 964) 47 

Andersen , Iverse.n 
and f)stberg ( 1 96)) 4 

Totals 591 

Carcinomas 

24 

1 6  

12  

34 

8 

63 

38 

5 

4 

22 

2 

1'7 I 

3 

248 
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T A B L E  X 

Age and Sex Di stribu t i o n  of Human Patients with 

Carcinoma of the Small Intestine 

Reference Site Age Range 

Craig ( 1 923 ) S . I . *  

Rankin and 

Mayo ( 1 930 ) S . I .  

Ross ( 1 93 1 ) Je junum 
& Ileum 

Raiford( 1 932 )  S. I .  

Hoffman and 

Pack ( 1 937 ) Duodenum 

Heggs ( 1 939 ) Jejunum 

Born an ( 1 944) J e junum 
& I leum 

Joergenson, 

Weibel and Dv. odenum 

Keasbey( 1 953 ) 

Barclay and 

Kent ( 1 956 ) Du.odenum 

Colcock and Jejnnu;n 

Adamson( 1 959)  & Ileum 

Arli ch,  Blank 

a11d Fomon s. I .  

( 1 960 ) 

Wianko and s. r .  

MacKenzie ( 1 963 ) 

Anderson, Iversen 

and �stberg 
( 1 965 ) 

Duodenum 

( years ) 

32 - 69 

49 - 70 

33 - 68 

26 - 53 

27 - 7 1 

24 - 83 

30 - 79 

41 - 74 

65 - 66 

36 - 6 1  

* Small Intestine ( all 

Average N b f Sex Distribution 
A urn er o ge Case r· (years ) " Male Female 

47 ·5 36 29 1 

47 ·5 55 37 1 8  

58 4 2 2 

52 1 6  1 1  5 

53 1 8  6 1 2  

33 3 2 

5 1  1 . 3 lf 

37 25 1 2  

59 8 3 5 

55 34 1 6  18  

56  5 1 4 

66 2 0 2 

49 3 1 2 

portions ) 
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Data co llected by Nati onal Cance r Regi stri e s  haw b e e n  

pub l i shed only in t e rms o f  organs from whi ch t h e  tumours aro se , 

omi t t i ng h i stologi cal subdivi sions. Such pub l i cat ions , there fo1·e, 

do not give precise informat ion on thE: occurrence o f  carcinomas in 

the sma l l  intest ine . Informat ion availab l e  from other sources (Tab l e  

IX ) , howeve r ,  indi cat e s  that approximat e ly 4�P of mali gnant neoplasms 

of the smal l  intestine are carcinomas . 

Cance r regi stry data comp i led by I'o l l , Payne and 'l'late rhouse 

( 1 966 ) , Segi ( 1 96 0) and Segi , Kurihara and Matsuyama ( 1 969)  sho'Vl t hat 

approximat e ly 0. 25% of mali gnant tumours aro se in the smal l inte s t i ne . 

Cal cu lati ons frcm Segi ' s  data indi cate an ove ral l  annual mortal ity 

rate from al l mal ignan� tumours o f  the smal� intestine of 4. 22 per 

1 00, 000. Geograph i cal di fferences i n  incidence v1ere smal l ,  vti th the 

excep t i on of Be lgium, vthere the mortality rate was 24 per 1 00 , 000 

mal e s  and 34 per 1 00, 000 females. Over al l ,  there \'>'a.s a s l i ghtly 

higher male mortality t han female mo rtal i ty rate ( 4. 39 v�rsus 4. 05 

pe r 1 00, 000; 2 X.. = 7 . 6 ; 

The age and sex di stributi ons of persons diagno sed with 

carcincma of the sma l l  inte stine by a number o f  authors are sh own i n  

Tab l e  X .  The 3 : 2 male : female rat i o  in this tab l e  supports the 

contention of a numbe r  of authors (Eusterman , Be rkmanand Swan, 1 9 25 ;  

Rankin and Mayo , 1 930; Eger, 1 933 ;  Mayo and Nettour, 1 937 ; Stewart 

and Li e b e r ,  1 937 ;  Prigden ,  Mayo and Dockerty, 1 950; S t rau ch , 1 964; 

N.Z. Cance r Data, 1 966 ) that more males than females deve loped 

carcinomas of the smal l int e s t ine . Wood ( 1 967 ) stated that �arcinoma 

of the duodenum was more common in mal e s ,  that j e junal case s  in 

male s  outnumbered those in female s  2 :  1 ,  and that , i n  the i leum , there 

was no s ex di fference . No figure s were produ ced in support of this 

cont ent ion. 



C H A P T E R I I 

THE PATHOI..OGY OF CARCINOMAS ARISING IN THE S.MALL 

INTESTINES OF SHEEP 

INTRODUCTION 

The term " carcinoma" , used in reference to neoplasms o f  the 

inte stine s , i s  u sually reserved for malignant tumours considered to 

have ari sen from epithe l ial cel ls lining t he crypts and vi l l i  of the 

inte stina l  mu co sa. Neoplasms of the argt.!1taffin cel ls are re ferred 

to as "argenta:!:fin cel l carcinomas " ,  " carcino id tumours" or 

" carcinoids" .  

The Pathology of Smal l Intestinal Carcinomas j_n Man 

Approximately one ha.lf of carcinomas of the smal l intestine 

in man ari se i n  the duodenum. Of these, more than So% originate in 

the region of the papi l la of Vater. In the j e juno-i leum , ca.rcinomas 

tend to be concentrated at e i ther extremity ,with more o ccurring in 

the j e junum than in the ileum (Jefferson, 1 9 1 6-1 9 1 7 ;  Deaver and 

Ravdin,  1 9 20;  Eusterman e t  al . ,  1 925 ; Eger, 1 933 ; Hoffman and 

Pack, 1 937 ; Cameron, 1 938; Swan, 1 946 ; Prigden e t  al. , 1 950; 

Wood , 1 967 ) .  

Wood ( 1 967 ) states that carcinomas o f  the inte stine may take 

one of four main ·  forms . The most comm..:•n L :, tl-te duc denum are the 

"polypoid - ul ce rative" and " infi ltrative" forms, whi l e  in the 

j e junum an.d i leum, carcinomas :3-re usually of the "annular, stenosing, 
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constrictive" form. The "di.ffuse" type of carcinoma is rarely seen 

in the small j.ntestine .  The cells of these tumours are predominantly 

"cylindrical " and the stroma varies in quantity, but is usually scanty. 

O ccasionally, mucoid adenocarcinomas are seen and, rarely ,adenoacanthoma 

and squa�ous cell types of carcinoma develop.  

Obstruction of the sma ll intestine as a result of tumour growt� 

with consequent dilatation of the lumen proximally, is usually the 

main cause of clinical sJ�ptoms. Perforation of the intestinal wall 

may occur (Prigden et al ., 1950 ) but is a relatively rare occurrence 

(Higgins, L.::hman and Morton, 1963 ). 

Metastases in t�e mesenteric l�ph nodes, liver and lungs are 

common (Rankin and Mayo , 1930; Ma.yo c.ud Nettour ,  1937 ; Fraser, 1945 r 

Wood , 1967 ) . Secondary lesions may also involve the pancreas (Hood, 

1967 ) , th0 peritoneum and omentum (Boman, 1944; Sullivan and Hasbrou ch , 

1960 ) , the long bones and the dura mater (Rankin and Mayo , 1930 ) . 

Transcoelomic spread is reported to the diaphragm, pelvic wall, ovary 

( Stewart and Lieber, 1937 ; Thomas and Boothroyd, 1953 ) and uterus 

(Weingarten,  Parker, Chazen and Jacobson, 1959 ) . Transplantation 

spread along the lumen of the intestine has not been reporteci, and, 

according to Heggs (1939 ) ,does not occur. 

The Pathology of Small Intestinal Carcinomas in Sheep 

A single lesion of oarci.noma of the small intestine of a sheep 

w�s described as being sausage-shaped ar.d firm (Jackson , 1936 ) . The 

portion of the lesion protruding into the intestinal lumen was 

lobulated and ulcerated. Stenosis at  the primar,y lesion resulted 

in the proximal intestine being dilated. Confluent lesions on the 
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serosa were also noted. Muscular hypertrophy was present in the 

vi cinity of the. primary lesion. Histologically, there was invasion 

of the lamina propria and the submucosa, wi th penetration of the 

internal muscle layer by radial strandc of neoplastic tissue.  The 

tumour affected the external muscle layer to a lesser extent . The 

mitotic  index of this lesion was two. 

The first description of ovine small intestinal carcinomas 

based on a series  of lesions w�s that by Dodd ( 1 960 ) , who had 

examined 25 such lesions .  McDonald and Leaver ( 1 965 ) and Webster 

( 1 966 ) have since added descriptions of lesions encountered by them. 

Dodd and Hebster each reported primary lesions e;.s occurring 

in the central and distal thirds of the small intestine , though 

McDonald and Leaver fo'.lnd tumours origi.natir..g only 3 -4 metres 

from the pylorus. In the lumen of the small intestine , e;.t the 

site of origin of theEe tumours, Dodd reported cauliflower-like 

growths . Webster found such outgrowths only occasional ly, whi le  

McDonald and Leaver recorded thi ckening of the mucosa and submucosa 

at the site of the primary lesions but no �ed no polyps.  The wall of 

the small  intestine at the site of primary tumours was thickened, and 

the muscular layer was surrounded by an annular white fibrous l esion 

generally two to five centimetre s in length, though in  some cases 

encompassing a much greater length of the small intestine .  

Occlusion of  the lumen of the small intestine at  the primary site  

was accompanied by  distension proximal -to that point . Firm ,  white , · 

scirrhous lesions , e ither continuous with �he primary, or as i solated 

spot s  or plaques, were present on the mesentery encompassing the 

mesenteric lymph nodes in some cases ,  alLd along the serosa of the 
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intestinal tract . Se condary l e s i ons also o ccurred on the aborn3.sum , 

fore-stomachs ,  omentUin, cae cum ,  coi le d  co lon and diaphragm . 

Me tastat i c  nodules have been seen in the liver of some animals, and 

Web ster reported two case s  involving the sp leni c pulp. Pleural 

l e s i ons were re co rded by Webster, and metastat i c  lung l e sions by 

McDonald and Leave r . 

Dodd and McDonald and Leave r des cribed the hi s topatho logy of 

-l;hese l e s i ons. The appearance of the primary lesions wac that of 

s cirrhous adenoca.rcinomas involving mucus- se creting ce l l s . The 

luminal surface of t h e  l e s ions showed necro s i s  and u l cerat ion, with 

the p re s ence of a cons iderab le numbe r  of neu t rophils e special ly 

wi thin acinar apace s .  M cDonald and Leaver considered mitoti c figure s  

were nume rous . 'I'hey a l s o  noted o c cas ional infi ltrat ion of t he 

internal mu s cle laye r o f  the smal l i ntes tine , and distension o f  

lymphat i c  spaces be�we e n  the i nternal and exte rnal mus cle layers , 

by neoplas t i c  t i s sue . Seros al l e s i ons consi s t ed of dense fib rous 

t i s sue contai ning relat ively few carci nom�tous ce l l s .  

In tr.� liver ,  s e co ndary l e sions showed acinus fo rmation with 

relatively little fibrou s stroma. Numerous e p i thelial cel l s  were 

p re sent in arterial emboli near the fibrous pulmonary l e s i ons 

described by McDonald and Leaver .  The p1� sence of numerous mal ignant 

ce l l s  in sub capsular and intermediate sinu s e s  of lymph node s 

draining affe cted areas was noted by Dodd. 
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The patho logy of smal l i nt e st inal carcinomas in t he dome st i c  

s�e ci e s  o the r than sheep i s  de s cribed only o n  the basi s o f  

re lative ly fe1-1 l e s i on s .  

I n  dogs , carcinomas o f  the smal l inte stine have b e e n  diagnosed 

more commonly in the j � Junum than i n  other s i t e s .  Of e leven smal l  

int e s t inal carci nomas l i sted by Krook ( 1 956 ) , nine o ri gi nated i n  the 

j e junum , one i n  the duodenum and one in the i leum . Case et al . 

( 1 968 ) reported two cases ari sing in the duodenum. Eight of the 

cases d i s cussed by Krook were annu lar, steno s ing l e s i ons . 

Hi stologi caliy, six were clas si fied as adeno carcinomas , three as 

carcinomas and two as ' ' carcinoma ge lat inosu."n'' or mu co i i  0arcinomas . 

Four o f  the l e s i ons \·rere s ci rrhous i n  nature ; the others had a 

re lati ve ly s canty s t roma. Me tastases have been re corded i n  

me senter� c ,  bronchial and hep8,t i c  lymph node s ,  lung, myocardium 

and l iver and on the perit oneum (Krook, 1 956 ;  Case e t  al . ,  1 968 ) . 

F�om the l imi te� numbe r  o f  cases d e s c �ibed, carcinomas of the 

smal l i nte stine of cat s appear t o  ari se more commonly in the distal 

hal f of the smal l i ntestine , t o  be s ci rrhou s in nature and t o  re su l t  

in const ri ction of the i nt e s tinal lumen (Taylor and Kate r ,  1 954; 

Theran and Thornton, 1 968 ) . 

All twe lve carcinomas o f  the smal l i ntes tine o f  cat t l e  reported by 

Mi sdo rp ( 1 967 ) had ari sen in the j e junum. Metas t at i c  lesion� i n  

cat t l e  have been noted o n  the mesent er� i n  the live r ,  lungs ( S chlege l ,  

1 925 ) and mesent e ri c and medi ast inal l;ymph nodes (Mi sdorp , 1 967 ) . 
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The his togenesis of adenocarcinomas of the small intestine 

p:-oduced experimentally in mice by oral dosing with 1, 2 , 5, 6-

dibenzanthracene or 20 methyl cholanthrene was des cribed by S tewart 

and Lorenz ( 1941a). The earliest lesions were "hyperplasia" and 

down growth of  a numbP.r of the basal glands of the small intestinal 

mucosa into the lamina propria and the submucosa. Cells lining the 

infiltrating glands be came atypical and sometimes o�veral layers 

thick . Common cytological characteristics were intracytoplasmic 

mucus droplets and loss of cellular polarity . There Here atypi cal 

hyperplasti c  changes in the superficial mucosa , with small areas 

developing irregular acini of small hyperchrcmatic cells . Increased 

fibrous tissue in the submu cosa constricted, and ultimately 

obliterated, submu cos�l lymph vessels . As the stroma became more 

compa ct , the luminal surface was depressed below the level o f  the 

surrounding mucosa and the internal mus cle layer became thickened 

centripetally. With the replacement of ti18 mucosa and submucosa in 

the area of involvement ,  and the infiltration of muscle layel'S and 

the serosa by epithelial cells, the picture of an easily recognised 

carcinoma was complete . 

These carcinomas spread to involve the mesentery , mesenteric 

lymph nodes ar.rl pancreas . Polypoid carcinomas were rare , as also 

were lesions commencing at the site of Peyer 's patches. Most tumours 

originated 15 - 20 cm from the pylorus , � hich is approximately mid-

length in the mouse ' s  small intestine. 
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The earlier reports of ovine small intestinal car�inomas 

differed in some respzcts in their  descriptions of l�sions, and left 

unanswered a number of questions, su ch as the method and direction of 

spread 0 1' these tumours. In this section, the pathology and secondary 

spread of carcinomas of the small intestine of sheep are described , 

and these features a re compared v1i th those of man and other animal s. 

Results of ultrastructural studie s  which clarify to some extent the 

histogene�is of these lesions are presented. 

MATERIALS AND ME'rHODS 

With the exception of five sheep submitted fur routine necropsy 

and found to have  carcinomas of the sm�ll intestine, all lesions 

examined in tl!is study were collected between 1966 and 1969 from 

ewes killed at ten Meat Export Harks in New Zealand. The pathological 

description of lesions is  based on gross examination of 450 of the se 

neoplc.sms , 200 of rlhi ch were examined histologically. Information C ""l  

the number of primary lesions in each case, and the site of origin 

of tumours within the intestine, was obtained f rom a series of fifty 

consecutive cases examined during 1969. 

For histopathology, tissues were fixed in 1�% formal saline or  

Zenker' s formol solution. Paraffin sections were stained with 

haematoxyli� and eosin (H & E ) and so�e were stained wi�h periodic 

acid-Schiff (P.A.s. ) ,  van Gieson, alcian blue , Gomori ' s  elastin , 

Weigert ' s  elastin, Perl s '  iron and Mallory ' s trichrome stains.  

Serial secti�ns were examined from selected blocks. Tissue from 

seven intestinal carcinomas of varying size3 was collected for 

electron microscopy following " evisceration of ewes at a Meat Export 
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Works . The t ime from slaughter by exsanguination to collection of 

material 1.,ras approxirr.ately 1 0  minutes.  For comparative purposes ,  

mucosa was similarly obtained from four normal sheep . Following 

primary fixation for 3 - 4 hours in a solution of 2/o glutaraldehyde 
0 

and 3% formaldehyde in 0. 1 Molar phosphate buffer, pH 7 . 2, at 4 C ,  

t issues were washed twice in p:1osphate buffer, pH 7. 2 , and placed in 

a secondary fixative of 1% osmium tetroxide in 0. 1 M phosphate 

c buffer, pE 7 . 2 ,  at 4 C for 3 - 4 hours . Blocks of t issue were then 

washed again in buffer and dehydrated in a graded series of ethanol , 

being left overnight in 75% ethanol containing 1% uranyl aceta-ce .  

Specimens were next infiltrated by a p�o�ylene oxide-epoxy resin 

serie s  ( Luft , 1 96 1 )  vli th epoxy resin (Durcupan - ACM* ) and embedded 

in pure resin in number 4 gelatin capsules and polymerised for 48 

0 hours at 60 C .  ';Pale go:td" sections cut on an LKB "Ul trotome I!" 

and stained with aqueous uranyl nitrate follo1-1ed by lead citrate 

(Reynolds , 1 963 ) ,were examined with a Philips EM200 electron 

mi croscope . 

Sections of  epoxy resin embedded  t issues were also cut at 

2 f and stained with haematoxylin and phloxine ( Shires ,  Johnson and 

Ri chter, 1 969 ) for examination by light Qi croscopy. 

RESULTS 

Gross Pathology of Small Intestinal Carcinomas 

In thi � series,  primary lesions of intestinal carcinomas were 

not noted in the duodenum but occurred at, all levels  of the jejunum 

and i leum vli th the exception of the most proximal portion of the j ejunum. 

* Fluka A .G . , Buchs, Switzerland 
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Figure 2 

A carcinoma of the small intestine appearing as a small 

white area on the intestinal se�os� (A) but visible through the 

serosa over a lcrger area ( limits indicated by large arrows ) . 

Figure 3 

A carcinoma of the small intestlne (A )  extending as an annular 

band around the intestine .  



··- -
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Figure 4 

The luminal surface of a small intestinal carcinoma ( C )  

rai sed above the surrounding mucosa. ( scale is in cm) . 

Figure 5 

A carcinoma of the small intestine with a single large 

polyp attached t o  the mucosal portion of the primary lesion ( scale 

i s  in  cm ) . 
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Figure 6 

��ltiple polyps (P )  dev9loping from the luminal surface of 

a prirna.ry carcinoma of  the small intestine (scale i3 in ern ) . 

Figure 1 

Dile.tation of the small intesth.e proximal to the primary 

lesion of a small intestinal carcinoma (A ) . 

.• 
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T A B  L E XI 

The Number of Primar��i ons i n  Each of Fifty Conse cu t ive 

Sheep w i t h  Carci nomas of the Smal l  Inte stine 

Number of primary lesions Numbe r  of sheep 

1 44 

2 3 

3 Nil 

4 3 
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Figure 1 

The anatomi cal dist ribut ion of primary l e s i ons of smal L 

inte s t inal carci noma i n  fi fty conse cut ive affe cted sheep. 
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Ficure I shows the distribut ion of primary lesions in fifty 

conse cutive cases .  Apparent multiple primary tumours o f  the small 

intes tine were not uncommon, being found in six of these cases 

( Table XI ) .  Though not encountered in  thi s series of fifty cases ,  

carcinomas have also been noted in  the more distal portions of the 

small intestine , and five carcinomas of the coiled portion of the 

large intestine were found during these investigations. 

The .:;mallest primary lesions found presented as light pink 

areas 0. 3 - 0 . 5  cm in diameter, visi ble through the intestinal 

serosa. These lesion8 which,  histologi cally, involved the mucosa, 

submucosa and muscularis of the intestinal wall were firmer than 

normal intestine , and their  luminal surface was smooth and slightly 

rai sed above the surrounding mucosa. 

Other small primary lesions of intestinal carcinomas presented 

as t·i rm,  white lesions , u .  1 cm or more in diameter , on "the serosal 

surt·ace of the small intestine (Fig·ure 2 ) .  Larger lesions extended 

as incomplete or complete annular bands of tissue (Figure 3 ) , 

partially c:J>.!stricting the \.;al l of the small intestine . The mucosal 

surface of some primary lesions was ulcerated and depressed beneath 

the level of the surrounding tissue. More frequently , the mucosa, 

submucosa and internal muscular layers were centripetal ly thi ckened 

beneath the annular serosal lesion ,with tne affected luminal surface 

appearing as a wel l  defined annular band, firmer than normal and 

raised above the surrounding mucosa (Figure 4) . In approximately 

2o% of  lesion� one to  seven polyps protrud6d from the affected mucosa 

into the intestinal lumen (Figures 5 and 6 ) .  Partial o cclusion of 

the lumen oc0urred in many cases, resulting in proximal dilatation 
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Figure 8 

White threads of lymphati c  permeation (LP ) extending from 

a carcinomatous lesion on the intestinal wall ( I ) to an affected 

mesenteri c lymph node (LN ) . 

�guN 9 

Secondary lesion of a small intestinal carcinoma at the 

mesenteric attachment of the small intestine ( scale is in cm ) . 
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Figure 1 0  

Primary lesion (A)  o f  a small intestinal carcinoma with 

spread proximally along the intestinal serosa ( SL )  and with a band 

of scirrhous tissue ( S )  extending across the mesentery to a 

mesenteric lymph node ( LN) . ( scale i s  in cm ) 

Figure 1 1  

Part of small intestine proYimal to primary carcinomatous 

l esion with small nodules (s) on serosal surface with threads of 

lymphati c  perme2:t ion (LP )  between the nodul0s and the mesenteric 

attachment of the small intestine .  
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Figure 1 2  

Small secondary lesions ( SL ) of an intestinal carcinoma, 

located on the wall  of the small intestine . 

Figure 1 3  

Bands of scirrhous neoplasti c  lesions (SL) extending 

longitudinally along the wal l  of the small intestine . 
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of the i nt e s t i ne (Figure 7 ) .  

Examinat i o!l o f  more widely di sseminated tumou:;.�s indi cat e d  that 

t hey spread from the primary le sion, de s cribed above , i n  a re lat ive ly 

c�ns t ant and p redi ctab l e  manner. In the me sent ery o f  some sheep, there 

\vas growth t oward the re l ated me sent e r i c  lymph node in the form of fine 

whi t e  threads, that were i nt e rpre t e d  as repre sent i ng permeat ion o f  

neoplas t i c  t i s sue w i t h i n  lymphat i cs (Fi gure 8 ) . In some cas e s, di s cre t e  

w h i t e  nodu l e s  were found along the li:.1e of lymphat i c s ,  whi l e  i n  o thers 

a b road band o f  wh i t e  s ci rrhous tumour ti ssue extended in t he mes3ntery 

t oward the lymph node (Figure 1 0 ) . 

Lesions al so o c curred along the outs ide o f  the inte s t inal wal l 

at i t s  mesent e ri c attachment , predominantly in a proximal d�re ction 

from the pri mary. Al though oft e n  appearing as d. co nt inuous s t rip 

of tumour t i s sue, they, at o ther t i me s, o c curred as fo cal l e s i o n s  i n  

thi s lo cat i on (Figure 9 ) . Numerous smal l nodu l e s  of tumour were 

frequent ly noted along the s e ro sa on the side s o f  the inte s t i nal wall. .  

S ome o f  t h e s e  could b e  s e e n  to be expans i ons from thread-like growths 

of tumour running b e neath the sero s a  acro s �  the i nt e s t ine from i t s  

m e s e nt e ri c  at t achme nt (Fi gure 1 1 ) .  Most l e sions al ong the proximal 

p o rt i on of t 1 e  smal l i n t e s t inal wal l ,  howeve r ,  were i solated spo t s  

o r  smal l p l aque s  ( Figure 1 2 ), and hi sto logi cal s e c t i ons around the se 

l e s i ons fai l e d  t o  revea l  evi den ce of contiguous spread . From the 

primary tumour the se fo cal l e sions e xtended proximal ly, somet ime s 

as far as t he pylo ru s .  Sp read in t h e  di stal di re c t i on was u sual ly 

ve ry l im i t e d .  S e co ndary le s i ons w e r e  morP nume rous and larger near 

the prim�ry l e s i ons, and in some cas e s  had coal e s ce d  to form two bands 

extending l ongi tudinal ly on the lateral po�tions of the int e d t i nal 
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Figure 1 4  

Scirrhous tumour t i ssue (T ) ensheathing a length of smal l 

i ntest ine proximal to the primary lesion of an intestinal carcinoma 

(A ) • 

Figure 1 5  

'i'ranslu cent le sion (Tr ) o n  the sel'Osal surface of the 

intestine proximal to the primary les ion of a carcinorr.a of the smal l 

i nte s t i ne t s calc i s  i n  cm ) . 
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Figure 1 6  

Se condary lesions of a carcinoma of the smal l intestine 

forming Hhite p laque s (P l ) on the parietal perit oneum. 

Figure 1 7  

Secondary les ions from a small intestinal carci noma 

i nvolvi ng the diaphragm. 
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Figure 41 

Neoplastic ce lls (Ne), some of whi ch cont ain mucus ( !fu ) ,  in 

the sub capsular sinu s  of a mesenteric lymph node . P. A. S .  ·x 400 .  

Figure 42 

Neoplas t i c  ce l l s  (NC ) i n  t he intermediate s inuses of a 

mesenteri c lymph nod e .  H & E. X 400 .  
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wall (Fi gure 1 3 ) .  Considerable lengths of the small intestine 

were totally ensheathec in scirrhous tumour tissue in some spe cimens 

(Figure 1 4 ) .  I n  very advanced cases ,  lengths o f  small intestine ,  

mesen�ery and mesenteri c lymph nodes and portions of the large 

intestine ..,.rere sometimes included in a considerable mass of dense , 

white , scirrhous tumour ti ssue , ari sing, presumably, by extension 

and coalescence of smal ler lesions . 

Frequentl� cases wi th marked distensi on of the intesti�e 

proximal to the primary lesion showed a soft, pink, translucent layer 

up to 1 .0 c� thick on the serosa of the dilated intestine (Figure 1 5 ) .  

Secondary lesions were also found on the serosal surfaces of 

the colon, caecum, abomasum, forestom�Ghs, mesentery, omentum, spleen, 

liver, diaphragm, parietal peritoneum (Figure 1 6 )  and parie tal ple�ra. 

Lesions on the parietal peritoneum were irregular, dense , white , 

scirrhous pl��1es of various diameters and up to 0.5 cm thi ck. They 

¥ere predominantly on the anterior and ventral portions and were 

often continuous vli th simi lar lesions on the abdominal surface of the 

diaphra�gm. Diaphragmatic lesions (Figure 1 7 )  were usually most 

proli.ounced about the ,junction of the muscular and tendinous portions 

of the diaphragm. Similar, but smaller , lesions were also seen in some 

animals on the thoracic surface of the diaphragm and on the parietal 

pleura. These latter often appeared as irregular ribbons of firm, 

white, suirrhous tissue adjacent to the anterior and posterior costal 

borders. 

Only th1•ee sheef- were noted as having secondary lesions in the 

hepatic parenchyma. These were multiple , firm,pink areas , va.rying in 
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Figure 1 8  

Portion o f  carcinoma of the small intestine replacing the 

intestinal mucosc • .  The les ion consists, predominantly, of neoplasti c  

cells (NC ) ,  and the intact luminal surface is lined by a single layer 
of cu'boidal cells. P. A. S. x 150. 

Figure 1 9  

Portion o f  carcinoma of the small intestine replacing the 

intestinal mucosa. In one area none of the cGlls appear to be 

producing mucus , Hhi le in another many of the neoplastic cells contain 
mucus ( r.·Iu ) . H & E. x 500. 
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diameter from approximate ly 0. 1 to 1 . 5 cm, scattered throughout 

the l iver substance . In each case, there was widespread dissemination 

o f  le sions e l sevrhere, as described aboye . 

The presence of fibrous tags and p laque s on the liver cap sule 

in some case s, and the involvement of hepatic lymph nodes in two of 

thi rty sheep from which these lymph nodes were examined hiatologi cally, 

were the only other signs suggestive of l iver invo lvement . 

Mesente ri c  lymph node i nvolvement was observed t o  accompany 

even the s�al lGst of primary l esions , and was noted in some cases 

in whi ch penetrati on of the neoplasm to the serosal surface of the 

intestine he::.d not y'3t oc:curred. Affe cted nodes wer� vvhi t e ,  enlarged 

and had a fi rm texture (Figure 1 0 ) .  Dorsal mediastinal lymph nudes 

were o ccasiona.l ly affe cted in animal s that also had se condary lesions 

on the diaphragm and parietal pleura. 

I n  four of the five sheep ki lled in the late stage of thi s 

disease, there Nere 1 0  to 20 l itres of stre..�·: coloured as ci t i c  fluid 

in the abdominal cavi ty. 

His!£Eatho logy of Small Intestinal Carcinomas 

Hi stologi cal examinations of inte st inal lesions showed them t o  

b e  neoplasms o f  ce lls resembling either columnar epithelial ce lls  or 

mucus-secreting goblet cells o f  the intestinal epi the l ium . These 

replaced the mucosa local ly (Figure 1 8 )  and invaded the submucosal ,  

muscular and serbsal layers . In all l.:�sio;,s, some c e l l s  posses3ed the 

abi l i ty to produce mucus (Figure 1 9 ), though the proportion of 

neoplast i �  cells  containing mucous va6uoles varied between tumours and 
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Figure 20 

Neoplasti c  cells in the mucosal region of small intestinal 

carcinoma. The nuclei contain either one or two large nucleoli (Nu ) . 

H & E.  X 900. 

Figure 2 1  

Structures which appeared a s  large basophilic intracytoplasmic 

inclusions (MC )  in H & E stained paraffin sections. These provad to 

be intracytoplasmi c microcysts ( see figures 24, 54, 60 and 6 1 ) H & E. 

X 900. 
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Figure 22 

Acinar arrangement (Ac ) of neop lastic ce l ls in that port ion 

of a smal l int e st i nal carcinoma replacing the mucosa. H & Eo 

Figure 23 

�
.
cini , composed of flattened neoplastic ce lls (NC ) , and 

containing numerous neutrophil s .  H & E. x 650 

X 450 
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Figure 24 

Intracytop lasmi c vacuoles (MC ) with both contents and margins 

staining with al cian b lue . (Mu = mucus i n  other neoplasti c  ce l l s ) . 

Alcian b lue . x 550 

Figure 25 

Submucos�l port ion of a carcinoma of the smal l intest ine with 

abundant co llagenous stroma ( C )  betw�en the neoplastic cel l s  (NC ) . 

H & E. x 400 . 
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between parts of tumours. The nuclei of neoplastic cells contained 

one or two large nucl�(Figu�e 20). Mitoti c figur8s were infrequent. 

Ad.nar arrangement of can cerous cells was always present  (Figure 22), 

but the proportion o f  cells formin g  ac�ni varied between tumours and 

parts o f  tumours. The degree of  nuclear polarity within the cells of  

acini also varied . In neoplastic tissue repla cing the mucosa,there 

\vere often acini that were composed of slightly flattened tumour cells 

and whi ch contained numerous neutrophils (Figure 23 ). Non-ul cerated 

portions of the luminal surfa ce of  neoplasms were covered with a 

single  layer of cuboidal epithelium. 

In the mucosal portion of  lesions, and very occassionally 

elsewhere , large,round,basophilic (occasionally eosinophilic) bodies , 

approximately 5JA in diameter and_ surrounded by clear halo� were seen 

within the cytoplasm (Figure 21). With P. A. S .  and al cian blue stain� 

both the central bodies and margins of these apparent vacuoles stained 

similarly to mucus (Figure 24 ). All lesions contained cell s with these 

structures , though in varying numbers. Light micros copy of 2 f' section::; 

of epoxy resin-embedded material showed them to be intracytoplasmi c 

vacuoles lined by narrow orush borders and contain 1ng amorphou� material . 

Within th'3 mucosal portion of tum0u:cs, there was a moderate 

collagenous stroma. Considerable numbers of inflammatory cells, 

in cluding eosinophils and plasma cells, were s cattered diffusely 

throughout .  

Commonly, the submucosa was thi ckened and largely repla ced by 

tumour cel l s1 in groups and a cini, within a fibrous s troma , more 

plentiful than in the mu cosal portion of lesions (Figure 25) . Blood 

vessel walls and lymphati cs showed invasion by neoplastic cells and 
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Figure 26 

Groups of neoplastic  cells (Ne ) within lymph vessels  (LV) of 

the lamina propria of the small intestine . H & E. x 1 50. 

Figure 27 

A plaque of neoplastic cells  (Pl ) protruding into the lumen 

of a lymph vessel (LV )  immediately beneath the nruscularis mucosa (MM)  

near the primary lesion of a small intestinal carcinoma. H & E. x 400. 
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Figure 28 

Neoplasti c cells (Ne ) in the the tuni ca adventitia of a 

submucosal blood vessel . H & E. x 400 

vessel . 

Figure 29 

Neoplasti c  cells (Ne ) in the thi ckened wall o f a b lood 

H & E .  X 1 50 . 
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l<,igure 30 

Neoplastic cel l s containing mucus (:Mu)  within a nerve in 

the \val l  of the small intestine of sheep wi t.r, a carcinoma of the 

small intestine . Alcian blue . X 350 

Figure 3 1  

Neoplasti c cel ls (NC ) penetr&ting from the submucosal por��on 

of a carcinoma of the small intestine ( SM) between muscle bundle s of 

the internal muscular layer ( IM ) . H & E. X 1 50 
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Figure 32  

Aggregations of  neoplastic cells  (NC) between the internal 

(IM) and external (EM) muscular layers of the small intestine in the 

vi cinity of a primary small intestinal carcinomatous lesion • H & E. 

X 1 50. 

Figure 33 

A very small sero sal le sion i�mediately peripheral to the 

primary lesion of a carcinoma of the small intestine . Neoplasti c  

cells  (NC ) are r6lat ively numerous i n  the co lla�enous stroma (s) . 

H & E. X 1 50. 
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Figure 3 4  

Serosal l esion o f  carcinoma o f  the small intestir.0  showing 

that collagen makes up a large part of the le3ion. van Gieson .x 500. 
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had been almost comple tely ob literated in many l e sions& I n  o ther 

spe cimens ,  the submu cosa was only s lightly thi ckened and neoplasti c 

cells were mainly seen lining large lymph ve s se l s .  O ccasi o nal s e ct i ons 

showed v e s s e l s  with a portion of their endo the l i al lining i ntact and the 

remaind e r  replaced by shee t s  of neoplas t i c  ce l l s .  Cords o f  neop las t i o  

cells were o ccas ional ly re cogni sed i n  small lymph ve ssels. In one 

lesion, l arge clumps o f  tumour ce l l s  were present in lymphat i cs of the 

lamina propria (Figure 26 ) and in anothe r, neoplasti c  ce l l s  formed 

plaque s wi thin lymph ve ssels immediately b eneath the musculari s mucosa 

(Figure 27 ) . Invas ion of the wal ls of blood vessels (Figure s 28 and 29 ) 

and of nerves (l''ie:,ure 30) within the intest inal l'rall was not uncommon. 

Pene tration by neoplasti c cel ls throug!1 the inte rnal mus cular 

layer t ook place mainly between mus cle oundlas (Figure 3 1 ) ,  except in 

a few instance s i n  whi ch a part o f  the internal muscle layer was 

extensive ly infi l t rated. 

There were commonly aggregate s  of neoplasti c ce l l s  bet\'{ee n  the 

internal and ext ernal muscle layex·s (Figure 32) .  Pene t rat ion through 

the out e r  mus cularis occurred i n  discret e  �reas . The se sites of tumour 

pene t ration were se ldom ob served . 

Lesions o n  the vi s ce ral and parie tal peritoneum and pari etal 

pleura cons isted mainly o f  col lagenous fibrous t i s sue with a smal l 

propo rt i on of neoplas t i c  epithelial ce l l s ,  mainly si tuated deep within 

the le s ion. In general , as the size of gro ss lesions increased, the 

proportion of neop last i c  cells to fibrous stroma de creased, unt i l  in 

many serosal l e si ons less than 1% o f  the bulk was made up by e 'lrcinomato11 :1 

ce l l s  (Figu re s  33 and 34) . Vasculari s ation of sero sal lesions rras 

slight . Individual small areas of o s seous metaplasia were seen in 

- I 
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Figure 35 

Lymph vesse l appearing as a large acinar structure in a 

scirrhous serosal lesion. Jfuch of the lining of the lymph vessel 

has been replaced by neoplastic cells  (NC ) .  There is  a clump of 

neoplasti c  ce lls in the lumen (L )  of the lymph vesse l.  H & E. x 1 50 

Figure 36 

Lymph vessel (LV )  in a collagenous lesion on the diaphragm of 

a sheep with G cercinoma of the small intestine . The lumen of the 

lymph vesse l  contains a cord of neoplastic  cells (Ne ) .  H & E. x 150 
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Figure 37 

A cini of ne oplas t i c  ce l l s  (NC) in a s e ro sal lesion, about whi ch 

the s t �oma i s  orientated i n  a circu lar manner. H & E. 

Figure 38 

X 150 

Pyknot i c  nu clear fragment s (N) surrounded b y  immature fibr0-

b la s � s  (F) in a se�o sal l e s ion of a small inte s t i nal carcinoma. 

H & E. x 650. 
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Figure 39 

Serosal lesion of a carcinoma of the small intestine with 

collagen ( C ) less abundant in  the immediate vi cinity of neoplastic 

cel ls (NC ) than e lsewhere . van Gieson. x 100.  

Figure 40 

Loose connective t issue whi ch made up the translucent 

lesi0ns seen ou the proximal portions of the smal l intestinal wall 

of some affe cted sheep. H & E. X 400 . 
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Figure 43 

Acini of neoplastic  cells  partly replacing the normal 

t i ssue of a mesenteri c lymph node in a sheep affe cted by carcinoma 

of the small intest ine .  H & E .  X 1 50 

Figure 44 

Section of a liver containing metastases of a small 

intestinal carcinoma. Neoplastic cells  (NC ) are radiatiug from the 

portal areas (P )  l"li thin liver sinusoids. H & E. x 150 
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serosal lesions in .three cases .  In some sections of dio.phragmati c  

and parietal pleural l esions the neoplasti c cel ls formed l�rge 

acinar structures (Figure 35 ) .  These \'le re interpreted as lymph 

vessels :tined by neoplasti c cells . Groups, and in some cases cords , 

of neoplasti c cells \>Je re also seen in lymphati cs in diaphragmati c  

and parie tal pleural lesions (Figure 36 ) .  I n  the deeper parts of 

many serosal lesions , \'fhorls of fibrous tissue surrounded small 

acini , groups of neoplasti c cells or fragments of nuclei of necroti c  

cells (Figures 37 and 38 ) .  I n  this situation, fibroblasts appeared 

less matu:t'e an� with less interce llular collagen than elsewhere 

(Figure 39 ) .  

The pink, translucent lesions noted on the intestinal sero�a of 

some sheep contained no neoplasti c  cells . These lesions consisted of 

a loose network of poorly vascularised corwe ctive tissue : infiltrated 

by a few neutrophilE and lymphocyte s (Figure 40 ) .  

The subcapsular, intermedia.te and. medullary sinuses o f  many 

affected lymph nodes were extensive ly invaded by cancerous cells 

(Figures 41 �nd 42 ) .  In less extensively invaded nodes, the 

subcapsular and intermediate sinuses only, contained neoplasti c cells . 

Two case s were seen in which the affected mesenteric lymph nodes were 

largely replaced by neoplasti c cells forn.ing large acini (Figure 43 ) � 

Metastatic lesions in the l iver were centred on portal areas 

and in some instances the branch of the portal vein ·contained acini 

of neoplastic cells . Radiating from the portal area, neoplasti c 

cells i nfiltrated the sinusoids (Figure 44) and in larger lesions had 

replaced parenchymal tissue. Neoplasti c cells were observed within 

central veins in some sections . Periportal fibrosis was present in 
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Figure 45 

Neoplasti c cells ,  the nuclei of whi ch Gontain, in one case , 

two nucleoli  (Nu ) aLd in  another ,  an hypertrophied nucleol�s (IDI ) .  

X 1 5 , 000 
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Figure 46 

Myelin-like nuclear bod ie s  (NB)  in the nucleus of a neoplasti c  

cell .  The cytoplasm of the cel l  contains di sterrled rough endoplasmic 

ret i cu}um (HER) and a Golgi apparatus (G ) . x 22, 000 

Figure 47 

The nucleus of a neoplastic  cell ,  the nuclear membrane of 

whi ch is deeply folded. X 1 0, 000 
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Figure 48 

Interchromatin  granule � ( IG )  in the nucleus of a neoplastic 

cel l .  X 25 , 000 

Figure 49 

Neoplasti c  cells beneath the endothelium (E ) of a lymph vesse l 

in  the internal musculari s ( IM) of the inte stinal wall.  The rough 

endoplasmic ret iculum (RER ) of the neoplastic cells  i s  di stended . 

X 31 000 
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hepatic  metastatic  lesions . 

Extensive fibrous tissue formation, as seen in serosal lesions , 

was not a dominant feature of lesions of either the mucosal , submucosal 

or muscular layers of the small intestine , or in lesions of the l iver 

or lymph nodes .  

Ultrastructure o f  Small Intestinal Carcinomas 

Examination of tumours by means of the e le ctron microscope 

revealed considerable variations in dominant cell type between 

portions of tumours. In some sections, the predominant neoplastic  

cells  resembled the columnar epithe lia] absorptive cells  more 

closely than they did other cell  types of the intestine . They had 

large nuclei in whi ch the chromatin tended to be aggregated 

peripherally. The nucleol i ,  of whi ch there 1-1ere sometimes two per 

nucleus,  were frequently hypertrophied (Figure 45 ) .  Intranuclear 

myelin-like figures were occasionally seen (Figure 46 ) , and pronounced 

folding of the nuclear membrane \-vas sometimes present (Figure 47 ) .  

Aegregations of electron dense particles approximately 200 � in 

diameter \·rere diatinguishable from chromatin granules in some nuclei 

(Figure 48 ) ,  The cytoplasm of this cell  type varied considerably in 

its content of rough endoplasmic reticulum , and in some cells  where 

it  was abundant it was distended (Figures 46 and 49 ! ·  Free ribosomes 

were never plentifu� and mitochondria were generally rather few in 

n..;.mber but l<.rge in size . Golgi apparatuses were seen in some cells  

(Figure 46 ) .  

In other blocks , the most common �eoplastic cell was one more 

closely res�mbling intestinal goblet cells .  The predominant feature 
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Figure 50  

Intracyt�j)lasmic mucous droplets (.Mu ) o f  ,rarying size and 

electron density in a group of neoplastic  cells. Col lagen fibres 

(C ) are in close proximity to  the neoplasti c  cells .  x 1 0, 000 





following page - 34 

Figure 5 1  

The border of  a neoplastic cell  containing mucous droplets  

(Mu)  between which there is rough endoplasmic reticulum (RER) and 

mitochondria ( Mi ) o  The surface o f  the cel l  i s  invested with a 

basement membrane (BM) immediately adjacent to which are collagen 

fibres (c) . A fibrocyte (F ) is aligned parallel io the cel l  surface 

and only slightly separated from it .  X 1 5 , 000 

Figure 5 2  

Portions o f  the cytoplasm o f  two neoplastic cells ,  one of v-rhich 

contains tonofibrils  (T) 1 and between which there are desmosomes (D ) . 

X 25 , 000 
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Figure 53 

A group of neoplastic cells ,  the borders of whi ch show deep 

folding and interdigitation. Desmosomes (D ) are pre::;ent between two 

cells .  The basement membrane (BM) surrounding the cells  is hyper-

trophied in one area (HBM) X 1 8, 000 
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Figure 54 

A neoplast i c  ce l l ,  containing a large intracytoplasmi c 

vacuole whi ch i s  lined by mi crovil li (MV ) and contains an amorphous 

material ( Mu) .  The boundaries  o f  thi s ,  and the adjoining, cell are 

deeply fo lded and interdigitated . x 1 2 , 500 
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Figure 55 

An acinus of cells  containing mucus (Mu ) .  Nuclei (N ) show 

variable  polarity with respect to the lumen of the acinus (L)  • . 

X 3 , 500 

Figure 56 

An acinus of non mucus-producing cells. The luminal surfaces 

of al l cells in this section give rise to large ·numbers of microvilli 

(MV ) .  The areas of cytoplasm immediately beneath the microvilli are 

devoid of organelles.  X 4, 000 
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Fibllre 57 

An acinus of neoplasti c  cells , some of which contain mucus 

(Mu)  and some of whi ch do not .  X 41 000 

Figure 58 

The luminal border of cells in an acinus,  showing mi crovillus 

(M'I )  form2.tion and an area of cytoplasm beneath the mi crovilli >vhi ch 

i s  devoid of organel les.  X 9, 000 



. 
. 

• 

• 

. 
• 

• 



35 

of these cells was mucus ir.. the form of large numbers of sphet·i cal , 

homogeneous , i ntracytoplasmic inclusions of variable size and electron 

densi ty (Figure 50 ) .  Golgi apparatuses were present in these cells 

and rough endoplasmic reti culum and mitochondria occupied much of 

the remaining cytoplasm (Figure 5 1 ) .  Tonofibrils v1ere not common 

but were seen occasionally (Figure 52 ) .  Rarely, there was aggregation 

of mucous droplets with disruption of the cell mP.mbrane in an 

apparent attempt to secrete mucus into the intercellular space . The 

nucleoli of mucus-containing cells were simi lar to those of non-mucus­

producing neoplastic cells . 

Desmosomes of neoplasti c  cells were norma� but varied in number 

betv1een portions of tumours . 'l'hey were ccnsidered more common 1:-etwE>nn 

mucus-containing than between non-mucus-containing cells (Figures 52 

and 53 ) .  Between some neoplastic cells there was more pronounced 

folding and interdigitation of cell membranes (Figures 53 and 54 ) than 

was present between crypt epithel ial cells in the normal tissues 

examined. 

Acinul:i formation was common, by both mucus-producing and non­

mucus-producing neoplasti c cells (Figures 55 and 56 ) .  Both cell 

types were present in some acini (Figure 57 ) .  The luminal borders 

of cells forming acini were sometimes lined by microvilli (Figures 

56 and 58) .  Where microvilli were present , they showed more variation 

in length and numbers than microvilli on normal crypt epithelial cells . 

Ultrastructurally, they resembled normal microvilli, being covered by a 

cel l  membrar.d and having a number of fl.lamenta running alon� their 

length. These central filaments penetrated to variable distances 

beneath t.ae cel l  surface but .the formation of distinct termii.nal webs 
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Figure 59 

The b orde r  of a neoplasti c  cel l ,  on which there is a 

di s continuous basement membrane (BM) with cytoplasm ( C )  protruding 

through the gap. 

membrane ends (N 

Arrows indi cate the positions at whi ch the basement 

= nucleus ) x 48, 000. 

Figure 60 

A large , intracytoplasmi c vacuole (V ) with no mi crovilli 

(N = nucleus,  arrm;s indi cate the cell membrane ) . X 1 2, 000 
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Figure· 61  

An int�acytoplasmi c vacuole in a neoplasti c  cell. The 

vacuole i s  lined by mi crovilli  (!Y'N ) whi ch have fU.aments (F) running 

along their  length and into the underlying cytopla!=>m. The vacuole 

contains a fine ly granular material ( ��)  X 1 6 , 0CO 
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Figure 62 

Cuboidal epithelial cells lining the intact luminal surface 

of a small intestinal carcinoma. There are short microvilli ( �W )  on 

the luminal surface and t\w of  the cells contain single droplets  of 

mucus (Mu) . X 9 , 000 

Figure 63 

A portion of a serosal lesion in a sheep with a carcinoma of 

the small intestine. Th0 lesion consists la�gely of fibrocyte s  (F ) 

and collagen fibres ( c ) . X 3 , 000 
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or terminal bars was not observed. Beneath cell surfaces on �hi ch 

JJJi crovi lli were present, there was frequently a considerable depth 

of cytoplasm within whi ch there were few or no intracytoplasmi c 

organelles  (Figure 58) . 

Surro�nding acini and groups of cells,  especial ly groups of 

mucuS-producing cel ls , there was often a basement membrane similar 

in dimensions and e lectron density to that beneath normal crypt, 

epithelium (Figure 5 1 ) .  Occasional ly, this basement memb rane v1as 

discontinuous and there were cytoplasmic protrusions extending through 

the gaps (Figur·e 59 ) .  Hypertrophy of basement membranes (Figure 53)  

was only o ccasional ly seen. 

In some sections , a variable proport ion of cells  containec'i 

large intracytopla£mi c vacuoles of varying sizes,  lined by microvi l li 

and containing amorphous or fine ly granular material (Figure s 54 and 

6 1 ) .  These vacuolated cells did not contain intracytoplasmi c mucous 

droplet s .  The microvilli lining the vacuoles were variable i n  length 

and numbers, but were otherwise s imi lar in structure to those lining 

intestinal •)l.'ypts.  The underlying cytoplasm sometimes contained 

i�tracytoplasmi c organelles (Figure 6 1 ) and so dj ffered from the 

cytoplasm beneath the brush border of no1�al or neoplasti c  cells.  

Very occasionally, similar large vacuoles ':l'ere seen in whi ch there 

were no mi crovilli (Figure 60) .  

The luminal surface of some small intestinal carcinomas was 

lined by a layer of cuboidal cells .  These had fewer and shorter 

mi crovil li t�an normal intestinal epi t1J.elie1l 0ells or neoplasti c  

cells forming acini . A smal l proportion contained a single large 

droplet of  mucus (Figure 62)  •. 
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Figure 64 

A portion of a sero sal lesion in a shebp with a carcinoma 

of the small intestL1e. The lesion consists . large ly, of fibrocytes 

(F ) and collagen fiores (c) . (N = nucleus; RER = rough endoplasmic 

reticulum ) 1 4, 000 
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Neoplasti c ce lls were occa s ional ly noted within smal l 

lymphati cs and capil l ar i e s .  In one se ct ion, invasion b y  tl' mour 

through t he inte rnal mu s cu lari s was se.en to be along the out side 

of a lymph vesse l (Figure 49 ) .  

Ele ctron micro s copi c ob servat ions o f  the strorra o f  mucosal 

lesi ons, and of the s e ro sal sci :crhou s l e sions (Figure s 63 and 64), 

were in accord with tho se made with the light mi cro scope . Of note ,  

was the close proximity of col lagen fibres t o  neoplas t i c  ce lls 

(Figures 50 and 5 1 ) .  Fibro cyte s were commonly orientated paral lel 

to the cel l  sUl·face and. only slight ly se:0:::trate d  fro m it (Figures 51 

and 57 ) e  

DISCUSSION 

The degree of uniformi ty in the gro s s  patho l ogy of small 

intestinal carcinomas examined in th0 cours e  of this inve stigat ion 

was remarkable.  Every lesion conforming to the gross des cript ion 

given earl i -3 !'  in t h i s  chapter, whi ch wu.s examined histo logi cal ly, 

was conf i rmed as an i ntestinaJ. ce1rcinoma. In no case was a carcinom:J. 

diagnosed from hi stopathologi cal examin::�. t i on vf a variety of les ions 

not conforming to t hat de s cript i on ( see page 61  ) . Di�ference s 

noted be tween lesi ons pertained mainly to the exact location and 

degree of development and di ssemination o f  lesions. 

· Histologically, all  intestinal neoplasm s examined were also ve ry 

simi lar, botr in the appearance of neoplasti c oells and in the degree 

of stroma formati on. The extent to whi ch neoplasti c cells were 

different iated toward acinus format i on and mucu s production varied 
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almost as much between parts of lesions as between neoplasms . In 

all tumours, some neoplasti c  cells produced mucus whi le othe r ce lls 

did not . Simi larly, the ultrastructure of neoplastic cells in all 

seven lesions examined Has simi lar. Hithin each les�on, neoplasti c  

cells  existed i n  two main forms.  Some resembled goblet cells, whi le 

others more closely resembled columnar absorptive cel ls .  From 

these gross,  hi stologi cal and ultrastructural similarities, i t  was 

concluded that these neoplasms represented a single pathologi cal 

enti ty.  

'I'he appearance of two predominant cell types in eac� neoplasm 

is  not con sidered indi cat ive of a mixed neopla3m. Hather, i t  i s  

believed this reflected the origin of these tumourc from a relativ�ly 

undifferentiated cell type i n  the crypt s  of Lieberkuhnt whi ch hav ing 

':tndergone neoplasti c  transformation , 1t1as still capable of spe cialisation 

' of function. It  has been suggested that goblet cells  may originate 

from independent embryologi cal elements in the intestinal crypts 

( Cowdry, 1 963 ) .  However, difference s bet il�en "resting goblet colls 11 

and columnar cel ls are smal l , if they exist at all , and it  appears to 

be  more generally accepted that goblet cel ls originate by di fferentiation 

of columnar abso�ptive cells  (Palay, 1 958; Freeman, 1 962) .  Goblet 

cell s  have rarely, if  ever,  been observed in mitosis , and it is not 

common to find goblet cells in the small intestine adjacent to one 

another·! as might be expected j f they originated from independent 

e lements (Arey, 1 968 ) .  Differentiation of a proportion of neoplastic  

m· l ls toward mucus production appears a more likely source of mucus 

producing ce lls than does the independent neoplastic transformation 

of two cel l  types in each of the intestinal neoplasms examined.  
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The observed cytological abnormalitie s  of peripheral aggregation 

of nuclear cnromatin,  �ucleolar hypertrophy, multiple nu cleoli ,  increased 

folding o f  the nuclear surface , variations in desmosome numbers , and 

hyper trophy of basement membrane s in neoplasms examined in this stuC.y 

have been described previously in cells of o ther neoplasms (Ha[,'Uenau , 

1 969 ) .  The myelin-type intranu clear inclusions observed in these tumours 

correspond to the "nu clear bodies" previously rep"Jrted as more predominant 

in neoplastic than in normal cell nuclei (Heber, Whipp , Usenik and Frommes ,  

1 964; Krishan, Uzman and Hedley-Whyte 1 967 ; Haguenau , 1 969 ) .  The 

ele ctron dense parti cle s ,  200 R in diameter, observed aggregated in 

nuclei, coT'::-espond to the "in-:;erchromatin granules '' first named by 

Swift ( 1 959)  and subsequently shown to occur in a wirl.e l'ange o f  neoplasms 

(Haguenau, 1 960, 1 969 ) .  All these features have previously been described 

in neop lastic cells and many have been observed,  though less conspicu ousl;y, 

in normal cells. Haguenau ( 1 969 ) considered these,  and o ther observed 

c�llular abnormalities of neoplasms, refle cted alterations (generally 

increase s ) in cellular metabolism acccr.1panying neoplastic transformation. 

Intracytoplasmic ,  microvillus-lined , mucus-containing vacuoles  

similar to  those seen in  intestinal carcinomas of sheep , have 

previously been reported only from human stomach carcinomas .  With 

the aid of serial sections , Kondo , Tamura and Taniguchi ( 1 970) 

demonstrat�d that th� se structures were intracellular sacs 

containing mucus ,  and wera therefore most probably unrelated to 

parietal cell canaliculi as had previously been suggested by Seki 

' 1 962 )  and Cota ( 1 965 ) .  The name "intracellular microcyst" was 

suggested for these structures by Kondo et al. ( 1 970) . Microcysts 
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observed in carcinomas of the intestine of sheep appear +.o be  

identi c�l in structure, i n  virtual ly al l re spe cts ,tc those  described 

in human gastri c carcinomas . The exceptions to this were the smal l 

number of mi cro cysts observed in sheep lesions whi ch were not 

surrounded by an area of cytoplasm devoid of organe l le s, and the very 

few mi cro cysts not lined by mi crovi lli . 'l'he means by whi ch mi crocysts 

are formed is  not knovm, although Kondo et  al . considered they arose 

in the area of G olgi apparatuses,  and probably from them , repre senting 

an abnormal 1nanife stat ion of secret ion in  carcinomas . In  this 

inve stigation, Golgi apparatuses were only oc�asionally obse rved 

immediately adj acent to rnicro cysts ,  so the suggestion of Kondo 

et al . ,  could not be co�firmed. The simi larity of the structure of 

mi crocyst wal l s  to  the brush border of both n�rmal and some neoplasti c  

intestinal epi the lial cells  suggests that they could arice  by 

invagination o f  the cel l  surface , Hith subsequent closure of the 

cytoplasm, in a process  resemb ling phago cytosis . Whether mucus was 

included in a process su ch as this �  or whether it was se cre ted i nto 

the va cuoles could not be de termined. Neither the pre sent observativns , 

nor those reported by Kondo e t  al . ,  reveale� signs of secretory 

activity in ce lls  containing mi cro cysts .  Goblet cel l o  of the intestinal 

epithelium may , however , revert to the appearance of columnar epithelium 

(Freeman,  1 962 ;  Cowrdy, 1 963 ), and a similar phenomenon could 

00nceivab ly occur in neoplasti c .ce l ls about the time o f  micro cyst 

formation. 

The di stribution of primary lesions encounte red in this study 

was in contrast to the distribution reported in man ( page 1 9 ) and 

catt le ( page 23 ) .  Hhereas the duodenal epithe lium gives rise to 

a large profortion of carci�mas of the small intestine in man, no 
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carcinomas aro se in t h i s  s i t e  in sheep. In t hi s  inve st igat i on 1 

carcinomas were found t o  ari se from almo st the \·!hole length o f  the 

j e junum and i l eum , but with a maximum frequen cy about the mid- portion 

of the smal l intestine and de creasing to;vard e i t her ende Thi s 

di stribution is  more extensive than previously re corded in sheep 

( Dodd 1 1 960 ;  McDonald and Leaver ,  1 965 ; H�bster,  1 966 ) .  

An out standing feature of serosal l e s i ons Has the massive 

proliferat ion o f  col lagenous fibrou s t i s sua to make u p  the great 

bulk of these l e sions . J.lany neoplasms deve l op c:..bont , and within, 

t hemse lve s a stroma of support ing conne ctive ti ssue , Fevr are 

de s cribed with such a mas sive stroma as was pre sent i n  these tumours . 

Sampson ( 1 93 1 ) cons idered cells o f  ovari :m co.rcinomas free in the 

peri toneal cavity caused toxi c or enzymi c  clarr.age to the peritoneum. 

Thi s  re sulted in the ce l l s  be coming attached to the peritoneal 

surface by fibrin and to be included in the consey_-u.ent fibrous 

react ion. Coagulative propert i e s  for ti ssue fluids,  we1·e a:> cri bed 

to cel l s  of a vride range of  human carcinomas by 0 ' 1-leara ( 1 956 ) . I t  

\oTaS sugge sted that this  coagulative prope:.-.'ty of carcinomatous cel l s  

was reRponsible for fib rin depos i tion about invading squamous 

carcinoma ce l l s  as observed by O ' Meara and Jackson ( 1 958 ), and that 

i t  subsequently re sulted in fibrous t i s sue format ion and the 

development of  othe r  stromal componei1t s .  I t  appears int rinsi c  in 

the sugge s t i ons of  O ' Me ara and Jackson that neoplas�i c  ce l ls , at 

least in the squamous cell carcinomas examined by them , lost their 

coagulat ive propert i e s  as further tumour grOi.;th pro ceeded per·�pheral 

to them , thus limi t i ng the format ion of stroma. It might be that in 

the case of carcinomas of the small intestine o f  sheep , such 

coagulat ive propert i e s  are re tained by the neoplasti c ce l l s  
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re s� l t ing in a con t inuat i on o f  fib rin deposi tion anci sub sequent 

co l lagen produ c t i o n .  In s e ct i ons examined under the e le ctron 

mi cro s cope , and under the l i ght mi cro s cope w i th spe c i al stains, 

howeve r, collagen t'las present immedi at e :y ad j acent t o  many 

ne oplastic ce l l s  i n  sero sa l  l e sions and fibrin, as de s cribed by 

O ' J'.leara and Jackson, was no t ob s e rved .  The pre sence , i n  a numb e r  

of se ction s ,  of who rls of i mmature fib�ous t i s sue surroundi ng 

ne o p l as t i c  ce l l s  sugge s t s  that the s e  c e l l s  were acting as a 

cont i nuing s t imulus to fibrous t i s sue fonnat i on. It seems l ike ly 

that in these s i tuat ions pre s sure ne cro s i s  of enclosed neoplas t i c  

ce l ls might t ��e p lac� . Thi s would explain the apparent de cre ase 

i n  numbers o f  neoplas t i c  cel l s  noted i n  l arger sero sal l e s i ons . 

Factors other than coagu lat ive propert i e s  o f  neoplas t i c  cel l s  must 

b e  involved in the stroma product ion , as demo�strated i •1 this tumour 

by the re lative l ack of s t roma in o ther than s e ro sal l e s ions. Amp l e  

opportuni t;>r exi s t s  in o the r s i t e s ,  part i cu larly w i t h i n  lymph n ode 

s i nuses <.nJ. liver sinu s o ids , for the coagu l c.:.t ion of t i s su e  f lp_ids, 

ye t s t roma formation in these other s i t e s  was absent o r  much l e s s  

pro l i f i c .  

Neither fibro cyte prolife ration n o r  exce s s ive co l lagen 

p rodu ction w as ob served in the vi cinity of mucus se cre ted into 

i nt er ce l lular space s , so there was no c l ear evidence that mucus was 

the factor promot i ng s t romal format ion. 

The examinat i on o f  l arge numbe rs o f  affe ct e d  she ep has shown 

that the s e  tumours spread from the primary s i t e s  in a characterist i c  

manner. Ini t i a l ly there is involvement of the me sent e ri c lymph node 

d rai ning th8 p ri mary l e sion and early �pread o ccurs proximal ly along 
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the int e s t i nal wal l and mesenteric attachment of the small in�estine ,  

es we ll aa acro s s  the mesentery to\iard the re lated lymph node . �he �e 

gro s s  ob servet ions are consllrlent with dire ct spread along lymph ve ssels  

by both m8 ta8tasis and permeat ion. Some ret rograde pas sage of tumour 

emb o l i  and retrograde permeati on from affe cted lymph nodes may al so 

o ccur. Su ch ret rograde embol:ic spread wi thin lymphat i cs has been 

demonstrated by Zei dman l 1 959 ) .  

Factors re stri ct ing the di stal spread of secondary le sions along 

the int e stinal wal l are ob scure , though this i s  most probab ly re lat ed 

to  differG�tial l)�ph pressure s .  It  i s  feasib l e  that di latati on o f  

lymph ve ssels occurs i n  the wal l o f  the p:-oximally dilated small 

int e s tine in thne cas e s  where int e stinc..l obstructi on has o ccurred , and 

that thi s mi�ht faci l i tate proximal spread. Thi s, however ,  could not 

account for the sole ly proximal spread in case s in whi ch obstruct ion 

had not o c curred. 

Lesions on the omentum , parie tal peri toneum, diaphragm , co lon, 

cae Gwn ,  fore -stomachs ,  liver cap sule and s� leen presumab ly resulted 

from trans co�lomi c spread.  The re lease of cel ls 1nto the abdominal 

cavity v-10uld result in their ar.te rior migrat ion with the flow of 

peri toneal fluid draining through the diaphra�atic lacunae (Higgins 

and Graham , 1 929 ; Yoffey and Courti ce ,  1 956 ) ,  and the seeding of many 

cel l s  onto the diaphra.gm and anterior vent ral panetal peritoneum. 

Lymph from the diaphragm drains to tha para.s i.er·nal lymph ve �:: se l s  and 

thence to the anteri o r  mediastinal lymph nodes .  The parasternal lymph 

ve ssels  also have. conne cting ve ::: . .>els,  runni!l.g along the anterior and 

posterior border o f  e ach intercostal space , whi ch conne ct with the 

dorsal mec iastinal lymph node s �  Lymph drains dire ctly from the dorsal 
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part of the di aphragm to the dorsal medi ast inal node s (Yoffey and 

Courti ce ,  1 956 ) .  I t  i s  conGidered t hat from diaphrdgmati 0  l e s i ons 

spread took p lace via the lymphat i c  �outes de scribe d  above . 

The l arge volume of asci t i c  f luid pre sent in most sheep in 

the termi nal stage s of this disease was considered t o  result from 

the blo ckage of diaphragmat i c  lacunae and other lymphat i cs draining 

the abdominal cavity. 

The only evidence of the succe ssful haematogenous spread of 

neoplas t i c  ce l l s  was the hepat i c  parenchyma! lesi ons in three animal s .  

Thi s s c�rcity o f  hepat i c  l e s ions contrasts with Dodd ' s 1 960 report 

of s everal affe cted l ivers within twent:;-five case s and the frequent 

reports of l iver i nvo lvement in case s  of carcinomc.s of the sma l l  

i nt e stine i n  man (Wood, 1 967 ) ,  cat t l e  ( Schlege l ,  1 9 25 )  and dogs 

(Rubarth, 1 934; Krook, 1 956 ) .  It is sugge sted t hat the e s tab l i shment 

o f  hepat i c  metastases o c curs lat e  i n  the course of the di sease , since 

in the present inve st igat i o n  le sions came mainly from apparently 

healthy s lau5htered animal s ,  wherea s  t ha other report s were b ased 

mainly on material from fatal case s .  :!fi sher and Fi sher ( 1 965 ) 

d i s cussed the wide range o f  factors affe ct ing the rat l iver making 

i t  more sus ceptible to the e stab l i shment of b lood borne me tas tase s . 

S imilar factors may operate late in the course of the deve lopment 

of small i ntestinal carcinomas , p e rhaps as a re sult of chronic 

intestinal obstruction and interferE-nce with int e stinaJ absorption, 

rendering the liver a more suitab l e  envi ronment for pro l i fe ration 

o f  neop las t i c cel ls�  
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SUMMARY 

Le s ions f1�m 450 sheep w i t h  carcinomas of the small int e s t ine 

vlere exam i ned gro s s ly, and 200 of t hese were submitted to h i s t o logi L�a.l 

exami nat i ons . Ti s sue s from seven l e s i ons v1e re examined v;i th an 

e le ctron mi cro s cope . 

Apart from the d e gree of se condary spread, the gro s s  appearance 

and hi s t op athology of all l e s i ons v-Ias gene ral ly simi lar. Ttey aro se 

in the j e juno - i leum , with a maximum frequency ab out the middle of 

i t s  lengt h .  Mul t i p l e  p rimary l e s i ons were not uncommon. A l l  lesi ons 

contained. two predomi nant neoplas t i c  ce l l  t ype s ,  one re semb ling 

columnar ab �orpt ive c e l l s  and t he othe� gob l e t  cel l s  of the int e s t i nal 

ep ithe l ium . It was concluded that the neop lastic ce l l s  aro se from 

stem ce l l s  in the epi thelium of the small i nt e stine Hhi ch re tained 

the abi l i ty to differentiate t o  re semb le e i ther of t he two ce l l  typ e s  

menti oned. 

A number of cyt o l ogi cal feature s regarded as chara cte ri s t i c  

of neop las t i c  ce l l s  b y  other aut hors were found i n  the ce l l s  o f  the se 

carcinomas . In add i t i on, i nt rac;yt op lasmi c vacuoles l i ned by 

mi crovi l l i  were de s cribed. Simi lar stru cture s have previou s ly been 

noted only i n  gas t r i c  carcinomas of man. It was sugge s t ed t hat 

these struc ture s aros e  by invagination of the wal l s  of ne oplas t i c  

ce l l s .  

Sero sal l e s i ons cons i sted large ly o f  col lagenou s fib rous t i s sue 

with f ew ne oplast i c  ce lls , part i cu larly i n  large r le s i ons . While 

po s s ib le reasons for the predominance of col lagenous t i s sue i n  the se 

lesi ons were di s cussed, no firm conclusions were reache d .  
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Secondary spread was Mainl3r via lymph vessels ,  by both 

metastasis and permeation. Some lesions in more advanced cases 

were considered to  have ari sen by dissemination of cel ls within 

the peritoneal cavity. liaematogenous metastases were seen in  the 

livers of only three animals,  in each of whi ch there was also 

extensive spread of tumour to other sites.  It  was cons idered that 

hepat i c  metastase s established late  in the course of development of 

these carcinomas. 

O n  the basis of the remarkab le simi larity of le sions examined , 

i t  was considered that this series of carcinomas of the small 

intest ine of sheep represented a single patholvgical entity. 



C H A P T E R Ill 

AN INVESTIGAT ION OF THE EPIDEMIOLOGY OF CARCINOMAS 

OF THE SMALL INTESTIN� IN SHEEP 

INTRODU CTION 

The value of epidemiological statisti cs in human cancer 

investigations has been emphasi sed by World Health Organisation 

expert committees on at least two o ccasions (Wld.Hlth. Org. techn. 

rep. ser. No. 365 and 426 ) .  This is supported by obse:'Vations on 

many compour.ds iirst suspected as carcinogenic in man fol:i.owing 

epidemiological observations, and later ccnfirmed as carcinogenic 

by animal studies. Epidemiologi cal investigations of hunan cancer 

have been o f  considerable va lue in assisting the formu lation of 

hypotheses regarding the aetiology of specifi c tumours. Doll ( 1 )67 ) 

emphasised the value of epidemiological stuiies in regard to future 

prevention of human cancer . 

The early observations concerning scrotal can cer in chimney 

sweeps, and the suggestion by Pott ( 1 775)  that this con�ition was 

caused by soot , were not supported by data capable of analysis by 

modern statistical techni�ues. Nevertheless, these simple observations 

were a revelation in Pott ' s  time, and lead eventually to the compulsory 

notification of this disease in Great Britain and its legal recognition 

as an o ccupational disease . 

Another classi cal example of the value of epidemiological 

observations and investigations began with the recognition by Rerm ( 1 895 ) 



that an unusually large number of workers in a dye factory · 

presented to him wi :h cm1cer of the bladder. Later, detailed 

investigations by Goldblatt ( 1 947 ) and Case , Hosker ,  McDonald 

and Pearson ( 1 954) incriminated benzidene and 2-naphthylamine 

as causative agents in human bladder cancer, but were indeterminate 

as regards the role played by 1 -naphthylamine . Considerable 

experimental w ork in animals has subsequently confirmed the 

carcinog3ni city of these i ndus:rial chemical s and certain related 

compounds.  

The epidemio�.ogi cal relationship between lack of circumcision 

and. increased susceptibility to peni le cancer (Sorsby, 1 9.3 1 ; Nath 

and G rewal , 1 9.39 ) appears to be a relatively direct one . Whi le 

the nature of the �arcinogen responsible has not been determined, 

it is probably related to penile hygiene . 

:Many epidemio logi cal invest igations have followed the initial 

observation by Cullen ( 1 900 ) that in fifty cases of carcinoma of 

the cervix, all patient s  were married and only one was chi ldless. 

Direct assL ciati ons between incidence of cervical carcinoma and a 

high frequency of intercourse , lack of penile circumci sion and lack 

of penile and coital hygiene (Rewel l ,  1 957 ; Kmet  Damj anovski , Stucin,  

Bonta and Cabnakav, 1 963; Stucin, Bonta, Kovaci c ,  Hribar and 

Damjanovski , 1 963 ; Elliott , 1 964; Boyd and Dol l ,  1 964; Aitken­

Swan and Baird ,  1 965 ; Osborn and Leyshon, 1 966 ) support an 1\YPothesis 

that male smegma may contain a causal carcinogen. 

Peri1aps the most important and immediately applicable discovery 
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in the e p i demio l ogy o f  numan cancer has b e e n  the link b e tw e en 

tobacco smoking, e s p e c i al ly in the forw o f  cigare tt e s ,  and 

bronchogeni c car cinoma. Both re �ro spe ct i ve end pro s p e c t ive stud i e s  

have reve aled a gre at e r  pre pond� rance o f  ci t;are tte S!llo kers amongst 

persons d eve loping lung cancer. The se s tud i e s  also show t hat the 

relat i onship b e tw e e n  ci gare t t e  smoking and lung cancer ri sk i s  

quant i t at ive , heav i e r  smoke rs b e ing more prone than l i gh t  smoke rs 

( Do l l  and Hi l l ,  1 956 ;  Cornfie l d ,  Haensz e l ,  Hammond , Li l i enfe l d ,  

Shirnkin and \'lynder 1 95 9 ;  Royal C o l lege o f  Physi cians , 1 962 ;  Do l l  and Hi l l  

1 964) . The se aut h o rs and many o t hers have h e ld that the re lat i onshi:o 

betwe e n  ci ge.re t t e  smoking and lung cancer mu s t  be a :::asual one . 

The potent ial i mportan ce o f  epidem i o l o gy  to the f i e ld o f  

cancer re s e arch i s  further reve aled by global and nat i onal mapping 

of the re corded in cide nce o f  parti cu lar ne op las�s . The map s 

pub l i shed by Do l l  ( 1 967 ) ,  toge t he r  w i t h  the re l evant t ext , emphas i se d  

t h e  w i d e:  geographi c di fference s i n  tumour i ncidence whi ch exi s t , and 

drew a t t ent �.on to t he need for greater e ffort dire ct e d  t owards f i_ nd i ng 

reasons fo r the s e  differen0e 8 .  

Many repor t s  of apparent asso 0i.at i ons between part i cu lar 

neoplasms ahd suege sted ae t i o logi cal factors have b e e n  b ased on smal l 

numbe r s  of pat ient s at part i cu lar hospital s or clini c s ,  or wi thin 

l o ca l i se d  a!'eas . Mu cl. data c o l l e ct e d  on t h i s  :::: cal e  i s  sub j e cted t o  

b i as re ;,; u l t ing from e i t he r  re ferred patients to spe ci al i s t uni t s ,  o r  

spe cial i ntere st s of ho spi tal s t aff. Dat a c o l le ct e d  from surgi cal 

and/o r  c l i ni cA-l r e cords may omit persons dying rap idly from the e ff e ct s 

o f  a neopl asm , and mortal i ty data be come s a less re l i ab le source o f  

mat e ri a l  i n  tumours more amenab l e  t o  t re atment . D i ff e rences i n  
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i nt ens i ty o f  medi cal care , and i� m e t ho d s  and enthusi asm o f  data 

co l l e cting agen ci e s ,  w i l l  obviou s ly be �e fl e cted in d i ffe rence s i n  

tUfllour incidence r e cord s .  The se fact ors wi l l  affe ct apparent 

ge o graphi c di ffe rence s in tumour prevai.ence and also apparent 

change s of tumour preval ence with t i me . Re gi onal and nat i o nal 

can cer regi s tri e s  now att empt to co l le ct data from a l l  sour ce s 

i n c luding med i cal , surgi cal and autopsy re cords from state and 

private hospi t al s ,  and individual medi cc..l pract i t i on e rs . Whe r e  

t h i s  i s  done , and where medi cal care i s  wide ly avai lab l e  t o , and 

s ought by, the populat i o n ,  re lat iv e ly more aucu rate i nformat i on i s  

avai lab l e .  

The un�ven geo graph i c di s t ribut i on o .:'  carcinoma o f  the s tomach 

has st imu lat ed a numbe r  of e pidemi o logi cal i nve s t i t;ation s .  i'lynde r( 1 967 ) 

d i s cu s sed geographi c vari at i ons in death-rat e s  from thi s di sease whi ch 

v1e re part i cu l ar ly high i n  Chi l e ,  J apan and I ce land and low i n  Jllexi co , 

C eylon, Egypt and C au cas ian United States populat i ons . Ha s howed ·t;hat 

male mortal i ty-rat e s  exceeded fema:i..e mortal i ty-rat e s  and tha t t here 

had been a t re nd over re cent years fo r ca�ci noma o f  the s t omach t o  

b e come J..e s s  common. Thi s t rend toward de creased i ncidence had been 

most marked i n  female s  and in younge r age groups .  C l emme sen ( 1 965 ) 

revi ewed the factors vlhi ch vari ou s aut hors had found asso ci <::.t e d  with 

a higher incide nce of s t omach cance r .  Included were part i cu lar soil 

typ e s ,  and c l i mat i c ,  e nvi ronmental ,  o c cupat i onal , d�e tary and here d i tary 

fact ors,  and a s so ciations w i th othe r  d i s e a3 e s . Unfortunate l� such 

asso ciations have fai led to reveal any definite detio logi cal �gent s .  

Stat i s t i cal a s so ciat i ons between cancer incidence and other fact ors 

may be due to a cau sal re l ati onsh i p , a re l at i onsh i p  o f  that factor to 
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some o t h e r  cau sal fa ctor, o r  me re ly t o  chance . All three p o s s ib i li t i e s  

mu s t  b e  cons idered b e fore the ae t i o l ogi cal s i gnifi ca11ce o f  such 

findine s  can be de cid e d .  Simi lar r c l & t i onships found i n  o t her 

inve s t i gc. t i ons may gre atly redu ce tne like l i hood. of 0hance o ccurrence s 

cont i nu i ng to be mi s i nt e rpre t e d ,  but do l i t t l e  to dis count the 

possibi l i t y  of an i nd i re ct relati onship w i t h  a causal fact o r .  The 

mu l t i p l i ci ty of fact ors found to be corre l at e d  with the i ncidence o f  

st omach cancer b y  vari ou s author s , emphas i s e s  the d i ffi cu l ty i n  

int e rp re t i ng such f i 1!dings . 

Another examp l e  o f  t he value of epidemio logi cal s tudi e s  o f  

tumours i s  that o f  "Burki t t ' s  Lymp homa" (Burki t t ,  1 958 ) .  The p e r:u l i ar 

age di utribution, l ack o f  t ribal , geologi r.al or dietary a s s o ciat i o n s ,  

ar..d. t h e  rathe:c pre ci s e  geo graphi c di s t ribu t i on o f  thi s tumour (Burki tt , 

1 96? ' 1 964) lead t o  the hypothe s i s  that i t  was cau s e d  by an 

arthropod-borne vi ru s .  O f  parti cular re l evance t o  t h i s  hypothe s i s  

was the correlat i o n  o f  the geo gra.p h i ;)  d i s t ribut ion o f  t h i s  tumour w i t h  

t h e  d i s t ribut ion o f  known arthropod-bo rne di sease s i n  Afri ca (Burki t t ,  

1 964, 1 96'( ) ,, On t h e  b as i s  o f  t he ge ographi c pathology o f  t h i s  tumour, 

H::trri s ( 1 964) sugge sted t hat i t  v-•as " caused by an inse ct-transmi sRible 

agent moving i n  a largely irrunune adu l t  populat i on" .  

In animal s ,  much le s s  u se has b e e n  made o f  the ep idemi o l ogi cal 

approach to the i nve stigat i o n  of ne oplasins , possibly due to the 

re lative lack o f  data upon whi ch to commence any such i nve s t i ga t i on. 

Few meaningfu l  cancer re cording s cheme s are i n  operat i on, nor do 

animal popul �t i ons u sual ly have the s�ne d�gree o f  medi cal surve i l lance 

as humans , and pre ci se i nforma t i on on the age , sex and breed s t ru cture 
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o f  m any ani ma l  p opulat i on s  i s  often n o t  avai lab le . An excep t i o n  t o  

thi s i s  t he Dan i sh cat t le l euko s i s* re g i s t rat i on sys t em whi ch 

E e nd ixen ( 1 966 ) conside red was worki ng e ffi cient ly. 

Data avai lable on the preval ence of neop lasms i n  dome s t i c  

ani mal s come mainly :rrom re cord s o f  neoplasms di agno sed i n  ani mal s 

s l aughte red at meat pro ce s s ing plant s ,  or re cords o f  ne0pl asms 1n 

surgi cal b i o p sy mat erial o r  i n  animals examined po st mortem at 

'rari ous lab u ratori e s .  The populat i on o f  an1 mals s l aughte red for meat 

i s  obvi ously a very b i ased one , tend i ng to con s i s t  mai n ly o f  younger 

an1 mal s i n  good heal t h .  O lder ani m al s , when s laught e red , vary 

cons iderab ly i n  age , and l i fe hi stori e s  are rarely ava i l ab l e .  The 

proport ion of animal s i n  p oor heal th s laught e red , e i ther at abattoi r s  

o r  at rend e ri ng pl�n+, s ,  vari e s  cons iderab ly w i th the value o f  the 

animal s and the di stance over whi ch t hey mus t  be t ransported. All 

these fa ctors make compari sons o f  tumour s t at i s t i cs from di fferent 

s l aughteri ng e st ab l i shments or count r i e s  d i f f i cult t o  interpre t .  

The p revale nue. o f  variou s  d i s e ase s diagno sed at l aboratori e s  

can b e  i nfl� 3nced gre at ly b y  t he i nt ensity o f  veterinary su rve i l lance 

of the ani mal popu l at i on , and by any part i cu l ar i nt e re s t  o f  

ve teri nar:i. ans ut i l i s i ng t h e  laborat o ry fac i l i t i e s .  Animal s  o r  t i s su e s  

examined at d iagno st i c  laborat c ri e s  can (,e expe cted t o  repre sent o n ly 

a small s an!ple from the total o f  al l di seased animal s .  

* A wide range o f  te rms has b e e n  used for neoplast i c  d i seases 

o f  c e l l s  o f  the lympho ic sys tem ( e . g . leukae m i a ,  malignant 

lymphc�a, lympho s arcoma , lymphomat o si s ) . Fol lowing the exampl e  

o f  B e ndixen ( 1 966 ) the term l euko s i s  h a s  been u sed i n  thi s 

t he s i s to cove r a range o f  l eukaemi c and aleukaemi c cond i t i ons 

whi ch may, or may no t ,  have a simi lar aet i o l ogy. 
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The epidem i o l ogy of enz o o t i c  b ovine l eukosi s has b e en 

i nve s t i gated in cons iderab le d e t ai l  on i n t e rnat i onal , nat i onal and 

l o cal l E·ve l s .  'l'he o c currence o f  mu l t i p l e  i ncidence l euko s i s  herd s ,  

t h e  i ncreased i n cide nce o f  leuko s i s  fo l l owing some animal importat i on s ,  

the i n t rodu ction o f  l euko s i s  t o  herds w i t h  t h e  i ntrodu ct i on of animal s 

from mu l t i p l e  i n ci dence he rds , and the apparent cont ro l of the d i se ase 

by m e ans o f  a s laughter po l i cy, all support the hypothe s i s  that thi s  

di sease i s  cau s e d  by a t ransmi s s ib l e  aeent , probab ly a virus 

(Bendixer. ,  1 965 ) .  

Diffe re n ce s in t he i n cidence of car cinoma o f  the tons i l  be twe en 

rural and urban dogs are cons i s t ent with the sugge s t i on t hat t h e s e  

neop l asms mi ght b e  cau sed by atmo2pher-i.. c v o l lutant s ( Ragland and 

Gorham , 1 967 ) . Hm·reve r ,  d i ff e rences i n  the environment o f  the .s e  two 

canin e  groups mu st be mani fo ld and t he b reed s t ru cture of the two 

popu l a t i ons �night also d i ffer markedly. Care shou l d  b e  t aken i n  

at t ributing such differences i n  i n cide n ce o f  neop l a sm s  t o  any sing l e  

environmental factor. 

There have been no reports o f  p lanned epidemi o logi cal 

inve s t i gat ions of sheep neopl asms though re trospe ctive ob servat i ons 

on t he frequency and d i st ribu t i on of seve ral neop laf::lms have l e ad t o  

sugge s t i ons re garding t h e i r  ae t i o logy. Dodd ( 1 923 ) cons i d e re d  t hat 

exce s s ive sun l i ght i rri tated t he unpro t e cted port i o ns of t he skin o f  

shee p  (part i cu larly t he i r  ears ) leading t o  chroni c inflammat i on and 

eventual ly t o  squamous cel l  carcinoma. Lloyd ( 1 96 1 )  supported the 

o p i ni on that sur.light \-/as t he cause o f  this form o f  carci noma and 

sugge sted an i ncreas ed inci dence might be associat e d  with p ri o r  
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photosens i t i zat i on .  T h e  role o f  sun l i ght i n  t he p atho geae s i s o f  

these neoplasms i s  further supported b y  t he ob servat i ons t hat whi t e­

skinned people livi ng i n  areas with h i gh sunsh i ne hours and a cl ear 

atmosphere are more prone to deve l o p  squamous ce l l s  and basal cel l  

carcinomas o f  t he skin (B lum , 1 955 ) .  

In contrast t o  the above neop lasms are squamou s ce l l  carci nomas 

of t he wool b e aring area of the skin of sheep (page 6 ) . I ni t i al 

epidemi o logi cal ob servat i ons tilat t h i s  neoplasm o c curred i n  three 

re lated i nb red J;!e rino f l o cks l ed t o  t he experiraen t2l confi rmat ior. 

t hat t here was an i ndire ct gene t i c predi spo s i t i on to the deve l opment 

of t he se l e s i o ns ( Carne et al . ,  1 963 ; Ll oyd , 1 966 ) .  

Epi de m:i. o logi cal ob servat i ons o f  pulmonary adenomat o s i s  i n  

sheep first sugge s t ed a t ransm i s s i b l e  agent ( page 4 ) . I t s  epizoo t i c  

spre ad in I ce l and ( Dungal , 1 938 ) was parti cularly go od epidemiologi cal 

evidence of i t s  t ransmi s s ible nature . 

Lva i l ab l e  data on the world in ciden0e o f  smal l i nt e s t i nal 

car cinomas of sheep i ndi cate t hat an uneven geographi c d i s t r i bu t i on 

may exi st (. Tab l e  V ) • On t he b as i s  of the :i. r  obse rvat ions , !<!cDonald 

and Leaver (. 1 965 ) concluded that there wa.., an uneven incide nce b e twe0n 

flocks i n  t he same locality. B e cause o f  the high incidence o f  this 

neop lasm i n  New Zeal and ( Dodd , 1 960 , 1 964; W e bster, 1 966 , 1 967 ) an 

epidemi o lo gi cal study was unde rtaken i n  2n at t empt t o  ident i fy facto r s  

as soci at e d  w i �h i t s  o c currence . 
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65 

l o cat i ons of !'�eat 'l'lorks ( +) 

a t  whi �h viscera o f  s l aughte red ewe s were i nspe cted , and t he approximate 

boundarj e s  of the areas from >'lh i ch those Ilieat Export v/orks would obtain 

the majority of the ir ewe s .  
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MA'I'ERIALS AND METHODS 

Collect ion and Evaluation o f  Data 

The abdominal vi s cera of ewes ki l led at Meat .l!.:xport Works were 

examined for car ci nomas of the small intestine , with parti cular 

attention being paid to the smal l intestine , its  mesentery and 

mesente�ic lymph nodes . The viscera were inspe cted on trays 

ac�ompanying the slaughtering "chain" at rat e s  of from five t o  seven 

per minute . All inspe ctions were done by the author. 

Accuracy of data col le cted from the gro s s  examinati o n  of 

lesions was e stabl ished by the hi s tol ogi cal che cking of fifty 

consecutive le sions du ring 1 967 , a nd e\•ery fi fth case diagnosed during 

1 968. Any other suspe ct small intestinal carcinoma for whi ch a 

diagnosis was in doubt on gro ss examinat ion, was checked hi stologi cal ly.  

Geographi c  Distributi on o f  Carcinoma.s o f  the 

Sma :.. J_ Inte stine 

E\-1e s  ki l led at ten Meat Export l-lorks in seven geographi cal 

areas of New Zealand (Figure 65 ) between February and May of the 

years 1 967 and 1 968 Ne re e xamined for carc2.nomas of the small inte s t ine .  

Re cords \ie re kept of the numbers o f  ewes examined and numbe rs of small 

intestinal carcinomas found at each slaughtering establi shment . 

Correlation of  Tumour Prevalence with Average 

Sto cking Densit ies in Areas 

Areas availab le for sheep and beef cattle grazing in counties  

considered repre sent at ive of areas supplying the majori ty of sheep tc  



Meat Export Works at which ewes were inspected were calculated. This 

was done by obtaining an e stimate of the total grazing land (acres )  in 

each county and subtracting from that figure an estimate of the area 

in each county occupied by dairy farms . Information in "New Zealand 

Farm Production for the season 1 967 - 1 968"*was used in applying the 

following formulae 

( 
( 
( 
( 
( 
( 
( 
( 

Area for sheep ) 

and beef 
) 
) 

cattle grazing) 

in  individual � 
North Island ) 

areas . ) 

(Area for sheep)  
( and beef ) 
( ) 
( cattle grazing) 

�in  individual � 
( South Island ) 

areas . 

( 
( 
( 

equals (  
( 
( 
( 
( 

equals 

Area in grass, ) �Dairy cows ) 
clover and ) ) 

) ( in milk ) 
lucerne in )minus 1t ( in area. ) 

area. ) ( ) 
) ( ) 
) ( ) 
) ( ) 

and 

(Area in grass,  ) � clover and : � �Balance ) 
. 

(Dairy ) 

( lucerne in  )plus �(of land �m�� cows � 
( area. � ( in area ) ( in milk) � 

) 
( ) (

in are) 

• 

These formulae were based on assumptions that the area in grass , 

clover and lucerne would approximate ly equal the total area available 

for l ivesto0k grazing in the North Island, and that the area (acres)  

occupied by  dairy farms would approximate 1i times the number of dairy 

cows in milk. The formula used to calculate the areas over which sheep 

and beef' cattle vrere g-razed in the South I sland \vas di:fferent in that 

� of the "balance of land" in each area was included, this being an 

estimate of the area of unimproved tusso�� grasslands . Also, because 

* Governrr.ent Printer, Wellington, New Zealand. 
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T A B  1 E XII 

Counties U sed in Calculations of Average Stock Grazing 

Dens ities in Areas From Whi ch Inspected Ewes Originate4 

Area 

Hawke s  Bay 

Manawatu 

Waikato 

South Canterbury {a) 

Southland 

Wairarapa 

Marlborough 

South Canterbury (b ) 

Breed type of sheep 

British breed 

Bri t i sh breed 

Bri t i sh breed 

Bri t i sh breed 

Bri t i sh breed 

British breed 

Fine wool 

Fine wool 

Counties 

Wairoa, Rawke s  Bay, 

Waipawa, Waipuk:urau, 

Patangata, Dannevirke 

Kiwitea, Pohangina, 

Oroua, Manawatu, 

Kairanga, Woodvi lle, 

Pahiatua 

Raglan, Waikato ,  Rauraki 

Plains , Piako, Ohinemuri , 

Tauranga, Matamata, 

Rotorua, Taumaranui , 

Waitomo , Otorohanga 

Levels ,  Waimate 

Clutha 

Eketahuna, Masterton 

Wairarapa South, 

Featherston 

Amuri 

MacKenzie 
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dairy farming i s  l e s s  intensive in the South I sland than in the North, 

an area of 2 times the number of dairy cows in milk was subtracted as 

beirg o ccupied by dairy farms.  

Using the se figures , and data from the same publication on 

total sheep and beef cattle numbers in the respective counties,  

average numbers of sheep and beef cattle per acre of available 

grazing were cal culated. Counties used for these calculations are 

shovm i:1 Table XII .  

Effect o f  Environment on Prevale��e o f  Small 

Intestinal Carcinomas 

Betv1een mid January and early June 1 969, the viscera of 

32, 733 ewes were examined for carcinomas of the small intestine as 

previously described. During this period , details of the nrunbe r  of 

ewes in each group ( line ) inspe cted, and their vendors , rlere obtained 

and tumours were identi fied with the line 1 from whi ch they came . Mo3t 

ewes inspected were slaughtered in the Manawatu region, although a 

small number ( 2356 ) were inspected in the Hairarapa { See Figure 65 ) .  

All sheep vendors who could b e  traced were forwarded a 

que stionnaire {Appendix 1 )  with a covering letter exp�aining the 

purpose of the i nvestigation. At a later date an �ppointment was 

arranged and the questionnaire was CCHt1pleted by the author with the 

cooperation of the sheep vendor. Information was obtained only from 

vendors who had mmed the inspe r.ted sheep for longer than six months . 

In this way ,uata were obtained on the histories of 22, 201 of the 

inspected ewes ,  forwarded by 191 vendors. 



Physiographi c  and Botani cal Data 

Concerning Farms Invest igated 

( i )  Soil Types 

Soil types constituting at least 2a}'o of each farm from whi ch 

ewes were inspected were assessed from soil maps of New �ealand ( S cale 

4 miles to an inch)  used in conjunction Hi th Soi l  Bureau Bulletin (N. s. ) 

5 - General Survey of the soils of the North I sland, New Zealand ( 1 954)*.  

Classifi cati on of soi l  types for the purpose of analyses \vas on the 

basis of numbers only, without the alphabeti cal suffix used in the 

bulletin and Oil the maps. This resulted in some grouping of soil 

types as shown in Appendix II. 

( i i ) Climate 

Informa tion on rainfall v;as obtained from a map t s cale 4·9 

miles to an inch) supplied by the New Ze.aland Weather Bureau showing 

� inch isohyets and based on data colle cted between 1 92 1  and 1 950. 

Average summe r  maximum and averag� winter minimum temperature � 

at recording stations were cal culated from the New Zealand Department 

of Civil Aviation publication, N. Z .  Meteorologi cal Servi ce Miscellaneous 

Publication 1 22 ( 1 966 )** by averaging the mean daily maximum figures 

for De cember, January and February, and the mean daily minimum figures 

for June , July and August . Temperature data pertaining to  the 

recording station nearest each farm was adjusted where necessary by 

subtracting 0.35°F for each 1 00 feet by whi ch the mean farm altitude 

exceeded the altitude of the recording station (Robertson, 1 969 ) .  

* Department of Scientifi c and Industrial Research, Wel lington , 

New Zealand. 
** New Zealand Meteorological Servi ce 1 Wellington, New Zealand. 
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( iii ) Altitude and Latitude 

The approximate mean altitude of each farm uas estimated from 

maps (New Zealand Mapping Service (N. Z. M. S . ) 1 ,  s cale 1 ! 63 , 360, * and 

N.Z. M. S .  1 8 , scale 1 : 250, 000* ) .  

The lati tude of farms was similarly obtained from maps 

(N. Z. M. S .  9 ,  scale 1 : 500 , 000)* .  

( iv )  Plant Species  

Pasture species and weed species occurring on farms were 

recorded following discussions with individual farmers .  To assist 

thi s ,  a oh�ck l ist of weed species was used (Appendix III ) ,  but 

other plant species n0t on this list were also recorded ( Appendix 

IV ) .  

:Managerial factors 

( i )  Stock Management 

When sheep slaughtered were not an homogeneous group , answers 

to questions covering breed, age and reasons for s laughter were based 

on the answers a ppli cable to the majority of animals in the line .  

"Mob stocking" was considered t o  b e  the practice where sheep 

were concentrated into paddocks and a system of rotational grazing 

about the farm was instituted, or where sheep were gathered into 

relatively small areas for the feeding of crops or other supplementdry 

food. In contrast , " set stocking" refer:ced to the practi ce whereby 

the sheep were grazed over all ,  on most , of the avai lable pasture for 

most of the time . 

* Department of Lands and Survey, \'fe llington, New Zealand. 
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(i i ) Animal Remedi es ani Agri cultural Chemi cals Used 

Questions on animal inse cti cide s ,  anthelmint i c s ,  Clostridial 

vaccine s ,  s t o ck l i cks and selenium admini stration were ans"Yrered on 

the bas i s  of exposu re of the inspe cted sheep t o  the se agent s during 

the t ime the vendor had owned them. Type s  o f  C lostridial vaccine s  or 

types o f  sto ck l i cks were ne t differentiat ed bet"Yreen. 

Appli cations of di chlorodiphenyl tri chloroethane (DDT ) to 

pasture over the p revious seven years were recorded, but appl i cat ions 

of other pasture i ns e cti cide s and of herbi cide s were re corded only i f  

they had o c curred during the t ime t he slaughtered sheep were o n  the 

property, or during t�e 1 2  months pre ceeding their purchase .  

( i i i ) Suppl ementary food 

Detai ls of t he supplementary feed made avai lable to sheep during 

their l ives on the vendors property were re corded from only 1 1 , 378 sheep 

as thi s que stion was i nserted after the inve stigation had begun. 

Flo ck Di sease Historz 

Classifi cations of farms with regard t o  spori desmin poi soning 

( facial e cz�ma ) and Salmone l lo s i s occurrence were sub j e ctive . Diagnos i s  

was frequently based only o n  farmer opinion. 

Analysi s  o f  Data 

Tab le s  XI I I ,  XIV , XV , XV I ,  XXV and XXVII were analysed by the 

cl,i squared n·ethod for 2 x 2 and 2 x j contingency t ab le s  as appropriate 

(Mather, 1 960) .  Analyses in Tab l e  XVI I  were carried out using the 

method for 2 x 2 contingency tab l e s ,  . and data in Tab l e s  XXI and XXII: 
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were variously treated as 2 x 2 and 2 x j contingency tables. 

Data in Table XY. were analysed for heterogeneity using the 

= ( W�)
2 

\'I formula (Hayman, 1 968 ) 

where f = number of sheep vendors 

w n 
( n  = number of sheep from vendor) = 520.7 

and = inverse sine transformation of the percentage (p ) 

of sheep in that line in whi ch tumours were diagnosed. (Derived from 

Table X in Fisher and Yates  ( 1 957 ) or where p < 4 ;  � = 

Cross tabulations of data in Table XXIII were carried out on 

a computer as also were the chi squared and probabili ty calculations 

in the table . 

Table XVIII was analysed by both single and multiple regression 

techniques (Mather, 1 960) and the significance of the inter-relationships 

was . calculated using analysis of variance techniques (Table XIX ) .  

RESULTS 

Collection and Evaluation of Data 

The accuracy of diagnoses made from gross examinations of 

intestines  was confirmed by positive histological diagnoses in all 

fifty consecutive check cases in 1 967, and in every fifth lesion 

diagnosed grossly as carcinoma of the small intestine during 1 968 

( 49 check cases ) .  In no case was a histological diagnosis of 

carcinoma made from any lesion that had not been diagnosed with 



Area 

Hawkes Bay 

Manawatu 

Wai.Kato 

South Canterbur,y 

Southland 

Wairarapa 

Mar lborough 

T A B  L E  XII I  

Numbers o f  �'we s  Examined and Small Intestinal Carcinomas Found 

in Seven Geo�raphi c Areas of New Zealand During 1967 and 1268 

'1 967 1 968 Total 
_______ ;.....____ · - "' Percentage 

Ewes Carcinomas Ewe 8 Carcinomas Ewes Carcinomas of eweB 
examined found examined found .examined with 

4, 000 

2, 600 

2 , 600 

1 , 900 

48 

39 

1 3  

1 9  

X 

4, 000 

4, 000 

4, 200 

4, 000 

4, 000 

4, 000 

2 
= 69.00; d. f. = 6 ;  

63 

7 1  

3 1  

41 

34 

8 

p < 0.00 1  

Carcinomas 

4, 000 63 1 . 58 

8, 000 1 1 9 1 . 49 

2 , 600 39 1 . 50 

6 , 800 44 0 . 65 

4, 000 41 1 . 03 

5 , 900 53 0. 90 

4, 000 8 0. 20 

� 
0 
..... 

� 
"0 
� ro 
0\ 
1'\) 
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T A B  L E  XIV 

Carcinorr.as o f  the Small Intestine Found in Briti sh Breed 

and "Fine Wool" Sheep I nspe cted at South Canterbury Durinp 1968 

Breed type Ewes i nspected Carcinomas 
found 

Bri ti sh breeds 2700 26 

"Fine wool" 
breeds 

1 500 

-v 2 -- 5 22 /'- . ; 

5 

d. f. = 1 ;  p <  0.05 

T A B  L E  XV 

Percentage 
with carcinomas 

0.96 

0. 33 

Carcinomas of the Small Intestine Found in Sheep Identified as 

:British Breed and "Fine vlool" Sheep Inspected During 1967 and 1968 

Breed type Ewe s  inspected Carcinomas Percentage 
found with carcinomas 

Bri t i sh breeds 27 , 200 341 1 . 25 

"Fine wool " 5 , 500 1 3 0 . 24 
breeds 

)( 2 
= 44·55;  d .f. = 1 ;  p < 0. 001 
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T A B  L E  XVI 

Carcinomas of the Small Intes t i ne Found i n  Bri t i sh 

:Breed Sheep Inspected in Din·erent lJi stri c-cs 2£. 
New Zealand Durins 1 967 and 1 968 

Dis t ri ct Ewes inspected Carcinomas Percentage 
found with carcinomas 

Hawkes :Bay 4, 000 63 1 .58 
Manawatu 8, 000 1 19 1 . 49 
Waikato 2, 600 39 1 .50  
South Canterbury 2, 700 26 0.96 

Southland 4, 000 4 1  1 . 03 
· Wairarapa 5 , 900 53 0. 90 

2 X = 1 6. 96 ;  d . f. = 5 ;  p < 0.01  

T A :B L E XV II 

)( 2 figure� and Probab i l i t i es (p) for Differences :Between 

Tumour Incidenc e s  in Bri t i sh Breed Sheep From Different Areas 

Hawkes Bay Manawatu Waikato South Southland 
Canterbury 

Manawatu 2 X =  0. 1 3  
'N .  s.  

Waikat o ·x_2 = 0. 6 2 X = 0.02 
N.S .  N . S. 

South 2 X = 4.58 2 X = 4. 1 0 2 X =3 . 1 
Canterbury p < 0., 05 p< 0. 05 N. S. 

Southland 
2 X = 4· t55 2 X = 4. 32 -13=2-95 -x.2 

= 0 . 08 
p <0 .01 p < 0 . 0 1 p<0. 02 N. S. 

2 2 2 2 = o.o8 x = o.59 Wairarapa -;::,:. = o. 28 X = 9.52 X =5 · 96 X. 
p < J. 0 1  p< 0.01 p <0.02  N. S. N. S. 
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reasonable certainty as an intestinal carcinoma on prior gross 

examination. On the basis of these che cks , it was considered that 

diagnosis of carcinoma of the small intestine by gross examination 

only was an accurate method of accumulating data on the prevalenca 

of these neoplasms. 

Geographic  Distribution of Carcinomas of the 

Small Intestine 

The prevalence of small intestinal carcinomas diagnosed in 

slaughtered ewes inspe cted in each of the seven geographic areas 

visited (Figure 65 ) i8 shown in Table AIII.  Calculation of  chi 

squared on the "total" data for each district showed the distribution 

of  tumours between areas was not normal ( p  � . 001 ) . From Table 

XIII i t  is  apparent that the prevalence of sntall intes tinal 

carcinomas in sheep inspected in Marlborough was considerably lower 

than el sewhere , and that the prevalence in South Canterbury was also 

comparat:i.valy low. It was noted that at Marlborough all ewes inspe cterl 

were of :Marino or Corriedale ( "fine wool" ) breeds. South Canterbury 

was the only other area where sheep of these breeds were inspe cted. 

Separation of data on the basis of breed types was obtained at South 

Canterbury during 1 968 (Table XIV ) . A comparison of tumour prevalence 

in British breeds and "fine wool" breeds using data collected in 

1 967 and 1 968 is shown in Table XV .  Analyses of data i n  Table XIV 

and XV indicate a significantly lower tumour prevalence in "fine 

wool" sheep than in those of British breeds (p < . 05 and p < . 00 1 ) .  

Analysis of data in Table XVI , wh� ch shows the prevalence of 

carcinomas of the small intestine in Briti sh breed sheep examined in 
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T A B  L E  XVIII 

Shee p  and Beef Cat t le Stocking Rate s  and Tumour * 

Prevalence in Areas from whi ch Ewe s were InsEe cted 

Average :number Average number Tumour 
of sheep per of cat tle per prevalence 

acre acre (%) 
( x) ( w) (Y) 

Hawkes Bay 3 . 4674 . 3305 1 .58 
Manawatu 3- 9756 . 3 1 25 1 .49 
Waikato 4.0663 · 4489 1 .50 
South CanterburJ { a )  

(Brit i sh Breed s )  
2 .. 3806 . 0543 0 .96 

. southland 3. 4 150 . 1 084 1 . 03 
Wairarapa 3 . 03 1 1 . 287 1 0.90 
Marlborough 1 . 0769 . 0506 0. 20 
South Canterbury ( b )  

( "Fine wool" Breeds ) 0. 7739 .0249 0.50 

( 1 )  regres sion tumour prevalence (:y ) on average sheep per acre ( X ) .  

= . 029 + . 359 1 X • ( n  = 8 ;  p < .. 0 1 ) 

( 2 )  regression tumour prevalence ( y )  o n  average cattle per acre ((.J  ) . 

y = . 524 + 2. 4802 1.J • ( n  = 8;  p < . 05 ) 

( 3 )  multiple :cegression tumour prevalence ( if  ) on both sheep ( X ) 

and cattle ( tJ ) stocking rates.  

] = . 085 + . 28 1 7  X + • 7849 f.J (n = 8 ;  p < . 01 )  

* In a number of tables in this chapter, the word tumour i s  used, 

for brevity, when referring to carcinomas of the small intestine . 
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T A  B L E  XIX 

Analysis of Signific2.nce of the Association of Ca.ttle 

and Sheep Stocking Rates with Tumour Prevalence 

Regression on sheep 

Regression on 
cattle after 
allowing for 
sheep effect 

Error 

Total 

2 
t = 

. 047 

. 049 

Sum of 
squares 

� · 433 

. 047 

. 243 

1 .  723 

t = 

Degrees of Mean Square freedom 

1 . 433 

. 047 

5 . 049 

7 

· 979 ; N. S. 

• • There is  no catt le effect on tumour prevalence that is  

different from the sheep effect. 

Regression on cattle 

Regression on sheep 
after allowing for 
cattle effect 

Error 

Total 

2 
t 

= 
. 36 2  

; . 049 

Sum of Degrees of 
squares freedom 

1 . 1 1 8  1 

. 362 1 

. 243 5 

1 .  7 23 7 

t = 2 .  7 1 8; p < . os 

Mean Square 

1 . 1 1 8 

. 362 

. 049 

• There is an association between sheep stocking rate and 

tumour prevalence that is  independent of cattle 

stocking rate .  
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l P E R  A C R E l 

Figure 66 

The relationship between prevalence of carcinomas of the 

small intestine in sheep s laughtered in different areas and the 

average sheep stocking rate in representative counties. 
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each distri ct ,  indi c�t es a neterogeneous distribution of tumours 

between sheep in different areas (p < . 0 1  ) . Table XV I I  shows the 

chi squared figure s and probabilities of di fferences between 

indivi dual areas. 

Correlation of Prevalence of Carcinomas of the Smal l 

Inte stine with Stock Density 

Average sheep and beef cat t le stocking rates in counties 

cons idered representat ive of areas from which ewes were inspe cted 

(Figure 65 and Tab le XII ) are sho.,m in Table XVIII , together wi th 

the re levant prevalence s of small i ntest inal carcinomas (%) . 

Cal culat i on of regre sGion coeffi cients for tumour prevalence on 

average sto cking rate s  of either sheep or cat t le indicated 

signifi cant positive re lationships (Table XVIII ) .  �ltiple regression 

te chnique s  showed there was a signi ficant relationship between both 

sheep and cattle sto cking rates per acre and t he incidence of sm�ll 

intestinal carcinomas .  However ,  calculati ons o f  the signi fi cance 

of each of the se effe ct s ,  after al lowing for the othe r, show�d that 

while sheep per acre had a signifi cant relationship with tumour 

prevalence after allowing for any e ffe ct of cattle density, the 

reverse was not true (Tab le XIX ) .  Thus, increaseQ density o f  sheep 

within an a�ea appears t o  be associated with increased tumour 

prevalence and thi s association i s  independent of cattle density. 

Thi s  relationship is shown in Figure 66 • The relat ionship between 

cattle density and tumour prevalence was apparently due to the 

increased. nun!oers of )attle in areas with highe r sheep densities.  
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T A B L E  XX 

Number.s of Ewes inspected From 

Individual Sheep Vendors 

Vendors Number  Number Vendors 
code of ewe s  of small code 

Number inspected intestinal Number 
carcinom3.s 
diagnosed 

1 1 95 2 30 

2 354 8 3 1  

3 38 0 3 2  

4 8 0 33 

5 19 1 35 

6 252 4 37 

1 1 27 3 38 

8 1 56 4 39 

9 86 2 40 
1 0  22 0 44 
1 1  1 0 1  1 46 
1 2  75 0 47 
1 3  41 0 49 
1 4 32 0 50 

1 5  1 3  1 5 1  

1 6 67 2 5 2  

1 7 223 5 53 

1 8  1 0  0 55 

1 9 30 0 56 

20 9 1 0 57 

2 1  38 0 59 

22 275 5 60 

24 43 0 6 1  

26 1 9 0 62 

27 290 6 63 

28 5 0 64 

29 53 0 66 

Number Number 
of ewes of small 
inspe cted intestinal 

carcinomas 
diagnosed 

384 3 

92 1 

41 9 8 

1 04 0 

24 0 

1 42 4 

1 38 2 

409 9 

1 64 1 

165 1 

99 3 

1 39 1 

1 00 2 

8) 1 

29 0 

1 43 3 

35 0 

1 3 1  1 

52 1 

35 0 

1 63 2 

1 8 2  3 

21  0 

1 09 2 

67 0 

1 44 2 

1 7  0 



Tab le x:x Contd . 

Numbers of Ewe s  :!:ns pe cted From 

I ndividual Sheep Vendors 

Vendors Number Number V e ndors 
code o f  ewe s  o f  small code 

Number inspa cted i ntest inal Number 
carcinomas 

diagnosed 

67 5 � 0 1 05 
69 64 0 1 06 
70 83 0 1 07 
7 1 1 1 4 1 1 08 
7 2  1 1  0 1 09 
73 39 0 1 1 0 
75 1 75 1 1 2 
76 88 0 1 1 3 
77 1 1 9 1 1 4 
78 2 1 9  6 1 1 5 
79 5 0 1 1 6 
80 1 09 2 1 1 8 
82 1 9 1  5 1 1 9 
83 52 1 1 20 
84 206 3 1 2 1 
85 50 0 1 22 
87 42 1 1 23 
88 1 20 4 1 24 
89 67 2 1 25 
9 1  2 1 5  1 1 26 
92 1 68 3 1 27 
93 41 0 1 28 
95 45 0 1 29 
96 8 1  2 1 30 
97 305 3 1 3 1 
1 00 79 4 1 32 
1 02 1 8  1 1 33 
1 03 7 1 3  1 0  1 34 

Number Number 
o f  ewes of small 
inspe ded intesti nal 

carcinomas 
d i agno sed 

1 65 2 
28 0 
89 3 
1 6  0 
24 0 
1 03 1 
1 3  0 

424 4 

1 1 4 0 
1 89 7 
69 0 
1 25 1 
79 1 
1 40 5 
37 0 
85 0 
1 5  0 
1 37 4 
50 0 
26 0 
1 66 1 
46 0 
1 2  0 

1 5 3 1 
1 42 1 
1 85 1 
1 40 4 
1 1 7 



Tab le XX Contd. 

Numbers of Ewes �Pe cted From 

Individual Sheep Vendors 

Vendors Number Number Vendors 
code of ewes of small code 

Number inspe cted intest inal Number 
carcinomas 
di agno sed 

1 35 209 1 1 69 

1 36 88 1 1 70 

1 39 1 1 6 0 1 7 2 

1 40 6 0 174 

1 41 27 3 1 75 

1 42 45 2 1 76 

1 43 7 2  0 1 77 

1 44 246 3 1 78 

1 45 70 1 1 79 

1 46 40 0 1 80 

1 47 1 5 2  3 1 8 1 

1 49 1 26 0 1 82 

1 50 1 10 0 1 83 

1 5 1  1 8 0 1 85 

1 5 2  243 5 1 86 

1 54 1 38 3 1 88 

1 55 8 0 1 89 

1 56 235 2 1 90 

1 57 1 61 1 1 9 1 

1 58 83 3 1 9 2  

1 59 1 02 . 3 1 93 

1 60 38 0 1 94 

1 62 41 1 1 95 

1 6;. 1 34 2 1 96 

1 64 89 1 200 

1 65 293 3 201 

1 66 1 31 0 202 

1 68 33 0 203 

Number Number 
of ewes of smal l 
inspe cted intestinal 

carcinomas 
diagnosed 

486 9 

207 2 

3 1 5  7 

22 1 

1 1 6 1 

2 1  1 

1 2  0 

109 0 

95 0 

50 0 

88 3 

88 1 

428 1 1  

1 66 4 

1 85 0 

26 1 

209 6 

252 8 
56 0 

86 1 
1 01 1 

424 1 3  

33 1 

1 2  0 

227 6 

1 34 0 

3 1 9  6 

1 32 4 



Table XX Contd 

Numbers of Ewes Insoected From 

Individual Sheep Vendors 

Vendors Number Number  Vendors 
code of ewes of small code 

Number inspected intestinal Number 
carcinomas 
diagnosed 

204 1 29 2 2 19  

206 1 60 2 221 

207 1 �2 4 222 

20ti 1 30 2 223 

209 41 0 224 

2 10  36 0 225 

2 1 1 239 4 226 

2 1 2 1 23 3 227 

2 1 5  69 3 22� 

2 1 6  33 0 230 

2 1 7  42 2 232 

2 1�  1 3  1 233 

� 2 Total = 35�. 32;  d . f. = 1 90 ;  p < . 001  

Number Number 
of ewes of small 
inspected intestinal 

carcinomas 
diagnosed 

59 0 

42 2 

1 60 0 

1 �  0 
1 6  2 

1 2  0 

5:5 0 

1 9  0 

181  5 

228 8 
71 1 

20 1 

. X 2 (whole life history known) = 1 22. 93 ;  d. f. = 7 1 ;  p < . 001  

X 2 (history known for 4 years plus ) = 53. 33; d. f. =  33;  p < . 05 

X
2 (history known for less than 4 yElars ) = 1 64. 152; d . f .=  tl4; P <  . 001 
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Figure 67 

N 1J M B E R  O F  E W E S  
E X A M I N E D  

• 0 3 0  
• 3 1  - 1 0 0  

• 1 0 1  - 3 00 
O V E R - 3 0 0  

The locations of  farms from whi ch e wes were inspe cted 

having been bred on those farms . 
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� O V E R - 3 0 0  

The locations of farms from whi ch ewes were inspe cted 

having been purchased by the vendor at least four years previously. 
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Figure 69 

2 0  M I L E S  

N U M B E R  O F  E W E S  

E X A M I N E D  
• 0 3 0  
• 3 1  1 0 0  
• 1 0 1 - 3 0 0  

O V E R - 3 0 0 

The locat ions of farms from whi ch ewes were inspe cted 

having been purchased by the vendor le ss than four years 'previously. 
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The Effect of Environment on Prevalence of Small 

Intestinal Carcinomas 

64 

During 1 969, a to tal of 32, 733 ewes was examined from 294 

lines,  and carcinomas of the smal l intestine were diagnosed in 483 

( 1 . 476%) animal s.  Of the se , histori cal information was obtained on 

22 , 201 animals with 346 ( 1 . 5 1 4%) neoplasms of the smal l intestine , 

submitted by 1 9 1  vendors . Table XX lists the numbers of ewes 

inspectzd from individual vendors and the numbers of intestinal 

carcinomas diagnosed in those ewe s .  Chi squared analysis showed there 

was a heterogeneous di st ribution of tumours between the sheep of 

different V3nd.ors (p <  . 001  ) .  

Figures 67 , 68 and 69  map the locat ions of farms from whi ch 

ewe s were inspected. Fi gure 67 shows the locat ions of farms from 

which ewe s bred on those farms were inspe cted ( i . e .  their whole life 

history was obtainab l e  from the vendor ) . Figure 68 maps the locati ons 

of farms from which ewes were inspe cted who se histories  were obtainabl e  

for a peri od o f  four years or more ( i . e .  the ewes had not b e e n  bred 

by the vendor, but had been farmed by him for at least four years ) . 

Ewes from farms mapped i n  Figure 69 had been owned by the vendor for 

less than four years , but more than six months , and consequently 

shorter portions of their life histories  were known. 

Cal culations of chi squared for the prevalence of smal l 

intestinal carcinomas i n  lines of sheep fal ling into each of these 

categories showed there was signifi cant variati on of tumour preval ence 

between far;lls within each of these classifi cations (Table XX ) .  

-
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The numbers o f  ewe s inspe cted, and the percentage of these 

ewe s wi th carcinomas of the small intestine , from vendors who had owned 

the ewes for who le of life or at least four years. 
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T A B L E  XXI 

Tabulations of Farms with High, and Lm·T, Prevalence of Carcinomas 

of the Small Intestine According to Known Exposure to Various 

Physiographic, Botanical and Managerial Factors 

Farms with high Farms with low 
prevalence of prevalence of 

SOIL TYPES carcinomas of carcinomas of 
small intestine small intestine 

Farms without Soil  T�e 1 1 2  1 7  

Farms with Soil Type 1 2 1 

Farms without Soil  Type 2 1 3  17  

�arms with Soil Type 2 1 1 

Farms without Soi l  Type 8 1 4  1 7  

Farms with Soil Type 8 0 1 

Farms without Soil  Type 9 1 4  1 7  

Farms with Soil Type 9 0 1 

Farms without Soil Type 1 2  1 3  1 6  

Farms with Soil Type 1 2  1 2 

Farms without Soil Type 1 3  1 1  1 6  

Farms with Soil 'l'ype 1 3  3 2 

Farms without Soil Type 23 1 3  1 8  

Farms with Soil Type 23 1 0 

Farms without Soi l T�Ee 29 1 3  1 6  

Farms with Soil Type 29 1 2 

Farms without Soi l  Type 31  1 4  1 7  

Farms vli th S!>il Type 3 1  0 1 

Farms without Soil Type 11 1 0  1 7  

Farms with Soil Type 77 4 1 

Farms without Soil Type 78 1 3  1 8  

Farms with Soil Type 78 1 0 



Table XXI Contd Farms with high Farms with low 
prevalence of prevalence of 
carcinomas of carcinor:1as of 

Soil Type small intestine small intestine 

Farms without Soil Type 1 06 1 4  17  

Farms with Soil Type 1 06 0 1 

Farms without Soil T�e 1 14 1 2  1 6  

Farms with Soil  Type 1 1 4 2 2 

Farms without Soil TyPe 1 15 1 4  1 5 
Farms with Soil Type 1 1 5 0 3 

Farms without Soil T�e 1 17 1 2  1 8  

Farms with Soil Type 1 1 7 2 0 

Farms without §0il  T�e 1 20 1 4  1 6  

· Farms with Soil Type 1 20 0 2 

... Farms without Soil Type 1 22 1 4  1 6  

Farms with Soil  Type 1 22 0 2 

Farms without Soil Type 1 24 1 3  1 8  

Farms with Soil Type 1 24 1 0 

Farms without Soil Type 1 25 1 4  1 7  

Farms with Soil Type 1 25 0 1 

Farms without Soil T�e 76 1 2  1 3  
Farms with Soil Type 76 2 5 

Farms without Soil T�e 27 1 4  17  

Farms with Soil  Type 27 0 1 

CLIMATE 

Annual averc:Lge temEerature (oF)  < 46 1 0 

on property 46 - 49· 9  0 0 
, 

50 - 53 . 9  1 0  1 1  
> 54 3 7 

Average winter minimum < 32 1 0 

temperatures (°F)  on property 32 - 35 · 9 1 1 

36 - 39. 9 1 2  1 4 
> 40 0 3 



Table XXI Contd 
Farms with high Farms with ,low 

prevalence of prevalence of 

Cl imate 
carcinomas of carcinomas of 

small intestine smal l intestine 

Average summer maximum < 65 1 0 
temEerature (°F) on 65 - 68. 9  6 3 

property. 69 - 7 1 .9 1 1 4  

> 7 2 0 1 

Average annual rainfall > 40 5 4 

( inche s ) on p roperty. 41 - 60 8 1 0  
6 1  - 80 1 4 

ALTITUDE AND LATITUDE 

Mean altitude ( =ee t  above < 200 1 2 

sea leve l ) of farm. 200 - 499 6 4 

500 - 999 1 8 

1000 -1 999 6 4 

Lati tude (degrees < 39° 30 ' 1 . 0 

south ) of property. 39°30 ' - 40 ' 2 2 

40 ' - 40�30 '  9 10  

40°30 ' - 41 ° 2 6 

PASTURE SPECIES 

Farms without co cksfoot 5 1 
Farms with co Cksfoot 9 1 1  

Farms without danthonia 1 1  1 1  ' 

Farms with danthonia 3 1 

Farms without b rowntop 4 1 
Farms with browntop 1 0  1 1  

Farms w ithout dogstail 1 9 

Farms wi th dogstGil 1 3  9 

2 6 . 7.3; P <  . 05 X = 



Table XXI Contd 
Farms with high Farms with low 

prevalence of prevalence of 

Pasture Species carcinomas of carcinomas of 
smal l intest ine small intestine 

Farms without red clover 1 1  1 1  

Farms with red clover 3 7 

Farms without snbterranea.n clovar 5 6 

Farms with subterranean clover 9 1 2  

Farms without Lo tus major 1 1  1 2  
Farms with Lo+,us major 3 6 

WEED SPECIES 

Prevale nce of bracken Not pre sent 8 1 4  

� o n  property. Unco�on 3 4 

Common 3 0 

Prevalence of other Not present 9 15 
ferns on property. Uncommon 5 3 

Prevalence of ra� Not p resent 7 6 

on property .. Uncommon 5 1 0  

Common 2 2 

Farms without P.�rberry 1 3  17 

Farms with Ba.rberry 1 1 

Farms without Barley �rass 9 8 

, . Farms with Barley grass 5 1 0  

Farms wi thout Blackberry f2 17 , 

Farms with Blackberry 2 1 

Farms without Broom 1 4  17  

Farms with Broom 0 1 

Farms without �ttercup 1 3  15 
Farms wi th Buttercup 1 3 

Farms wi thout Cape Heed 1 4 17 

Farms wit h Cape Weed 0 1 



Table XXI Contd 
Farms with high Farms wi th low 

p revalence of prevalence of 

Weed Spe � carcinomas of carcinomas of 
smal l intest ine smal l intestine 

Farms without Chi ckweed 1 4  1 7  

Faz·ms with Chi ckweed 0 1 

Farms wi thout Couch 1 2  17 

Fa1·ms with Couch 2 1 

Farms without DanQe lion 1 9 
Farms wi th Dande lion 1 9 

Farms without Dai sy 1 3  1 2  

Farms with Daisy 1 6 

Farm3 without Do ck 1 0  1 1  

Farms with Dock 4 1 

Farms wi thout Fathen 1 1 1 1  ---

Farms with Fathen 3 1 

Farms vli thout Fennel 1 3  1 8  

Farms with Fennel 1 0 

Farms wi thout Foxglove 1 1 1 3  

Farms with Foxglove 3 5 

Farms without Gorse 1 3  1 6  -

Farms with Gorse 1 2 

Farms without Hawkweed 1 3  17 

Farms with Hawkweed 1 

Farms wi thout Hemlo ck 1 1  1 5  , 

Farms with Hemlock 3 3 

Farms without Lamb s ton�e 1 4  17 

Farms with Lamb s t 0ngue 0 1 

Farms without Linseed 1 3  1 8  

Farms with Linseed 1 0 

Farms w i thout Lupin 1 3  17 

Farms with Lupin 1 1 



Table XXI Contd 
Farms with high Farms wi tb. low 

prevalence o f  prevalence o f  

Weed Spe ci e s  carcinomas of carcinomas of 
small inte stine small intestine 

Farms wi thout Nat ive bush 8 1 4  

Farms with Nat ive bush 6 4 

Farms without Black ni�ht shade 1 2  15 

Farms with Black nightshade 2 3 

Farms wi thout Penny royal 6 9 
Farms with Penny royal 8 9 

Farms without Plantain 1 4  1 6  

Farms with Plantain 0 2 

Farms without Rat s tail 1 4  14  

Farms with Rat s tail 0 4 

Farms without Rushe s 5 9 

Farms wi th Rushe s 9 9 

Farms without Spurry 1 4  1 6  

Farms with Spurry 0 2 

Farms without Stinging ne t t le 1 0  1 0  

Farms with Stinging net t le 4 8 

Farms wi thout Storks bill 1 4  1 7 

Farms with Storks b�ll 0 1 

Farms without Tall fescue 1 4  1 7  

Farms with Tal l fe scue 0 1 

Farms wi thout Californian thistle 3 4 

Farms with Cal ifornian thistle 1 1  1 4  

Farms wi thout S cotch thi stle 3 4 

Farms wi th Scot ch thi stle 1 1  1 4  

Farms without Swamp thi st le 1 1  1 6  

Farms with Swamp thi stle 3 2 

Farms wi thout Varie�ated thi st le 1 3  1 5 

Farms with Variegated thi st le 1 3 

Farms w ithout W� ng thi stle 8 1 3  

Farms with Wine thistle 6 5 



Table XXI Contd 
Farms with high Farms with

'
low 

p revalence of prevalence of 

Weed Spe cies carcinomas of cc..rcinomas of 
small intestine smal l intestine 

Farms without Tre foi l  1 3  1 4 

Farms with Trefoi l  4 

Farms wi thout Watercre ss 1 3  1 3  

Farms w i th Watercre ss 1 5 

Farms without \Hld carrot 1 3  1 8  

t ·  Farms wi th Wild carrot 0 

Farms without Wild turnin 1 4  1 6  

Farms w i th Wild turnip 0 2 

Farms wi thout Wi l low weed 1 1  1 4  

Farms with W i l low weed 3 4 

Farms without Wire weed 1 3  1 8  

Farms wi th Wire weed 0 

Farms without Yarrow 1 2  1 5  

Farms with Yarrow 2 3 

Farms without Yorkshire fog 1 2  1 1  

Farms with Yorkshire fog 2 7 

Farms without Land cress 1 3  1 8  

Farms with Land cress 1 0 

Farms without Mal low 1 4  17 ---
Farms with Mallm-1 0 1 

Farms without Ink weed 1 4  1 7  

Farms with I nk  weed 0 1 

STOCK MANAGEMENT 

Shee;e breeds Romney 1 2  1 6  

Romney cross 2 2 

� of sheep slaughtered. <. 5 1 1 

(years ) 5 3 4 

·6 8 1 1  

7 1 2 

> 7 1 0 



Table XXI Contd 

Stock Manageme nt 

Reason shP.ep slaughtered 

Age 

Tooth conditi ons 

Poor condition 

I nfertility 

Miscel laneous 

Size of farm (acres ) 1 00 - 499 

500 - 1 499 

1500 

Number of ewe s 

farmed 

500 - 1499 

1 500 - 4999 

Average sheeu stocking < 2 . 
rate ( per acre ) 2 - 3 

3 - 5 

5 7 

Set versu s  mob stocking Set 

equal 

mob 

Sto cking density (per < 7 

acre ) when mob 7 - 15  

sto cked 1 6  - 30 

> 30 

Major �s of live stock sheep 

Farms with high 
prevalence of 
carcinomas of 

smal l intest ine 

1 2  

0 

0 

0 

9 
4 

1 

9 

5 

0 

2 

8 

4 

0 

1 0  

4 

0 

6 

3 

5 

0 

farmed sheep and beef 

ca·tt le 1 4  

sheep and dai ry 

cattle 0 

Farms with low 
prevalence of 
carcinomas of 

small intestine 

2 

1 2  

1 

2 

1 

9 

5 

4 

1 1  

7 

2 

2 

9 
5 

4 

9 

5 

1 

1 

1 

1 1  

1 6  

0 

2 



Table XXI Contd 

FERTILISERS USED ON FARM 

Super pho sphate usage < 1 0  

( cwt/acre over last 1 0 - 25 
seven years ) 

Potas si c fertiliser usage Nil  

( cwt/acre over last < 4 
seven years ) 

� usage ( cwt/acre Nil 

ove r last seven years ) < 1 0  

> 1 0 

PASTURE INSEC'riCIDES 

D. D. T. usage ( lbs/acre Nil  

ove r  last seven years ) < 1  

1 - 2 

> 2  

Farms w he re feni trothion not used 

Farms where fenitrothion used 

ANI��L INSECTICIDES 

Farms not using diazinon 

Farms using diazinon 

Farms not using V . C. 1 3  

Farms u sing V . C . 1 3  

Farms not using asunto l  

Farms using asuntol . 

Farms not using carbophenothion 

Farms using carbophenothion 

Farms with high 
prevalence of 
carcinomas of 

small intest ine 

8 

6 

8 

6 

Farms with low 
prevalence of 
carcinomas of 

small int e st ine 

8 

10  

1 6  

2 
-x_2 

= 6 . 0  p < .os 

6 1 
6 9 
2 2 

8 1 0  
. 1 2 

1 

4 4 

1 .3  1 7  

1 1 

1 1 
6 1 1  

1 1  1 6  

1 2 

1 1  1 6  

1 2 

1 1  1 8  

1 0 

' 



Table XXI Contd 

Animal Insecti cide s 

Farms not using arsenic 

Farms using arseni c 

Farms not using derris 

Farms using derris 

Farms not using sulphur 

Farms using s�lphur 

Farms not using cresylic acid 

Farms using cresylic  acid 

Farms not using parex 

Farms using parex 

ANTHELMINTJ CS 

Farms not using thiabendazo le 

Farms using thiabendazole 

Farms not using nilverm 

Farms using nilverm 

Farms not using N. C . A. 

Farms using N. C . Ae 

OTHER ANIMAL REMEDIES 

Times Clostridial vaccinee nil 

administered. once 

twice 

Farms \·li th high 
prevalence of 
carcinomas of 

small intestine 

8 

5 

9 
4 

1 1  

2 

1 3  

0 

1 2  

1 

1 0  

4 

1 2  
" 
e. 

1 1  

3 

7 
1 

1 

more than twi ce 4 

Selenium usage o� ewes 

slaughtered 

Nil 8 

less  than annually 2 

at least annually 3 

Farms with low 
prevalence of 
carcinomas of 

small intestine 

1 4  

4 

1 4  

4 

1 4 

2 

1 6  

2 

17  

1 

7 

1 0  

1 5 

2 

1 4  

3 

3 

5 

0 

6 

1 0  

1 

1 



Table XXI Contd 

Other Animal Remedies 

Availability of stock li cks Nil 

Farms with high 
prevale:::10e of 
carcinomas of 

small intestine 

to sheep a little 

most of the 

8 

3 

time 

HERBICIDES 

Tordon not used on farm 

Tordon used on farm 

2 .4. D. not used on farm 

2. 4. D. used on farm 

2•4•2•T• not used on farm 

2. 4. 5 . T. used on farm 

M. C .  P.A.  or N. C . P.B . not used on farm 

M. C. P. A. or M. C . P.B.  used on farm 

Para� at not used on farm 

Paraquat used. on farm 

DISEASE HISTORY OF SHEEP FLOCK 

Facial e czema prevalence Nil 

a little 

much 

Prevalence of Salmonellosis Nil 

a little 

much 

SUPPLEf·1ENTARY FEEDS AVAILABLE 

No hay available  
Hay available 

2 

1 0  

2 

1 1  

1 

1 0  

2 

9 
3 

9 
3 

1 
6 

1 

1 

4 

3 

1 

4 

Farms with low 
prevalence of 
carcinomas of  

small intestine 

1 
1 

2 

1 4 

1 

9 
6 

9 
1 

1 2  

3 

9 
6 

1 4 

3 

1 

4 

1 0  

4 

7 
2 



Table XXI Contd 

Supplementary Feeds Available 

No Chou moellier available 

Chou moellier available 

No root crops available 

Root crops 

No cereal grains available 

Cereal grains available 

Farms with high 
prevalence of 
carcinomas of 

small intestine 

1 

4 

1 

4 

4 

1 

Farms with low 
prevalence of 
carcinomas of 

small intestine 

3 

6 

4 

5 

8 

1 
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(a) Di fferences Between Farms with High and Low Prevalence 

of Small Intestinal Carcinoma 

Figure 70 shows the numbers of ewes inspected, and the 

percentag8 of those ewes with small intestinal carcinomas , from 

vendors who had owned these sheep for whole of life,  or at least 

four years . As a working procedure , groups of sheep were nelected 

as having a high tumour prevalence if over 1 50 ewes were inspected 

and in excess of 2% were found with carcinomas of the small intestine ,  

or , if i n  lines of less than 150 ewes ,  three or more intestinal 

neoplasms were diagnosed. Low tumour prevalence groups of ewes 

were considered to be those from which over seventy-five e\ves were 

inspected and in whi ch no neoplasms were found, or from whi ch at 

least 1 50 ewes were inspected with carcinomas of the small intestine 

being diagnosed in less than 1%. The boundaries of these high and 

low prevalence classifi cations are shown in Figure 70 . 

Cross classifications of the 1 4  high and 18 low tumour prevalence 

farms with each of the factors covered in the questionnaire (Appendix 

I )  are show.• in Table XXI , together with the respective chi squared 

values and probabilities where p < . 05 .  The small number of farms 

falling into these high and low prevalence classifications ( 32 farms 

in all )  made it difficult to detect the effects of the various factors . 

For instance , if the 1 4  high prevalence farms were evenly divided 

between presence and absence of a factor, the 18 low prevalence farms 

would need to be divided 15  : 3 or 3 : 1 5  for signifi cance at p < . 05 .  

Factors found by · these analyses to  b e  statJ.sticall;-f associated with 

high tumour prevalence were 
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T A B L E XXII 

Cattle and Sheep Stocking Rates on High and Lvw 

Tumour Prevalence Farms 

Area Cattle Cattle Were Sheep Sheep Code No. (acres ) Numbers Density Cattle Numbers (per acre ) 
(per acre ) mixed 

with sheep 

Low Tumour Prevalence Farms . 

33 6 1 0  1 , 400 21 295 

40 300 1 50 . 500 Yes 1 ,  700 5 . 666 

44 843 1 50 . 1 78 No 3 , 556 4. 218 

70 1 60 560 3. 500 

75 633 200 . 3 1 6  Yes 3 ,050 4. 818 

1 1 0 230 30 . 1 30 Yes 1 , 200 5 ·  217 

1 27 1 250 320 • 256 Yes 5 , 500 4· 400 

1 32 340 75 • 221 Yes 1 , 680 4- 941 

1 35 230 70 . 304 No 1 , 1 00 4· 783 

1 39 360 1 5  . 042 Yes 1 ,  1 40 3 , 1 66 

1 49 1 5 1 6  3 , 780 2, 493 

.150 1 1 36 220 . 1 94 Yes 4, 900 4- 3 1 3  

1 66 325 57 . 1 75 No 2, 000 6. 1 54 

1 70 200 40 . 200 No 1 ,  1 00 5 - 500 

1 78 3600 200 . 055 Yes 6 , 500 1 .  805 

1 7 9  1 1 6 30 . 259 Yes 600 5 - 1 72 

201 4000 1 303 . 326 Yes 7 , 500 1 . 875 

222 29 1 2  450 . 1 55 Yes 1 1  ' 000 3. 776 

Average . 22 1  4- 1 1 6 

High Tumour Prevalence Farms. 

2 1 82 30 . 1 65 Yes 1 '  150 6 . 3 1 9  

7 3 1 3  1 00 . 3 1 9  Yes 1 , ooo 3. 1 95 

37 2000 620 . 3 10  Yes 7 , 000 3. 500 

46 700 1 40 . 200 Yes 2, 700 3 . 857 

88 480 1 20 . 250 Yes 1 ,  5 1 0  3. 146 



Table XXII Contd. 

Code No . 

1 07 

1 20 

1 41 

1 5 2  

1 58 

1 59 

1 94 

203 

2 1 5  

Average 

Cattle and Sheep Stocking Rates on High and Low 

Tumour Prevalence Farms 

Area Cattle Cattle \'/ere Sheep Sheep 
( acres ) Numbers Density Cattle Numbers (per acre ) 

(per acre ) mixed 
with sheep 

480 1 20 . 250 Yes 1 , 870 3 . 896 

1 20 30 . 250 Yes 600 5 . 000 

1000 300 . 300 Yes 2, 400 2. 400 

440 3, 000 6 . 8 1 8  

250 40 . 1 60 Yes 900 3. 600 

241 40 . 1 66 Yes 1 , 600 6. 639 

273 1CO . }66 Yes 1 '  350 4· 945 

676 1 04 . 1 54 Yes 1 , 904 2. 8 1 6  

1 259 1 36 . 1 08 Yes 3 , 5 1 1 2. 789 

. 23 1  4. 209 
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H I G H T U M O U R  P R E V A L E N C E  

O O G S T A I  L N O T  P R E S E N T  

H I G H  T U M O U R  P R E V A L E N C E  

D O G S T A I L P R E S E N T 

L O W  T U M O U R P R E V A L E N C E  

D O G S T A I L  N O T  P R E S E N T  

L O W  T U M O U R P R E V A L E N C : t  

D O G S T A I L P R E S E N T  

I � O H V E T S  

The locations of farms fontarding ewes with high or low 

prevalence of car0inoma of the small intestine , showing the rainfall 

status of those farms and whether or not the vendors reported crested 

dogstail was present on those farms. 
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( 1 )  the presence of crested dogstail, 

( 2 ) the greater u se of potassi c fertilisers, 

and ( 3 ) the nomination of farms of  origin as "sheep 

and beef" farms , as opposed to "sheep" or 

"sheep and dairy" farms4 

These classifi cations were recognised as subjective and all 

but four of these vendors of high and low prevalence groups were 

questioned again as to the actual numbars of beef cattle they had 

been farming during 1 967 , and whether these cattle were grazed 

together with ewes in the same paddock. Table XXII lists the 

av�rage sheep stocking rates and av�rage cattle stocking rates on 

these farrr.s, together with the farmers' rep lies as to whether cattle 

were grazed with the ewes.  This  failed to reveal any differences 

between high and low tumour prevalence farms in terms of either 

average sheep or cattle densities. On all 13 high prevalence farms 

for which information was available , cattle were grazed mixed with 

sheep whereas four of the 1 5  vendors of low prevalence groups of 

ewes reported they grazed their sheep sepa·•:-"l.tely from their cattle . 

This  difference was not statisti cally significant . 

Figure 7 1  maps the locations of high and low tumonr prevalence 

farms and shows their rrunfall status and whether or not crested 

dogstail was reported on those farms . No rainfall pattern i s  

apparent , however, there is an apparent geographic difference i n  that 

nearly all farms mapped east of the North Island main dividing range 

had a low tumour prevalence . 

• 
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T A B L E  XXIII 

Tabulationc of Sheep With, and Without, Carcinomas of the 

Small Intestine According to Known Exposure to Various 

Physiographic, Botanical and Managerial Factors 

Sheep not exposed t o  S o  11  Type 1 
Sheep n:poaed to Soil Type 1 

Sbeep not exposed to Soil Type 2 
Sheep erpoud to Soil T;rpe 2 

Sheep not r'lposed to Soil Tne 8 

Sheep eXposed to Soil Type 8 

Sheep cot ex-pose..: to �� 
Sheep exposed to Soil TT?e 9 

Sbeep not exposed to Soil Trpe 1 1  
Sheep erposed t o  Soil T,.-pe 11 

Sbeep n o t  exposed to �o i l  'bpe 12 

Sbeep exposed to Soil Type 12 

Sheep DOt exposed to Soil Trpe B 

Sheep expo .. d to Soil tne 13 

Sheep not exposed to 221.L.� 

Sheep expoud to SoU Type 18 

Sbeep not exposed to Soil T-.-pe 23 

Sheep erpoaed to SoU Type 2} 

Sb.eep DOt exposed to So i l  TTPe 25 

Sheep expoaed to Soil TTPe 25 

Sbeep not exposed to So1l Tue 27 

Sb .. p exposed to Soil T,-pe 2? 

Sbeep not expoud to Soil Type 28 

Sbeep expoaed to Soil Type 28 

Sbeep not n:poaed to So 11 '!'ne 29 
Sbeep expoaed to Soil Tn>e 29 

1b .. p root exposed to Sop !IPe '1 
Sb .. p arpo .. d to Soil Tn>e 31 

Sbeep DOt erpoaed to Sop Ttpy 66 
Sbeep expoeed to So 11 Tn>6 66 

Sbe•p Dot exposed to Soil Tne 25 
Sbeep erpo .. d to Soil Tne '75 

Sbeep Dot exposed to So 11 Tne '?§ 
Sheep erpoud to Soil TTPt ?6 

Total o r  e l l  

Sheep inspected 

Sheep •i thout. Sheep •1 tb 
tu11oura tuzoura 

19,}56 �"" 

2 . �9� �· 

x2 • o.ooo N .s . •  

19.472 �05 

2 , �7� 41 

,___x 2 • o . 24? " . s .  

21 ,620 � 
2�5 0 

.21 ,636 � 
219 0 

21 ,768 -
8? 2 

ZO,Wl3 �24 

1 ,1012 22 

x2 • o.oo1 !I . S .  

14,589 20? 

8 ,266 1�9 

x2 • 2 . 19? !f .s.  

21,8� � 
19 0 

20,331 �16 

1 , 524 50 
x2 . 1 . 25? ! L S .  

21,546 l42 

�09 • 

21 ,671 l45 

184 1 

21 ,?89 ,.� 

66 � 

20 . 594 �29 

1 , 261 1? 

X 2 • o . jl6 B .S . 

21,690 l45 

165 1 

21 ,?42 ,.� 

108 � 

20,89' H2 

962 14 

x 2 • o.o,5 B . S .  

19.9�2 ,25 

1 , 923 21 

X2 • 2 .64, N . S .  

Sheep wbou wbole Sbeep eboae biator7 1a lmown 

life bhtnr7 is koown tor 1eu tbao •bole ot 11h 

Sheep witbout Sheep eltb Sbcep without Sbeep wltb 

tuaours tumour• tuaoura tuaoura 

5 , 21+4 ?9 13 ,642 225 

509 5 1 ,855 H 

x 2 • o.n9 !I . S .  x
2 • o.048 1.8.  

6,06? 80 U,fl.l5 225 
186 • 2 . 18? '? . .  x2 • o.o01 ..s . 

6 ,093 .. 15 ,52? 262 

160 0 75 0 

6,0,.... .. 15 ,602 &.2 
219 0 0 0 

6,241 .. 15, 52? 260 
12 0 ?5 2 

5 .850 ?8 ,. .59� -
40� 6 1 ,009 16 

x2 • 0.011 r.s. 

4 , 525 6 1  10,01' 146 

1 ,6?8 2� 5 . 588 116 

x2 • o. ooo . .. x2 • 8.o22 P <  .01 

6,25� 64 15,58� 262 

0 0 19 0 

6 , 112 81  1fl.,21'1 2�5 
,.1 ! 1 , �8� 2? 

x2 • o.•94 I.S.  
5 . 'J44 80 15 ,602 262 

509 • 0 0 

6,25� .. 15,fl.18 261 
0 0 184 1 

6 , 18? 81 15,602 262 
66 � 0 0 

5,588 ?7 15,006 252 

665 7 596 10 
X2 • 0.252 B.�.  x 2 • o.o25 I . S .  

6,088 8� 15,602 262 
165 1 0 0 

6.25� .. 15,49' 259 

0 0 108 ' 

6,050 P-1 1fi.,BAI-5 251 
203 ' ?59 11 

x2 • o.1 ... J.S. 

5 , 101 ?' 14,831 252 
1 , 152 11 7'11 10 

x2 • 1 .2,. lf.S.  x2 . o.•?6 I.S. 



Table XXIII 

Sheep Dot exposed t o  So11 T'fpe 71 

Sbup npoaed to Soil T,-pe n 

Sheep Dot e•po�� to Soil 'rrp• 78 

Sbeep exposed to Soil TJlle 78 

Sheep aot npoae!d to Soil Tu� 71 
Sbup e�eed to S e l l  T1pe 79 

Sheep not exposed to Soil Tuu� 106 
Sheep exposed to Soil TJpe 106 

Sheep not exJ:>ooed to Soil Trpe 107 
Sheep exposed to Soil Type 10? 

t:beep not ezpoaed to Soil Type 1 13 
Sheep exposed to Soil Type tn 

Sheep oot exposed to Sot l Type 1 1 4  

Shu� ex;-oaed to Soil -:'y;>e l l4 

Sbup not n:pcsed to So!. I Tne 115 
Sheep expose:! to SoU T1pe 11� 

Sheep not exposed to SoU '!';rye 116 
Sheep exposed to Soil T1pe 116 

Shup not u:poaed to Sotl TfPe 11? 
Sheep upoud to Soil Type 1 1 ?  

Sheep not exposed t o  So i l 1'rpe 11e 
Sheep upoaed to Soil T1Pe 118 

Sheep not e:�rpoaed. to Soil 'hpe 120 
Sheep ex-poud to Soil T1Pe 120 

Sheep not expose� to Soil TTj''! 1�<:: 
Sheep ex:posed to =oil T,rpe 12? 

Sheep not exposed to So i l  Typ �  ill 

Sbup ex:pose:J to Soi 1 Type 12'4 

Sheep not exposed to Soi 1 T1pe 12� 
Sheep expo .. d to Soil T1Pe 125 

Ar:�nud !!!.!..!!.! 
te�perature (0P) on 

property o r  origin 

J.verar.e • inter •.dni•� 
te=p'!rature (0P) on 

property or or1�ln 

< •6 

50 - 5J.9 

> 54  

< l2 
52 - 5 5 · "?  

36  - ! 9 . 9  
> 40 

Contd. 

Total o r  e l l  Shee} •h.oee wboh 

lHe biatoq h ll:.aowu 

Sheep wbo .. b i ator1 1a knowu 

!or leee tb.eo whole or lite 

· -
Sheep witho ut Sheep wtth Sheep without Sheep w1tb Sheep w i thout Sheep with 

tu.oura tuaoura tuaoure tu.aoura 

5 .2�1 &I IJ , l98 18 ,439 
3 .-\16 

295 
5 1  

N . S .  

1 ,012 23 2,1104 28 
X 2 • o.1•2 x2 • • . 806 • < .01 X2 • •.0&8 • < .05 

20,85} 
1 ,022 

x2 • o . 86J 

21 ,767 
88 

19.9?6 
1 ,879 

x2 • 2.•68 

21 '129 

526 
x2 • o.o01 

l� 
12 

" . s .  

� 
0 

l25 
2 1  

R . S .  

N . S .  

6 ,154 

99 

6,25l 

6,25} 

81 14 ,679 

92l 
x2 • 2.•J6 

1 5 , 514 
88 

l l , 72l 
1 ,879 

x2 • J . 592 

1 5 , 076 

526 
x2 • o.o12 

-----4----------------+------
2 1 , 7% 

59 

2C . H 5  
1 ,540 

x 2 • o.ooo 
20 . �78 

1 ,271 
X2 • L69J 

21 ,615 
240 

2 1 ,058 

m 

, .. 

�22 
24 

N .S . 

JJ2 
,. 

N . S .  

x2 • 4 . 971 • < .05 

21 , 206 

649 
x 2 • o.oo5 

20,89l 
962 

x2 • o .94o 
21 . 109 

746 

JJ6 
1 0  

" . s .  

0 

ll5 
l l  

�; . s .  

ll6 
10 

X2 • 0. 146 N . S .  

2 1  ,691 
164 

561 10 

0 0 

&,2J2 
21 

5,481 
772 
x2 • o .oo1 

6,2l� 
18 

') ,812 
. ., 

x2 • 2 . 26 J  

6 , 2�7 
16 

�.950 
JOJ 

5,618 
6l5 
x2 • o . 5<q 

5,B?5 

l76 

6,089 

164 

�I 

1 0 , 907 173 3 ,654 

7l 
ll 

N . S .  

8! 

N .S .  

?4 
10 

. .- .s.  

78 

r LS .  

?7 

8� 

10 

14.989 
&ll 
X 2 • O.OOJ 

1 5 . 380 
220 

14.,969 
6H 
x2 • o.oo1 

15,602 
0 

15.275 
l2? 

15 ,602 
0 

0 

7,2?l 

10, 56·; 163 2,058 �41 8 , !29 

;x2 . o . l51 " · "' ·  x, .  1 . 2'14 ' · '; x2 . o.oo1 
�--����1--��------�10�--�------��i,�--------,,no---i-------- o 

t .o�& 15 ezq 12 211 

16 , 739 2'68 . , 11? � 12,622 

l ,5 1 9  5 l  '15 &  2 . 76 5  

x2 .. o.•19 • .  s x2 . " -?21 s . s .  x2 . o . u2 

25J 

R . S .  

241 
21 

I . S .  

lf . S .  

249 
lJ 

II .S. 

2�1 
1 1 

� L S .  

26 1  

251 
11 

1.5. 

252 
10 

1.8. 

257 

259 

l 



Table XXIII Contd 

J.•er&!;e aua11er eAdllum < 65 

hmperature (0P) on 65 - 68 . 9  

prope:rt.7 o r  origin 69 - ?1 .9 

> 72 

.tnra�e �1 < 4>0  

� ( inch�s) on .. 1 - 60 
property ot origin 61 - 80 

> 81 

.lLTlTt'DE: and LA.TITUD!: 
ltean � (feet < 200 

abo•e sea level) or 

property or origin 

200 - 499 

500 - 19'l9 

1000 - 19'99 

> 2000 

Lat i t UI! e  (day ... 

aoutb) o r  prope!"t1 

ot ortstn 

< 39° 30 

39° ,0. - 40 

-ao - -eo 30 

40° 30' - 41 

0 

0 

> •I 0 

PASTURE SPECIES 

Sbup DOt expoud to r"]'e�rasa 

Sheep exposed to r1eg:rau 

Sheep not erpoud to � 
Sheep e:.:poaed to cockstoot 

Sheep not e�aed to � 
Sheep ex-poaed to dantbonia 

Sheep not expo.ud to � 
Sheep expoaf'td to bro•ntop 

Sheep not expose-:! to do5atatl 

Sheep exposed to dogstaU 

Sheep not exposed to .t11te elo•er 

Sbaep erpoaed to white clover 

Sheep not expoaed to � 
Sheep exposed to reJ clo·nr 

Sheep not erpoaed to aubterraneao 

U2:!!.! 
Sheep exposed to wbterr&lleaD clove 

Sheep not arpoaed to Lotua ujor 
Sbeep expoud to Lotua u.Jor 

r 

Total or a l l  

Sbeep lnapeeted 

Sheep wit hout !\be ep with 
tu:.oura tu.ao�.tra 

561 10 

� . 168 5" 
17 . 505 276 

621 6 

x2 • 2.019 ff.S .  

8,790 185 

10, }77 144 

1 ,651 1:1 57 

x
2 • 9.<A? P <  .01 

� . 719 62 
8,01} 157 

6 , 246 85 

5 ,862 

:I 15 

x
2 • � . 588 li . S .  

99 

4: 1 5 ,0S4 

15.969 261 
2 , 5S4 l: l l'l'l 

x
2 • o . s- 1  !I . S .  

l'l5 • 

21 ,460 5'2 

9.6?4 149 

1 2 , 181 19'7 

X2 • o . l5� N . S .  

1 7 , 589 289 

··- 57 

x2 • � . 054 N .S . 

11 . 254 188 

10,601 158 

x 2 • o.'!'lO lf . S .  

8 , l5l 114 

1 ),502 2l2 

x2 . l . 'l'l2 P <  .05 

42 0 

2 1 , 813 ""' 

1?,8?6 2'!2 

� . m  54 
x2 . 

1 . �78 Jf . S . 

10.?13 174 

1 1 , 142 172 

x2 •. o . 1n lf . S .  

1 8 . �91 �02 

� .- .. 

x2 • 2 . 28� lf . S .  

Sheep wboao •hole Sheep wbooe blator7 la k.Do• ;a 
I 

l i f e  h l ator7 la known !or leea then whole or lire 

Sheep without Sheep •ltb Slteep wi tbout Sheep •ltb 

tuaoura tuao\ll'a tuaoura tu.oW"a 

561 10 0 0 

2,0?• �5 1 ,0<)0 19 

� . 599 l:l 
14,106 25:1 219 ""' 

x
2 . 1 . 2n I . S .  x

2 • o. 1o� 1 . 8  . 

I ,  7'lO 27 8,000 156 

} ,6}4 49 6,7'5 '15 
792 

: I 
859 l l 

57 0 0 

X
2 · 1 . 255 IL::; x

2 • 7.125 P < .05 

�65 

J 
l.�56 58 

2 , o•n  5.920 I<» 

1 ,  .... l l  • .598 72 

2 , 1 }4 

�I 
1 ,728 28 

15 0 0 

x
2 • 7-ns p < .05 x

2 • o.656 I . S .  

99 

1� 1  
0 0 

l ,o\01 1 ,655 n 
� .588 51 12 ,�81 210 

1 , 165 12 1 ,589 2: 1 0 0 l'l'l 

x
2 . 1 .0� ILS . x

2 • o.o�' 1.8.  

171 � 2� I 
6 , 082 81 15 .l78 261 

2 , 586  •:: 7 ,088 10? 
5 ,667 42 8 , Sl• 155 

x 2 • 2 . 207 II . S .  x2 • 2.009 I . S .  

• . 1 56  65 1} ,25} 226 

2,09'7 21 2 , 569 ,.. 
x2 • 2 . }45 lf . S .  x2 • 0. 112 I . S .  

:,n; 2� 9 . 529 165 

• .528 61 6.07� 97 
x

2 • o . 006  ! L S .  x! . 0.�16 I . S .  

2,208 22 6 , 145 92 
4,0'5 62 9.•57 170 

x2 • 2.6�6 II . S .  x! ·  1.7'15 I . S .  

5 0 �7 0 
6 ,248 s- 15 , 565 262 

• •  858 68 n.o1a .·� 
l , l'15 16 2 , 58'>  58 

x2 • o . �58 II.S. X2 • o . ..;9 1.8. 

2,69� �5 8 ,020 U9 

�.560 •9 ? , 582 12� 
><;2 • 0.021 II.S. xz . (.1 ;?18 I . S .  

•.5�8 65 n ,85� 259 

1 ,715 21 1 ,7'9 25 

x
2 • o . l 58 rc.s.  x 2 . 1 . 500 I . S .  



Table XXIII 

WEED SPD:Ic:; 

Preva leoce or bracltea Not pre sen 

!.!.!.!!. on propert,. or Uncommon 

origin Com�rooo 

PreT&leoce of 2.!!!!!' Not pre:�en 

� on prop6rt,. Unco:��11oo 

or origin Collltl:on 

t 

t 

Pre•a lence oC � Hot preMn t 

on propert1 or orlgln Oncolllllon 

Coaaoo 

Sheep not exposed to barberr;y 

Sheep expoeed to barberr:r 

Sheep not exposed to baT"ley graae 

Sheep exposed to O•rleJ' !r&aa 

Sheep not exposed to blackberry 

Sheep exposed to bleclr:berr,. 

Sheep not exposed to � 
Sheep exposed to broo• 

Sheep not expo sed to buttercup 

Sheep exposed to buttercup 

Sheep Dot exposed to eape•eed 

Sheep expoa:&d to eapeweed 

Sheep not u:poaed to � 
Sheep expoaed to eblekweed 

Sheep not upend to � 
Sheep exposed to couch 

Sheep oot exposed to � 
Sheep exposed to dandelion 

Sbeep not exposed to daisy 

Sheep exposed to dahy 

Sheep not n·pc Jed to dog daisy 

Shee., expoet:d to do@; deh:r 

Sheep not exposed to � 
Sheep e:rpoeed to doelr: 

Sheep not expoaed to ta t beo 

She ep expo •ed to tat hen 

Sheep not expoeed to fennel 

Sheep exposed to !ell.!lel 

Contd 

'fotel o r  a l l  

Sheep inepeetC!tf 

sn�ep without Sbet� p Wltb 

tuaoura t Ulllours 

15 .958 25() 
l ,89" 52 
1 , 927 •1 
x� . 5 . 067 ".s.  

19,223 '"" 
2,085 ': I '81 

x2 • o.o21 11.5 .  

1 1 ,972 180 
8,617 ll2 
1 ,200 21 

x2 • o .427 M . S .  

19,;59 lll 
2 , 296 ll 

x2 . o . 2  .. ft . 5 .  

6 , 1 H  106 
1 5 , 724. 240 

x 2 . 1 .000 ro .s.  

18,31} 291 
l ,5->2 55 

x2 • o . 006  li .S .  

2l ,H3 ll6 
722 10 
x2 • o . o75 " . s .  

1 7 , 959 292 
l ,896 54 

x 2 . 1 .000 JII .S . 

21 ,493 l4l 
l62 l 

20 , 9l7 ll2 
918 ,. 
x2 • o.coo J .S .  

18 ,626 lOO 
l , 229 46 

x2 • o.•81 lf . S .  

9. 151 165 
12 . 704 181 

x2 • 4. 495 P <  .05 

15,044 2'8 
6,811 96 

x2 . L l5 l  N . S . 

2 1 , 508  ll7 
l47 9 
X: - 1 .621 N . S .  

13 ,442 217 
8 ,.ran 129 

x2 • o . l65 N . S .  

1 5 , 169 245 
6 .686 101 

x2 • o.2o;2 lf . S .  

2l , l67 ll1 
488 15 

x2 • 5 . 882 P< .05 

-

Sheep wboee •bole Sbnp •boee b ietor:r 1e lt."lo•n 

lire b i etory le li:no.n ror leu tbea •bole ot lite 

Sheep wl thout Sb.,up •ltb Sheep wl tbout Sheep •lt.l 

tuaoura tu..oura tu.oure t\aoura 

l , l22 42 12 ,6}6 208 
1 ,9711 22 1 , 920 lO 

891 17 1 ,0}6 ,. 
x 2 . 5 -010 II . S .  x2 • 2 .682 I . S .  

-4 ,?16 6J 14, 50? 241 
1 , }20 1

:1 
?6 5  1

: 1 151 llO 
X2 • O.OJ8 II . S .  X 2 • 0.255 J . S .  

2,250 lB 9,72? 142 
l . l47 l7 5.270 95 

590 6 610 15 
x2 . J.867 J . S .  x 2 . 5 . 168 1.8.  

5 ,?62 ?6 1 J ,m 2J7 
491 8 1 ,805 25 

X 2 • O . IJO J . S .  X2 • o.848 1.8.  

2 ,448 l7 J ,68l 69 
J ,8()5 47 l l ,919 19l 

x2 • o 641 lf.S. x 2 • o.917 I . S .  

5 , 2 1 5  '10 1},096 221 
1 ,038 ,. 2 , 504 41 

x2 • o.o17 N .S . x' . o. """ K.S . 

5.9?7 ., 1�, 156 254 
2?6 2 - 8 

x2 • o.ooo I . S .  

5,4?6 ?6 12,483 216 
717 8 J , l l9 46 

x2 • o.4o' 1 1.5. X2 • o.80') I .S . 

6 , 25l .. 1 5 ,240 259 
0 0 l62 5 

5,960 .. 14,9n 248 
29l 0 625 14 

x2 • o.871 1 .5 . -
5,41? 72 1 3 , 20� 228 

8l6 12 2, J9l ,. 
x2 • o.oo7 lf . S .  x2 • o . 9n 1.5.  

2 , 455 l5 6,696 llO 
5 .798 49 8,')06 ll2 

x2 • o . l l2 lf . S .  x2 . 4.45() P < .O:j 

4 ,157 6l 10,88? 185 
2,01) a 4,715 71 

x2 • 2.JJ5 lf .S . x 2 • o.049 a . s .  

6 ,24-l .. 1 5 , 267 255 
12 0 ll5 9 

x2 • 1.4�' I . S .  

4,020 55 9,422 162 
2,2ll ?'! 6 , 180 lOO 

x 2 • o.o12 li.S. x2 • o. t67 lf . S .  

4 ,471 68 10,696 171 
1 ,782 16 4 , ')04  8 5  

X2 • , . 1 92 JI.S. x2 • o.o79 lf . S .  

6 , 1 5 1  8 5  15,2l6 248 
122 l l66 14 

x2 • 8.662 p< .01 



Tab le XXIII Contd 

Total ot a l l  

Sheep inspect� 

Shee p whose whole 

l1!e bhtor,.- h lmo-a 
Sheep who•• hlnor1 la lmo•n 

tor leas than .tlole or lire 

WEED <:;PECH:S 

Sbeep not ex-posed to � 
Sheep ex-posed to t 1 reweed 

Sheep not exposed to foxglove 

Sheep exposed to tox,;loTe 

· Sheep not expoud to � 
Sheep erpond to gt at a rue 

Sheep not exposed to � 

Sbeep exposed to sor.e 

Sheep not exposed to � 
Sheep exposed to hawk weed 

:.;beep not ex.,aaed to becloek 

Sheep exposed to be•locll 

Sbeep oot u:poae;i to lamta tongue 

Sheep e:r:poaed to la•ba tonj!Ue 

Sb(. ep not npoaed to � 
Sheep erposed t� l insud 

Sheep wl t.hout 

tuaoura 

2 1 , ?06 

149 

20,H9 

1 , 556 

X2 • 0 . }4-4 

21 , 156 

699 

x2 • 1 .69? 

18 ,158 

� .69? 

X2 • 0.715 

19,8?4 

1 , 98 1  

x2 • o . 281 

1?,601 

4,254 

x2 • o. 179 

21 , 588 

267 

21 .589 

266 

tUAOUra 

l25 

21 

N . S .  

2�4 

12 

N . S .  

281 
65 

R . S .  

}18 

28 

N . S .  

275 
71 

li . S .  

X 2 • 2.512 N.S. 

Sheep not exposed to lupin 

Sheep exposed to 1 up in 

20.670 

1 , 181 

x2 • o.oo2 

Sheep not expo.Led tc nat•.Ye bua� 17,942 

Sheep exposed to oat he buah ' ,  913 

x2 • o.046 

Sheep aot exposed to bhclr: Dightabade !7 ,672 

Sbeep exposed to black oi�tab&de " . 18' 

x2 •• o.o29 

Sheep not exp(. aed to pennr rora 1 1} ,402 

Sheep e.rpoaed to penn1 ro.;ra1 8 ,45' 
x2 • o.261 

Sb.eep not upoaed to plaLta1n 18,468 

Sheep e--poaed to pla.nt&ifl 

Sbeep not u:poaed to prickly apple 

Sheep exposed to pr1elr:l7 apple 

Sheep not n-poaed to �!2._ 
Sheep exposed to rata tail 

Sbeep not expo .. d to � 
Sheep ezpoaed t o  red root 

� . }87 

x2 - o.21o 

21,426 

•29 

x2 - 1 .o70 

20 , J n  

1 ,528 

x 2 • o.')62 

20,747 

1 , 108 

Jn 

19 

N.S. 

282 

64 

N . S .  

n6 

68 

N . S .  

207 

ll9 

N . S .  

296 

50 

N . S .  

l56 

10 

N . S .  

l27 

19 

M . S .  

l25 

21 

lt . S .  

t"'eep :.1 thout 

6 , 1014 

149 

5,ll2 

1 , 121 

x2 • o. 192 

6,25� 

4,886 

1 , 567 

X2 • o.oo1 

5 .�}8 

915 

x2 • o.7�1 

5 , 047 

1,205 

x2 . 0.006 

6 ,09� 

160 

6 , 187 

66 

5,9ll 

� 

4 , 4}6 

1 ,817 

x2 . 1 .470 

5 , 206  

1 ,047 

x 2 • 0.552 

2 , 956 

l ,29? 

x2 • o . 149 

5 , 788 

465 

5 , 505 

708 
x2 • 2 . n4 

5.969 

284 

Sheep dtb 

tu.��oura 

81 

71 

1} 

li .S. 

84 

66 

18 

R.S. 

75 

JI.S. 

67 

17 

l".S. 

84 

81 

78 

54 
50 

K.S .  

, 

11 

lf . S .  

42 

•2 

!LS. 

82 

81 

79 

II.S. 

81 

She e p  without 

tUJDoura 

15 ,602 

1 5 , 187 

415 

x 2 • o.o39 

1•,903 

699 

x 2 • o.oo5 

1 3 , 272 

2 , } �0 

X 2 • L598 

14 , 5 }6 

1 ,066 

x2 • o . o20 

12,554 

� . -

X 2 . o.1n 

15.•95 

107 

15.•02 
200 

14 ,'761 

M1 

x2 • o.on 

1 } , 506  
2,096 

x 2 • o.o15 

12,� 

l . H6 

X2 • o . �  

10,.1146 

5 . 156 

x 2 . 1 .66� 

12.680 

2 , 922 

x 2 • o.oo7 

15 . � 76  

2 26  

14,822 

780 
X2 • o.o12 

14,778 

824 

x 2 . o . m  

Sheep with 

tWioure 

I . S .  

250 

12 

J .s .  

215 

47 

R.S.  

24l 

19 

I . S .  

li .S.  

260 

257 

249 

ll 

I.S. 

228 

� 
J . S .  

205 
57 

J . S .  

165 

9? 
J.S. 

214 

48 

11 . 8 .  

255 

248 
14 

II . S .  

,.. 

18 

11.3. x2 • o . 5 1 '  

�- -------------+--------------��-------------1 
1 } . �64 224 2,458 l2 10,906 192 

Sheep not upoaed to � 
Sheep expoaed to ruabea 

Sheep not ezpoeed to aedr;:e 

Sheep erpo .. d to aedr;e 

8 ,491 122 '. 795 52 4,696 70 

x2 • 1 . 702 s .s .  x2 • o.o12 •. s .  x 2 • 1 . 245 

a .. ?48 

107 

15,495 

107 

ti . S .  

260 



Table XXIII 

WEE ['I SPECIES 

Sheep not expoattd to spurrz 

Sheep exposed to apurry 

Sheep not u:poaed to atinp:t np; nettle 

Sheep ezposed to stinging nettle 

Sheep not �:xpot�ed to � 
Sheep exposed to storks b i l l  

Sheep n o t  exposed to t a l l  rescue 

Sheep exposed to t a l l  Ceacue 

Sheep aot exposed to call rornhn 

lli.!lli. 
Sheep expos _-d to cal Uornian thistle 

Contd 

1'ot.al ot all  
Sbaep inspected 

tU&ours 

19.l2l 
2 , 5l2 

x 2 • o . """ 

tumours 

l06 
40 

M . S .  

15,568 271 
6 . 287 75 

x 2 • 8.0l2 • < .o1 

21,&11} )4} 
212 

20.601 
1 ,21)4 

x2 • o . 289 

?,?l5 

l2'l 
1? 

! L S .  

14,120 202 
x 2 - > .498 • < .o5 

Sheep not exposed to scotch thistle 5 , ,5 96 
250 
R .S .  

Sheep exposed to scotc:b tblstle 16,520 

x2 • t .B?l 

Sbeap •hoaa whole 

11 te h l atory h known 

Sheep •1 thout 

tumours 

6,050 
20l 

• .oaz 
2 . 1?1 

X 2 • o . 69l 

6,081 
1?2 

5,8?2 
l81 

•.612 

x2 • o . l4l 

1 ,6;8 
• . 595 

x2 • o . 298 

Sh�tllp wttb 

82 

59 
25 

li' . S .  

8l 

82 

20 

.. 
ILS. 

25 
59 

I.S. 

Sheep •boa• bhtory h knottn 

Cor lua tban ll:bole or l i t e  

Zbeep without 

tuaoura 

J l , 27l 
2,l2'l 

x2 • o.o10 

224 

!I.S.  

1 1 ,1186 212 
4 , 116 50 

x2 • 6 . ?J1 • <  .01 

40 

14 ,729 
8?l 

x2 • o.oo2 

6,094 

2'0? 
1 5  

B . S .  

124 

9 , 508  1 l8 
x2 • 1.050 • <  .o1 

j ,607 
1 1 ,925 

X2 • 1 . 590 

?1 
191 
I . S .  

r-- ----------------,_-----------------+------------------� Sbup Dot e:cpoaed to namp t b t a t l e  19,724 
Sbeep eX"poae'd to s-a.-p thistle 2 , 1 H  

x2 • o.oo1 

l1l 
ll 

1 '1'. 5 .  

Sheep not exposed to Tar-lega ted 18,?4' l02 

� 
Sheep exposed to variLgated tbiatle 

Sheep not expose:! to wlDP: thistle 

Sheep exposed to wins tbht le 

Sheep not exposed to � 
Sheep exposed to trefoil 

Sbeep DOt eJrpoaed to water c:reas 

Sheep expoal!d to water c:reaa 

Sheep not eJrpoaed to w1.ld carrot 

Sheep exposed to wild carrot 

Sbeep not ex-pond to wlld turnip 

Sbup exposed to wild turnip 

Sheep Dot exposed to willow weed 

Sheep expo,ed to willow weed 

Sbeep Dot exposed to � 

Sheep exposed to wire weed 

Sheep not exposed to zarrow 

Sheep exposed to 1•rrow 

Sheep not exposed to 10rtsb ire to� 

Sheep eq�osed to 10rllablre fog 

Sbeep not exposed to lend cress 

Sbeep exposed to land c:reae 

, , 112 " 

X2 • 0. 528 N . S .  

15.8?8 260 
5 . m  86 

X2 • 0 . 9'4 N . S .  

18. ?15 l09 
� , 140 3? 

x2 • ' ·•55 •·• · 

19.64' l27 
2 , 210 19 

X2 · ?·548 • < .o1 

21 ,0?6 

??9 
X 2 • o .66l 

16,�59 

5 , 596 
x 2 • o . 71o 

21 ,669 
186 

19.684 
2 . 1?1 

x 2 • 1 . o95 

1? , 501 
. , ,54 

x2 . ,  ?19 

21,496 

ll? 
9 

!f . S .  

250 

96 
li . S .  

ll8 
28 

11 . 5 .  

292 

5' 
!1.5.  

ll5 

l59 11 

X 2 • •.o,. p < .05 

5 , 5?8 

675 
x2 • 1 . •z• 

1 . ?19 
x 2 • 1 . 241 

4 ,255 
1 ,998 

x2 • o . 14? 

4 ,859 
1 , l94 

x 2 - o. ?Q4  

S , H? 
1 , 106 

X2 • ,.269 

6 ,013 

240 

4 ,809 

6 , 14? 
106 

5 . 128 
1 , 125 

x' . o.205 

4 , 836 

?1 
ll 

! . S .  

66 

18 
ILS.  

55 
29 

J . S .  

69 
15 

I . S .  

s.s.  

81 

80 

II . S .  

"" 
16 

!I . S .  

81 

71 

ll 
1.5.  

?' 

1 ,417 . \ 
X 2 • J .81' o <  .05 

6 ,242 

1 1  

14,\� 
1 , •56 

X 2 • o.691 

H,209 

1 1 ,62� 

l .9?'l 
x 2 • 1 . 115 

l l ,856 
1 ,71&.6 

x • .  �.� 

14,4<)8 
1 , 10' 

x2 • 2.8}9 

1 5 , }86 
216 

11 ,450 
4 , 1 52 

x2 • 1 .8ll 

15, 522 
80 

14,556 
1,006 

X ?  • n.250 

12,665 
2.9l? 

x2 • o.8j1 

15,25' 

l'8 
x2 . j .666 

2•2 
20 

1.9. 

2l6 

26 
I .S .  

205 

<? 
1.$.  

2'00 

22 
I . S .  

251 
1 1  

!f . S .  

260 

25? 

182 
80 

!f . S .  

26 1  

2'0? 
15 

J . S .  

251 

1 1  
I . S .  



Table XXII I  

•.tEED SP!::C J E!">  

Sheep n o t  exposed to m a l low 

Shaep el'posed to c.allo• 

Stet p not u:poaed to noddlnp; 

� 
Sheep exp:�sed to n">d d l n g  thistle 

Sheep oot exposed to � 
Sheep exposed to burr dock 

Sheep not exposed to � 
Sheep exposM to ink weed 

Sheep not exposed to � 
� 

Sheep exposed to shepherds purse 

Sheep breeds - ro1tney 

rocney cross 

�or sheep alau�tered (years) 

< 5  

5 

> 7  

Reason abeep alaup:t:te:-ed -

••• 
Tooth cood itions 

Poor cond 1 t ion 

In!ert t l ity 

tfi eeellaneoua 

100 - 499 
:;oo - 1�99 

> 1500 

200 - "99 
� - 1499 

1500 - 4999 
> 5000 

.l:.-erage abeep atoekin,r; < 2 
rate (per acre) 2 - 3 

l - 5 
5 - 7 

> 7 

Set Yeraua 11ob stocking. set 

equa l .  

..• 

Contd 

Total or all 
Sheep tnst4eted 

Sheep wl t t"lout :ibe11p w i t h  

t iJ.Iloura tuaours 

21 ,471 l•O 
� 6 

21 ,490 �I 
l65 5 

- · 
2l , SS7 ¥>4 

2'JB 2 

20.82() HO 
1 , 0}6 16 

X 2 - o . ooo N . S .  

2 1 , 789 �l 
66 l 

19.()1} l21 
1 ,849 

2:1 Oj 
x2 . o . 'J66 li . S .  

594 6 

l . l07 "" 
10,90} 160 

6 . 1&4 118 
1 ,046 15 

x 2 - 6.672 R . S .  

1 ,9'&2 l8 
1 7 , 160 272 

1 , 8� 28 
"07 • I 
278 0 I 
169 . I 

x2 · 1 . 701 N . S .  

1 ,619 2'/ 
14,943 2l7 

4 , 158 71 
l . ll5 1 1  

x 2 - , . 149 N . S .  

862 15 
1 ,067 8 

12. ??l 217 
7,096 

1: 1 55 
x2 • 6 . 297 l'f .S .  

679 5 
1 , 52'/ 21 

10,2}5 171 
8 , �02 ll2 
1 , 012 17 

x! - 4.018 N . S .  

2 , 454 27 

1 2 , 168 205 

7 , 22l 114 

x 2 . 4,4j8 If .s .  

Sheep whose who le Sheep whose hi story l a  knowo 

l t h  blator1 l a  kn >•n Cor leas than whole o! l l !e 

Sheep wl thout Sheep with Sheep without Sheep with 

tUJIOW'8 tuaours tuaoura t u:aour= 

6,082 84 15 , l89 256 
171 0 2ll 6 

6,050 81 15 ,"40 260 
20l } 162 2 

6 , 2 1 1  84 1 '; . �6 260 
•2 0 ?56 2 

5,852 "" 14 , %? 250 
.,, . 6l5 12 

x 2 - o.065 lf . S .  

6 . 18? 81 15 ,602 262 

66 } 0 0 

5 , l l5 '/0 14 . 596 251 
897 1

:1 
95l 

:I ., 52 

X2 • 0.07l !f.S.  x2 . 1 . 795 J.S.  

515 6 7" 
�I 1 , 562 21 1 , 545 

} , 287 ., 7,616 119 
78l �� I 5 . 381 106 

65 ')SI 12 

x 2 . 1 . 471 N . s .  x2 • 4.649 I . S .  

l89 6 1 , 55} }Z 
4 ,86, 69 1 2 , 297 20l 

2,.. } 1 ,625 25 
� l  2 .. 2 I 
215 0 6l 0 I 
169 • 0 0 -

x 2 - 1 . 56l II . S .  

0 0 1 ,619 2'/ 
} , 147 50 11 ,796 '87 
1 , 971 2} 2 . 16? 48 
l , ll5 11 0 0 

x 2 . }.012 N . S .  x2 - j. 996 I.S.  

0 0 862 15 
95 

;I 
972 8 

} . l25 9,448 167 
2,na � I 4 , }20 72 

55 0 1  0 0 

x 2 - 0. 597 IC�.  x2 • •.662 I . S .  

299 
1:1 

l80 J 789 7lS 
l .628 50 6 , 607 121 
1 , 5}7 ,. 6 ,865 108 

0 0 1 , 012 17 

x 2 • 2.012 N . S .  x 2 . 1 . �1 !I' . S .  

8}6 ' 1 ,6.28 25 

l .  720 56 8 ,44� 149 

1 ,697 ,.; 5,5X> 88 

x2 . 8 . 72'/ P <  .O'i x
2 • 0. 7'Jl I . S .  



Table XXIII Contd 

Stoethl§ d�tnaltz (per acre) < 7 

aajor t7"P4• or 1 h .. tock 

tar.ed - abeep 

? - 15 

16 - "' 
> W  

aheep &-. beef cattle 

beer cattle 

dair7 cattle 

abeep • dalr7 cattle 

PER'tiLISER.S USED OK PlRll 
Super phosphate u•a�e 

(cwt/acre O"t'er last 

... ea 7••ra) 

U l  

< 10 · 

10 - zs 
25 - 50  

> 50  

Potauic r�rt lllur IU 

uu�e (c.-t./acroe oYer < 4 

Jaat •••eo 7eara) > 4 

� up� (cwt/acre Ul 

ner hat H'Yea yeara) < 10 

> to 

P&..STURE IJSretiCIDES 
� u.ase ( lba/ac:.n 1!1 

OTar teat •••ea 7eara) < 1 

1 - 2 

> 2 

Sbeep DOt erpoaed to !eni tro";b ion 

Sheep exposed to !enitrotblon 

Sb.a-:!p DOt e:a;poaed to � 

Sheep exposed to dJ adnon 

SGeep DOt axpuaed to �� 
Sbeap arpoaed to aetae7atox 

AlliiUL ItiSECTICIDES 
Sb.eap aot e:�poaed to � 
Sbeap erpoaed to dlaal.Doa 

Sheep DOt erpoHd to lueljet 

Sheep erpoaed to luclJet 

Sh .. p DOt exposed to !..:£.:..!l 
Sheep eEpOaed to ' . C  . 13 

Sbeep aot arposed to � 

Sheep ell:poaed to aauntol 

n Sbeap DOt erpoae<J to earbopb�� 

Sheep ezpoaed to carbopbeaotb .. oo 

I 

!'ohl or all 

Sheep lnepected 

Sbeep •ltbout Sheep wttb 

ti.UIOu.t'• ttaours 

}')9 

6� 1 } , 1 97  
6 , 141 100 

9,650 156 

x 2 • o.wo J . S .  

2,064 }9 

18,}2} 290 
0 0 

24 1 I 
1 ..... 16 

x2 . , • .,..2 I . S .  

-
269 

1�1 10, H5 

10,� 16:1 
127 

0 0 

x2 • o.81? I I. S .  

J \ ,520 18} 

8 ,  ... 1•5 

911 10 

x2 . L""' I . S .  

8 ,:107 1•5 

9,020 iW 
··= 61 

x2 - 2 • ..,. 1.6. 

10 , 597 166 

2,069 29 

•,?H 80 
} ,85? 56 

x2 - o . 'l<JO  J .S .  

21 ,458 H9 

}97 7 

21 ,8}7 ,.. 
18 0 

21 ,710 ,.5 

85 1 

10,706 175 

9,255 1}} 

x2 - 1 . 100 J.S. 

19,062 }19 

•?6 8 

x2 • o.o12 J . S .  

1?,844 27'l 
2,090 28 

x2 - o.•?6 J . S .  

18 ,874 291 

1 ,064 16 
x2 • o.ooo I.S. 

19,50} 2'!2 
.,5 15 

x2 • 8 . 96  • · < ,Ol 

Sheep .b.oae whole & .. p -.boa hht017 h t..Do� 

lUe bbtory h k-nown !or leu than oebole or ure 

Sheep without Shup dtb Sheep •1 tbout Bbeep •' tb 

tuaou:rs tu.o\ll'a tu.oura t-.ours 

27'> 
;I 

125 ,:1 1 ,�14 1 ,68, 
2,109 }2 4 ,0,2 .,. 
l ,S20 20 6 , 1,.. 156 

X2 • o.'}Ol I.S. x 2 • o.200 I . S .  

2?5 ' 1,?89 56 
S,6ll eo 12,?12 210 

0 0 0 0 
0 0 24 1 I 

56? 1 1 , 07/ 15 

Xz • L'/}5 1 .8.  

" 
�I 

>56 
�I },569 6 ,<)% 

2,8}1 }2 ?.9H "�I 0 0 127 
0 0 0 0 

x2 • 1 .  .. 1 • s. x2 • 2.•20 1.8. 

• . 058  .. ?.062 1}5 

2,065 

�I 
6,57'l 109 

1:10 ?81 10 

x2 . 1 .85? I . S .  X2 • 1 .}56 1.8.  

2 , 65} :IS 5,650 10? 
} , 188 ·� I 

5 ,8}2 89 
2?2 },750 56 

x2 • 0.<>51 1.8. x
2 • ,.502 . ... 

} , 21} ., 7,}80 u-
.. 1 7 1,428 22 

1 ,010 16 },?2} .. 
1 ,225 18 2,f.}2 .., 

x2 • o.8'/0 I.S . X2 • 0.512 1.8.  

5,991 82 15 ... ? 257 
262 2 1}5 5 

6,2}5 .. 15,602 262 
18 0 0 0 

6 , 168  8} 15,602 262 
85 1 0 0 

2, .. 9 }5 8,2}9 100 

},568 •5 5,687 118 

x2 • o.l60 I . S .  x 2 • o.}?B . ... - -
5.724 ?0 1}, 7}8 225 

}1} 6 16} 2 

4,89? .. 12,907 215 
1 , 1  .. 0 16 � 12 

x2 • o.ou 1.8. x
2 • o ... l a.a. -

5,6;10 'I} u.� 218 
'W7 7 657 9 

x2 • o.1., 1.8. 

6,02? eo n.•?6 212 

10 0 025 15 
x2 • 8.192 • <  .01 

-



Table XXIII  Contd. 

Total o r  a l l  

Sheep lnapected 

ANH/.H IN.iECTICt DES 

S!::.eep not u:poaed to � 

Shee-r exposed to arseni c  

Sheep not u:poaed t o  � 
Sheep expoaed to derris 

Sheep not eJrpou•d to au 1 rhur 

Sheep exp_.l!l� to sulphur 

Sheep not ezpoud to eresylie acid 
Sheep e:rpoaed to creayllc a c i d  

Sbeei) not elrpoaed t o  pare:.: 

Sheep exposed to parex 

A..JiTB£Uil!'iTICS 
Sheep not exposed to ph�notbiiUine 

Sheep exposed to pbenotb i a z int. 

Sheep not expoaed t o  tbhbendazole 

Sbee� ex·poaed to thhbenda:.ole 

Sbeep 
_
not expoud to � 

Sheep exposed to oih·era 

Sheep oot expend to � 

Sheep exp�ued to :!!lotic 

Sheep !lot e.:poa<! to ...!L£..:..!.. 

Sheep exposed to IIJ . C  . .l .  

Sheep not exposed t o  rae�etio 

Sheep exposed to raaet in 

Sheep not exposed to � 
Sheep ex-posed to loxon 

tiaea elostridtal ..-aeeineto IHl 

adainlatered 

Selenlua usage on •••• lf i l  

slaughtered . leas than ann� l l J  

a t  leaat annua l l y  

,ha11ab111 t7 o! l!2a !h 1 

lJ..W to sheep a little 

aoet or the t1ae 

� 
Sheep Dot e.-poaed to � 
Sheep exposed to tordo111 

Sheep without 

tu.oura 

12,261 

?.8�1 
X 2 - 0 .021 

1 2 . 788 
7 , 2)8 

x 2 • o . 1o9 

1?. �05 
2,6�} 

x2 . 0 .000 

1 S , 972 
4 ,054 

x2 • o.464 

19 , S02 
656 

X2 • o .•% 

21 ,226 
)')0 

1 ) , 782 
7 . 6 )8  

X 2 • o .476 

20,0}9 
1 , S81 

X2 • 0 . 296 

21 , 594 

26 

18 ,669 

2 ,950 
X2 • 0.096 

21 , }73 
247 

2 1 , 4 56  
164 

3 ,019 
3 .566 
1 .9H 
• . }84  

X2 . 1 . 1 20  

5,84} 

1 ,444 
1 ,850 

x> . L.ll-0 1  

4 ,?� 
4,416 

1 ,829 
X2 • • .• 71 

17,651 

2 . 1 29  

x2 • o . l99 

Sheep with 

tuaour:. 

188 
1 2) 

I L S .  

200 
108 
N .S .  

266 
41 

J.S . 

2S1 
57 

!C . S .  

}02 
n 

11 . 5 .  

}4C 
• 

226 

116 

!I .S .  

322 

22 
Il L S .  

} .. 
0 

299 
•s 

!C .S .  

w 
2 

�� 
1 

•3 
5) 

}4 

64 
J . S .  

.,.; 

23 
lO 

J.S . 

57 

77 
27 

w.s . 

m 
)7 

1.5.  

Sheep whose �ole Sheep whose b1atory h know��:�. 

l i re hlatary la known ror leaa than •hole ar ura 

Sheep wltbout Sheep with Sheep •1 tbout Sheep w1tb 

tuaoura tumour a tu.��oura tu.oura 

� . 184 S2 8 ,077 H6 

2 ,007 l2 5,624 91 

X 2 • o.<J72 N . S .  x 2 • 0.2)0 !f . S .  

,. . � 1 1  56 8 ,�77 , ... 
1 , ?14 2S 5 . 524 6) 

x 2 • o.201 H . S .  x 2 • o.612 I . S .  

5 , 2S7 66 12,189 19B 
780 12 1 ,712 2<; 

x 2 • o. 146 N .S .  x > . o.ou I . S .  

S, )91 7'1 10,581 177 
7� 7 ) , )20 50 

x > . o. j60 lf . S .  X 2 • o . 1n !I . S .  

5 ,601 75 B , 901 227 
4.56 s �20 8 

x 2 . } . ')29 p < .05 

s. 708 80 15 ,Sl8 260 
}94 • 0 0 

1 ,416 10 12.� 210 
•.686 68 � . 1S2 50 

X 2 • 0.588 !1.5 .  X2 • o . l>} 1.5.  

5 , 1C6 71 14,9}5 251 

9')6 H :;ss 9 

X 2 • 0.003 l LS .  X 2 • o.ooe I . S .  

6,076 .. lS .s:6 260 
26 0 0 0 

4 ,47} 60 1�. 196 2}9 
1 ,629 24 1 , ,22 21 

x2 • o . 068  II.S.  x2 • o.o19 1.8 . 

6 ,03S ... lS , )}!'  2:;6 
67 0 lOO 2 

5 . 9l8 63 1 5 , 518 260 
164 1 0 0 

1 , 9'16 lS 1 ,04, 6 
1 , 507 12 2 ,05� 41 

515 9 1 , )')8 25 

2 , 199 2ll 2 , 185 .56 

X 2 · 6 . 6J? !1.5.  x 2 • 6 . •  9 1  J . S .  

4 , 715 57 1 , 128 19 

! , OS? 1 9  )87 
,:I 481 8 1 , .569 

x 2 . 2 . :;61 w.s . x2 • 0.073 I . S .  

} ,804 •7 930 10 
1 ,456 23 2,960 54 

7'jO ,. 1 ,079 u 
X2 • 2.� J.S . X2 • ) . 569 J.S. 

4 , 166 54 1 ) ,485 225 
950 ,. 1 ,1?9 2) 

x2 • 0.071 1 . 8 .  x2 • o.l"S I . S .  



Ta.bl e  XXIII contd. 

Totel ·�r all 

Sheep !napec:ted 

HERBICIDES 
Sheep •t tbout. Sheep with 

tumour a tWDoura 

Sheep cot exposed t o �  15 ,619 2M 
Sheep exposed to 2 . 4 . D .  4 , 141 5' 

x2 • l - ""6 N .S .  

Sbeep not exposed t; o  2 . • . s . r  12,044 195 
Sheep uposed to 2 . 4 . S . T  ? ,870 121 

X2 • 0 . 148 N . S .  

Sheep not exposed to � 1 5 ,414 240 
or � .  

Sheep expoaed to V .C . P . A. .  4 , ,66 '1G 
I . C . P . B .  X2 • 0 . 596 N .S . 

Sheep not exposed to paracpat 1 4 ,066 226 
Sb�ep exposed to paraquo.t 5 .  ?46 90 

x2 • o.o19 K.S.  

DISEASE H I STORY OP' SHE!:P PLOCk 

racial ecze:��a 2revalen:e !el l  1 0 . 1 26  148 

. little 8 . ?90  151 
IDUCb 2.9�9 •? 

x2 . 1 . 9?6 !' L S .  

Prf'v&1f'nc:e or aa1�toof' l l oala Nil � .4 18 141 
a little 9,2?6 141 

•uc:b 4 . 16 1  "" 
X2 • o . nl !f . S .  

Sl!PPI.!:�ART PEDS AVAILABL!: 

� 
flo £!2 •••i let� l e  5 , �69 82 
8&J available 5 ,826 101 

X2 • o . 595 !LS . 

!lo ct:.ou moel l ier •••tlabh 6 , 21l3 102 
Cbou •oellif'r available ··� 81 

x2 • o.004 N . S .  

!lo � red 6 , 598 104 
Root c:ropa red � . 59? 79 

X2 • 0.4J5 !f . S .  

!l'o cereal 15:raina red 10 , 146 161 

Cereal grains red 1 ,049 22 

x� . 1 . 190 n . s .  

LESGTH O P  TIW:E SHEEP liERE OS 

PROP�TY PROK 'l'HICH TI!ET l l'R E  

SLAUCHTER!:D 

noh or ure 6 , 25l . 8' 
a 7eara or •ore l .8l0 51 
Leas tban 4 1eara 11 ,772 211 

x2 • ?.2J1 • < .05 

I . S . • not al�Hlcaot ( p  > .05) 

Cbi aquared not calculated wbere leaa tbao 500 aheep without 

tu.r.ura aDd 1aaa than seven sheep •itb tu.-oura •ere aitber 

�� Cigurea Joined bJ a vertical bar •era added togetber for tba 

purposes of c:hi aquat"ed •nal1aia. 

Sheep wbo.e whole Sheep wbou b latory la known 

l i re htat.or.J 1s kno•n tor leaa t.ban •hole or llra 

Sheep •1thout Shee p alth Sheep without Sheep attb 

t umour a tumours tUIIOU%'8 tu.oura 

l, 8l8 58 11 ,824 205 
1 .2'78 10 2,840 •l 

x2 • j .26J lf.S .  X2 • 0.519 11.8. 

2 ,79'; •l 9,>-9 152 
2,455 25 5 , 4 15 96 

x2 • 2 . J09 lf . S .  X2 • o . 260  I.S.  

•.049 51 1 1 ,  ,65 189 

1 ,!6? 1? l . 299 59 
X2 • o.468 I L S .  X2 

• o . 165 IUL 

2 , 91 l  l ?  1 1 ,15l 189 
2 . 20l l1 , ,54, 59 

x 2 • o.OB6 !f . S .  X 2 • O.<XH !1.5.  

2,91? l6 ?.<'>9 112 
2 , l52 l 5  b,438 116 

98• 1l 1 . 955 l-' 
x 2 • o.620 !f.S.  x2 • L nJ  I.S. 

2,1� l6 6,124 105 
2,J?9 n 6 ,e9? 114 
1 .680 21 2 , 48 1  •l 

x 2 • 2 .... ! 'I. S .  X2 • o.on I.S.  

2,042 20 l . l2? 62 
1 , J90 21 -.-� 80 

x2 
• 1 .510 !I.S.  x' . o.o1 1  I.S. 

969 10 � . no 92 

2,463 l1 2,'89 50 
x2 • o . 1 J6 :t . S .  X 2 • o . •9? li . S .  

2 , 1 7" 22 4,424 82 
1 ,258 19 l . ll9 60 

x2 . 1 .245 !C.S.  x2 • o.oo9 I.S. 

l , 1 <)4  l7 6 ,952 12• 
2l8 811 18 

x 2 • 0 . 519 I .S . 
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T A B L :c; XXIV 

Prevaler.ce (/�) of Carcinomas of the Small Intestine 

in Sheep Exposed, and not Exposed to Factors Hi th torhich 

Stat i sti cally Signifi cant (p<�5) Differences in 

Prevalence �ere Associated 

Prevalence (;b) of sheep 
with small intestinal carcinomas 

Total of all She�p \-Ihose Sheep vthose 
sheep whole life history was 

inspected history was knmm for 
SOIL 'i'YPES knm·m less than 

whole of life 

Sheep not exposed to 

Soil type 1 3  1 . 39 1 .  3 1  1 .  43 

Sheep exposed to 

Soil type 1 3  1 . 65 1 .  35 2 . 03 
p <  . 0 1  

Sheep not exposed to 

Soil type 17 1 . 57 1 � 1 5  1 .  7 4 

Sheep exposed -�o 

Soil type 77 1 .  1 1  2. 22 1 . 1 5 

p<. 01  p < . 05 

Sheep not exposed to 

Soil  t;ype 1 17 1 . 5 1  1 .  25 1 . 6 1  

Sheep exposed to 

Soil  type 1 1 7 2. 56 2. 21 2 .99 

p < . 05 

CLI!I!ATE 
inches 

Average annual rainfall < 40 1 . 83 1 . 48 1 . 9 1  

on property o:f or :�gin .�1 - 60 1 . 36 1 . 33 1 .  38 

> 6 1  1 .  1 1  0. 95 1 .  26 

p < . 0 1  p < . 05 



Table XXIV Contd ·=.;;;;..:_-. .-:;..:::.:.;;..;;.;:;;; 

Preva.l�nce (%) of sheep 
with small intestinal carcinomas 

Total of all Sheep whose 
sheep whole life 

inspected history was 

ALTI'IUDE 

Mean altitude ( feet above < 200 1 .  64 

sea level ) of property 200-499 1 . 68 

of  origin 500-999 1 . 3 1  

> 1 000 1 . 62 

PASTURE SPECIES 

Sheep not exposed to dogstail 

Sheep exposed to dogstail 

WEED SPECIES 

Sheep not exposed to dandelion 

Sheep exposed to dandelion 

Sheep not exposed to fennel 

Sheep exposed to fennel 

Sheep not exposed to stingi� 

nettle 

Sheep exposed to stinging nettle 

Sheep not exposed to californian 

thistle 

Sheep exposed to californian 

thistle 

1 . 34 

1 . 68 

p < . 05 

1 . 1 7 

p<. 01  

1 . 83 

known 

1 . 48 

0 .66 

1 . 64 

p ..:: . 05 

1 .  20 

1 .  36 

Sheep whose 
history was 
known for 

less than 
whole of life 

1 . 69 

1 .7 2  

1 . 54 

1 . 59 

1 . 90 

1 . 46 

p< . 05 

1 . 60 

3 .68 

p < . 0 1  

1 . 81  

1 .  20 

p < . 0 1  

1 . 43 

p < . 01 



'l'ablc XXIV Contd .�;::;..;... _ _;...:;..;..:;....;.� 

Sheep not exposed to water cress 

Sheep exposed to water cress 

Sheep not exposed to Yorkshire 

Fog 

Sheep exposed to Yorkshire fog 

STOCK MANAGEMENT 

Set versus mob stoc�ing set 

equal 

mob 

ANI��L INSECTICIDES 

Prevalence (%) of sheep 
with small intestinal ca�cinomas 

Total of all 
sheep 

inspected 

1 . 63 

0.85 

p <.01  

1 . 08 

1 . 66 

1 . 55 

Sheep whose 
whole life 

history was 
known 

o. oo 

0. 23 

1 . 48 

1 . 50 

p<. 05 

Sheep whose 
history was 
known for 
less than 

whole of life 

Sheep not exposed to carbophenothion 1 . 47 

Sheep exposed to carbophenothion 

LENGTH OF TUIE SHEEP HERE ON 

PROPERTY .EROM HHI CH THEY 

WERE SLAUGHTERED 

Whole of  life 

4 years or more 

less than 4 years 

1 . 34 

1 .  33 

1 . 79 

p < . 05 

o . oo 
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T A B L E  Xx:.l 

Comparison of the Number of Significant C,hi Squared Results 

in Table XXIU with Number of Significant Results Expected 

Due to Chance 

Total of all sheep 

Number of chi squared tests performed = 1 1 9 

Number of tests 
" " " 

" " " 

p <:::'. 05 :> - 01 

p < . 0 1 

observed 

7 

3 

1 09 

expe �ted by 
chance 

1 .  2 

1 1 3. 0  

X 2 
= 3 . 7 2 ; d. f.  = 2j N . :) . 

Sheep whose whole life history was known 

Number of chi squared test&  performed = 88 

Number of tests 
" " tt 

tt " " 

p � . 05 > . 01 

p ..:::::: . 01 

p > . 05 

observed expected by 
chance 

2 X = 0. 68 ;  <i . f .  = 2� N. S. 

Sheep whose history was known for lesa than whole uf l ife 

Number of chi squared tests  performed = 1 1 2 

Number of tests 
" " 11 

11 " " 

p .c::. . 05 > . 01 

p ..:::: . 0 1 

p > . 05 

observed 

3 

5 

1 04 

expected by 
chance 

1 .  1 
1 06. 4 

X 2 
= 1 0. 7 3 ;  c�. f. = 2; p <. . o 1  
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(b ) Relationships Between Various Factors and Prevalence . 

of Small Intestinal Carcinomas 

From the information obtained from vendors, all sheep were 

classified on the basis of their exposure , degree of exposure , or 

lack of exposure to various soil types,  plant species,  climatic 

factors, managerial regimes ,  agricultural chemicals and anj mal 

remedies. These data were also tabulated separately for sheep which 

h� been bred by the vendor (i.e .  their whole life history was known ) 

and for sheep purchased by the vendor (i . e .  their history was known 

for only part of the sheeps lives ) . These tabulations, together 

with chi squared values and probabilities of homogeneity of data, 

where calculatea , are contained in Table XXIII. Chi squared values 

were not calc-.1.lated \'There less than 500 sheep l'Ti thout intestinal 

carcinomas and less than seven with carcinomas were either exposed, 

or not exposed , to a particular factor. In calculating chi squared 

for some factors , data wer3 pealed , as indicated by vertical bars in 

Table XXIII.  Factors with which statistically signifi cant variations 

in tumour prevalence (p � . 05 ) were associated in these analyses are 

shmm in Table XXIV , wi-th tumour prevalence in sheep exposed, and not 

exposed, to the various factors expressed as pArcentages.  

From the large number of chi squared tests carried out on data 

in Table XXIII , some " significant" (p < . 05 ) results would be expected 

as chance occurrences. In Table Y.:XY, numbers of "significant" results 

are compared with the numbers expected by chance , showing that in chi 

squared tests carried out on sheep whoee hi.3tory We•> known for less 

than whole of life ,  a greater number of tests revealed results of 

P <:::: . 01 t:r.an would be expected due to chance. In other analyses ,  the 
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T A B  L E  XXVI 

0ross Tatulat ion of Data Pertaining to Average Annua l Rainfall 

and Presence o r  Absence of  Dogst�i l on the Property from 

whi ch E-vw s were Forwarded for Sl aughter 

(% o f  sheep with carcinomas of the small intestine ) 

Average annual rainfall ( inche s )  

o n  property of origin < 40 

41 - 60 

6 1  80 

> 80 

Presence or absence of dogstai l 

on property of origin. 

Absent 

2 . 035 

1 .  679 

1 .  238 

o. ooo 

Present 

1 . 1 40 

0. 968 

o. ooo 
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T A B  L E XXVII 

Tumour Prevalen�e in Slaughte red Ewes For<vardea. b;y 
Vendors i t: Groups of Var;ying Sizes 

Numbe r  o f  ewes Number  of e\'<'es 

per line 

< 30 

30 - 99 

1 00 - 1 99 

200 - 299 

300 - 399 

400 - 499 

> 499 

inspe cted 

without tumours 

593  

41 45 

80.38 

41 90 

1 650 

2.536 
703 

X
2 

-- 9 78 . ; d . f. = 6 ; 

Number inspected Percent with 

with tumours tumours 

1 2  1 . 98 

54 1 .  29 

1 1 1 1 . 36 

78 1 . 83  

27 1 .  6 1  

54 2 . 09 
10  1 .  40 

N. S .  
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T A B L E XXVIII 

Prevalence of Twnours in Large and Small Lines of Ewes 

where Lines of Both Over and Under Fifty were Inspected 

from the same Vendor 

Vendors code Sheep in large lines Sheep in small lines 

Number Without With tumours Without With tumours tumours tumours 

27 250 5 34 1 

47 1 2 1 1 1 7  0 

59 1 20 2 41 0 

8?. 1 70 3 1 6  2 

1 39 1 05 0 1 1  0 

1 47 1 44  3 5 0 

202 278 6 35 0 
204 87 1 40 

Total 1 '  275 2 1  1 99 4 

Prevalence 1 . 62% . 1 . 97% 
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number of signifi cant chi squared results was not significantly 

different from the number expe cted due to chance . 

A cross tabulation of data pertaining to annual rainfall 

and presence or absence of dogstai l  is Shown in Table XXVI. 

Prevalence differences associated w ith these two factors appear, on 

the basis  of this cross  t abulation ,  to be independent of  e�ch other.  

Relationship Between Line Size and Prevalence of 

Small In�estin�l Carcinoma s 

Table L�II compares the prevalence of small intestinal 

carcinomas in sheep forwarded for slaught2r in lines of various 

sizes. Chi squ�red analysis showed no signifi cant variation in 

tumour prevalence associated with variations in line size . 

Prevalence of small intestinal carcinomas in large and small 

lines from the same vendors are compared in Table XXVIII . Few 

vendors had supplied sheep in l ines of the two sizes ( i . e .  above and 

below fifty ewes )  so that data available we re  insuffi cient t·or 

statistical analysis .  The difference bP-tween tumour prevalences in 

sheep in the two categories of line size was small. 

DISCUSSION 

In disease investigatior.s, it is usual to adopt as a means of 

diagnosis the most accurate techniques whi ch are practi cable in the 

circumstance�'·  From the results of histologi cal exam1nation of 

lesions encountered during ·t 9b7 , it  vras apparent that gross observation of 

lesions was an accurate means · of diagnosis of carcinomas of the small 
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intestine in sheep. The further positive histological diagnosis in 

al l forty-nine check cases examined histologically during 1 $68 , 

together with consistently accurate diagnosis on gross examination 

of ca�es collected for more det�iled pathological studies  0hapter II ) ,  

confirmed that diagnosis on the basi s of gross examination of viscera 

only, was sufficiently accurate to be used as the sole method in the 

collection of data for epidemiologi cal studies of this neoplasm. 

Examination of ewe viscera for small intestinal carcinomas 

revealed a prevalence of these neoplasms considerably higher than any 

previously recorded. The prevalence in the geographical areas in which 

these tumours were most common, was three times as great as the previous 

highest recorded prevalence in New Zeal-1.nd (\'lebster, 1 967 ) ,  and was 

5 - 6 times as great as the highest reported prevalence of small 

intestinal carcinomas in slaughtered ewes outside New Zealand (Norval , 

1 968 ) (page 1 1  ) . The lowest pre'!alence found at any Meat Export 

Wo�ks in this investigation ( 0 . 2% at Marlborough ) was slightly lower 

than the pr\�valence found at Edinburgh by Norval . 

\·lebster ( 1 967 )  considered that the minor modifications of the 

inspection techniques used in his previous survey (Hebster, 1 966 )  

resulted in  "very few, if any" , neoplasms escaping detection, yet,  

in  each of the follmving three years, three times as many small 

intestinal 0arcinomas were found in ewes slaughtered in the same area 

(Manaw�tu ) . This apparent increase in prevalence i� attributed to an 

increase in sensi ti vi ty of diagnosis due to the personal exa.minatiorJ 

of viscera for this one condition. This differed from the method 

described by Webster ( 1 966 )  in which meat inspection staff, inspecting 

viscera, changed from time to time .  They were responsible for the 
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examination o f  all visceral organs with the alimentary tract being 

viewed bu l; not handled. For ti.1e detection of other than very large 

lesions , inspection of the intestines of sheep must involve their 

being palpated and manipulated to enable  all portions of the 

intestine and its mesentery to be seen. Even with the improved 

inspection method used in these investigations it is probable that 

some very small carcinomas were not fou.nd . The increased number of 

small intestinal carcinomas found in the Manawatu district in 1 968 , 

compared to 1 967 ( Table XIII ) is  thought to have been due to an 

increased sensitivity of diagnosis  accompanying increased practi ce 

with the inspection technique . The prevalence of neoplasms in ewes 

inspected in Manawatu durir.g 1 969 was intermediate between the 1 967 

and 1 96� figUres .  Thus, there was no evidence uf eit.her an increasing 

or a decreasing tumour prevalence over these three years . 

The impossibility of comparing data from thi8 investigation 

with that of Webster illustrates the need in  investigatj ons such as 

this ,  for the person collecting the data to be_ keenly aware cf the 

need for his vigilance and, i f  possiblet  for one interested person 

to perform all inspections. Thi s  point was further emphasi sed when 

an attempt was �ade to extend the detailed epidemiological investigation 

to include sheep slaughtered in South Canterbury by utilising a 

techni cian specia.lly trained in  the techniques of examination of 

abdominal viscera. A change in  personnel part way through the 

collection of data in that region was accompanied by an immed1ate 

decrease in diagnosis of intestinal neoplasms in British breed. sheep 

from approximately 1% to 0. 5%, and, conseque�tly, that part of the 

investigation was abandoned. 
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T A B L E XXIX 

The Prevalence of  Carcinomas of the Small Intestine 

in Ewes Forwarded for Slaughter ir. Lines of 

Various Sizes tWebster' s data ) 

Number of ewes Number of  ewes Number inspected 
per line inspected with carcinomas 

without carcinomas 

30 6 1 84 4� 

30 - 99 1 5 , )90 60 

99 35 , 753 1 41 

x
2 = 1 8 . 2  df = 2; p < .o01  

Percent with 
carcinomas 

0.776 

0. 385 

0.394 
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The validity of an epidemiological investigation such as 

this also depends on the tumour prevalence in the sheep inspected 

from different farms being a relatively accurate representation of 

the prevalence in all sheep of  comparal:>.Le age on that farm. Webster 

( 1 967 ) considered that the very high prevalence of neoplasms 

( including small intestinal carcinomas ) in lines of less than thirty 

ewe s, shown in his Tables 3 and 4 , resulted from these sheep being, 

almost exclusively, animals  culled for reasons of poor condition 

and/or health. It was suggested that farmers were able t o  dete ct 

signs of i ll  health in sheep with small intestinal carcinomas and 

that these were forwar�ed for slaughter with other unhealthy sheep, 

in separate groups from the healthy " cast for age 11 ewes .  Re-examination 

of Hebstern data revealed that only 40, 478 of the 62, 235 ev1es examined 

in his survey were represented in his 'l'ables J and 4, \thile virtual ly 

all neoplasms were included. Checking of original data, made available 

by Webster, showed that he had included in Tables 3 and 4 only those 

lines of C'.ves in which neoplasr.Js had been diagnosed. Thus a 

considerable bias was introduced favouring a high incidence in 

small lines .  Retabulation of part of  his data pertaining to intestinal 

carcinomas is shown in Table XXIX. Thi s  Table contains only those 

l ines of ewes forwarded for slaughter in the name of a farmer vendor� 

I t  does not include line s  of ewes  killed under the name of a Meat 

Export Works or non-farming companies, as such lines  may have been 

pooled subsequent to purchase , and therefore might not reflec+. the true 

size of the groups forwarded from individual farms . Chi squared 

analysis of Webster' s  corrected data shows there was a tendency 

toward higher tumour prevalence in lines of less than 30 ( p  � .001) , 
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but this difference was much less than appeared from W9bste� ' s  

publi shed tables. 

In the pre sent study, analysea fai led to show any signi fi cant 

variation in tumour prevalence between line s  of different sizes 

Table XXVII ) . A compari son of tumour prevalence in line s  of 

different sizes submitted by the same vendors would have been a 

better test of Web ster ' s  hypothe si s� The se data, whi ch were avai lable 

from only eight farms in the pre sent inve stigation, have been 

colle cted in Table XXVIII. However, the numbers of small intestinal 

carcinol!Jas re �orded ,  and expected, in the smal l line s were too small 

for stati sti cal analysis. Any bias in "t-.lmour prevalence in small 

line s  resulting from selection of diseased sheep , as sug�ested by 

Webster, must have been so smal l in thi s inve stigation as to have 

been o f  no consequence . Therefore , it was considered legitimate to 

use al l data colle cted in the overal l analyse s.  

Geographi c  Distributi on o f  Carcinomas o f  the 

Smal l Intest ine in Sheep 

The largest variation in prevalence of carcinomas of the smal l 

intestine was between British b reed sheep (predominant ly Romneys ) and 

" fine wool" ewes (Merino , Merino cross and Corriedale breeds ) Tables  

X IV  and XV ) .  Conditions under whi ch thf� se breed types are usual ly 

farmed in New Zealand differ great ly, arrl it i s  not possible to state 

whether the difference not ed was due to a difference in susceptib i li ty 

of the breeds to a carcinogen, or to a difference in degree of exposure 

to o ne or more · carcinogens . The pre�encc of betwnen di stri cts 

variati ons in prevalence of small intestinal carcinomas amongst Bri t i sh 
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bre6d ewes (Tables XVI and XVII ) suggested that there r1as probably 

a variation in the contact sheep had with the agent ( s )  responsible 

for these neoplasms. Although it . was shown in  Table XX that 

significant differences in tumour prevalence existed in ewes from 

different farms, it is  considered unlikely that between di stricts 

variations resulted from the examination of ewes from unrepr0sentative 

high or low tumour prevalence farms. The �verage number of ewes 

examined per consignment during 1 969 was 109 in Manawatu and 1 2 1 in 

Wairarapa. If cansignments were of similar size in other distri cts ,  

sheep inspe cted would have come from a suffi cient number of farms to  

be  reasonably represer.tative of the di strict. The difference in 

prevalence of small intestinal carcinomas between sheep inspected 

in the 'tlairarapa and those inspected slaughtered in the Manawatu 

region (Table XVII ) reveals itself agair. in Figure 7 1  , in which 

the majority of farms east of the central North I sland ranges had a 

low tumour prevalence , whereas most of those west of that range had 

a high pY6valenc9 of carcinomas . I t  is considered that there is  

sufficient evidence to  justify the conclusion that environmental 

and/or geneti c differences were causing a difference in the incidence 

of carcinomas of the small inteBtine in sheep in different parts of 

New Zealand. 

The Effe�t of Environment on the Prevalence of 

Small Intestinal Carcinomas 

In planning an epidemiological investigation such as that 

instituted during 1 969 , a decision must be made whether to cover 

large numbers of animals and farms,  and accept inaccuracies in the 

traceback histories of these animals ,  o� to obtain prevalence data 
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o n  � smaller number of animal s and farms , thus enabling a closer 

examinati on o f  their histori e s  and re cent envj_ ronment .  I n  thi s 

s tudy i t  wa s p c s s ib l e  to obtain hiBtori e s  regarding many factors 

only by ��e s t i oning sheep vendors. Hi st orie s coul� be obtained 0nly 

for the periods that vendors had owned the ewe s ,  previous owners 

generally being unknown. Whi le the s t atus of farms in some respe cts 

( e . g. annual rainfal i , mean altitude , farm size , average P t o cking 

rate s ) could b e  obtained with re lat ive accuracy, there would be 

considerab le e rrors in answers to some other que sti ons ( e . g. weeds 

spe ci e s  pre sent , less wel l  known pasture spe cie s ,  and di sease hi stories ) . 

The se limitat i ons led to the de cision to base this i nvestigation on the 

maximum number of ewe s  prc..cti cable , and, whi le taking reasonab l e  

pre cautions to m inimise sources o f  error , to accept that such 

inaccuracie s  mus t  occur. Errors in replies �10uld general ly have tended 

to minimi se , rather than exaggerate ,  real prevalence di ffere nces between 

sheep with di f fe rent backgrounds . Few false positive rep li e s  are likely 

to have been given to que stions on pasture and weed spe cie s ,  for 

examp l e , but fal se negative rep l i e s  might have been numerou s ,  e specially 

regarding inconspi cuous l'Teed spe cie s .  Thus , i f  a high tumour prevalence 

was associated with the presence of a parti �ular factor, the prevalence 

in sheep frcm vendors acknowledging the presence of tha"!; !'actor would 

be repre: sent ative , out the prevalence of tumours i11 sheep from farmers 

not recogni s i ng the pre sence of the factor would be arti fi cial ly high. 

The diagnosis of at l east one carcinoma of the small intestine 

in a l l  32 lines from whi ch ove r 1 85 ewe s were inspe oted indi cates that 

the factors responsib le for inducing the�e neoplasms must be widespread 

in the New Zealand sheep farming envi ronment . Tabulation and analysi s  



75 

of data in Table XXj howcver , revealed significant heterogeneity of  

tumour prevalence in  sheep originating from different farms, and 

further analyses in Tables XXI , XXIII ,  and XXIV showed statistically 

significant ( p < . 05 ) variations in tumour prevalence to be 

associated with a total of sixteen factors. 

For variations to be thought of possible aetiologi cal 

significance it was considered that the following factors should 

hold : -

( 1 )  Exposure to a factor should have been associated with 

a significantly higher tumour prevalence , not a lower 

one. 

( 2 ) The significa�t variation i n  prevalence of carc1nomas 

o f  the small intestine should be reflected 1n the 

variation 1n prevalence in sheep whose whole life 

histories were !mown. Prevalence differences amongst 

sheep subjected to the influence of a factor for the 

whole of their lives ,  or known to have no·i; been exposed 

t o  a factor at any time , should represent the potential 

effect of that factor more accurate ly than differences 

amongst sheep whose histories uere known for only part 

o f  their lives .  

( 3 )  With data separated on the b<.!.sis o f  graduated expos .... res 

to a factor (e . g. altitude , rainfall,  temperature ) ,  the 

tumour p�evalence shoul� either increase or decrease 

with gradation of the factor but not show a peak or 

t:t>ough. 
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(4) More than 2o% of tumours should have been found amongst 

ewe s exposed �o the factor with which the signifi cant 

variat ion in prevalence was associated. It i s  unlike ly 

that factors with which only small numbers of twnours 

were associated could have cont ributed to the aetiology 

of a signifi cant proportion of al l neoplasms encounte red 

in the inve stigat ion. 

On the se bases, only cre sted dogstai l ,  average annual rainfal l ,  

u s e  o f  potas s i c  fertili sers , and variations i n  length o f  time sheep 

had been on the property from which they were slaughtered cculd be 

considered likely to be re lated to the aetiology of thi s di sease . 

Compari .::ons of the actual number of signi fi cant (p < . 05 )  

chi squared result s i n  Tables XXIII and .XXIV with the numbe r  expe cted 

by chance (Tab le XXV }  i ndi cated that the difference s asso ciated with 

cre sted dogstai l ,  annual rainfall and variations in length of time 

sheer had been on the property from whi ch they were slaughtered could 

have been due to chance . However, it i s  not impossible tha·� one Ol' 

more of these di fferences i s  a meaning£ul one , and for that reason 

the possible aetiologi cGl signifi cance of the above diffe rences wi l l  

be discussed. 

The Aet iologi cal Signifi cance of I•'actors Associated 

with V ariations in Prevalence of Carcinomas of the 

Sr:�all Inte stine 

(a) Cres+ed dogstai l 

Amongst sheep s laughtered from f�rms on whi ch they had been 

bred, there was a 3 :  2 ratio in the prevalence of carcinomas of the 
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small · intestine be tvreen sheep supposedly exposed and not exposed 

to cre s t ed dogstai l (2.lP:osurus cristatus ) . Only one "high 

prevalence" farm did not have crested dogstail reported in i t s  

pastures ,  whereas dogstail was reported t o  b e  present in only one 

half of low prevale nce farms (Table XXI, Ji,i gure 7l ) . The 

morphology of cres t ed dogstai l  p lants is not di ssimilar to that o f  

ryegras s spe cie s  and i t  i s  probable that a considerab le number o f  

farmers were unaware of the p resence of thi s spe ci es in the i r  pasture s .  

The s eed heads o f  cre sted dogstail, on the other han� are characteri s t i c  

and readily recogni sable . The apparent asso ciation o f  carcinomas w i th 

cre s t e d  dogstail might refle ct an associ at i on with seed heads or an 

as so ciation with grazing practic·es which allowed seed heads o f  

cre s t e d  dogstail t o  develop .  C rested dogstail is probably l e s s  common 

in areas where "fine woo l" sheep are commonly farmed , but no such 

difference is t hought to exi s t  between areas from i·rhi ch Bri tish breed 

ewes were inspe cted . 

While it i s  possible that either cre sted dcgstail foliage o r  

seed heads contain carcinogens i t  i s  also �ossible t o  speculate that 

t he appa�ent asso ciation o f  i nt e stinal carcinomas with dogs�ail i s  

an indire ct one re�ulting from management procedure s allowing the 

recognition of dogstail seed heads in the pasture . The se management 

pract i ce s  might affe ct tumour prevale nce dj_rect ly, or they might al low 

the development o f  pasture and soil conditi ons favo�rab le for the 

deve lopment of other carcinogeni c facto�s ( e . g. o ther plant spe cie s . 

or fungi ) . 

(b )  Potas s i c  fert ilisers 

The signifi cant ly greater proportion of high prevalence farms 
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the greater use of potassic fertilisers in the North Island, in which 

there was also a higher prevalence of  small intestinal carcinomas. 

The area of land in pasture is t 1d ce as great in the North I sland 

as in the South (Table 36,  NeH Zealand Farm Production for the 

Season 1 967-68 ) and thi s is reflected in the quantities of phosphati c  

fertilisers used (Table 5 ,  Statistical Tievie\·I of  Fertilisers in New 

Zealand 1 968 - 69 ) .  However, approximately nine times as much potassi c 

fertiliser is  used in the North Island as in the South Island, 

indicating an average application rate in the North Island of 

approximately 4· 5 times that in the South Island (Table 7 ,  Statistical 

Review of Fertilisers in New Zealand 1 968 - 69 ) .  

Ove r  90% o f  New Zealand ' s  potassic fertilisers are imported 

as muriate of potash, a processed form o.f mined potassium chloride 

still containing considerable quantities of impurities .  Hhile it i s  

unlikely that KCl is carcinogenie, impPrities in  the commercial product 

may be .  I t  is also possible that applications of potash could 

stimulate t�J.� growth of  plant spe cies  which have carcinogenic properties.  

I f  further studies of the epidemiology of ca�cinomas of the 

small intestine of sheep confirm this assacia�ion with �he use of 

potassi c  fertilisers , experiments involving the oral and parenteral 

administration of muriate of potash would seem warranted. 

(c) Average annual rainfall  

The h.igher prevalence of  smal l intostinal :-arcinomas amongst 

sheep from farms with lower raint'all  (Table XXIII ) was not supported 

by any rainfall dit'ferences bet'l'leen the selected high and low 
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p:":'evalence farms (Table XXI ) $ The trend in the "between district" 

data (Tables XIII and XVI ) would have been for higher prevalence in 

areas of higher rainfall. The contradictory nature of these result s  

suggest that the apparent rainfall effect in Table XXIII was probably 

due to chance and was not related to the epidemiology of the disease. 

{d)  Sheep stocking density 

In Tables XVIII and XIX there i s  a strong positive correlatio� 

between prevalence of carcinomas of the small intestine in geographic 

areas and average sheep stocking rates.  Differences in stocking rates 

are , however, usually associated with differences in soil types and 

fertility, pasture and weed species ,  managerial factors and the use 

of agrir;ul tural cherui cals and animal remedies. An increased prevalence 

of neoplasms associated with increased grazing density of sheep, 

independent of correlations with other factors , woald be consi stent 

with an hypothesis that the cause of the neoplasT.s was horizontally 

transmitted in  nature . 

Ewes known to have spent their whcle lives on farms with 

average sheep stocking rates  of less the!: three per acre had a lower 

prevalence of carcinomas (0. 92%) than sheep farmed at higher densities 

( 1 . 41%) , but ,  as only 1 088 sheep were in the former category, thi� 

difference was not s tatistically si�ificant . 

In the 836 sheep inspected which were known to have been 

predomim:.ntly "set stocked" throughout their entire lives ,  only two 

{0. 24%) carcinomas of the small intestine were diagnosed (p � . 05 ) .  

Amongst sheep whose histories were known for only part o f  their lives 

there was no difference in tumour prevalence associated with "set" 
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and "mob " s t o cking pract i ce s  (Tab l e  XXIII) .  Thi s lack o f  variation 

might b e  due t o  " s e t  s t o cked" sheep having been "mob " s t o cked earli e r  

i n  tht i r  l ives and t he effe c t s  o f  thi s on p revalence o f  carcinomas 

cont inuing up t i l l  t he t ime of s l aught er. 

There are suffi cient indi cat ions i n  t hese ob s e rvat i ons to 

sugge s t  t hat increased sheep grazi ng dens i ty could po s s ib ly have 

affe cted prevalence o f  small i nt e st inal carcinomas, but the evidence 

is insuffi c ient to justify a conclusion that sheep proximity pe r � 

was dire ct ly as s o ci ated with an increased prevalence . Thi s  mat ter 

\V"arrant s further i nve s t igat i on. 

(e ) Length o f  t irr.0 sheep were on the p roperty from 

whi ch they were sent for slaught er 

Variat ions i n  the length o f  t ime sheep had been o n  the vendors' 

property re fl e cted di fference s in management pract i ce s .  Ewe s  whi ch 

had been b red by the vendor came from farms on which shee p  of all 

ages were present , ewe lambs b e i ng retained to replace o lder ewe s 

that had died or v1e re sold. V e ndor8 owning sheep for more than four 

years would u sual l y  purchase female s  from 6 - 18 mouths of age and 

retain t he se for b reeding. Ewe s  owned by vendors for l e s s  than fcu r  

years had gene rally b e e n  purchased by the vendor at approximat e ly five 

years of age and re ta�· .. ned by him for e i the r  one or two breeding seasonso 

Lamb s f�'om this lat t e r  type of farm would commonly b e  s o ld as " fat 

l ambs" when 4 6 months of age , almost the only she e p  o n  the se 

f.:·.rms for t he remainder of the year being 5 - 6 year o ld ewes • .  From 

Tab le XXIII, it can be seen that ewe s fro� t h i s  latter type of farm had 

a higher prevalence o f  carcinomas of the smal l intest i ne than other 

ewe s .  
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Over most of  the North Island, the majority of  slaughtered 

ewes inspected during 1 967 and 1 968 \olould have come from "fat lamb" 

farms, as was the case in  Manavra tu during 1 969. A more common 

managerial practi ce in the Sou�h Island i s  for ewes to be purchased 

by "fat lamb" farmers · · at 1 2  - 1 8  months of age , many from "high 

country" farms with improved tussock lands . Thus, the histories  of 

British breed sheep inspected in the South Island may have resembled 

to a greater extent the hi stories of those sheep inspected during 

1 969 which had spent at least four years on the vendor2' properties .  

The enviror�ent in whi ch a proportion of South Isl�nd British �reed 

sheep spend the early part of their lives lvould also be more similar, 

in some respects ( climate ,  soil types ,  and some pasture and weed 

spe cies ) ,  to the environment in whi ch "fine wool" e\ve s are farmed. 

From the data available , i t  appears possible that so.ne factor 

associated with "fat lamb"farming practices , which involve the 

purchase of ewes at about five years of age , using them for lamb 

productiun for one or two seasons, and then slaughtering, may result 

in an elevation of tumour incidence . 

Factors Suggested of Aetiological Significance 

by Previous Authors 

(a ) Phenothiazine 

Webster ( 1 966 ) suggested that fine parti cle phenothiazine 

( thiodiphenylamine ) might be the cause of n�oplasms in sheep ,  including 

carcinomas of the small intestine. No experimental evidence i s  

available t o  support this suggestion, nor is  there evidence that 

diphenylamine, from which phenothiazine may be manufactured (British 

Veterinary Codex, 1 965 ) is  carcinogenic. However, the carcinogen 4-
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ar.1inodiphenyl is a contaminant of commercial diphenylamine ( C layson, 

1 962 ), and hence there i s  a possibi lity that phenothiazine , as prepared, 

could contain a smal l proportion of thi s chemi cal. 

Phenothiazine usage has decrea8ed markedly since 1 962-63 

and only 394 of the evte s inspe cted during 1 969 were re corded as 

havi ng been drenched \-ti th this product .  I f  phenothiazine had been 

responsible for an appre ciab le proportion of sheep neoplasms , the 

prevalence should have de creased over the last 4 - 5 years . There i s  

no e vidence t o  sugge st that such a decrease has occurred. 

(b ) Bracken fern (Pteridium aqui linum ) 

Fo llowing the demonstrati on that Pte�idium aaui linum was a 

potent carcinogen, causing neoplasms of the i::J.testine of rats (Evans 

and Mason, 1 965 ) (Chapter V ) ,  i t  was sugge sted by 1�cCrae ( -1 968 ) that 

inge Etion of thi s p lant spe cies might have been rGsponsible for the 

carcinomas of the intestine s  of sheep observed by him on the North 

York Moor·s . Evans ( 1 968 ) lent support to this sugge st ion by 

reporting that o!'e of two sheep fed bracken fern had deve loped a 

carcinoma of the la�ge int e s tine . 

From result s of i nve st igati ons recorded in this chapter 

(Tab le XXI and XXIII )  i t  appears unlike ly that PteriQium aguilinum 

var. e s culentum played any signifi cant part in the causation of 

neoplasms encounte red in thi s study. Although the �revalence o f  

carcinomas o f  the small intestine was slight ly higher i n  ewe s from 

properties on whi ch bracken fern was common than in sheep frqm 

properties where it did not grow ( 2. 08% versus 1 . 54%) ,  and simi lar 

prevalence difference s were present in sheep whose whole life 

hi stories were knmm (Table XXIII ), eight of the 1 4 high tumour 

prevalence farms were re cor·ded as having no b racken fern (Tab le XXI ) .  
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Thi s  epidemiologi cal study of small i nte stinal carcinomas i n  

sheep has not shown any pa rt i cular factor o r  factors \-Thich can b e  said 

to be dire ct ly or indire ctly involved in the aetiology of the se 

neoplasm s .  A number o f  factors , particularly breed suscept ibility, 

crested dogstai l ,  potas si c fert i l i se r s ,  intensity of sheep farming 

and the practice of t ransferring five year o ld e\ves to " fat lamb" farms 

have , hovTever ,  been shown to b e  s t at istically associated w i t h  higher 

tumour prevalence s ,  and the se deserve further investigat ion. The 

negative result s revealed in analyse s of data concerning agricultural 

chemi cals and <=mimal remedies are important in as much as t hey, in 

part at least , ab solve these agent s from possible incrimination as 

carcinoge ns in th3 rual e nvironment . 

The mos t  effe ct ive means of che cking t he repeatab i l i ty of 

the prevalence variations found i n  t hi s  inve stigat ion would be 

inspe ction o f  greate: numbers of large line s  of ewe s ( e . g. exceeding 

200 ) ,  the selection from the s e  o f  ' hig:1 ' and ' low ' prevalence groups 

and �he �acing of the detailed histories 0f these groups w i th regard 

to the fad0rs of int e re s t .  

Further long t e rm inve stigations of t h e  epidemiology of thi s 

condit i on might best be dire cted t oward a prospe ctive epidemio logi cal 

approach ,  in which fewe r  farms are sele cted, and from whi ch greate r  

numbers of sheep could b e  insp e cted. Po s t  mortem examinat ion of ewe s 

dying on the se properti e s ,  together wlth the examin�t ion of 2, 000 

slaughtered �wes from e ach, over a period o f  approximately five years , 

should p rovide an accurate measure of the : .ncidenc<- of smal l inte s t i nal 

carcinomas .  Restri cting such a n  invest igation to 20 - 30 farms would 

enable accurate information to be obtained on physiographic ,  botani cal 
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and. managerial factors on these farms and analysi s  of da ta obtained 

should reveal any tumour prevalence differences whi ch exist . In view 

of the potential importance of these neoplasms to New Zealand' s 

international meat trade , the country ' s  sheep farmers and our 

publi c  health, such exhaustive investigations are fully warranted. 

SUMMARY 

Visc�ra of ewes slaughtered at ten Meat Exrort Works in 

seven geographic areas of New Zealand during 1 967 and 1 968 were 

examined for carcinomas of the small intestine .  Analyses showed that 

British breed ewes had a significantly higher prevalence of small 

intestinal carcinomas than did Merino , Merino cross or  Corriedale 

ewes .  There were also significant variations i n  tumour prevalence 

between British breed sheep killed in different areas .  The prevalence 

of these neoplasms in slaughtered nritish breed sheep varied from 

approximately 1 . 5% to o. 9% ,whilc the prevalence in fine wool breeds 

was 0. 5% and 0. 2% in the two groups of such sheep examined. Whether 

these differences were due to environmental or geneti c  factors could 

not be determined. 

Analyses of the histories of 22, 201 ewes with 346 carcinomas 

of the small intestine from 1 9 1  vendors, inspected during 1 969 ,revealed 

significant variations (p <: . 05 ) in p1�valence of carcinomas associated 

with 1 6  of the 153 factors examined. On the basis  of a number of de:fin.e:l 

criteria, all but four of these factors were considered unrelated to 

the aetiology of the neoplasms .  The remaining factors were crested 

dogstail ,  potassic fertilisers, rainfall and the . . length of time sheep 



had been on the property from whi ch they were forwarded for 

slaughter. The possible aetiological role of each of these factors 

was discussed but no firm conclusions regarding the aetiology of 

carcinomas of the small intestine were reached. The possible 

relationship between prevalence of carcinomas of the small intestine 

in different areas and the average sheep stocking rates in these 

areas was discussed , together with the findings regarding stocking 

rates on individual farms from which ewes '�ere examined. Again no 

firm conclusions could be drawn regarding any effect stocking rates 

might have had on prevalence of neoplasms. Because phenothiazine 

(thiodiphenylamine ) and bracken fern (Pteridiuill aquilinum var. 

esculentum) had previously been suggested as possible causes of 

small intestinal carcinomas in sheep, these two factors were 

investigated. Findings indicated that neither of these agents was 

likely to have been responsible for a sienificant proportion of the 

carcinomas diagnosed in this investigation. 



C H A P T E R  IV 

CARCINOGENICITY OF CERTAIN CHEMICALS Am.UNISTERED TO SHEEP 

lliTRODUCTION 

Many chemicals are capable of inducing neoplasia in auimals 

but relatively little i s  known concerning the relative susceptibility 

of sheep to these age.nts .  On the basis of any apparent relative 

s carcity of ovine neoplasms ,Feldman ( 1 932 ) and Pamukcu ( 1 956 ) 

suggested that sheep might be relatively insu.sceptible to neoplasia. 

In this section �his hypothesis is  tasted by experimental administration 

of certain selected carcinogens to sheep.  

Chemical Carcinogens Previously AQ�inistered to Sheep 

Experiments by de Kock ( 1 958 ) ,  in Nhich coal tar, methylcholan­

threne , dibenzanthracene and benzpyrene �ere administered to groups of 

sheep either weekly, on alternative weeks or monthly, resulted in the 

development of only or.e neoplasm. This occurred in an animal which 

had been treated with benzpyrene by both intravenous and intrapulmonary 

routes and was diagnosed as either an endothelioma or mesothelioma of 

the pleura. Lloyd ( 1 966 )  injected 9 , 1 0-dimethyl -1 , 2-benzanthracene 

into subcutaneous dermal cysts of sheep and also supplied the chemical 

to the skin of normal and cyst-bearing she�p. This treatment reoult�d 

in the development of squamous cel l  carcinomas in 40% of cysts .  Papillomas 

developed on the skin of both, cyst-bear-ing and normal sheep ,but more 
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frequent ly and earlier on the fanner (page 1 ) .  

Nasal tumours · developed in two o f  five sheep fed ground nut 

meal containing aflatoxi� (Lewis et al . , 1 967 ) (page 5 ) .  The feeding 

of radioiodine to 1 9  sheep resulted in the development of thyroid 

adenomas in 1 5 of these and a fibrosarcoma in one other (Marks and 

Bustad ,  1 963 ) .  

The hepat otoxi c effects of dimethylnitrosamine in  sheep were 

demonstrated by Sakshaug ,Sognen ,  Hansen and Koppang ( 1 965 ) who found 

a single oral dose, calculated at 5 mg/kg, killed sheep in  1 1  days . No 

long term observations following sublethal dosage were reported, so 

the susceptibility of s�eep to the carcinogenicity of this compound 

i s  unknown. 

Carcinogens used in this experiment 

Chemicals chosen for use in this experiment were 20-methylcholan­

threne , 3 : 4  benzpyrene , urethane ( ethyl o�rbamate ) and N-methyl-N-nitro­

N-nitrosoguanidine ( rdtrosoguanidine ) .  

Methyl cholanthrene A wide range of tumours has been produced 

in laboratory animals by methylcholanthrene , 

i ncluding tumours of the skin (Berenblum and Haran-Ghera, 1 957 b ) ,  

blood vessel endothelium (White and Stewart , 1 942 ) ,  mammary gland 

(Bonser, 1 954) , liver (Bain, Allen, Silbermann �nd Kowalewski , 

1 959 ;  Pietra, Rappaport and Shubik, 1 96 1 ) , lung ( Lorenz and 

Stewart , 1 940; Pietra � �� , 1 961 ) ,  l3�phoid tissue (Pietra e t  al. , 

1 96 1 ) ,  stomach ( Stewart and Lorenz , 1 941b, 1 942; Howes and de Olivera, 

1 948; Zaldivar, 1 964) and caecum (Rack, Kaufman and Simeone , 1 955 ) .  

Small intestinal adenocarcinomas have been produced in  mice by 



88 

administration of methylcholanthrene either in drinking 

water or mixed v.rith  food (Stewart and Lorenz , 1 941 a ;  

White and �tewart , 1 942; Lorenz and Stewart , 1 940, 1 947 ) . 

Benzpyrene Benzpyrene has also been reported as 

producing a wide range of tumours in 

laboratory animals , including neoplasms of the lungs , mammary 

gland, liver (Pietra et al . ,  1 96 1 ) , brain and smooth muscle 

(Zimmerman and Arnold, 1 943 ) . Many of the studies using 

benzpyrene have concerned the skin (Gl�cksman, 1 945 ; Berenblum 

and Haran-Ghera, 1 957 b ) , though it was used by Stewart and 

Lorenz ( 1 942) to produce gastri c t�ours in mice . 

Urethane 0 
. Urethane was at first thought to have a 

specific action in producing pulmonary 

adenomas in laboratory animals (Nettleship and Henshaw , 1 943 ; 

Jaff� , 1 944, 1 947 ) , but is  nm-1 recognised as capable of 

inducing many types of neoplastic lesions (Tannenbaum and 

Silverstone, 1 958;  Pietra et  al . ,  1 96 1 ; Tannenbaum, 

Vesselinovitch,  Maltoni and Mitchell , 1 962 ) . It was sugga8ted 

by Tannenbaum and Maltoni ( 1 962 ) that urethane acts by enhancing 

or potentiating carcinogenesis ,  thus increasing the incidence 

and decreasing the age of occur�ence of neoplasms which occur 

" spontaneously" in the particular species or s�rain of animal . 

This is  in contrast to the other three carcinogens used. in this 

experiment in that they are considered to be fully compe t.ent 

carcinogens capable of initiating and promoting the growth of 

neoplasms not normally seen in the species  under observation. 



N-methyl-N-nitrosoguanidine The range of neoplasms produced by 

the N-alkyl-N-nitroso group of compounds 

includes tumours of the liver ( Magee and Barnes,  1 956) , lung (Schoental 

and Magee ,  1 962; Druckrey and Preu.ssman, 1 962) ,  stomach (Druckrey, 

Preussman, S chmahl and Muller, 1 961 ; Schoental and Magee ,  1 962) , 
• 
oesophagus ( Schoental and !IIagee ,  1 962; Druckrey, Preussman, Blum, Ivankovic 

and Afkham, 1 963 ) ,  subcutaneous connective tissues (Herrold, 1 966 ) ,  and 

intestinal tract (Herrold ,  1 969 ) .  Carcinomas of the small intestine were 

produced by the intraperitoneal administration of N-ethyl-N-nitrosourethene 

to rats ( SchoP.ntal , 1965 ) ,  and by intravenous, intraperitoneal and intra-

gastric administration of N-methyl-N-ni t.rosourea. The related compound 

N-methyl-N-nitro -N-nitrosoguandine ( nitrosoguanidine ) ,  a very potent 

mutagen, has produced fibrosarcomas and rhabdomyosarcomas after sub-

cutaneous injections ( Sugimura, Nagao and Okado , 1 966 ) , and only three 

to five oral doses of this chemical were required to induce carcinomas of 

the small i ntestine in rats ( Schoental , 1 966) . Fugimura, Kogure , Oboshi 

and Sugimura ( 1 970) produced a range of Aeoplasms in the stomach, 

intestines and livers of rats by inclnding nitrosoguanidine in their 

drinking water. Carcinomas of the duodenum, jejunum and colon were 

amongst the neoplasms diagnosed. This  carcinogenic action of nitroso-

guanidine is in agreement with the observation by Magee and Lee ( 1 964) 

that mutagenic potency and carcinogenicity are positively correlated 

within this group of compounds. 

Selection of the above four ctemi cal carcinogens for use in 

these expei·iments was both on the basis of their known abi lity to 

produce a wide range of neoplasms and on the likelihood of their 

producing neoplasms in the gastrointestinal tract. Methylcholanthrene , 
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benzpyrene and nit rosoguaninine have all produced carcinomas of the 

small i ntestine in laboratory animals , and , if the suggestion by 

Tannenbaum and Maltoni ( 1 962)  that urethane enhances the d evelopment 

of turllours to which tha species  i s  "naturally" susceptible i s  true , 

then in sheep this chemi oal might be expected to lead to the 

development of considerable numbers of small intestinal carcinomas. 

MATERIALS AND METHODS 

In the order in  which they were born , 1 01 Romney lambs were 

randomised into six g!·cups of each sex ( i . e .  twelve grou::.->s ) .  

group o f  each sex received each of  the follm·ring treatments 

(a)  Nil ( controls ) 

(b ) Intrap�ritoneal injections of 20-methylcholanthrene 

as a 1 0  mg/ml solution in peanut ( arachis) oil  at the 

rate of 5 mg/Kg each week. 

. . 

One 

( c) Intraperitoneal injections of 3 : 4-benzpyrene as a 10mg/ml 

solution in peanut oil at the rate o f  5 mg/Kg each week. 

(d )  Intraperitoneal injections of urethane a& a 50  mg/ml 

solution in water at the rate of 25 mg/Kg each week. 

( e )  Intraperitoneal injections of nitrosoguanidine as a 1 0mg/ml 

solution in water at the rate of 5 mg/Kg each week. 

( f )  An injection o f  5 mg of methylcholanthrene , in a 50 mg/ml 

£olut.i..on/susvmsion in peanut oi l ,  into the wall of the 

small intestine . This treatment was administered via a 

ventral laparotomy, with the aid of local anaesthesia, when 

the lambs were 1 2  - 1 7  weeks old. 
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T A B L E  XXX 

Age of Control Sheep at Time of Death 

Age at I�sions associated 
Identification Death with treatment 

(weeks ) 

MALES 1 78/1 79 2 18  * 

234/235 1 9 1  * 

1 60/ 1 6 1  1 90 * 

21 3/21 4  1 87 * 

21 9/220 222 * 

298/299 7 ** 

266/267 1 89 * ' 

1 783/ 1 784 41 ** 

FEl'vlALES 1 80/ 1 8 1  1 80 * 

226/227 2 1 6  * 

242/8836 220 * 

170/1 7 1  1 80 * 

8839/21 2  222 * 

268/269 1 79 * 

1 43/ 1 44 1 79 * 

278/279 1 89 * 

8840/ 1 793 1 90 * ' 

* Sheep killed and necropsied at terminati on of experiment . 

No neoplasms were found. 

** Death due to a variety of diseases considered UliTelated 

to the experiment . 
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T A B L E XXXI 

The Effect of Treating Sheep with Intraperitoneal 

Injectio:rs of Methylcholanthr,me 

Identifica.tion Number of Total Age at Lesions associated 
Weekly Dose Death with treatment 

Treatments (mg) (weeks )  

MALEG 1 97/ 1 98 1 2  932 2 1 5  * 

236/237 1 2  1 007 1 80 * 

1 62/ 1 63 1 1  667 1 80 * 

205/206 7 402 7 ** 

0248/255 1 1  587 1 90 * 

276/277 9 417 9 Hepatotoxi city *** 

29.1/295 1 0  55? 222 * 

1 786/ 1 787 9 530 1 97 * 

FEMALES 1 1 9/ 1 20 1 1  672 1 1  Hepatotoxicity 

1 95/1 96 1 2  632 2 15  * 

24e;249 1 2  642 220 * 

1 7 2/ 1 73  1 1  635 W8 * 

252/253 1 1  547 1 90 * 

1 3.3/ 1 34 3 72  3 ** 

1 27/ 1 28 1 0  .377 178 * 

1 3 1i 1 32 9 425 9 Hepatotoxicity 

1 776/ 1 777 6 1 85 6 Hepatotoxicity 

* Sheep killed and necropsied at termination of experiment . 

No neoplasms were found. 

** Death due to a variety of diseases considered unrelated 

to the experiment . 

*** Toxic liver injury - see page 93. 
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T A B  L E  XXXII 

The Effe ct of Treating Sheep with Intraperitoneal 

Injections of Benzpyrene 

Identification Number of Total Age at Lesions associated 
Wee!cl:t Dose Death with treatment 

Treatments (mg) 6o�eeks ) 

MALEB 1 1 5/1 1 6 1 5  1 090 2 18  * 

1 93/1 94 1 5  1 067 19 1  * 

240/241 1 5  905 1 1 2 Peritonitis 

1 64/1 65 1 4  1 095 188 * 

2 1 7/� 18  1 4  1 1 1 7 1 29 Mesothel ioma*** 

225/25 1 1 4  967 222 * 

262/25 1 1 4  902 18 1  * 

1 37/1 38 1 2  562 80 ** 

1 797/1 798 1 0  6 1 0  2 1 2  * 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FEid!\.LES 228/229 1 5  842 86 Peritonitis  

232/233 1 5  837 1 37 r�esothelioma 

1 66/1 67 1 4  690 81 ** 

258/259 1 4  700 217 * 

264/265 1 4  887 50 Mesothelioma 

1 45/1 46 1 3  820 189 * 

292/293 1 3  732  1 88 * 

1 7 23/1724 1 1  440 216 * 

* Sheep kil led and necrop�ied at termination of experiment . 

No neoplasmB were found. 

** Death due to a variety of factors considered unrelated to 

the experi1aent . 

*** See pages 9 1  - 93. 
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T A B L E XXXIII 

The Effect of 'l'reating Sheep with Intraperitoneal 

Injections of Urethan� 

Identification Number of Total Age at Lesions associated 
Weekly Dose Death with treatment 

Treatments (mg ) (weeks ) 

MALES 182/1 83 1 5  5487 222 * 

238/239 1 5  5000 1 9 1  * 

207/208 1 4  4325 1 79 * 

221/222 1 4  47 25 1 8 1  * 

280/28 1  1 3  4200 1 89 * 

282/283 1 3  4337 1 89 * 

1 792/0070 1 2  4325 1 94 * 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FEMALES 1 1 7/ 1 1 8 1 5  5337 1 81 * 

1 87/ 1 88 1 5  1 787 2 1 5  * 

1 5 2/ 1 53 1 5  5 1 87 1 9 1 * 

1 56/1 57 1 4  5237 1 88 * 

1 08/ 1 69 1 4  3700 220 * 

209/21 0  1 4  4937 1 80 * 

1 41/ 1 42 1 3  4387 1 2C * 

296/297 1 3  3562 180 * 

272/273 1 3  3262 17U * 

* Sheep killed and necropsied at termination of experiment . 

No neoplasms were found. 
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T A  B L E XXXIV 

The Effect of Treating Sheep with Intraperitoneal 

Injections of Nitrosoguanidine 

Identification Number of Total Age at Lesions associated 
Weekly Dose Death with treatments 

Treatments (mg ) (weeks ) 

MALES 1 2 1/1 22 1 1  877 1 8 1  * 

230/23 1  8 440 2 17  * 

244/245 8 360 22 Peritonitis *** 

203/204 7 3 1 2 8 Peritonitis  

223/224 7 375 221 * 

1 29/ 1 30 6 290 183 * 

1 35/1 36 3 82 3 * 

1 795/ 1 796 4 1 07 6 Peritonitis 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l<,EMALES 1 76/ 1 77 8 300 1 3  Peritonitis 

189/i 90 8 302 218 * 

2�.6/247 8 367 1 9  Peritoniti s  

20i/?02 7 470 1 90 * 

256/257 7 387 82 ** 

286/287 6 237 1 20 Peritonitis 

1 26/300 6 285 222 * 

274/275 1 25 1 ** 

1 7 1 9/ 1 7 20 1 25 2 16  * 

* Sheep kiL'.ed and necropsied at termination of experiment. 

No ne�plasms were found. 

** Deaths due to a variaty of diseases considered unrelated 

to the experiments .  

*** See page 93. 
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T A B L E "'f.Y.:'Rl 

The Effect of Treating Sheep with Intramural Injections of 

Ivlethylcholanthrene into the Intestinal Wall 

Identification Age When Age at Lesions associated 
Treated Death with treatment 
(weeks ) (weeks ) 

MAL:B;S 1 84/185 1 7  2 16  * 

1 99/200 1 6  1 92 * 

1 386/ 1 55 1 7  1 89 * 

1 74/ 1 75 1 6  1 90 * 

260/261 1 5  1 90 * 

1 39/1 40 1 5  1 89 * 

21J8/289 1 4  2 12  * 

1 382/ 1 71J5 1 3  1 11'( * 

- - - - - - - - - - - - - - - - - - - - - - - - - - -

FEMALES 1 1 3/ 1 1 4 1 7  1 87 * 

1 9 1/1 92 1 7  1 92 * 

250/25 1  1 6  1 89 * 

1 5�/1 59 1 5  220 * 

� 1 5/2 1 6  1 6  19 1  * 

290/29 1 1 4  1 5 Ventral hernia through 
surgical incision 

270/27 1 1 5  1 89 * 

284/285 1 4  1 90 * 

• ·r 211 1 7 23 1 2  221 * 

* Sheep killed and ne ,)ropsied at termination of experiment . 

No neoplasms were found. 
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Treatments (b ) t o  ( e )  were commenced when lambs w�re 2 - 9 

days old. It had beea intended that they cvntinue for 25 weeks. 

However, deaths attributable to treatments forced the cessation of 

further ·i;reatments at the times shown in Tab les XXXI to XXXIV. 

Tablas  XXX to XXXV show the number of sheep of each sex in 

each treatment group, the number of weekly treatments ,  the total dose 

of carcinogen and the age at death of each lamb. 

Male lambs were castrated when 3 - 7 weeks old. All lambs 

were vaccinated twice with a multiple clostridial vaccine* and were 

dosed orally eight times between six months and 2t years of �ge with 

an anthelminti c**• Larnbs were weaned at approximately 1 6  weeks of 

age and were grazed on a predominantly ryegrass/white clover pasture . 

All animals dying during the course of the experiment , or 

slaughtered at its termination were subjected to necropsy and all 

lesions s�ggestive of n�oplasia were examined histologically. 

RESULTS 

Details  concerning numbers of  treatments ,  total dose of  

carcinogen administered, age at death and lesions found which were 

possibly associated with �he treatments are shown in Tables XXVI to XXAVV. 

The o::1ly neoplasms found. were in three animals to which 

benzpyrene had been administered (Table XXXI I ) .  These sheep presented 

with their a1Jdomens distended by asci tic  fluid. At necropsy, it was 

* Ovi lin. Glaxo Labora�ories �N.Z. J Ltd . 

** Thibenzole. Mer ok, Sharp and Dohm<: ( N. Z. ) Ltd 
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Figure 7 2  

A portion o f  the intestines  and omentum o f  a sheep with an 

experimentally induced mesothelioma. The peritoneal surfaces ar� 

covered by small nodules.  

Figure 73 

Section of a nodule of an experimentally induced mesothelioma 

showing cells with large , clear nuclei, abunda.nt cytoplasm and clearly 

defined cell boundaries. H & E. X 650 
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Figure 74  

Surface of mesothelioma showing a small papilliform structure 

(P ) .  H & E. x 350 

Figure 75 

.Mesothelioma showing a single layer of cel ls on the surface 

( s )  and small groups of ce lls (G ) beneath the surface of the lesion. 

H & E. X 350 





observed that almost  the entire parietal and visceral peritone�m of 

each animal was covered by f'i rn1, pink noaules varying up to 2 .0  cm 

in diameter (Figure 72 ) and a lesser number of thin-v1alled, fluid­

filled cysts up t o  0.5 cm in diameter. In one case ( number 232/233 ) ,  

lesions also involved the mediastinum, pericardium and parietal pleura, 

and the thorax contained approximately 50 ml of straw coloured fluid. 

Histologi cal ly, lesions from sheep 2 1 7/2 1 8  consisted predominantly 

of aggregations of cells \V"i th large 1 clear, sometimes vesic11lar nuclei 

ranging up to  30 � in diameter. Nucleoli "Ylere largE: and frequently 

there were two per nucleus . There was abundant, eos�.nophilic  cytoplasm 

and clearly definP.d cell  boundaries (Figure 73 ) . Mitotic figures were 

present bu+. not numerous . On the surface of 111any nodules , and on the 

surrounding peritoneum , cells  tended to form cords and small papilliform 

structures (Figure ·r 4 ) . Near the surface of some lesions, tubule- like 

structures were formed by slightly flattened cells . 

In sheep 232/233 , nodul.:lr lesions were found on histo l ogi cc?.l 

examination to be  papi lliform structures with a central stromal 

"trunk" perpendi cular to the peritoneal plane and with a tightly knit 

branch- like formation. Neoplastic cells about, and within, the �::>troma 

were arranged in si�gle layers or groups (Figure 75 ) . Cell nuclei 

were smaller than in  sheep 2 1 7/21 8 ,  generally about 9 x 7� , moderately 

dense-staining and most commonly with only one large nucleolus. 

Cytoplasm WdS abundant and mitotic figures were not 90mmon. Groups 

of neoplastic cells  were seen within dil3.ted. diaphragmati c lymph 

vessels .  

Lesions in  sheep 264/265 appeared intermediate between those 

of the two previously described cases .  I n  some places , cells  were 
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predominantly in large clumps and had large , occasionally vesicular 

nuclei �  Elsewhere , lesions were predominantly papi lliform with 

abundant stroma. Cells of this neoplasm were seen to have involved 

lymphati cs of the diaphragm, rumen and large intestine and had 

involved meEenteric and hepatic  lymph nodes .  

On the basis of the situation, hi stology and the absence of  

any other tumours in these animals ,  all three neoplasms were diagnosed 

as malignant mesothe liomas. 

Methylcholanthrene , under the conditions of this experiment , 

resulted in deaths of  some animals from severe liver injury after a 

minimum of six treatments (Table XXXI ) .  I n  each sheep dying from the 

effects of methylcholanthrene there was 200 - 300 ml of serosanguinous 

fluid in both the abdominal and thoracic cavities. The l ivers of 

these sheep were enlarged , dark red and with fibrin deposits on their  

capsules .  Histologi cally, there was severe centrilobular necrosis 

with pooling of blood in the centrilobular region. 

The administration of N-methyl-N-nitro-N-nitrosoguanidine was 

ceased after it became apparent that intraperitoneal inje ctions of 

this chemical were provoking a severe , some-�imes fatal , fibrinous 

peritonitis in some sheep (Table XXXIV) .  

DISCUSSION 

Mesotheliomas are rare in all species (Willis,  1 952; 

Ackerman, 1 954; Maul ton, 1 96 1 ) and hav.� been reported in sheep only 

once (Plummer, 1 956 ) , apart from a probable pleural mesothelioma following 
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benzpyrene administration ( de Kock 1 958) (page 86 ) .  Willis ( 1 952, 

1 960) considered the majority of reported mesotheliomas i� humans were 

more likaly metastatic lesions from unidentified primary carcinomas , 

and Keal ( 1 960) did not rule out the possibi lity that peritoneal lesions 

encountered in asbestosis sufferers might have been metastases from 

very small tumours of the lung or ovary. Ackerman ( 1 954) , Hourihane 

( 1 964) . and Evans ( 1 966 ) considered that neoplasms arose only rarely 

from the peritoneum and stressed the importance of  carefully differentiating 

such lesions from metastati c  carcinomas . Amongst the domestic  animals ,  

mesotheliorr.d.s are said to  arise most commonly in  yo·�ng calves (.Moul ton, 

1 96 1 ; Baskervil le ,  1 967 ) .  

The mesotheliomas seen in sheep in this experiment resembled 

the most common form in man, although plaque-like lesions which 

spread centripetally have also been described {Ackerman, 1 954; Evans , 

1 966 ) .  The relative uniformity of size and type of lesions encountered 

over the peritoneum of individual experimental sheep supports the op�nion 

of Ackerman ( 1 954) that this type of tumcur is multicentri c in  o:-:-igin. 

In humans , invasion of the underlyir.g t issues is rare , although 

lymphatic  permeation, as seen in these experimentally produced lesions, 

and metastasis to lymph nodes have been reported (Ackerman, 1 954) . 

The histology of the three experimental ovine neoplasms recorded 

in this chai'ter was generally in accord with that described by Ackerman 

( 1 954) for human mesotheliomas. The absence of any. other recognisable 

neoplastic lesions in these sheep further supports the diagnosis of 

ml'sothehoma �n all three cases.  

The incidence of neoplasia in  sheep in this experiment was 

relatively low when compared with results reported following the 
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administration o f  the same carcinogens to laboratory animals • .  Thi s  

could have been due t o  the following factors 

Insuffi cient dose rate 

In general , increased dose rates of carcinogens result in 

both increaBed tumour yield and decreased latent period for tumour 

development (Bryan and Shimkin, 1 943 ; Andervont and Edwards, 1 943 ; 

Berenblum and Haran-Ghera, 1 957 a) . In this regard, comparisons of 

results from different laboratories are di fficult because dose rates 

in terms cf  body weight have often not been stated. However ,  the 

dose rates used in the present experiments were calculated to be 

well within, or toward the upper limit, of the rang(, of dose rates 

commonly used in  experimental animals. Wynder, Spranger and Fark 

( 1 960 ) demons�rated that , for skin carcinogenesis at least ,  the total 

dose of carcinogen applied, rather than .frequency of application or  

duration of  treatments ,  was the maj or factor influencing tumour 

formati on. Most work with carcinogens in laboratory animals has 

involved conatant intake or daily administration of the agent for 

lengthy per·iods , frequently the entire life of the experimental animals .  

The weekly administration o f  carcinogens i n  this experiment , for a 

maximum of 1 5  doses ,  reduced the relative total dose in  comparison with 

many laboratory animal experiments.  

The route of administration 

The route of administration may affect the carcinogenic response 

of an animal although no report�  of comprehensive studie s  of this aspect 

have been lv0ated. Most experiments have involved e ither cutaneous ,  

subcutaneous or  oral administration, which generally have resulted in 

more tumours of the skin, subeutaneous tissues and gastro-intestinal 
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trac� respectively. In the present experiment , the intraperitoneal 

route was chosen fo� most animals because of ease of administration 

and because it would result in both local exposure of the peritoneum 

to hig�1 concentration� of the chemicals used, and rapid absorption and 

circulation of these agents to other potentially susceptible tissues .  

Arcos ,  Arg:J.s and Wol f  ( 1 968) considered the intraperitoneal route 

should be satisfactory for the testing of carcinogens though it has 

seldom been used. ·rhe oral ro'J.te of administration was not considered 

suitable for this experiment because of the difficulties in restraining 

sheep suffi ciently to  administer carcinogens without considerable risk 

of spillage on to both the administrator and the surroundings and 

because rumination of material administered by stomach tube could have 

resul ted in contamination of pasture and working areas. There was 

also the possibility of degradation or alteration of these chemi cals  

in the rumen of sheep. 

The effects of the vehicle used for adrmnistration 

The vehicle used for carcinogen ad.minist!'ation may modify the 

effects of a carcinogen. Burrows ,  Hieger and Kennaway ( 1 936) demonstrated 

that lard, which has been used as a solvent for agents being tested for 

carcinogenic properties ,  is itself slightly carcinogenic when administered 

subcutaneously to rats .  Sheep sebum ( lanoline ) when used as  a solvent , 

suppressec the carcinogenic effect of methylcholanthrene on the skin of 

mice ( Simpson and Cramer, 1 943 , 1 945 ) .  Because of variations in the 

chemical constitution of fats and oils of animal and vegetable origin 

and becaus�  of enhancing and inhibiting effects of solvents ,  Shimkin 

and Andervont ( 1 940 )  and Leiter and She�r ( 1 943 )  recommended that the 

synthet i c, saturated compound tricaprylin be used as a standard solvent 



97 

fo� hydrocarbons. Arachis oil ,  used as a solvent for methylcholanthrene 

and benzpyrene in these experiments ,  i s  not noted us having any marked 

effects on the carcinogenicity of polycyclic hydrocarbons . More 

neoplasms develop when arachis oil is used as a solvent for the 

subcutaneous administration of benzpyrene to mice than when ox brain 

lipid or mouse fat i s  used ( Dickens , 1 947 ) .  

The implantation of crystals ,  fused cubes - or threads impregnated 

with either methyl cholanthrene or benzpyrene has been used to produce 

tumours of the alimentary tract ( Stewart and Lorenz , 1 941 b ,  1 942; 

Grant and Ivy, 1 955 ; Zaldivar, 1 964) , mammary gland (Bonser, 1 954) and 

central nervous system (Zimmerman and Arnold, 1 943 ) .  Quantitie s of 

chemicals implanted by these techniques have been relatively small ( in 

the order of 0 . 001  - 0 .8  mg) . The quantity ( 5  mg) of methylcholanthrene 

injected into the wall of the small intestine of each lamb in the present 

experiment was considerably in excess of the above amounts .  

Urethane and nitrosoguanidine have previously been administe�ed 

in aqueous solutions , as in this experiment , or in aqueous saline 

solutions . 

Insufficient t ime between carcinogen adminis�ration a�d death 

The latent period for the development of neoplasms varie s  not 

only with dosage schedules (Bryan and Shimkin, 1 941 ) but also with the 

species (Fieser, 1 938; C layson, 1 962) . The latent period is related 

to the potential life span of the species ,  varying from a few months 

in mice (Fieser,  1 938; Druckrey, Schmahl ,  Dischler and Schi ld�ach, 1 962 )  

to many years in man (Goldblatt ,  1 947 ; Henry, 1 947 ) .  Following 

carcinogen administration,  animals should ideally be observed for 
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their  entire life span to observe long term effeuts.  Arcos et al . 

( 1 968 )  considered observations should be for an absolute minimum of 

one year, and generally for at least one third to one half of the 

average life span of the spe cies.  It was suggested by Clayson ( 1 962 )  

that rabbits used in carcinogen testing should be  observed for at 

least 5 years and dogs for 8 - 10 years before it could be concludeti 

that carcinogens had been without effect.  The present experiment rras 

necessarily termined after approximately 3i years , a period whi ch 

represents 5o% of the usual life span of sheep prior to  slaughter 

and approximately 33% of their potential l ife span. 

Low susceptibility 0f sheep to the carcinogens used 

A further possible reason for the relatively low number of 

tumours produced in this experiment might be that sheep are rather 

insusceptible to the effects of the carcinogens administered. Species 

variations in susceptibi lity to chemical carcinogens are well documented. 

Dogs arc relative ly insusceptible to carcinogenic hydrocarbons , monkeys 

are highly resistant to epithelial carcinogenesis by hydrocarbons 

(Pfei ffer and Allen, 1 948 ) while guinea pigs are much more resistant 

to carcinogenic hydrocarbons than other commonly used species (Stenback, 

1 970) . 

The reason( s ) for the small number of neoplasms produced in 

these experiments is  not clear. The dose rate of carcinogen given at 

each treatment was comparable to the dose rate used in experiments wita 
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laboratory animals but the total dose/Kg was relatively low due to 

the le sser number of treatments .  The route of administration was 

different from those used in most laboratory animal experiments .  It 

should, however, have resulted in exposure of most tissues to  the 

carcinogens .  The peritoneum o f  inje cted sheep must have been exposed 

to high concentrati ons of carcinogens . The relatively few neoplasms 

of the peritoneum developing in this experiment suggest that the cells  

of  the peritoneum may oe rather insusceptible to  neoplasia. Thi s  i s  

supported by the scarcity of naturally occurring mesotheliomas i n  all 

spe cies.  

Peanut ( arachi s ) oil  appears , from reports oi' its  use , to  be  

a satisfact0ry vehicle for the admini strati on of polycyclic hydrocarbons 

and water has been used with success as the so lvent for urethane and 

N-alkyl-N-nitroso-compound administrations . The most likely explanati ons 

for the relatively few neoplasms deve loping 1n the course of this 

investigation are either insufficient total dose of carcinogens, 

insuffi cieni: time between carcinogen administration and death, or that 

the sheep is  a species relat1vely insusceptible to chemical carcinogens� 

It i s  suggested that experiments using graded doses of 

methylcholanthrene and benzpyrere,administe:r:-ed subcutaneously in a 

tricapryli n  solvent to sheep , with similar absolute , and per Kg doses 

of these chemicals being administered to rats and/or mice for comparison, 

might be the best method of establishing whether sheep are relatively 

refractory to the carcinogenic effects of these compounds .  

l iBRARY 'MASS:::Y UNIVERS ITY 
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To investigate the susceptibi lity of sheep to chemical 

carcinogens, methylcholanthrene , ben6pyrene , urethane and N-methyl-N­

nitrosoguanidine were administered intraperitoneally to that spe cies .  

In  addition, one group re ceived intra-mural injections of  methylcholanthrene 

into the \.Yall of  the small illtestine .  The only resulting neoplasms 

\'/ere in three sheep to which bempyrene had. been administered. All 

were diagnosed as mesotheliomas. 

Following discussion of a number uf possible reasons for the 

relatively low incidence of neoplasms in the experimental sheep ,  it 

was concluded that the most likely explanations were e ither that the 

total doses of carcinogens administered were too low, the time from 

carcinogen administration till  death was too short , or  that sheep are 

relatively insusceptible to chemical carcinogens. 



C H A P T E R  V 

THE CAHCHWGENICI�,y OF BRACKt<.:N FERN 

(Pteridium agui linum var. esculentum) 

IWrRODUCTION 

Bracken fern (Pteridium aguilinum ) has been re cognised as 

toxi c to sheep, and more parti cularly to cat tle, since at least the end 

of the nineteentt century (PenberthyP 1 893 ; Storrar, 1 893 ) .  The 

pathologi cal changes associated with this toxi city in ruminants have 

been reviewed by Evans ( 1 968 ) ,  and include leucopenia, thrombocytopenia, 

increased capi llary fragility, impaired blood clotting, and aplasti c  

anaemia. Terminally there are widespread haemorrhages ,  parti cularly 

in the intestines .  The radiomimetic  nature of  the bracke::J. fern toxin 

has more recently been found to in�lude neoplastic changes associated 

with chronic ingestion of bracken fern. 

Prolonged feeding of bracken fern to  cattle has resulted in 

"polypous tumourous" changes in the bladder mucosa ,which were associated 

with chroni c haematuria (Rosenberg and Heeschen, 1 960 ) .  Extracts of  

urine from cattle being fed bracken fern have produced haemangioma-like 

lesions in  the bladder of dogs , papilloma-like lesions when applied to 

the skin of mice (Georgiev, Vrigasov, Antanov and Dimitrov, 1 963)  and 

carcinomas of the b ladder when introduced in cholesterol pellets to 

the bladder of mice (Pamukcu, Olson and Pri ce , 1 966 ) .  Cases o f  

haematuria associated with neoplasia of the b ladder were also 



1 02 

induced by Pamukcu, Goksoy and Pri ce ( 1 967 ) and Pri ce and Pamukcu 

( 1 968) by prolonged experimental feeding of bracken fern to cattle. 

Knowledge concerning the carcinogeni ci ty of bracken fern was 

extended by Evans and Mason ( 1 965 ) who produced carcinomas o f  the small 

intest ine in  all of 40 hooded rats fed bracken fern as 34% o f  their 

die t  for 64 days. Mi ce fed thi s die t  did not develop intes tinal 

carcinoma£ , but al l died  as a result of pulmonary adenomas at between 

1 2  and 1 9  months of age (Evans , 1 968 ) . Following experimental bracken 

feeding, intestinal carcinomas have developed in a high proportion of  

Japanese quai l ,  one out of two sheep and one out of  two hamsters.  Of 

thirteen guinea pigs fed a supplement of  fre sh bracken fern ad lib .  for 

77 days, one developed an adenocarcinona of the jeJunum after  23 months ,  

and when ki l led at 30 months the remainder had lesions of  the urinary 

bladder mu·cosa ranging from epithe lial hyperplasia to infiltrating 

carcinomas (Evans , 1 968 ) .  

Bracken toxi city has not been widely reported in the l iterature 

from New Zealand , though the haemorrhagi c syndrome has been re cogni sed 

in both cattle and sheep ( Hickman, 1 9 1 0; Cunningham, 1 952 ) . Enzooti c  

haematuria in  as3o ciation with undiagnosed ''bladder lesions" were 

described by Kerrigan ( 1 926) from an area of New Zealand whe re bracken 

fern was cor.mon. Smith and Beatson ( 1 9 70) have since noted the 

occurrence of a range of urinary bladder neoplasms in cattle from a 

number of discrete geographic areas of New Zealand , apparently in 

association with access to bracken fern. 

As native New Zealand bracken fern (Pteridium agui linum va� 

escu lentum) i s  a different variety from that in  Britain and Europe 

(Pteridium aqui linum) ,and as Evans ' ·experiment involving sheep was so 
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small ,  it was decided that the carcinogenici ty of Nevl Zealand bracken 

fern should be investigated. The experiments reported in this chapter 

were deBigned to investigate the carcinogenicity of bracken fern in 

New Zealand and its possible role in the production of "naturally" 

occurring small intestinal carcinomas in sheep. 

MATERIALS AND .METHODS 

Rats : One hundred recently weaned rats of three strains 

and both sexes were divided into control and experimental groups as 

shovm in Table XXXVI .  Experimental feeding commenced in  Februa1·y and 

continued. for 1 5 2  days, after whi�;h ti.ne a pr-oprietary rat pellet 

feed was supplied to all groups until the experiment was terminated 

at 41 7 days. At this stage all surviving rats were killed and submitted 

to post !!22.!:!� examination. Rats dying during the course of the 

experiment were subjected to a post mortem examination with particular 

attention being paid to the gastrointestinal tract and urinary bladder. 

Sheep : Fifty female Romney lambs ,  approximate ly six months 

old ,  were divided into two equal groups ,  and respectively fed the 

bracken con taining and control diets while housed indoors for 302 days. 

Afte r  this period , the sheep were grazed together on a predominantly 

ryegrass/white clover pasture until survivors were killed 1 40 - 1 50 

\leeks after the commencement of the experiment. All sheep dying during 

the course of this experiment or killed at its termination were examined 

post mortem with special attention being paid to the small intestine 

and urinar� bladder.  



T A B  L E  XXXVI 

Survival Times of Rats from the Commencement of Experimental Feeding 

Strain a ex T-reatment SurviYfl.l Time (Days ) Number surv1v1ng 
417  days 

Hooded Male Bracken fed 7 ' 1 0, 42, 1 94, 279 , 397 , 397 , 405 , 41 0 1 

?emale Bracken fed 224, 347 ,  348, 349 ,  350 ,  350 4 

Male Control 242 , 242, 276 ,  279 ,  279 ,  342, 349 3 

Female Control 5 ,  9 ,  3 1 2 ,  373 ,  41 0 5 

Sprague-Dawley Male Bracken fed 223 , 299 8 

Female Bracken fed 2 1 5  9 

Male Control 1 9 2  9 

Fen•.ale Control 227*, 334* 8 

Wistar Male Bracken fed 5 

Female Bracken fed 3 ,  8 ,  1 2  2 

Male Control 5 ,  222 ,  ?.76 2 

Female Control 2, 5 ,  9 ,  25, 58 0 

* Mice with LJrmphosarcoma< 
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Diet : The basic diet fed to control groups of rats and 

sheep consisted of 76% lucerne meal ,  8% barley meal , 8% wheat 

screenings and either 8% meat meal or 8% milk powder.  To this was 

added a proprie tary mineral and vitamin premix to constitute 0. 05% 

of the feed. Sodium molybdate and cal cium sulphate supplementation 

according to the recommendations of Hogan, Money and Blayney ( 1 968 )  

was added to the sheep diet for the latter 200 days of their 

experimental feeding period. 

The experimental bracken-conta.ining diet consisted of 25% sun 

dried ,  chaffed bracken fronds and 75% of the above basic diet .  Bracken 

fronds were harv�sted, dried and chaffed every 3 - 5 weeks from February 

to Decemher 1 968o  Feeding of each batch of bracken commenced within 2 

weeks of its  being harvested. 

Mixing of feed, and pelletting of sufficier.t quantities for the 

rats was carried out by a commercial firm. 

RESULTS 

Rats Table XXXVI shows the t imes of death of con trol a.nd 

bracken fern fed ratso  Deaths during the first 60 days were attributed 

to cannibalism. The majority of later deaths were the result of 

bronchopneumonia. Two rats killed at the termination of the experiment 

( 4 1 7  days ) also had bronchopneumonia lesions. 

No neoplasms were found in the rats fed bracken fern, but two 

female Sprague-Dawley rats  fed the contro: diet and dying at 227 and 

334 days respectively were found at necropsy to have lymphosarcomas. 
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Sheep : Between 80 and 3 1 0  clays from the commencement of 

the experiment thirte0n control animals, and seventeer! of those recej.ving 

the bracken containing diet , died. Post mortem examination of all dead 

sheep re·.;realed jaundi ce ,  and copper analyses indicated the cause of 

deaths was copper poisoning. The surviving twelve control animals 

and eight fed the b racken fern were killed and examined 1 40 - 1 50 weeks 

after the co�nencem&nt of the experim�nt . No neoplasms were found in 

either group of animalG .  

DISCUSSIOE 

Pteri�ium a��ilinum var. esculentum fed to rats and sheep under 

the conditions of these experiments fai led to produce neoplasms in either 

species.  While the results of Evans and f1ason ( 1 965 ) and Evans ( 1 968 ) 

indicate strain and species differences in susceptibi lity to the 

carcinogeni c properties  of Pteridium aguiiinum, the strains of rats 

used in our experiments were chosen to include strains found susceptible 

by the above authors .  The proportion o f  bracken fern in the expe:d.ln8nta.l 

food in our experiment s was smaller than that u.sed in Evans and Mason' s  

( 1 965 ) experiments ( 25% versus 34%) ,but the time over which it  was fed 

to rats was greater ( 1 52 versus 64 days ) .  Based on Evans and Mason' s  

results ,  the period of observation of the rats in this experiment was 

in excess  of the expected latent period for the development of neoplasms. 

The number  of animals used was G')nsidered ::nfficient for an experiment 

of this type. Therefore , it appears that the New Zea.land bracken fern 

fed to rats in  this experiment was considerably less carcinogeni c than 

the fern used by Evans and Mason. 
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The recognition of  carcinomas of the bovine bladder in 

association with access  tc bracken fern in some parts of New Zealand 

( Smith and Beatson, 1 970)  ind.icates that New Zealand bracken fern in 

some locations i s  probably carcinogenic in the same manner as the 

European variety. The belief that bracken fern is most toxi c when in 

the young frond stage has little experimental evidence to support i t .  

Evans , Evans and IIughes ( 1 954) fed October and June harvested bracken 

fe�n to cattle.  Animal s died after ingesting 464 - 604 lb of June 

harvested green fronds but showed no clinical signs following the 

ingestion cf 200 lb of October harvested bracken ccntaining little 

green material . This discrepancy could have bP-en due to the dif1"erent 

quantities of fern ingested, rather than to differences in toxi city. 

Schacham, Philp and Gowdey ( 1 970) produced multiple adenomatous neopl0.sms · 

of the ileum by feeding bracken fern to rats ,  whe�eas similar experiments 

the previous year, with fern collected at a different site did not 

result in neoplasia. They concluded that there were either geographi c,  

seasonal or climatic  effe cts altering the carcinogenicity of bra0ken 

fern. Fiald observ�tions on seasonal patterns in the frequency of 

clini cal and fatal bracken poisoning do not ne cessarily indicate 

fluctuations in bracken fern toxicity as the succulent , young, green 

fronds are grazed more than the mature form. Parker and McRae ( 1 965 ) 

observed that sheep mc-.inly ate bracken fern du:ring July and August and 

that mo�talities were most nu�erous during August to October. Observations 

on possible seasonal variations in carcinogenicity of bracken fern have 

not been reported. Howeve� experiments reported by Evans, Barber, 

Jones and Leach ( 1 969 ) indicate that the toxic and carcinogenic 

properties of  bracken fern are probably contained in the one chemical 

molecule and ,therefore ,if there are geographic or seasonal variations 
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in one of  these properties , variations in  the other can also pe 

expected. 

The Cycad genus of ferns also possesses toxic and carcinogeni c 

properth�s. In these !'erns such properties depend on the hydrolysis 

of Methylazoxymeth enol-D-glucoside to Methylazoxymethenol oy - ,4 

glucosidase contain1ng microorgani sms in the intestinal tract (Laqueur 

and Spatz ,  1 �68 ) .  A similar chemical conversion of the naturally 

occurring molecule may be required for Pteridium toxin to manifest 

itself (Evans et al. , 1 969 ) .  
- -

From the above discussion, a number of possible reasons for the 

lack af development of neoplasms in the experiments described in this 

chapter present thems�lves 

( 1 )  If ymmg green fro::1ds are more carcinogenic, then the feeding 

of these throughout the experiment might have resulted in 

neoplasia. Howeve� young fronds were included in the harvests 

of February, October and November and predominated in the 

Dece�ber harvest . There was , therefore , a moderate exposure 

to this grovrth s tage of bracken fern. 

( 2 )  SP.asonal o r  geographi c  conditions at the time and location of 

fern harvesting may have resulted in fronds with an unusually 

low carcinogeni c activity. 

( 3 )  It is  possible that the flor� o f  the gastrointestinal tracts 

of the rats and sheep in these experiments did not possess 

the enzymes necessary to produce a possible required chemi cal 

change in the bracken toxin. 
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carcinogen produced in Pteridium aguilinum var.€sculentum 

from that in Pteridium aguilinum , resulting in a lower 

carcinogenicity. 

Evans et al . ( 1 969 ) have made considerable progress in 

identifying the toxi c and carcinogenic chemi cal in Pteridi11m aquilinllm .  

They have isolated small quantities by thin layer chromatography, and 

established that it  has a molecular weight of 1 56 ,  an empiri cal 

formula of  c7H8o4, a carboxyli c  acid grouping and no benzene ring) . 

When the chemical structure of the carcinogen has been defined, a more 

convenient experimental means of det ermining geograph�c, seasonal and 

variety differences in  carcinogeni city of bracken fern wi ll be availabl�. 

Similarly, investigations of possibl e  carciuogenicity i .n sheep will  be 

more reliable  when the quantity of t oxin being administered can be 

monitored. 

:P.ecause of the known carcinogenicity of bracken fern and i t s  

ability to  induce small intestinal carcinomas in  rats and Japanese 

quail ,  parti cular attention was paid to thi� aspect in the epidemiologi cal 

study reported in Chapter III. Results of this study did not indicate 

any significant association between prevalence of small intestinal 

carcinomas and access  to  bracken fern. Thi s  supports the experimental 

evidence from feeding t rials that bracken fern is unlikely to be 

responsible for smal l intestinal carcinomas in  New Zealand shuep. 

However, for the various reasons dis cussed, more experimental work 

i s  indicated before these findings can be 0onsidered conclusive . 
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SUMMARY 

To i nvestigate the carcinogeni city of New Zealand bracken 

fern and its  possible role  in the aet:i.. o logy of "naturally occurring" 

carcinomas of  the small intestine of sheep , bracken fern harvested at 

3 - 5 week i nte1�al s throughout the year was fed to three strains of 

rats and a group of sheep. Bracken fern constituted 25% of the diet 

of experimental animals and was fed to ra.ts and sheep for 1 5 2  and 302 

days respective ly. A considerable number of deaths occurred in both 

species during the period of observation. Surviving rats were killed 

and necropsied 417  days after the experiment started and s�rviving 8he0p 

were similarly killed and examined at 1 40 -· 1 50 weeks . No neoplasms 

were found in any o-::' the anime>.l s fed the bracken contaiuing diet . 

Possible reasons for the lack of neoplasms in experimental 

animals are discussed ,but no firm conclusions reached . 



C H A P T E R VI 

AN ATTE.MPI' TO TRAN:JHIT OVUlE SHALL INTESTINAL 

CARCINOMAS TO OTHER SHEEP 

INTRODUCTION 

Following the demonstrations by Ellerman and Bang ( 1 908 ) and 

Rous ( 1 9 1 0 )  that a form of chi cken leukaemia and a chicken sarcoma 

respectively v1ere t ra;,smissible by cell-free filtrates ,  a number of 

neoplasms have been shown to be similarly transmissible . In some of 

these , causal viruses have been identified and characterised. 

There is evidence that a number of neoplasms of domestic 

animal species are transmissible.  Amongst these are enzootic  bovine 

leukosis  (Bn:1dixen , 1 965 ) ,  feline malignant lYY.lphoma (Schneider et al. , 

1 967 ; Theilen, 1968 ) ,  feline fibrosarcoma ( Gardner, Rongey, Arnstein, 

Estes ,  Sarma, Huebner and Rickard , 1 970) , mast cell neoplasms in dogs 

(Lombard, Maloney and Rickard, 1 963 ) ,  nasal tumours of sheep ( page 5 ) ,  

and sheep pulmonary adenomatosis (page 4 ) . The presumed viral agents 

responsible for these neoplasms in domestic animals have not yet been 

identified and characterise� although a herpes-like virus has been 

isolated  from ovine pulmonary adenomatosis lesions (page 4 ) , and 

"C" type viruses have been demonstrated in lymphatic neoplasms of 

cattle and cats ( Dutcher et �. , 1 967 ; Theilen, 1 968 ) .  and in a feline 

fibrosarcom� (Gardner et al . , 1 970 ) .  
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As one means o f  investigating the possibi lity that carcinomas 

of the small intestine of sheep are viral in origin, �n experiment 

involving the inoculation of sheep with prepared suspensions of 

neoplasti c  tissue was instigated. 

MATERIALS AND METHODS 

Ten carcinomas of the small intestine were collected from ewe s  

1 0  - 1 5  minutes after slaughter by exsanguination. From each,  

approximate ly 1 gm of tissue from the mucosal - submucosal area was 

homogenised in a tiss,le grinder with 2 ml of Hank ' s balanced salt 

solution (H. B . S. S. ) and placed in a 25 ml universal bottle in "dry 

i ce" until  transferred to a -40°C deep freeze t - 2 hours later. 

Bottles of ti ssue homogenate were thawed at room temperature 

seven days later, and the contents of each bottle made up to 1 0  ml 

with H.B. S. S.  containing 500 i u/ml of streptomycin and peni cillin. 

From each of  five sample s ,  7 - ml of tumour suspension were pooled 

(Po�l I) and twenty 1 . 75 ml aliquots  were dispensed from thi s pool 

and refrozen (-40°C ) .  Portions of the other five homogenates  were 

similarly pnoled, dispensed and refrozen (Pool I I ) .  

The remaining 3 m l  of each tumour homogenate were pooled and 

the res•J.l t ing mixture was centrifuged at 7 ,  000 g for 30 minutes.  

Following this ,  10  ml of the supernatant fluid was dispensed into 

5 x 2 ml aliquots (S .7000 g) . The deposit was resuspended to make 

1 0  ml with H.B . S. S. and dispensed to 5 x 2 ml aliquots while the 

remaining supcrnatan� fluid was centrifuged at 45000 g for two hours. 

From the superna-te after this centrifugation 10 ml was dispensed to 
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T A B L E XXXVII 

Numbers of Lambs of Each Sex Treated with Various 

Tumour Homogenate Preparation s 

Numbers of lambs 

Hon1ogena te Preparation �1ales Females 

Pool I 5 5 

Pool  II  5 5 

D. *7000 g 3 2 

S.**7000 g 2 3 

D.*45000 g 3 2 

S .**45000 g 1 4 

* Deposi t from centrifugation at 

** Supernatant fluid afte r  centri fugation at 
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5 x 2 ml  aliquots ( S . 45000 g) and the deposit  was resusp�nded in 

10 ml of H . B . S . S .  and simi larly dispensed ( D. 45000 g ) .  

All aliquots were refrozen to -40°C as soon a s  possible after 

di.spensing. This meant they •rere thawed for times varying from an 1z 

hour in the case of Pool I to 4 hours in the cases of samples S. 45000 g 

and D. 45000 g. 

As newborn Romney x Cheviot lambs became available over the 

following 34 days , aliquots of tumour homogenate , or subsequent 

preparation, were thawed and injected into each animal 4 - 28 hours 

after birth. Of each aliquot , 1 ml was inje cted into the wall of the 

small intestine via a 25 gauge needle and the remaining quantity was 

left in the peritoneal cavity. The numbers of lambs of each sex whi ch 

were treated with the various preparations <:�.re shown in 'flab le XXXVII . 

The remaining 1 0  aliquots of each of Pools I and II were s imilarly 

administered to 20 castrated male Romney sheep one year old. 

'l'ails were removed and male lambs cc..strated 3 - 6 \'leeks after 

birth. All experimental sheep were grazed on a predominantly ryegraso/ 

white clover pasture and were drenched with an anthelmintic* four times 

in the first eight months of the experiment . 

All animals were killed and submitted to necropsy 1 60 - 170 

weeks after  the commencement of the experiment . 

RESULTS 

Post mortem examination of all eXJerimental animals inoculated 

with homogenised tumour tissue or its extracts failed to reveal a� 

neoplast i c  lesions. 

* Thibcnzole. Merck, �harp and Dohme , (N.Z. ) Ltd. , 
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DISCUSSION 

Experimental techniques previously used to transmit viral 

neoplasms have apparently been simple .  In the majority, inoculation 

of fi ltered or centrifuged material , derived either from neoplastic 

tissue or from blood of affer.ted animals , has resulted in the development 

of neoplasms in variable proportions of susceptible animals when given 

by an effective route . In this experin1ent, Pools I and II were crude 

suspensions of  neoplasti c tissue . The various centrifuged samples 

would have contained concentrations of cellular and subcel lular 

particles of varying size, with the l argest parti cles in sample D. 7000 g. 

and smallest particles in sample s . 45000 g. If free infe ctive virus was 

present in the initial tumour homogenate ,  it should have oeen concentrated 

in the deposit at 45000 g ( Cramer, 1 964) .  AdminiGtration o f  infective 

virus to the wal l  of the small intestine should have given it  ample 

opportunity to infect mucosal epithelial cells directly, and 

administration of part of each dose into the peritoneal cavity s�ould 

have resulted in rapid absorption iuto the lymphatics, and hence to 

the blood stream ,  with dissemination to  all susceptible tissues.  The 

l ack of developmP.nt of neoplasms under the conditions of this experiment, 

however, does not necessarily exclude the possibi lity that the neoplasms 

in the donor animals uere caused by a virus , nor does it indicate that 

such tumours are not transm1ssiole , either horizontally ( i . e .  from 

sheep to sheep ) or vertically (i . e .  from dam to foetus or offspring) . 

Tramtm1ssion '.>f many virc'l.l neoplasms requ1res  certain conditions 

wh1 ch may vary between neoplasm types.  To illustrate this, a number of 

factors whi ch may cause the failure of attempts to transmit tumours 
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caused by viruses are discussed balow 

( 1 )  The inoculum , l'lhile containing infe ctive virus,  may contain 

insuffi cient virus to induce neoplasia. 

It  was demonstrated by Beard ( 1 956,  1 957 ) that plasma 

containing lesser numbers of  avian myeloblastosis viral particles 

had a greatly reduced i�6ctivity in inoculation tests.  Doses of  

4 - 1 0  x 1 06 particles were required to induce myeloblastosi s in 

5o% Of highly susceptible 3 day old birds1 while up to 1 45 X 1 09 

viral part i cles per dose were required to  produce disease in 95% 

of injected chicks. Larger viral inocul a induced visceral 

lymphomatosis in a greater propo�tion of birds than did smaller 

doses of viru s  (Burmester and Gentry ,  1 956 ) .  

The quantity of virus i n  Rous sarcoma lesion3 i s  dependent 

on the dose of virus initiating the neoplasm (Bryan, Calnan and 

Moloney, 1 955 ; Bryan, 1 956 ) .  Hhen large numbers of viruses were 

adminictered experimentally, large quanti ties \"lere present in the 

resulting neoplasm. Conversely, small viral doses resulted in 

either no neoplasti c development or in sarcomas developing with 

a longer latent period and containing only small quantities  of 

recoverable virus. "Spontaneous" sarcorP-as generally contain fewer 

viral parti cles  than experimentally induced lesions, and this is  

thought related to  their having been induced by relatively small 

numbers of viruses. It  was considered by Gross ( 1 96 1 ) that a 

similar low l evel of infective viru·a in "spontaneous" mou!3e 

leukaemia might have been one of the factors which made initial 

transmission of the neoplasms with cell-free filtrates difficult . 
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( 2 )  Virus induced neoplasms �ay contain little or no infective 

virus. 

In initial experiments \-li th the rabbit  papilloma virus,  Shope 

( 1 933 ) found that lesions induced with this  agent in domestic 

rabbits  were not transmissible . Shope ( 1 960 ) subsequently 

demonstrated that infective virus disappeared from both cotton 

tail and domesti c rabbits 8 hours after cutaneous inoculation 

and reappeared in the papillomatous lesions of the cotton tai l 

rabbits but not in those of the domestic rabbits. The presence 

of viral antigens 1n papillomas of domestic  rabbits  was ,  however, 

detectable 1y sero logical means, and inoculation of other rabbits 

with material from non-infective papillom�s protected those 

rabbits from subsequent infection. Noyes ( 1 959) and Stone , Shope 

and Moore (1 959 )  :'ound that papilloma virus was demons-trable in the 

nuclei of keratinized cells near the surface of papillomas on 

cotton tail rabbits  but not in actively proliferating cells.  Thi� 

virus apparently exists in two forms, one a "corr1plete" infective 

form and the other an "immature" non--infective form. Apparently, 

viral particles do not mat�re to  the infe ctive form in domestic 

rabbits .  A proportion of  papillomatous lesions in both cotton 

tai l  and domestic  rabbits change , in time , into squamous cell 

carcinomas, a�d in these , infective virus is  not detectable in 

either strain of rabbit.  

From lesions induced by the Rous chi cken sarcoma virQs, Carr 

( 1 944) found there was a maximum yield of infective virus in 

rapidly growing tumour tissue during t1:e first 2 weeks of growth. 

Tumours examined beyond 40 days of growth yielded no virus. 
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Huebner,  Lane , \veld·. ,  Calabresi , McCollum and Prusoff ( 1 963 ) 

suppressed -tumour induction in hamsters by adenoviruses by 

administering 5-iodo - 2-deoxyuridine at the same time as the 

virus was inoculated� As this compound prevents the replication 

of DNA viruses and as no virus replication was normally detectable 

following adenovirus infection , it  was suggested that the effect 

of this compound was due t o  its preventing the incorporation of 

viral DNA into the genetic  apparatus of the cell. This was 

supported by the work of  Koproski , Jensen and Steplewski ( 1 967 ) ,  

Sanbrookt Westphal , Srinnasan and Dulbecco ( 1 968 ) ,  Westphal and 

Dulbecco ( 1 968) and Dulbecco ( 1 969 ) which zstablished that the 

DNA of polyoma virus in tissue culture is  incorporated into cell 

nuclear DNA as part of the chromosomal chain. This incorporation 

may explain the disappearance of infective virus from some tumours 

caused by DNA viruses. 

Vj ral particle s were not seen in electron microscopic 

examinatiuns of small intestinal carcinomas (page 34 ), suggesting 

that, if these neoplasms 1-1ere caused by a virus1 ei the.r complete 

viral parti cles �.Yere present in only small numbers or that virus 

existed in a "maskedn form. 

( 3 )  In especially susceptible hosts ,  some tumour viruses may 

destroy cells rather than initiate cell proliferation. 

Shope rabbit fibroma virus inoculated in large doses 

into newborn rabbits may produce a generalised inflammatory disease 

(Duran - R&ync.ls ,  1 J40b ,  1 945 ) and haemorrhagic lesions may result 

from the administration of Rous sarcoma virus to newly hatched 
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chi ckens (Duran-Reynals ,  1 940 a) . Death from such ef�ects may 

precede the development of neoplasms.  

Inoculation of mouse embryo tissue cultures with Polyoma 

virus results in the destruction of approximately 80% of the 

cel ls ,  the remaining 20% of cel ls surviving in a transformed 

state ( Rowson, 1 966 ) .  

(4) The route of administration of the virus may be unsuitable .  

The most effective route o f  ariministration o f  tumour viruses 

varies with the virus. Intravenous inoculation of avian 

erythroblastosis virus i s  considerably more effective than 

intra-muscular administrati on and 1 400 t imes as effe ctive as 

subcutaneous inje ction (Eckert , Beard and Heard, 1 955 ) ,  

Intraperitoneal inoculation of mouse marr�ary carcinoma virus is 

more effective t han 'oral dosing (Gross, 1 96 1 ) , while 1.ntramedullary,  

intracranial , intraperitoneal and 1.ntravenous a�ninistrations o f  

avian visceral lymphomatosis virus were all  round equally effective 

by Burmester and Gentry ( 1 954) • Other routes ,  �specially nasal , 

ocular, tracheal and oral were less effe ctive but sti l l  resulted 

i n  lymphomatosis .  

The Shope rabb it papi lloma virus produ ces papillomas only 

if inoculated into the skin. If admini stered by other route s ,  

tumours do not develop (Shope , 1 933 ) .  Intratracheal inoculation 

of squirrel fibroma virus results in the development of lesions 

resembling those of pulmonary adenomato s i s  in o ther spe cies 

(Kirs chstein, Rab son and Ki lham, 1 958 ) .  
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( 5 )  The age of animals at the time of inoculation m�y be a 

critical factor in viral carcinogen�sis .  

Gross  ( 1 96 1 ) reviewed earlier experiments in  which he 

found that newborn ( less than 1 6  hours old ) C3H m�ce were 

susceptible to both parotid tumour (polyoma ) virus and to 

leukaemia virus. The susceptibi lity of mice to polyoma virus 

decreased with every hour increase in age till  the devel opment 

of parotid tumours in mice inoculated when more than one day 

o ld was unusual. Susceptibility of  mice to leukaemia virus 

also decreased with increasing age but less markedly so than 

to polyoma virus. Mi ce became insuGccptible to leukaemia virus 

at 7 - 1 0  days of age . 

The susceptibi lity of White leghorns to avian erythroblastosis 

was found to increase with age (Eckert et al. , 1955 ) while in the 

case of mouse mammary carcinoma, age is a les3 critical factor. 

Older mi ce are less susceptible to mouse ma��ary carcinoma virus 

than suckling mice but adults can be infected by using larger 

viral do�es (Bittner,  1 956 ,  1 957 ; Dmochowski , 1 945 ; Andervont , 

1 945 ) .  

( 6 )  Breed, strain and individual genetic differences exist in the 

susceptibility of  animals to tumour viruses .  

An i":lbred "line 1 5" strain of  White Leghorns i s  parti cularly 

susceptible to avian myeloblastosis  and erythroblastosi s , whereas 

commeruial strains of White Leghorns are highly resistant to both 

di seases (Eckert , Waters, Burmester, Beard and E0ard, 1 954) . 

Similar strain difference s in susceptibility exist amongst 

mice to mouse mammary carc�noma virus (Gross,  1 96 1 ) and mouse 

leukaemia virus (Law, Dunn and Boyle , � 955 ) .  
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(7 ) The incidence of nPoplasms in animals infected \d th tumour 

viruses can be influenced by dietary and other factors . 

Observations by Siversten and Hastings ( 1 938 )  and Tannenbaum 

and Si lverstone ( 1 953 ) that restriction of food ( calori c)  intake 

reduced the incidence of mammary carcinomas in infe cted mice were 

confirmed by White ,  White ,  Mider,  Kelly and Heston ( 1 944) , who 

demonstrated that this e ffect also exerted itself on the 

development of '' spontaneous" and carcir..ogen-induced leukaemia 

and hydrocarbon-induced sarcomas . 

Altitude abov.:l sea level and environmental temperature may 

affect the susceptibility of mice to neoplasia induced by the 

let:.kaemic v�ruses (Mori - Chavez ,  1 958; Gross,  1 960 ) and exposur: 

of animals to  ctemical carcinogens appears to enhance the 

carcinogenic  effe cts of tumour viruses (Rous and Kidd , 1 938;  

Rogers and Rous,  1 95 1 ; Ahlstrom and Andrewes ,  1 938 ; Salaman 

and Roe 1 964 ) .  

( 8 )  Host immu.ni ty may prevent viral infection. 

The host-tumour virus  immunological response appears to be 

similar to that between animals and no�-tumour-producing viruses .  

The production of ant ibodies  i n  response to infection by a 

number of tumour viruses has been demonstrated ( .3hope , 1 933 ; 

Andervont and Bryan, 1 944; Green, :L.1oosey and Bittner, 1 946 ; Eddy, 

Rowe , Hartley, Stewart and Huebner, 1 95�; Stewart , Eddy, Irwin 

and Lee ,  1 960; Rowe , Hartley1 Law and Ruebner , 1 959 ;  Gross ,  1 959 h 

and for polyoma viru� at least , a protective effect has been 

demonstrated when introduced into virus free animals (Stewart , 

Eddy and Stanton, 1 959) . 
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Cross immunity between tumour viruses and other viruses may 

exi st and, indeed, Shope ( 1 932, 1 936)  demonstrated that recovery 

from infection with either rabbi t  fibroma virus or myxoma virus 

resulted in immunity to the other. 

That maternal immunity to avian t11mour viruses may be passed 

to chicks via the eggs was suggested when chickens from high 

tumour incidence flocks developed less disease than chicks from 

flocks free from lymphomatosis wten experimentally infected 

with avian lymphomatosis virus (Gross , 1 96 1 ) .  Transfer of 

maternal antibodies to litters of mice provideQ protection for 

litters of daras infected vli th polyoma virus ( Lat; , Dawe , Rowe and 

Hart!.ey� . 1 959) .  

A number o f  tUfilour viruses have been shown to sti!IIU.late 

interferon production and to be sensitive to its actions 

(Allison, 1 963 ) .  

The development of carcinomas of the intestinal tract in 

sheep used in this experiment would have been good evidence that 

such neoplasms are transmissible, and most pr0bably viral in origin. 

The lack of development of neoplasms in  inoculated sheep, however, 

while being consistent with a non-infective aetiology, could be 

the result of  viral "masking" in the neoplasms of the donor animal 

or because of suboptimal experimental conditions. 
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To investigate whether small intestinal carcinomas of sheep 

were transmissible ,  forty new-born lambs1 and twenty sheep one year 

old,  were inoculated with either crude homogenates  of neoplasti c  

ti ssue o r  portions of such homogenates separated by centri fugation. 

Post �rtem examination of all sheep 1 60 - 170 weeks after inoculation 

failed to reveal any neoplasms. 

Possible reasons for lack of development of neoplasms in  the 

experimental sheep were discussed, and it was concluded that the 

results of this experiment did not precluJe the possibility that 

carcinomas of i.he small intestine of sheep might be viral in origin. 



C H A P T E R VII 

GENERAL DISCUSSION 

Results of the investigations reported in this thesis confirm 

earlier reports that carcinomas of the small intestine are common in 

sheep in New Zealand ( Chapter III ) . Of particular interest was the 

close s imilarity in gross,  mic�oscopic and ultrastructural pathology 

of all the intestinal neoplasms examined , and their constant methods 

and direct ions of spread (Chapter II ) . This remarkable similarity 

of all carcinomas of the small intestine examined from sheep in the 

present Peries i s  i n  contrast to the reported variable nature of 

small intestinal carcinomas of man, and suggests the ovine lesions may 

represent a single pathological entity. 

Although it  has been shown that up to 1 . 5% of ewes slaughtered 

in New Zealand have small intestinal carcinomas , the cost of thi3 

condition to the sheep farmers and meat ir-�ustry of the country can 

not be accurately cal culated. If,  howevc1 , i t  is  assumed that 1% of 

slaughtered ewes have this disease , and that Bo% of the 9 million 

"sheep" kill'=ld in New Zealand during the year ended Sep:tember 1 970 

(Mills and Mackay, 1 970) were ewes ,  then 90, 000 slaughtered sheep, 

valued at approximately $270, 000, should �ave been condemned because . 

of carcinomatosis. If a similar number of sheep die :from the effects 

of intestinal carcinomas each year, then the total loss ,  including 

consequent loss of production, could be w�rth up to $ 1 , 000, 000. 

Epidemiological investigations of small intestinal carcinomas 

in sheep (Chapter III ) have indica.ted some :factors possibly involved 
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in their aet iology, but i t  has n::>t been possible to confirm an 

aetiological role for any of them. Experiments involving the 

administrati on of chemi cal carcinogens to sheep ( Chapter IV ) ,  the 

feeding of bracken fer·n (Pteridium aquili�r..J.m var . esculentum ) to  

rats and sheep (Chapter V ) ,  and the inoculation of homogenate 

preparations of neoplasti c  tissue into sheep (Chapter VI )  did not 

result in t he development of carcinomas.  On the basis of the bracken 

feeding experiment and the results of the epidemiological inve stigation, 

it  could be concluded that this plant \vas unlikely to be playing an 

important part in the aetiology of small intestina� carcinomas in 

New Zealand sheep. 

People reporting on human Rmall intestinal carcinomas have 

frequently conjectured as to the cause of these lesions , and reasons 

for their uneven di stribution in the small intestine.  Suggestions by 

Eichorst ( 1 890) and Hoffman and Pack ( 1 937 ) that duodenal ulceration 

might predispose to carcinomas were refuted by Mayo ( 1 90 1 ) ,  Hinton 

( 1 93 1 ) and Stewart and Leiber ( 1 937 ) .  Several cases of carcinoma of 

the small intestine have been repor�ed in association with chronic 

intestinal diseases ,  including non-specific granulomatous enteritis 

(Weingarten et al . ,  1 959 ) ,  regional enteritis (Ginzburg, Schneider, 

Dreizin and Levinson, 1 956 ;  Berman and Prior, 1 964) , atrophi c  jejunitis  

(Joske , 1 960 ) and non-tropical sprue ( Moertal and Hargraves , 1 96 1 ) .  

O f  the �.bove authors , only Jo::;ke ( 1 960) and Berman �nd Prior ( 1 964) 

(who found seven previous case reports of small intestinal adenocarci nomas 

i:.r. association with regional enteri ti s )  considered the inflammatory 

lesion may have played a part in the pathogenesis of the neoplasm. 

Prigden � al.  ( 1 950) found no significant relationships between 

their  cases  and pre-existing typhoid feve�, tuberculosis,  chronic 

ulce·rative colitis or adhesions. Wianko and MacKenzie  ( 1 936 ) considered 
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the incidence of  small intestinal c arcinomas increases nearer the 

ileocae cal valve , and that thi s  might be due to delGyed passage of 

contents through this valve , thus increasing the exposure of the more 

distal portions of the smal l intestine to carcinogens in the intestinal 

contents .  I t  was suggested b y  Hoffman and Pack ( 1 937 ) that the high 

proportion of duodenal carci'�'wma.s originating in the periampul la1·y 

region might be attributed to the protrusion of the ampulla into the 

intestinal lumen ,  exposing it  to eddying alkaline and acid currents 

and, therefore , to a greater irritation. The anatomi c distribution 

of small intestinal carcinomas in sheep (Chapter II ,  Figure I ) , 

together with the lack of association of the condition wi th other 

intestinal lesions , indi cates that the factors dis��ssed above are not 

related to the ovine disease .  

Two main categories of carcinogeni c agents must be considered 

as possible causeg of small intestinal carcinomas of sheep;  chemi cal 

carcinogtns and oncogeni c viruses .  While there are no  feature s of  

individual neoplasms induced by either of these classes of agents whi ch 

allow the immediate re cognition of the cause from the i r  morphology, a 

numbe r  of differences do exi st in the action of these agents .  Any 

one specifi c onc0genic virus (with the exception of polyoma virus) 

usually induces only one type of neopla.sm in  its hos t .  Many chemi cal 

carcinogens . on the other hand, induce a range of neoplasms in various 

organs and originating from different tissue types .  A s  discussed by 

Alexander ( 1 966) , each chemically-induced neopiasm contains a tumour ­

SI: eci fi c  ant:i.gen different from the tumour- spe cific antigen in any 

other neoplasm, including those neoplasms i nduced by the same chemical 

in the same organ in  animals of the same i nbred strain .  Cross 

reactivity between tumour-specific antigens of chemi cally-induced 
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neoplasms has been demonstrated only rarely, and such cross reactivi ty 

has been weak. All neoplasms induced by a eommon oncogenic virus,  on 

the other hand, contain a common twoour-specifi c antigen. This antigen 

is not related to the protein component of the virus, but results from 

viral infection of cells .  Viral infection appears to stimulate the 

production of a new antigenic cellular component. 

The uniformity of  the pathology of small intestinal carcinomas 

of shee� ( Chapter II ) ,  together with the relative scarcity of other 

neoplasms in New Zealand sheep and cattle ( Chapter I ) , would be 

consistent with a viral aetiology for intestinal carcinomas . The 

demonstration of a com�on tumour-specific antigen in a number of these 

neoplasms would lend strong support to anv· suggestion that they are 

viral in origin. If different tumour-spe cific antigens were demonstrated 

in small intestinal carcinomas from different sheep, this would suggest 

the cause was a chemi cal carcinogen. 

I t  has been con sidered that neoplasms in animals slaughtered 

for meat render such animals unfit for human consumption. Regulation 

1 3 1 , part 2, of the New Zealand Meat Regulati ons 1 969 , toge ther with 

the Third Schedule to those regulations, stipulates that an inspector 

shall condemn as unfit for human consumption any carcass , together with 

all the vis cera t hereof, if the carcass or viscera is  affected by, or 

exhibits lesions of "neoplasms, malignant with evidence of metastases" . 

Justification for such action could be on either of �wo grounds : -

(a ) that i t  is  aesthetically unacceptable for people to consume the 

carcasses of animals with cancer, or (b ) on technical grounds , in 

the belief that animals affected by neoplasia may act as a source of 

chemical �arcinogen, or carci�ogenic virus,  likely to induce neoplasia 
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or other disease in man. Whether the condemnation of carcasses of 

sheep affected by small intestinal carcinomas can be justified on 

techni cal grounds will not be known until  the cause of the disease 

is discovered and the distribution of the causative agent ascertained. 

If these neoplasms are induced by a chemi cal carcinogen ,  it  is  

probable that the doses of c�emical responsible for i nducing the 

neoplasms will  have been metabolised long before the appearance of 

gross lesions. Results of investigations by Berenblum and S�hoental 

( 1 942 , 1 943 , 1 946 ) ,  Weigert and Mottram ( 1 946 a, b) and Heidelberger 

and Weiss ( 1 95 1 ) indi cate that parenterally administered benzpyrene 

and its  metabolic  products are rapidly excreted. Although the 

carcinogeni c metabolites of  aromatic  amines have not been identified, 

it  has been demonstrated that metabolites are present at MQch greater 

concentrations in  the urine than elsewhere ( Clayson, 1 966 ) , suggesting 

that this compound is probably metabolised and excreted relatively 

qui ckly. The carcinogenic action of dialkylnitrosamines i s  thought 

to depend on the conversion o�  nitrosamine to an aJ.kylating agent whi ch 

then reacts with cellular proteins or nucleic acids ( Magee and Barnes ,  

1 967 ) .  The carcinogenicity of  most chemicals must depend on their entry 

into cellular metabolic proce sses ,  and on the chemical reactivity of 

either the administered chemi cal or i ts  metabolites with either protein 

or nucleic a cid cellular components .  I t  i s ,therefore ,unlikely that 

carcino�enic radi cles would remain in an active form within an animal 

for the duration of the latent period for development of a neoplasm, 

tb � latent period generally being of the order of one tenth of the 

natural life span of the species (Page 97 ) .  
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The pre sence of chemi cally-indu ced neoplasms in sheep from a 

part i cular farm would probably be indi cative of continued exposure o f  

al l ,  o r  most , of the animals on that farm t o  the re sponsible agent . 

Thi s b e ing the case , i f  animal re sidues o f  chemi cal carcinogens present 

a human health hazard , animal s with neoplasms pro bab ly present no greater 

ri sk t han those without . 

The handling or consumpt ion of raw , or semi-cooked , meat from 

anima l s  w i th viral neop lasms \VOUld pr<:! sent a human health ri sk only i f  

the virus was pathogeni c t o  man and infe ctive virus was pre sent i n  

affe cted animal s .  The maj ority of oncogeni c viruses s o  far inve s t i gated 

have p roved to be spe ci e s  spe cifi c.  However ,  Rous chi cken sarcoma virus 

can infe C't newly hat ched pheasants (Andrewe s ,  1 932 ) ,  duckJ.ings (Duran­

Reynal s ,  1 942 ) turkeys and gui nea t'owl (Duran-Reynals 1 �143 ) ; mouse 

leukaemia virus may i nduce leukaemia if ino cu lated into newborn rat s 

(Moloney, 1 960; Gro s s ,  1 96 1 ) and polyoma virus w i l l  cause neoplasms in 

mi ce (G ro s s ,  1 953 ) ,  hamsters (Eddy, Stewart , Young and Mider, 1 958 ) and 

rats (Eddy, StevTart , Stanton and Marcotte , 1 959 ) •  In addition, 

inoculat i on of blood from leukoti c cows ha s resulted in the d eve lopment 

of l eu_�o s i s  in sheep (Wittman and Urbane ch , 1 969 ) and a t ransmi ssible 

fel ine fibrosarcoma. has been t ransmi tted to dogs (Gardner et al . , 1 97 0 ) . 

Even supposing carcinomas of the smal l inte stine of sheep were caused by 

a virus capable of b e i ng pathogenic to man, and that the vi rus exi sted 

in affe cted sheep in an infe ctive fo rm ,  i t  is unlik�ly that inge s t i on 

of meat from affe cted animal s would res�lt in neoplasi a ,  as infe ction 

of other than very young animal s is diffi cult with mos t  oncogeni c 

viruse s (Page 1 1 8 ) . However,  the possib i l i ty of ovine intestinal 

carcinomas being cau sed by an oncogeni c virus whi ch could also infe ct 
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man should not be ignored. If this were the case , sources of . 

infection other than contact with, or ingestion of,  meat might be 

important. The transmission of rabbi t  fibroma virus via flea and 

mosquito vectors has been demonstrated (Kilham and Woke , 1 953 ) and 

any of the recognised. means of virus transmission ( e . g. aerosol spread, 

faecal excretion, urinary contaminati on, contact with , or ingestion of, 

cellular material including blood ) must be considered possible sources 

of human i nfection. 

On the basis of epidemiologi cal investigations described in 

Chapter III , few possible sources of chemical carcinogens capable of 

producing intestinal carcinomas in sheep present themselves .  Ho,.lever,  

if  the geographic  distribution of these neoplasms refle cts a geographi c 

distribution of  a chemi cal carcinogen capable of affecting man, an uneven 

distribution of cancer incidence in man might be expected. No such 

uneven distribution has been reported , nor are we aware of any investigation 

into this possibility in Ne•-1 Zealand. Such an investigation, parti cularly 

with regard to carcinomas of the gastro-i:.1testinal tract , seems worthwhile.  

It i8  possible that a chemical carcinogen affecting sheep might 

not affe ct man. Species  differences in  susceptibility to chemical 

carcinogens are well documented and exposure · of sheep to carcinogens , i f  

contained i n  pasture and weed species ,  or fungi in  the pasture , would b e  

much greater  than the exposure o f  humans t o  those agents .  The possible 

formation of  carcinogenic nitrosamine s  in some plant specie s  (�agee and 

Barnes ,  1 967 ) ,  or in the alimentary tract of sheep from ingested nitrates/ 

nitrites and sec<mdary amines ( l..i j insky am·� Epsteir , 1 970 ) ,  must be 

considered potental sources of carcinogens for grazing animals .  The 

wide range of fungal spe ci es present in pastures and other feed-stuffs 
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is another potential cause of neoplasia. The majority of the · fun�i 

responsible for the mycotoxicoses listed by Ainsworth and Austwi ck 

( 1 959 ) were present on plant material and this  i s  also true of 

Pithomyces chartarum, the cause of facial e czema (a  toxi cosis  of the 

liver )  in sheep and cattle in New Zealand. Aflatoxin, from Aspergillus 

flavus (Lancaster,  Jenkins and Philp, 1 96 1 ) ,  the toxin of Peni cillium 

islandi cum (Miyake and Saito ,  1 965 ) and possibly the toxin of 

Peni cillium griseofulvum (Bari ch, Schwarz and Bari ch, 1 962 ;  Hurst 

and Paget ,  ·1 963 ) are carcinogenic. It  is possible that one , or more , 

from the wide range of fungi present in New Zealand pastures may produce 

a carcinogen responsible for the carci::10r;:::..s encountered in slaughtered 

sheep. Vlith the wide range of animal remedies and agri cultural chemicals 

now available , many of whi ch are cyclic  and polycycli c  hydrocarbons , the 

possibility that one or more of these might be carcinogenic must be 

borne in mind! DDT may oe a liver carcinogen \Lancaster and Roe , 1 964) ; 

arseni c produces neoplasms of the skin in man ( Curri e ,  1 947 ) ; and 

phenothiazine may possibly contain carcinJgenic contaminants (Page 8 1 ) .  

Exposure of sheep to most such agents '1-!ould usually be in relatiw�ly 

small doses ,  and with such long intervals  between exposures ,  that animal 

remedie s  or agr·i cul tural chemi cals would require to be very potent 

carcinogens to produce significant numbers of neopl<l.S1'1S under usual 

farming situations .  The results reported in Chapter III did  not provide 

any indications that use of animal remedie s  or agri cultural chemicals 

was resulting in the development of greater numbers of ovine small 

intestinal carcinomas . 
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S U M M A R Y  

Carcinomas of the small intestine of sheep have been shown 

to be very uniform lesions.  They are thought to arise from cel ls 

in the crypts of Lieberkuhn which, follm�ing malignant transformation,  

retain the ability to differentiate e ither to resemble columnar 

absorptive cells or to produce mucus.  Primary lesions are most common 

about the middle of the length of the small intestine , although lesions 

are found along almost the entire length of the jejuno-ileum. 

Apparent multiple primary lesions vrere found in six of fifty consecutive 

Gheep with carcinomas of the small intest ine . The areas of mucosa in 

which c�rcinom�s arise are replaced by neoplastic cells  � j th a sparse 

to moderate collagen011s  stroma. infiltrated by leP.Jwcytes ,  including 

eosinophil s ,  and plasma cells.  Those parts of lesions replacing the 

submucosa have a more abundant stroma, while  lesions on the serosal 

surfaces of the abdominal and thoracic cavities  consist , pr-3dcminantly, 

of collagenous fibrous ti ssue with a relatively feN neoplasti c epithelial 

cells .  Secondary lesions most commonly ��volve the mesenteric lymph node 

draining the primary lesion, the serosal sul'faces of the small intestine 

proximal to the primary lesion, mesentery, omentum, parietal peritoneum 

and diap�ragm. Cel ls which e stablish secondary lesions spread , mainly, 

via lymph vessels and the coelomi c cavities.  

Some neoplasti c cells  contain large , single, intracytoplasmic 

vacuoles l ined by microvilli that resemble the brush border of normal 

intestinal e pithelial cells .  It i s  suggested that these structures may 

arise by invagination of the cell  wall with subsequent closure , in a 

process similar to phagocytosis. 
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Examination o f  vi scera o f  ewe s  slaughtered in seven geographi c 

areas of Ne� Zealand during 1 967 and 1 968 showed that there was a 

prevalence of  carcinomas of the small i ntestine in Briti sh breeds of  

sheep of from 0. 9% to  1 � 6% in  different distri cts (p � . 01 ) .  The 

prevalence in  Merino , Merin·..) e;ross and Corriedale ewe s was o. 2'7� and 

0. 3% in the two areas in which such ewes  were inspected (difference 

between breed types ,  p < . 001 ) . rlhether geneti c or environmental 

differences were responsible for these variations in prevalence of 

carcinomas could not be determined .  There i s, however, a close 

correlation between sheep stocking rates in areas and the prevalence 

of carcinomas in ewes slaughtered from those areas. 

Hi stories of over 22, 000 ewe s inspe cted for carcinomas of 

the small i ntestine during 1 969 were obtained from vendors . Analysi s  

of  data concerning the physiographi c , botani cal and managerial factors 

these ev,re s had experienced on the vendors ' properties revealed that 

there is a higher prevalence of carcinomas in ewe s reported to have 

been expos?.d to crested dogstail , pas�nres on whi ch greater quantities 

of potassi c fertili ser had been used ,  or lower rainfall and ewes whi ch 

had spent less  than :four years on the vendors '  farms. On the basis of 

the av&ilable  evidence no defini te de cisions could be made on the 

possible aetiologi cal role of these factors. 

To i nvestigate the effects  of known carcinogens in sheep, 20-

methylcholanthrene , 3 : 4 benzpyrene , urethane and N-methyl-N-nitro-N­

nitrosoguanidine were admini stered intraperitoneally to groups of 

sheep, The only resultant neoplasms were mesothe liomas in three ou.t 

of seventeen sheep to which benzpyrene had been administered. From 

the relativel y few neoplasms developing in experimental sheep it  

appears that either the treatment regimes were insuffi cient , the period 
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of observation follmving treatment \vas too short , or sh3ep are 

re latively insusceptible to the carcinogens used. 

The carcinogeni ci ty o f  New Zealand bracken fern (Pteridium 

aqui linum var. e s culentum ) was tested by feeding rat s and sheep on 

a diet  containing 25% bracken fronds.  No neoplasms developed i n  

ani mals receiving thi s bracken-containing die t.  From this experiment , 

and from the epidemio logi cal s tudie s ,  i t  i s  concluded that i t  i s  

unlike ly that thi s plant i s  r�sponsibl& for a signifi cant proportion 

of carcinomas of the smal l intestine ari sing "natural ly" in sheep in 

New Zealand. 

An attemp t  to transmit ov.ine sn;al l intestinal carcinomas to 

other s�.eep , by i no culating sheep \vi th various homogenate s  of neoplast i  c 

t i s sue , did not result in neoplasm:;; in  any of th'3 expe rimental animal s .  

I t  i s  not considered that thi s re sult pre clude s the po ssibi l i ty of the se 

neoplasms being caused by an infe ctious agent . 
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APPENDIX I 

NAJ\·JE : VENDORS CODE NUl'tiBER ----

ADDRESS: 

DA'rE SHEEP HHERE NO. IN NO. 
KILLED KILLED LINE INSPECTED 

TOTAL 

( 1 )  SOIL TYPE: 

1 2 4 8 9 1 1  1 2  1 3  18  1 9  

20 23 25 :29 3 1  34 35 41  49 65 

66 74 71 78  106 1 07 1 1 0 1 1 3 1 14 1 15 

1 1 6 1 17 1 H 3  1 1 9 1 20 1 2 1 1 22 1 23 1 24 

1 26 76  79 75 27 2� 

OTHERS -------------------

\ 2) AVERll!JE AlHJUAL RAINFALL \INCHES ) :  

�ol 4 1-60 

( 3 )  ANNUAL AVERAGE TEMP. (°F ) : 

6 1-80 8 1+  

1 < 46 1 46�0-49· 9 1 50. 0-53· 91 54+ 

(4 )  AV . W:NTER MIN. TEl'iP. (°F ) : 

I<  32 l 3 2 . 0-35 .9j 36.0-39. 9 1 40+ 

(5 ) AV . Sillii1·ffiR MAX. TEMP. (°F ) : 

1 25 

1 < 65 165 . o-68.9 1 69.0-7 1 . 9  1 72+ 

( 6 )  AVERAGE ALTITUDE OF FAID: ABOVE SEA LEVEL (FT. ) :  

I<  200 I 2o0-499 i 500-1 ooo I 1 000-1999 I 2ooo+ I 

NO. OF 
TUJ.lOUHS 

· -

1 



Appendix I contd .  

(7 ) LATITUDE OF FARM (0S ) :  

( 8 )  COJ.JI.iON PASTURE SPECIES: 

Ryegrass r Cocksfoot J Danthonia J Br01mtop J Dogstail 
White Clover I Red Clover I SubterraJ?.ean Clover I ��}�� 

OTHER 
-----------------

( 9 )  PASTURE WEEDS : 

Bracken Fern 

Other Ferns 

Ragwort 

Never Seen Unu1:;ual 

( 1 0)  LIST OTHE� cm.;J.TON PASTURE WEEDS : 

( 1 1 )  BREED OF EHES SLAUGHTERED: 

CommonJ 
.J 

Romney Romney X Other Briti sh Breeds ( including Perendalesl 

Merino Merino X Corriedales 

( 1 2 ) AGE OF SHEEP SLAUGHTERED:  (YEARS ) 

\ < 5 l 5 I 6 7 7+ 

( 1 3 )  REASON FOR SLAUGHTER: 

Toothwear Poor Condition I Infertili  t 

OTHER 

( 1 4) SIZE OF FARM (ACRES ) 

b1 00 1 00-499 500-1500 r 

2 



Appendix I contd. 

( 1 5 )  mll;1BER OF EWES FARMED: -------
1 < 2oo I 200-499 I 500-1 499 1 5o0-4999 I 5ooj 

( 1 6 )  TOTAL SHEEP CARHIED: 

( 1 7 )  
• . . AVER!>.GE SI-JEEP STOCKING RATE/ ACRE : 

1 < 2 1 2-3 1 3-5 1 5-6 1 7+ 1 
( 1 8 )  ARE SIG:EP MAINLY SET STOCKED OR MOB STOCKED: 

j Set I Equal I r.robj 
( 1 9 ) IF  r•10B S'l'OCKED (OR EQUAL) AT l'lHAT DZNSlrrY PER ACRE: 

(ESTDMTE OF USUAL SITUATION ) 

1<
7 

1
7-1 5  1 1 6-30 1 3 1 +  

( 20) TOTAL SUPER PHOS?HATE TOPDRESSING OVEH LAST 7 YEARS : 

• • AVERAGE RA'l1E ( CHT/ ACRE) ------
I N i l  I < 1 0  1 1 0-25 I 25-50 50+ I Don' t Know 

( 2 1 ) POTASH TOPDRESSING OVER LAST 7 YEARS: 

TOTAL QUANTITY:  ______________ CWT 

• u .  AVERAGE RA'l1E (CWT/ ACRE)----
I Ni l ' < 4 1  > 4 I Don ' t  Know 

( 22 ) YEARS : 
TOTAL QUANTITY CWT 

• 
• 

• AVERAGE RATE ( CHT/ ACRE)  __ 

I Nil I <  1 0  I > 1 0 Don' t Know 

3 



Appendix I contd. 

( 23 ) DDT 'JSED OVER LAST 7 YEARS : 

TOTAL QUANTITY : 
• 

• • AV . RATE/ ACRE ____ LB • 

I Ni ll < 1 . 0  1 1 . 0 - 2. 0 I > 2.0+ I Don ' t  Know I 
( 24) INSECTICIDES OTHER THAN DDT, APPLIED TO PASTURE 

IN PAST 7 YEARS : 

I Nil Fenonitrothion Tri chlorfon (Diptrex ) 

OTHER -----------------

( 25 ) SHEEP DIPS USED ON E\'lES SLAUGHTER"!!;D: 

Diazinon Ronnel Luci-Jet VC 1 3 
Carbo-

Arsenic Derris Sulphur 
phenothion 

OTHERS 

( 26 ) WORM DRENCHES USED ON EWES SLAUGHTERED: 

Nil Phenothiazine Thiabendazole 

Mintic  N. C . A. Piperazine 

':)THERS 

( 27 )  SHEEP VACCINES USED ON EWES SLAUGHTERED: 

Asu�tol  

Cresylic  
Aoid 

Nilv�rm 

Rametin 

Diazinon 

Delnav 

Parex 

Don ' t  
Know 

CC14 

Neguvon 

Don ' t  
Know 

Clostridial Don' t  Know 

( 28 )  HAD THESE EWES HAD ACCESS TO STOCK LICKS? 

I No I A Little Often I Don' t Know 

WHAT TYPE? ----

4 



( 29 ) HAD THESE EiillS HAD SELENIUN ADMINISTERED TO THEM? 

P.t Least Annually Less Often 

( 30 ) \illEDKI LLERS USED ON FARM IN LAS'I 7 YEARS : 

OTHERS 

( 3 1 ) DISEASE ENCOUNTERED : .· . 

Not 
Diagnosed Unusual 

Facial Eczema 

Salmonellosi s 

( 32 ) TYPE OF LIVESTOCK FARMING : 

Sheep + Beef Dairy 

Don' t Know 

Gramoxone 

Common 
· -

Dairy + Sheep 

( 33 )  \1ERE 1\mST EWES SLAUGHTERED BORN ON YOUR PROPERTY? 

( 34) IF ANSHER 'W (30) IS NO - HOW LONG WERE SHEEP ON YOUR PROPERTY? 

YEARS 

( 35 ) IF ANSWER TO (34) IS LESS THAN 4 YEARS - FROM WHOM vlEilli THE 
SHEEP PURCHASED? 

NAME : 

ADDRESS 

WHEN? 

5 



( 36 )  SUPPLE)lliNTARY FEED USED: 

HAY 
CHOUMOELLIER 
ROOT CROPS 
CEREAL GRAINS 

6 

.· ' 



APPENDIX II  

SOIL TYPES ON FARilfiS IN SURVEY 
AS INDI CATED BY REFERENCE NUHBERS USED. 

Numb e r  used on 
Questionnaire 

and in analyses 

2 

8 

9 

1 1  

1 2  

1 3  

1 8  

23 

25 

29 

3 1  

66 

77 

78 

1 06 

1 07 

1 1 3 

1 1 4 

1 1) 

1 1 6 

Soil Reference 
Number in 

Bulletin 

1 

2 

8 

9 

1 1  

1 2  

1 3  

1 3  a.  

1 3  b .  

1 3  c.  

1 8  

23 

23 b .  

25 

29 

3 1  d . 
66  d .  

Soi l Types 
(Names ) 

Manawa.tu set 

9Piki complex 

Matapiro silt loam 

Matapiro sandy loam 

Raumai sandy loam 

Ohakea loam 

Tokomaru si lt loam 

Mi lson 11 " 

Halcombe 1 1  11 

Mart on 1 1  

Taupo sandy silt 

Patea sand 

1 1  

Hhananiki sand 

Mangutea clay loam 

Atua silt loam 

Purimu silt loam 

Westmere s i lt loam 

77 , 77 a, 77 b.  Matamau set  

73 , 78 a,  Kopua set 

7 8  b .  Dannevirke s ilt loam 

1 06 Raumati s i lt loam 

1 07 Makerua peaky loam 

1 1 3 Bluff loam 

1 1 4 Whangaehu loam 

1 1 4 a� Turakina silt loam 

1 15 Mahoenui silt loam 

1 1 6 b. Mangawahu silt loam 

7 
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Appendix II  contd 

1 1 7 1 1 7 ,  1 1 7 a. Moamahuki set 

1 1 8 1 1 8  a. Pohangina sandy loam 

1 20 1 20 Mataikona silt loam 

1 22 1 22 Makara stony loam 

1 24 1 24 Ruahine stony silt loam 

7 6  7 6  a. Kiwi tea loam 

76  b .  ��whatau stony silt loam 

76  c. Heretaunga si lt loam 

79 79 a.  Smedley loam 

75 75 , 75 a,  75  b. Takapau set 

27 27 c. Waimarama sandy loam 

28 28 Tinui Bil t loam and Waikura 

sandy loam. 



APPENDIX III 

HEED SPECIES NAMED on LIST HANDED TO FAlil1IERS 

COMMON NAJviE 

Bar berry 

Barley Gra s s  

Blackberry 

B room 

But tercup 

Capevmed 

Chi ckweed 

Couch 

Dande lion 

Dai sy 

Dog Dai �y (Ox-eye dai sy) 
F lat Dai sy 

Do ck 

Fat Hen 

Fenne l 

Fireweed 

Foxglove 

G oat s Rue 

Gorse 

Hawkweed 

Hemlock 

Lambs Tongue 

Linseed 

Lupin 

Native bush 

B lack Night shade 

Penny Royal 

Plantain 

Pri ckly Apple 

BOTAN ICAL NAI•lE 

Berberi s vulgaris 

Hordeum bulbo sum 

Rubus fruticosus 

Cyti su s  prolife ru s  

Ranunculus spp • 

. · '  

Crypto stema · calendula 

Stel lari a graminea 

Agropyron repens 

Taraxac·um offi cinale 

B e l l i s  perenni s 

Chrysant.!1emum leucanthemum 

B e l l i s  perenni s 

Rumex spp. 

Chenopodium album 

Foeni cu lum vulgarae 

Ere cht i t e s  atkinsoniae 

Digi t al i s  purpurea 

Galega cffi cinal i s  

U lex europacus 

Picris hieracioide s 

Conium mac'J.latum 

Plantago spp . 

Linum marginale 

Lupim.o.!:1 arboreus 

8olanum nigrurn 

Mentha pulegium 

Plantago ::;pp .. 

Datura spp. 

9 



Appendix III Contd 

Rats Tail Sporobolus spp .  

Red Root Amaranthus cruentus 

Rushes Juncus spp. 

Sedge Cyperus spp. 

Spurry Spergula arvensis 

Stinging Nettle Urtica inci sa 

Storks Bill Erodium ci cutarium 

Tal l Fescue 

Thi stles californian 

sco t ch 

SHaPlp 

variegated 

- vTing 

Festuca 

Cirsium 

Cirsium 

Cirsium 

Silybum 

Cirsium 

aru.ndinacea 

c:..rvensi s 

lanceolatum 

palustre 

marianum 

tenuiflorus 

(vulgare ) 

Trefoil Medica and Lotus spp . 

Water Cress 

W i ld Carrot 

Wi ld Turnip 

H i llow l·Tse0. 
Wire weed 

Yarrow 

Yorkshire Fog 

Nasturtium spp. 

Daucus carota 

Brassi ca cillnpestris 

Polygonum persi caria­

Polygonum avi culare 

Achi llea rr,illefolium 

Holcus lanatus 

1 0  



APPENDIX IV 

HEED SPECIES NAI-ZD AS PRESENT ON SOME.: FARHS, THOUGH 

NOT ON LIST JWrDED TO FAR!rtERS 

Land Cress (Twincress ) 
ll1allcw 

Nodding thistle 

Burr dock 

Ink Heed 

Shepherd.::: Purse 

BOTANICAL NAME 

Lantana camara 

Malba parviflora 

Carduus nutans 

Articum spp.  

Phytolacca octandra 

Capsella bursa-pastoris 

1 1  
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