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ABSTRACT 

A series of experiments vrere conducted to investigate the 

p·ossible role of copper in limiting animal production at hieh 

s tacking rates. 

Copper and selenium uere adm inistered to 494 four-tooth 

Romney ev1es grazing at tvTO different stocking rates, A 

s ignificant (p < 0, 01 ) increase of 0 .  74 kg in lamb weaning weight 

was attributable to the supplementation of both elements. A 

ii 

depression in clean fleece yield (P< 0 . 05) and a small improvement 

in fleece crimp c larity (P < 0. 05 ) were associated with copper and 

selenium supplementation respectivel y. Althoueh both these 
effects reach s ign ificance at the P 0 . 05 level, they are 

considered to be due to chance. 

A winter fall (P< 0, 01) in mean p lasma copper level i·Jas 
recorded in the high-stocked ewes, 

Further investigations were undertaken in another flock of 
550 Romney e1ves. Factors influencing p lasma, liver and vJool 

copper were determined and relationshi.ps between plasma copper 

level and various fleece and body variables assessed. 

Period and stocking rate were both shown to significantly 

(P< 0,05 ) affect mean plasma coppe r. No effect of l ambing rank 

or age of ewe could be shovm. A smal l stocking rate by age 

interaction 1vas recorded (P< 0 . 05 but this is considered to have 

arisen by chance. 

O f  eighty one corre lation coefficients determined between 

plasma coppe r level and various fleece and body variables, only 

six were statistically significant (P< 0. 05). No biologica l basis 

could be found to account for those shown to be significant. 

They are considered to have arisen by chance. 



No effect of stocking rate on either ewe or 'dead' lamb 

l iver copper level could be establish ed. 

Monthly vrool copper detennina tions indicated that the mid­

vrinter, pre-lambing sampling vras sign ificantly depressed. No 

effect of stocking rate, age of evie, or breedinG rank could be 

established. Significan t  (P< 0 . 05 )  between-sheep differences 

were apparent. 

i i i  

Concur rent determinations o f  w oo l  zinc indicated a marked 

depression due to both an increased stocking r ate, and the onset 

of 1vinter and/ or pregnancy (P< 0. o·1 ) • Older ewes had higher 

mean l'lOOl zinc values (P<0. 05 ) . 

Additional observations on the plasma samples collected 

in previous experiments were undertaken. Mean plasma zinc levels 

were found to be significantly (P<0.01 ) depressed by both a higher 

stocking rate and the onset of winter and/or pregnancy. 
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1 .  

C HAP TER 

INTRODUCTION 

Evidence from the J.1assey 'CPT' flock has indicated that under 

high levels of stocking int ensity, clean fleece weight and fleece 

'quality' are depressed ( Sumner, 1 969; Sumner and Wickharn, 1969). 

While fibre diameter measurement have indicated that significantly 

finer wool is produced under high stocking rates, visual 

assessrnen ts of quality number (count) 1wuld indicate coarser 

fleeces. It has been suggested that an apparent higher lustre 

may account f or this depression in quality number assessment. A 

general reduc tion in wool soundness vri th an accompanying increase 

in the incidence of cotting was also recorded by these >vorkers in 

the high stocked ewes. 

Continued observation >vi thin this flock over recent years has 

c onfirmed the early observations ( Wickharn pem �.). 

Merino and British str ong-woolled sheep grazing copper­

deficient areas of Australia demonstrate reduced fleece weights, 

l oss of crimp clarity and i ncreased staple lustre ( Bennett and 

Beck, 1 942; Marston, 1 946; Marston and Lee, 1 956) .  Reduced 

tensile strength in the wool from copper-deficient sheep has also 

b een reported by Palmer (1 947) and Burley (1 960). 

With forage intake being appreciably reduced u nder the 

i ntensive stocking rate, it became apparent that the reduction in 

fleece weight and 'quality' could perhaps be attrib utable to a 

marginal or sub-acute deficiency of copper. 

A significant selenium-copper interaction has b een reported 

where supplementation of b oth these elements increased both live­

w eight and fleece 1veight in hoggets and two-tooth Romney sheep 



2. 

grazing marginally deficient country in Canterbury ( Hill , Walk er 

and Taylor, 1968). Responses to copper alone were also reported 

in hogget vTOo l grade and two-tooth fleece vleight. 

The Massey University C P T  flock v1as unavailable for 

supplementation studies as long-t erm genetical observations are 

being undertru(en with it. In 1971 , the Massey University Stress 

flock 1vas founded as a duplicate of the CPT management system. 

This flock •·ras made available for supplementation studies vThile 

the CPT flock was used to assess the relationship between eue 

copper status and productive characters as vrell to assess tre 

in:flu ence of a number of factors on ev;e blood copper concentrations. 

During the course of these experiments published evidence 

i ndicated that some sheep in the Manmratu area could be marginally 

deficient in zinc ( Grace, 1972). Blood samples of ewes grazing 

these soils vrere shovm to ex hibit lovier than average plasma zinc 

levels for New Zealand. Blood samples collected th�oughout the 

course of this study were a lso analysed, vlhere possible, for zinc 

concentration. 

Wool coll ected from monthly mid-side patch sampling of the 

C P T  flock throughout 1968 were used to assess the importance of 

this pathway in copper and zinc ex cretion as well as assess a 

number of factors that may affect the level of their excretion 

through the fleece. 



CO P PE R  IN SHEE P  NU TRITION 

C H A P TE R 2 

REVIE\11 OF LI TE RATURE 

2.1 Distribution of copper in body tissues and fluids 

Coppe r is distributed throughout the mammalian body (Fox and 

Ramage, 1931). Within any particular species certain organs have 

been found to have consistently higher copper concentrations than 

others ( Cunningham, 1931; Beck , 1956). The liver, brain, heart 

and kidneys, in decreasing order, contain the highest concentrations 

of copper. Intermediate copper concentrations are found in lung, 

intestine and spleen, and e ndocrine glands, muscle and bone have 

the loVIest concentrations. 

The universal occurrence of copper in animal tissues indicates 

that it probably takes part in a nu�ber of body functions. The 

presence of copper in the respiratory enzyme cytochrome ox idase 

being novl firmly established (Vlaino, vlende and Shrimp, 1 958). 

2. 1 • 1 Liver 

Of all the body organs the adult liver contains the highest 

proportion and absolute amount of copper (Cunningham, 1931 ). 

Beck (1956) has determined the liver copper concentrations for a 

wide range of animal species. Normal adult levels differ between 

species although the majority fall in the r ange 1 0-50 parts per 

million ( ppm) on a dry matter basis ( Dr1 ) . A few species have 

liver values outside this range, sheep and cattle having normal 

values that are much higher. 

Values for "normal" mature sheep in New Zealand have been 

g iven as 1 7 1 to 1 374 ppm (DM) vlith a mean of about 500 for two­

tooth vmthers and 600 for mixed aged ewes ( Cunningham, 1 946a; 

1 946b ) .  
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2 . 1 . 1 (a) Influence of diet 

Diet is considered the main within s pecies determinant of 

adult liver copper (Underwo od ,  1971). Liver copper concentrati ons 

of sheep and cattle grazing copper defi cient pasture have l ong been 

appre ciated as reflecting reduced copper intakes ( Cunningham, 1946; 

Bennett and Beck , 1 942; McNaught , 1 948). Dick ( 1954) fed graded 

increments of copper from 3.6 to 33. 6 mg per day to Merino wethers . 

Their subsequent liver copper concentrati ons were found to  refle ct 

a linear relationship from 562 ppm (DM ) at the lowest copper  level 

to 2340 ppm (m1) at the highes t intake . Liver copper 

concentrations are noN considered to be  the most reliable guide in 

the diagnosis of the copper deficient state in sheep (Underwood, 

1 971 ) • 

In the rat no comparable effect upon liver copper storage is 

seen until high dietary intakes in the order of 1 mg per day a re 

reached (Milne and Weswig ,  1968). At this level , the liver 

copper concentration increases rapidly due to an "apparent over-

loading of the excretary me chanisms " . The high concentrati ons 

obtai ne d ,  ho1·rever ,  never approach the extremely high values 

reported in the ovine . 

The concent ration of copper in the liver is als o influenced 

by several dietary constituents which apparently alter the 

availability of the ingested copper. Molybdenum and sulphate are 

now considered to  interfere with the tissue availability and 

storage of copper ,  while many elements of chemically s imilar 

structure are considered to antagonise copper absorption (Di ck , 

1969; Underwood, 1 971 ; Evans , 1 973). 

in section 2 . 2 . 4 (b ) 
, .  ' .  

2 . 1 .1 (b) Influence of age 

This is dis cussed further 

I n  the majority of species determined , neonatal liver copper 

concentrati ons are found to  be higher than the corresponding adult 

values�· This high concentration is f ound to subsequently fall 

during the ' suckling period (Cunningham , 1 931 ) . Sheep and cattle 
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were considered notable exceptions to this. Cunningham ( 1931 ,  

1946a) reported that both the concentration and total liver copper 

contents of ovine and bovine liver increases with age. McNaught 

(1948) reported a drop in the mean liver copper concentrations 

from 288 ppm (DM) at birth to 130 ppm (DM) at 14 days of age before 

a gradual rise to mat ure levels took place. These findings 

conflict 1-li th more recent evidence where newborn lambs have been 

shown to  have higher liver copper concentrations than adults , the 

levels then falling 1vi th advancing age (Ryley, Harvey ,  Watson and 

Levi t t ,  1961; Wiener and Field , 1970). The data of the latter 

workers is , however , atypical; copper levels v1ere determined only 

on lambs dying of natural causes while in, addi tion, the dams 

received prophylactic copper during pregnancy. 

Extremely high levels of liver copper have been recorded i n  

lambs grazing pasture containi ng predominately Paspalum dilatatum. 

This indicates the paramount importance of diet in modifying liver 

copper levels ( Ryley et al , 1961). 

2. 1.1(� Influence of pregnancy 

The correlation between foetal and dam liver copper 

concentrations in  a range of abat toir stock were found t o  be non­

significant. Significant relationship3were recorded in cattle 

when the dams liver copper was below 34 ppm (DM) (Pryor, 1964). 

A non-linear relationship between ewe liver copper level and 

size of f oetuses was apparent (Pryor , 1964). 

McDougal (1947) reported a rapid rise in the concentration 

and to tal foetal liver copper during the terminal three weeks of 

gestati on in the ovine. Pryor (1964) als o found a reasonable 

relationship between the age of f oetus as indicated by 11 crown-rump 

lengths 11 and the dam's liver copper concentration in  cat tle ,  but no 

relationship could be established in sheep. 



2 . 1 . 1 ( d) Influence of breed 

Concentrations of copper in liver have been found to sh61v 

significant breed variation (Wiener and Field, 1969b, 1970). 

Positive heterosis was present between all breed crosses ex cept 

those including the Scottish Blackface. The Scot tish Blackface 

6. 

breed and its crosses always demonst rated low liver copper values. 

2.1 • 2 Blood 

2.1.2(a) Forms and distribution 

The majority of whole blood copper is distribu ted among four 

major fractions. Erythrocytes account for t wo fractions; 6o{o as 

erythrocuprein ( erythrocyte superox ide dismutase) having a molecular 

weight of 35,000 and containing two atoms of copper per molecule. 

The remainder is considered as being in "loose association vli th 

UJlidentified proteins" ( Evans, 1973). The role of erythrocuprein 

has recently been identified as preventing the accumulation of the 

tox ic superoxide radical, a known product of x anthine oxidase and 

inhibitor of cytochrome C ( McCord and Fridovich, 1970). 

In sheep, as well as rats, dogs, pigs, cattle and man, 

approx imately Bo{o of the plasma copper exists as caeruloplasmin 

(ferrox idase) ( McCoske r, 1968a; Suttle and Field, 1968; Todd, 1970). 

The molecular weight of caeruloplasmin is approximately 160,000 and 

the protein is considered to contain eight copper atoms per molecule 

(Underwood, 1971). 

Caeruloplasmin is considered a "multi-functional" protein 

having been observed to ox idise adrenaline, nor-adrenaline, 

serotonin a nd melatonin in normal human serum ( Osaki, Johnson and 

Frieden, 1 966 ) .  Recent work has suggested its more essential role 

in oxidizing the ferrous ions entering the blood stream from the 

intestinal tract to the ferric state required for normal 

haematopoiesis (Evans, 1 973 ) .  



7. 

Plasma copper not represented by ca�oplasmin is considered 

to be almost totally accounted for in a loosely-bound serum­

albumin complex (Evans, 1973). Copper in this fraction is also 

termed 11direct reacting copper11, because of its ability to combine 

directly with dithizone (McCosker, 1968a). Copper in this state 

iS novl believed to be the true transport form of copper (Under1'1"ood, 

1 971 ) • 

2. 1.2(b) Normal blood copper levels 

The range of 1'1"hole blood copper for normal, heal thy, mature 

humans, rats, pigs, cats, rabbits, horses, cattle and sheep, have 

been given as ranging from 50 to 150 )lg per 100 ml >vi th the 

majority of values lying between 80 and 120 pg per 100 ml 

(Under1-rood, 1971). Specific values for the ovine have been given 

as 100 (Beck, 1956), 91 (Cunningham, 1946) and 98 (McCosker, 1968a). 

The concentration of copper in the ovine plasma is slightly 

higher than in the erythrocytes (McCosker, 1968a). Hovrever, as the 

normal adult level of vrhole blood copper approaches 1 00 )lg per 100 

ml whole blood copper, plasma copper and erythrocyte copper are 

found to be very highly correlated in sheep •ri th normal haematocri ts 

(McCosker, 1 961 , 1968a; Bosman, 1 961). Levels consistently 

below 60 )lg per 100 ml of copper in whole blood or plasma of sheep 

and considered indicative of copper deficiency (Bennett and Beck, 

1942; Barlow, Purves, Butler and Mclntyre, 1960a, 1960b). 

2. 1.2(c) Influence of diet 

Dietary copper strongly influences the level of copper in the 

blood of most species when fed in toxic or deficient amounts 

(Underwood, 1971; McCosker, 1968b). Low blood copper levels are 

known to be associated with the incidence of swayback in lambs 

(Bennett and Beck, 1942; Barlow et al, 1960a, 1960b; Wiener and 

Field, 1969a) and high levels in chronic copper toxicosis in sheep 

( Sutter, Rawson, McKeown and Haskill, 1958; Todd and Thompson, 

1963). 



Ho1-rever, unlike the rat, blood copper values in sheep and 

cattle only reflect copper intakes at "sub-normal" levels (Barderi. 

and Robertson, 1962; MacPherson, Brmm and Hemingvlay, 1964; 

8. 

Milne and Weswig, 1968). In the ovine, normal blood copper levels 

are seen when the liver copper concentration ranee from 50 to 700 

ppm (DM). BelovJ' a concentration of approximately 50 ppm (DM), 

the concentration of blood copper appears to fall progressively 

from JOO to 60 �g per 100 ml. 

No general reduction in blood copper is seen below a liver 

concentration of 25 ppm (DM) (r.1acPherson et ,9-l, 1964; Wiener and 

Field, 1969b). Blood copper determinations are not recommended 

for use in indicating varying degrees of lovT copper status in 

sheep (r.1acPherson et al, 1 964). 

Sheep receiving a basal concentrate diet supplemented vri th 

10 mg per day of copper sulphate gave no indication of a rise in 

blood copper concentration over a five month period (MacPherson 

et al, 1964). However, the liver copper levels were seen to 

range up to 700 ppm (DM). When 250 mg per day v:ere given, blood 

copper values vrere found to frequently rise above 200 pg per ml 

with values as high as 1 000-1 200 pg per 1 00 ml being seen prior to, 

and during.the haemolytic crises. 

Molybdenum administration to sheep on copper-supplemented diets 

has resulted in increased plasma copper values while erythrocyte 

copper remained normal. Subsequent liver biopsy analyses indicated 

that the effect of molybdenum is to mobilize liver copper stores 

(Barden and Robertson, 1962). Recent New Zealand work has 

suggested that the drenching of copper-supplemented ewes with 

selenium \vill also increase their whole blood copper values while 

enhancing the liver storage of copper (Thompson and Lawson, 1970). 

I 



2.1.2 (d ) Influence of pregnancy 

Many early reports indicated that pregnancy and parturition 

had no influence on blood copper levels in sheep (Eden, 1941; 

Beck, 1 941 ; McDougal, 194 7). Shear, Innes and l'IcDougal ( 1 940) , 

however, concluded that blood copper levels "increased with the 

advance of pregnancy11 lvhile All croft, Clegg and Uvarov ( 1959 ) 
recorded an initial fall before a gradual rise in the blood 

copper of pregnant ewes. 

9. 

More recent investigations with improved analytical techniques 

have demonstrated consistent variations in the opposite direction 

in sheep grazing pasture (Barlow rt al, 1960a, 1960b; Butler and 

Barlovr, 1963; Howell and Edington, 1968 ). The fall in blood 

copper was enhanced lvhen the copper intake vras consistently below 

that normally required to maintain normal blood copper levels but 

still occurred vrhen the copper was maintained above normal by 

regular oral dosing with copper sulphate. 

Sheep kept on constant intakes vrere also shown to demonstrate 

a fall in blood and plasma copper during pregnancy while no 

depression was recorded in barren ewes (Barlmv, 1963). This 

confirmed the early suggestion that pregnancy per � 1vas causing 

the reduction in addition to the reduced feed intake experienced 

by the animals over the vlinter period. 

Howell, Edington and Ewbank (1968 ) noted in grazing sheep with 

normal blood copper values, that in contrast to Butler and Barlow 

(1963 ) , the blood copper values begin to rise at parturition, 

peaking approximately one week later. The latter workers having 

previously shown a decline persisting up until one month after 

parturition before rising to the premating levels. Caeruloplasmin 

levels were reported to reflect both blood and plasma copper levels 

in both of these trials. 
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The number of lambs born has little or no effect on the blood 

copper levels duTing the lactation period (\oJiener, Field and Wood, 

1969; Hayter, Vliener and Field, 1973). The rate of increase in 

blood copper levels betvreen different lambing classes, however, did 

differ significantly between the early Hinter and post-partum 

s amplings. E1ves -vri th tlvin lambs shovring a smaller increase in 

copper concentration (IViener, Field and Jolly, 1970). 

The previous years lambing class has also been shown to 

influence the current years blood copper changes. The movement 

over the same mid-vrinter post-partum period being in an opposite 

direction to that noted in relation to the number of lambs born in 

the current year (VIiener et al, 1970). It must be appreciated, 

however, that a large difference attributable to a barren class 

could result in a statistically significant lambing class effect 

without there being any "real" single versus twin differences. 

2.1.2(e) Influence of age 

In the neonatal ovine, whole blood copper is greater than 

plasma copper, there is  a virtual absence of caeruloplasmin, and the 

level of "direct-reacting" albwnin is above adult levels (McCosker , 

1968a). The net result is a significantly lower neonatal blood 

copper level over the adult state. The transition from newborn to 

adult levels is considered to take approximately tvro days whereas 

in most other species recorded this period is considerably longer 

(Eden, 1 939; McDougal, 1 94 7; McCosker, 1 961 , 1968a ; Ho\ve 11 et al, 
1968). Changes in the caeruloplasmin level accounts almost totally 

for these changes in both blood and plasma copper (Howell et al, 

1 968; McC osker, 1 968a) • 

Eden (1939) found that one year old ewes tend to have 

distinctly higher blood copper levels than older sheep, while 

Wiener and Field (1966), Wiener et al (1969) and Butler and Barlow 

(1963) demonstrated that young ewes pregnant for the first time 

have lower blood copper levels than mature evres over the winter 

period. 
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Within mature age classes blood copper levels have been 

reported as increasing with advancing age, the differences being, 

ho1vever, statistically insignificant ( lviener et al, 1969). 

2 . 1 . 2 (f )  Influence of breed and sire 

Large differences in the blood copper levels of sheep have 

been found to be associated with "breed of sheep" ( vTiener and 

Field? 1966). These breed differences have been shown to persist 

in spite of copper injections and variations i n  other factors which 

are knovm to influence the blood copper values (Wiener et al, 1969; 

W iener � al, 1970; Hayter � al, 1973). Progeny of crosses 

involving Scottish Flackface, Cheviot and vlelsh f1ountain breeds of 

sheep have demonstrated positive heterosis (lviener et al, 1 969). 

However, recent 1wrk involving crosses betvmen Finnish Landrace 

and Merino sheep have resulted in blood copper values intermediate 

betv1een the parental values (Hayter et al, 1973). 

Sheep i'lith relatively high concentrations of blood copper 

maintain their values in the face of seasonal changes to a far 

greater extent than sheep with relatively lovr concentrations 

(Wiener and Field, 1971 ). This is considered to indicate that 

the "high group" maintains a better homeostatic control over their 

copper status than the "low group". Groups exhibiting low blood 

copper values were shown to have a higher incidence of "swayback" 

in their progeny. 

Although no significant sire-within-breed differences could be 

established in the preceding investigations of Wiener and eo-workers, 

the role of genotype in confusing the interpretations of blood copper 

values and the diagnosis of copper deficiencies cannot be ignored. 

2o 1 .2 (g ) Influence of other factors 

Blood copper concentration has been reported as having a 

positive association with ewe liveweight within breeds, heavier 

ewes having higher blood copper levels than light ewes (Wiener et 

al, 1 969) . This positive relationship contrasts markedly with a 

large negatative one among the breed classes determined. 



Blood copper values for sheep in different 11disease states" 

has been reported by McCosker ( 1968a). However, 1tJiener et al 

( 1 969) and Wiener et al ( 1 970) consider the differences too small 

in relation to other known influences of blood copper status to be 

significant. 

2.1 • 3 Wool 

Wool copper concentrations of a number of Nevl Zealand Romney 

sheep have been reported as ranging from 22 to 81 ppm (DM) vri th a 

mean of 44 (Healy and Zeilman, 1966). The samples in this report 

were derived from animals grazing a vride range of differing soil 

types throughout Ne1v Zealand. Similar levels have been found in 

a range of North American fleeces (Burns, Johnson, Hamilton, 

McCollock, Duncan and Fisk, 1964). 

Wool copper, unlike liver copper, has been reported to increase 
when the ewe is grazing pastures high in molybdenum and sulphate 

(Healy, Bate and Ludwig, 1964; Rish, 1970). On this basis these 

authors suggest that wool may represent a secondary excretory path­
way for copper. However, Cunningham and Hogan (1958) demonstrated 

a reduction in hair and wool copper when increasing dietary 

molybdenum levels vlere fed, this reduction being prevented by 

additional-dietary copper. 

2.1. 4 

The level of copper in  milk varies with the species, stage of 

lactation and the copper status of the diet (Underwood, 1971). 

Milk copper is generally lower in concentration than the 

corresponding blood level which would indicate that the mammary 
gland has apparently no mechanism for concentrating copper in the 

milk (Beck, 1941). 

Milk copper values from "normal" Australian Merinos are found 

to fall progressively from 0.20-0.64 mg copper per litre in early 

lactation to 0.04-0.16 mg per litre several months later. These 

_figures also cover the ranges determined in many other species 

(Beck, 1941 ). No correlation between blood and milk copper levels 
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has been determined. Merino sheep grazing copper deficient 

pasture (1 -3 ppm DM) have been shown to have reduced levels of 

copper in their milk. However, no correlation was determined 

between these values and the development of anaemia (Beck, 1 941 ). 

2.2 Copper metabolism 

2. 2.1 Copper absorption 

The copper status of many mammalian species is influenced by 

several dietary constituents v;hich alter the availability of 

ingested copper. Many of these factors operate by altering the 

rate of intestinal absorption. For sheep under grazing conditions, 

it has been estimated that only approximately 5 per cent of the total 

copper intake is retained (Comar, Davis and Singer, 1 948; Dick, 

1 954). 

High dietary intakes of ferrous sulphide have been shown to 

depress copper absorption presumably by forming the insoluble 

cupric sulphide vd thin the rumen (Dick, 1 954b). Sulphur is 

contained in feeds in various inorganic and organic compounds and 

it has been shown by a number of workers that high dietary levels 

of inorganic sulphate or sulphur containing amino acids will produce 

sulphide in the rumen of sheep (Lewis, 1 954; Mills, 1 960; Spais, 

Lazaridis and Agiamides, 1 968; Hartmans and Bosman, 1 970. 

Molybdenum has been shown to promote this reduction of sulphur 

compounds to sulphide within the rumen. 

Several elements chemically similar to copper have been shown 

to interact with copper availability. Cadmium, mercury, silver 

and zinc, because of their chemical similarity, are considered to 

compete for metabolic binding sites especially those concerned with 

intestinal absorption (Van Campen, 1 970; Evans, 1 973). 

The greater part of copper in aqueous and ethanolic extracts 

of herbage appears to be in the form of lovr-molecular weight 

anionic complexes (<:1 500) (Mills, 1 956; Bremner, 1 970a; Bremner 

and Bight, 1 970). The behaviour of these complexes, in terms of 

both their size and charge is extremely pH dependent. These 
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e xtracts, and the ir cati oni c free d eri vative s have b e en shown to 

promote a more rapid re c ove ry f r om coppe r def i cie ncy i n  the rat 

than an e qui valent quanti ty of c o pper sulphate (M i lls, 1954, 1956). 

I n  c ontrast, Davi s, Nor ri s  and Kratz er (1962) have shmvn that 

i so lated soybean prote i n  wi ll adverse ly affe c t  the uti liz ati on of 

c oppe r .  

S i gnifi cant vari ati ons in the forms in vlh i ch copper i s  pre sent 

in diffe re nt se c ti ons of the alimentary tra c t  of she e p  have b e en 

demonstrated by Bremne r (1970b). The se variations vlere shown to 

be accour1 te d f or by ch ange s in tract pH and Bre mner ( 1 970b) 

considers that coppe r c omplexes c ou ld be come m ore stable at l ower 

pHS ,  f a c i l i tati n g  copp e r  absorpti on in the upper re ache s of the 

alimentary tra ct. Ind ire ct e vi dence in support of thi s  hyp othesi s 

i s  found in the 1v ork of Di ck (1952). He f ound that the addi tion 

of cal cium carbonate t o  the d i e ts of she ep -vri ll d e press c oppe r  

uti l i z ati on p re sumably by d e pre ssi ng i nte stin al pH . 

Differences in the mineral status of pure stand s of temperate 

grasses has be en re c e ntly d o cume nted ( Pati l ,  Jone s and Hughes, 1969; 

Pati l  and J ones, 1970). Dried rations p re pared from pure grass 

stands we re shown to p roduce sy mptoms of copper defi c ie ncy as shovm 

by dep i gmentati ons of the hair around the e ye s  and lack of woo l  

crimp and colour . These symptoms wer e  subse quently all e viated by 

copper supp lementati o n  of the d i e t. Timothy (Phleum pratense ) 
produced the most pro nounce d  symptoms, f o l lmved by the ryegrasses 

( Lolium �). Cocksf o ot (Dactyli s glomerata) produced no appare nt 

de f i ci e n cy. The d e gre e of defi ci ency produ ced was shown to 

parallel the le ve l s  o f  copper w ithin the gras ses ,  vrhile in other 

i nstanc e s  it di d no t. In thi s  conne ction i� is also interesting 

to note that c lover usually contai ns hi gh e r  c on c e ntrati ons of c opper 

than grasse s (Co op,  Darling and Anderson , 1 953; Mi tche ll , Rei th and 

Johnsto n ,  1 956). 
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Inter-varietal differences have also become apparent (Patil 

and Jones, 1 970). Lambs consuming equivalent dry matter intakes 

of Timothy S . 352 and S. 48 developed symptoms of copper deficiency 

only on the former. These results and those discussed earlier 

using dried herbage become more important in vie\v of evidence \vhich 

suggests that hay curing enhances copper availability (Hartmans m1d 

Bosman, 1970). This increased availability \vas above that which 

could be accounted for by the different growth stage normally present 

between fresh pasture and hay, level of int��e or the effect of 

stall feeding the hay. Paspalum hay has also been reported to 

alleviate some of the s�nptoms of copper deficiency in cattle 

grazing copper-deficient paspalum pasture in Northern Australia 

( Rarvey, Ryley, Beanes and O'Bryan, 1961). 

2 . 2 . 2  Copper transport 

Copper entering the blood plasma from the intestine is thou�ht 

to become loosely bound to serum albumin, forming the small "direct­

reacting" fraction of plasma copper (Bearn and Kun.."k:el, 1 954; Bush, 

Mahoney, Gubler, Carhrright and Wintrobe, 1956; Evans and Carnatzer, 

1 970). Copper in this state is considered to be the main transport 

form of labile copper, it having been sho\m to be readily, reversibly 

transferable into erythrocytes, liver and other body tissues (Bush 

et al, 1956). The copper in caeruloplasmin does not appear to be 

so readily available for exchanee or transfer with other body 
tissues. 

Ingested copper is removed rapidly from the portal plasma and 

concentrates in the liver. Thereafter, a secondary increase occurs 

in plasma copper, accompanying the discharge of caeruloplasmin from 

the liver (Bearn and Kunkel, 1954). 

2.2.3 Hepatic copper metabolism 

The liver is the principal site of the metabolic steps 

involved in maintaining copper homeostatis. Copper reaching the 

liver is incorporated into the mitochondria, microsomes, nuclei, 

and soluble fractions of the parenchymal cells in proportions vrhich 



vary vri th the age , the strain,  and the copper s tatus of the 

animal ( cited by Underwood ,  1971 ). 
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The liver is also the principal , if not the only site , of 

caeruloplasmin synthesis (Markovri t z  e t  al , 1955 ). In addition t o  

i ts enzymati c role caeruloplasmin is  though t to also function i n  

maintaining copper homeos tatis espe cially during neonatal develop­

ment (see earlier dis cussion) " C opper inj e ctions have been found 

to induce de  � caeruloplasmin synthesis in  the adult rat , 

resulting i n  an e levati on in serum caeruloplasmin and a fall in  

hepati c cellular copper after an initial rise (Evans , Maj or and 

Cornatzer ,  1970) . Indirect evidence f or this model was dis cussed 

earlier , where a number of wo rkers demonstrated close rel ationships 

between changes in the caeruloplasmin and other blood copper 

fractions as these f luctuated under differing copper intakes . 

Bile is the maj or path-vmy for copper excreti on in all species . 

I t  has been es timated that of 2-5 mg of copper ingested daily by 

man , 32% i s  abs orbed , 27% is excreted in the bile , 5% is excreted 

directly i nt o  the bowel ,  while 0. 5% appears in the urine (C artl-rright 

and Wintrobe , 1964). Bile copper is  found in as sociation with 

amino acids , peptides and high mole cular wei ght  proteins . Pro tein-

bound biliary copper is thought t o  be unavailable for reabs orption 

and hence copper excre ti on could be cont rolled to some extent by 

biliary pro tein excretion (Evans , 1973). 

2.2.4 Antagonists of copper metabolism 

2.2 .4 (a) C admium, zinc and silver 

Chemi cally s imilar transiti on elements will produce alterations 

in copper me tabolism that results in  part ·from competition at the 

site of intes ti nal absorpti on ( see earlier discussion). However, 

recent evidence indi cates that cadmium , silver and zinc will 

antagonize copper metabolism wi thi n  the hepati c cell,  and i t  has 

been sugges ted that the elements inhibit caeruloplasmin activity by 

being incorporated i nto  caeruloplasmin in place of copper (Whanger · 

and Weswig,  1 970, 1 971 ). Evans e t  al ( 1 970) have shown that both 



1 7 . 

cadmium a nd zinc will compete wit h  copper for sulphydryl binding 

sites on metallothionein from bovine liver. Hence , the interaction 

between copper and other chemi cally similar elements could result 

in part from compe ti tion for common binding sites both at the 

level of absorption and duri ng hepatic storage. 

2. 2. 4 (b ) Molybdenum and sulphate 

Dick and Bull ( 1 945 ) verified a lot of earlier observations 

which had implicated molybdenum as an inhibitor of copper metabolism 

in sheep . I t  was shmm conclusively by these workers that 

addi tional dietary molybdenum vrould limit the propor ti on of copper 

absorhed as vlell as i ts subsequent liver storag e. The degree of 

molybdenum antagonism has also si nce been found to be dep endent 

on the dietary inorganic sulphate ; high levels enhanci ng the 

molybdenum--copper antagonism (Di ck ,  1 953 ). 

Extensive work involving the supplementation of molybdenum and 

sulphate to sheep vlidely differing in their copper status has now 

conclusively demonstrated that molybdenum arrl sulphate wi ll either 

decrease or increase the copper status of a ruminant , dependi ng on 

their relative intakes , to that of copper (Dick 1954a ; Wynne and 

McClymont , 1956) . 

In an experiment designed t o  determine the si te of this 

antagonism Marcilese , Ammerman , Valseichi , Dunavant and Davis ( 1969, 

1 970) fed supplementary molybdenum and sulphate into sheep injected 

with radi oactive copper. Plasma collected from the molybdenum and 

sulphate supplemented animals when injected into sheep kept on a 

basal ration resulted in a slower plasma clearance of 64cu , a 

signif icant reduction in liver copper , and a lowered plasma 

caeruloplasmin activity ,  compared to sheep i njected with plasma 

collected from sheep supplemented with only inorganic sulphate. 

Other work ,  however , has sho>m that high intakes of molybdenum and 

sulphate do not affect the rate of injected 64cu excretion i n  sheep 

(M.
ills, 1 961 ) .  Mills ( 1 961 ) suggests that the copper-molybdenum­

su lphate interaction can be exp lained wholly by the ability of the 



two anions to antagonise copper metabolism by forming insoluble 

cupric sulphide �vi thin the digestive tract of sheep (see earlier 

discussion ) . 

A copper-molybdenum complex 11i th a molar ratio of 4 : 3  has 

re cently been formed at a neutral pH (Dowdy and �ffitrone, 1968a) . 

This complex has subsequently been found to be stable in vivo 
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while remaining biologically unavailable . I t  is excreted in the 

same 4 : 3  molar ratio vlhen injected into sh8ep and demonstrates a 

different pat tern of excre tion to that seen Hhen molybdenum is 

administered alone (Dowdy and Matrone, 1968b ) . The iQ vivo 

production of this complex is still uncertain; the authors 

consider its formation in the rumen possible. However, this has 

been questioned, especially in vie'lv of the presence of rumen 
sulphide (Hartmans, 1970) . The role of sulphate in this model 

also remains someNhat obscure . 

Recently experiments conducted in an at tempt to substantiate 

the Dovrdy-Matrone model indicated that, although the ratio of copper 

to molybdenum in connective tissue of rat liver approximates that 

pre di cted for the complex, that remaining in the subcellular 

fractions did not (Mills and Mitchell, 1962) . 

An alternative model resulting from observations on molybdenum 

and sulphate excretions s tudies has been proposed by Dick (1969 ). 

W hen high dietary molybdenum levels result in the accummulation 

of the element 'l'li thin the sheep ' s  body tissues, i t  was found this 

could be alleviated by increasing the sulphate intake. This 

resultant fall in tissue molybdenum was found to be accompanied by 
a concomitant rise in urinary molybdenum. On this evidence Dick 

( 1 969 ) postulates that the sulphate and molybdate ions compete for 

cell membrane absorption s ites consequently increasing molybdenum 

concentrations at these barriers. This is considered to 11 impede 

or prevent11 copper transport at these barriers, especially those 

within the liver. 
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2. 3 C opper d efici ency an d  function 

Th e rol e  of tra c e  elem ents in  mammalian m etabolism is now 

firmly establish ed. Th ey hav e b e en found to b e  primarily catalyst 

in the enzyme syst ems of th e c ell, th eir rol es ranging from "vv eak 

ioni c-str ength eff ects to highly-sp ecific  m etaloenzym e associati ons" 

(Schutt e, 1 964) . In th es e " associations" th e metal is firmly 

attached to a prot ein, with ther e  b eing normally a fix ed number 

of m etal atoms p er mol ecule of prot ein. Th e r emoval of the ion 

normally involves ch emical proc edur es and I·Till r esult invariably 

in th e loss of th e enzymic activity ( Schutt e ,  1964 ) . Th e majority 

of copp er-containing prot eins hav e b e en found to be enzym es with 

oxidativ e functions. Tyrosinas e, lactas e, as corbic acid oxidas e, 

cytochrom e oxidas e ,  uricas e, monoamin e oxidas e and dopamine-B­

hydroxylase have all b e en id entifi ed as copp er-containing enzymes 

(Und erV�ood , 1971) . 

A wid e range of m etabolic disord ers hav e be en found to b e  

associat ed with a d efi ci ency or exc ess of dietary copper. Th es e 

includ e ana emia, d epr ess ed grov; th, bon e disorders, d epigm entation 

of hair and \'l'ool, abnormal vwol grm.,rth, n eonatal ataxia, impaired 

r eproductiv e p erformanc e, h eart failur e, cardiovascular d efects, 

conn ectiv e tissu e l esions and gastrotint estinal disturbanc es 

(Und erwood, 1971) . I t  would s e em that as th e copper r es erv es of 

an animal ar e d eplet ed c ertain copp er-d ep end ent m etabolic proc ess es 

fail in th eir comp etition for the inad equat e copp er supply. In 

th e sh e ep, sp ecific l esions of th e wool ar e among th e first m etabolic  

st eps to be  aff ect ed by  a copp er insuffici ency (Marston , 1952) . 

Th e following is a bri ef discussion of som e of the major 

disorders obs erved in the ovin e. 

2. 3 .  1 Copper and Anaemia 

Ana emia has b e en obs erved as a common expr ession of copp er 

d efici ency in many animals, although its morphological charact er 

vari es b etvT e en diff er ent sp ecies (Underwood, 1 971 ). During copp er 

d epl etion, s erum copper and caeruloplasmin fall rapidly follow ed by 



a general reduction in serum iron and erythrocyte copper and 

eventually a dramatic reduc tion in red cell volume and haemoglobin 

content (01-ren and Hazelrig , 1 968) . Reduced haematocri ts have been 

found in sheep and cat tle when blood copper concentrations fall 

belovl 1 0-1 2 p..g per 1 00 ml (Beck , 1 941 ;  Marston et al, 1 948). 

This anaemia has been described as microcyb_c  and hypochromic in 

copper-deficient sheep and cattle and is ro nsidered identical to 

that �een during the iron- deficient state (Gallagher , Judap and 

Rees , 1 956). 

Extensive evidence, recently revie1'Ted, on iron and copper 

metabolism vwuld indicate that caeruloplasmin is the major link 

beh-reen copper and iron metabolism . Abnormalities in iron 

t ransfer at the duodenal mucosa, the reticuloendothelial system, 

and the hepatic parenchymal cells of the copper-deficient animals 

have all been related t o  a reduction in the ferroxidase activity 

of caeruloplasmin (Frieden, 1 970). Although Lee , Cartwright and 

Wintrobe (1 968) eliminated the possibility of a copper-dependent 

s tep in haem biosynthesis , many workers still consider that the 

excessive amounts of iron found in the normoblast suggests an 

inhibition of haemoglobin biosynthesis per se (Underwood , 1 97 1 ) .  

Copper and Enzootic Neonatal Ataxia 

Neonatal ataxia , or swayback , in lambs has b een recognized 

for many years in areas of Great Britain and Western Australia 

(Innes and Shearer, 1 940 ; Bennett  and Beck , 1 942) .  I t  has since 

been reported in numerous other regions of the world. I t  is 

characterized by an incoordination of the hind limbs , a s tiff and 

s taggering gait wi th swaying of the hind quarters . Some affected 

lambs are completely paralyzed or ataxic at birth and soon die, 

while others appear normal at birth, the condition developing 

progressively until locomotion becomes impossible (Innes and 

Shearer , 1 940 ; Bennett and Beck, 1 942). 
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Neonatal ataxia in Western Australia has been shown to be 

primarily due to a deficiency in copper intake . Ewes grazing 

"affected" areas develop anaemia resulting from '1 depletion of their 

copper reserves .  The copper content of their liver, blood, milk 

and the liver copper of their progeny are also be low normal values. 

These manifestations of copper deficiency and the accompanying ataxia 

in lambs responds rapidly to supplementary copper (Benne tt and 

Chapm�n, 1 937). Pasture and soil copper in these areas is lovr , the 

pasture containing approximately 2-3 ppm (DM ) of copper, a level 

belo-vr tha t required by grazing sheep (Bennett  and Beck, 1 942). 

In many areas of England, vlales and Scotland -vrhere ataxia in 

lambs has been reported, pasture copper values are low but still 

-vlithin the non-deficient range . E-v-res grazing these areas were also 

found to have subnormal blood and liver copper levels (Innes and 

Shearer, 1 940 ; Allcroft et  al, 1 959). - - Although molybdenum and 

sulphate  supplementation has b een shown to induce neona tal ataxia 

in expe rimental lambs, th e concentration of both these substances 

in the affected pasture are considered to b e  wi thin the " normal" 

range . I t  is concluded that some ye t "unidentified" factor may 

be involved ( Le-vris and Allcrof t, 1 960) . 

Breeds· of shee p  differ in their susceptibility to neonatal 

ataxia (Weiner and Field, 1 966; Wiener and McLeod, 1970; Hayter 

et  al, 1 973). In a flock comprising three differi ng bre eds and 

their crosses, grazing an area v1ith a known swayback histor y  

Wiener and Field ( 1966) reported an incidence of 40% of ataxic 

lambs in one breed , while the others exhibited incidences of only 

11% and 0% respectively. The crosses had incidences approximately 

intermediate between the parent breeds contributing to the c ross. 

The incidences of neonatal atoxia were subsequently shmm to be 

closely related to the mean copper concentration in the blood of 

the breed classes (Wiener and Field ,  1966). 



Much controversy has developed over the exact pathology of 

neonatal ataxia (Innes and Shearer , 1940; Barlow et al, 1960) . 

Howell ( 1970), in a recent review, indicated major macroscopic 

lesions consisting of general cell necrosi s wi th brainstem and 

spinal-cord fi bre degenerati on. These symptoms are compatible 

with the description of nervous tissue degeneration reported by 

Bennett and Beck ( 1942) in Australia and Cunningham ( 1950) in Nevr 
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Zealand. A deficiency of cytochrome oxidase of th e motor neurones 

and particuiarly of the large neurones of the red nucleus and 

spinal cord, precede the clinical disease and could well be the 

primary lesion (Fell, Mills and Boyne, 1965; Howell, 1970). 

Copper and Wool Keratinization 

During the early studies on neonatal ataxia in Australia i t  

became apparent that sheep grazing copper-deficient pasture exhibit 

reduced fleece weights and an 'abnormal ' I'Tool style (B ennet t, 1932; 

Bennett and Chapman, 1937; .t-1arston and L e e , 1948; Marston, Le e 

and McDonald , 1 948a , 1948b) . The abnormal wool had b een termed 

locally as 'steely' or 'stringy' 1vool and is essentially 

characterised by a "limp, glassy and straight appearance" (Bennett 

and Beck, 1942). 

The deficiency fi rst manifests i tself by the appearance of 

secondary crimp waves which become superimposed over a deteriorating 

crimp in the newly grown vTOol. As further deple tion continues the 

character of the fleece becomes less distinct and the ivool fibres 

begin to emerge from the follicle as straight lustrous grmrths 

entirely devoid of crimp. These abnormalities are normally 

accompanied by a reduction in fleece weigh t (Marston, 1946). 

Copper supplementation of affected animal s vras shown to immedia tely 

restore the normal crimp pattern (Bennet� and Beck , 1 942; Marston, 

1 946). 

In many areas of Australia the first signs of copper deficiency 

appear in the fleece (Marston, Lee and McDonald , 1 948a). Sheep 

grazing large tracts of Queensland produce 'silky' wool , a condition 

considered identical to 'steely' ;vool of Sou th Australia. Sheep 
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producing these wools have accompanying lo1'1" blood and liver copper 

levels, but they do not produce ataxic lambs nor are they considered 

anaemic. The condition is also alleviated by copper supplement­

ation (Lee  and Moule, 1947). 

Abnormal fleeces resulting from an insufficiency of copper 

have been reported in fine-woolled she ep from a number of countri es. 

However, coarse-woolled sheep grazing s.vayback areas of Great Britain 

and peat areas of New Z ealand have been reported as producing no 

abnormali ty in the I•Tool comparable to that observed in the Australian 

Merino ( Dunlop, Innes, Shearer and Wells , 1939; Hunter, Eden and 

Green, 1945 ; Cunningham, 1949a , 1949b, 1 950, 195 1 ). I t  Has 

considered for a number of years that the Merino could be more 

S ensi ti ve to a low copper intake, h01.•Tever, lee ( 1 956) has reported 

the production of straight fibres devoid of crimp in British breeds 

of sheep grazing copper-deficient pastures in South Australia. 

The copper-deficient lesions in the l'lOOl of Merino sheep are 

considered to reflect a breakdown in  the physiological processes 

within the follicl e  which imparts crimp, 1vhereas the reduction in 

wool production by these animals i s  considered to be more likely 

the result of an impaired appetite (Marston, 1946). 

Copper-deficient Merino wool demonstrates a 35-45% reduction 

in tensile strength, different dyeing properti es and impaired 

elasticity whe n compared to normal wool. It is slightly finer i n  

mean diameter and processes badly (Palmer, 1 949; Marston, 1946). 

In composition, the wool . has a 30% reduction in disulphide bonds , 

a reduction in total sulphur content and an increased proportion 

of sulphyhyrl groups (Palmer, 1 949; Mars ton, 1 946; Burley, 1954, 

1 957, 1 960) .  It  has also been  shovm to contain less of a small 

group of highly-acidic sulphur-rich proteins with an accompanying 

increase in the proportions of aspartic acid , phenylalanine and 

leucine (Burley and Hordern, 1 960 ; Gillespie , 1 964) . 
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The final stages of keratinizati on in 1-ro ol fibre f ormati on 

involves t he conversion  of sulphydri l groups of preke ratin t o  the 

disulphide bonds of keratin (IIfatoltsy ,  1962). Keratinization,  

normally takes place in  a regi on approximately 100-400 y up the 

developing fibre from the follicle bulb , and is normally c omple te 

within 6-8 hours (Auber , 1950 ; Marston,  1 946 ) . ltlool-fibre 

keratinizati on in copper-deficient sheep has been sho1m to  take 

place . over a distance up  to  1000 p f rom the follicle bulb and may 

s till not be complete vlhen the fibre  leaves the follicle (Mars ton ,  

1 946) . On this evidence i t  has b een proposed that in  the normal 

follicle , as the fibre moves up t o  the skin surface from the 

f ollicle bulb ,  the fibre proteins are aligned t o  a " prede termined 

pat tern" and subsequently fixed permanent ly by keratinj_ zati on . 

I n the copper-deficient animal ,  be cause of the abnormal keratiniz­

ati on the fibre be comes dis orientated before keratinizati on is  

sufficient ly advanced (Mars ton , 1946). Copper is lmm· m t o  

catalyse the oxidation of sulphydri l groups and Catallini , Dupre 

and Rotilio ( 1 969 ) have shown in vitro that the oxidation of 

cysteine t o  cys tine involved the formation of a cys teine-coppe r 

complex . There is , hovrever ,  no conclusive evidence of a copper-

dependent s tep in the bi osynthesis of the vTO ol fibre per se  

(Ryder and Stephens on, 1968). 

Studi es of the extensibi lity of wool fibres from normal and 

copper-deficient wool , led Burley (1960) to suggest that the extra 

sulphydril groups and the defi cit in disulphide groups in ' s teely ' 

wool can largely , but not entirely ,  explain their different 

behaviour . On this basis  Burley  suggests that the physi cal  and 

chemi cal abnormali ties of ' steely ' w ool could be more readily 

explained on the basis of a reduction in the c oncentration of  the 

high-sulphur protein fraction. This fraction is thought to act as 

an "intermolecular cement " between t he chains , or groups of chains ,  

in the fibre . Defici ency of high-sulphur cement could account for 

both the abnormalities which are dependent on ih e  proportion of 

disulphide bonds , as well as those that are not (Burley and Hordern, 

1 957 ) .  
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The reduced concentrations of the high-sulphur fraction could 

also . account for the reduction in cystine residues. This could 

be by either the loss of cystine directly from the fibre, or by the 

loss of potential sites for disulphide-bond formation. The 

latter suggestion would account well for the extra sulphydril 

groups found in deficient �<rool, vlhich could be considered. sites 

of potential attachment of the high-sulphur proteins (Burley,  1960) . 

Experiments by Gillespie ( 1964) support the finding of Burley 

( 1960 ) ; however, Gillespie considers that the alleviation in the 

high-sulphur protein fraction accounts basically for the reduced 

fleece 1veigh t, Hhereas the reduction in disulphide bonds accounts 

full y for the altered chemical and physical properties of the 

abnormal vrool. In this situation t he lowered high-sulphur 

protein fraction is considered to be the reverse of the situation 

where high post-ruminal  sulphur-containing amino acids give greater 

wool growth ( Gillespie, Reis and Schinckel, 1964). The role of 

copper in this model is not known, a lthough Gillespie (1964) 

suggests it  may alter the rumen flora as in cobalt insufficiency. 

2. 3. 4  Copper and Achromatrichia 

Accumulated evidence has conclusively involved copper in the 

process of melanin formation in many mammalian species (Marston, 

1 952). Lack of pigment production in the wool of black-woolled 

sheep occurs at copper intakes sufficient to prevent anaemia, or 

other observable signs of copper deficiency (Dick, 1954a) . 

Copper exists at the a ctive centre of diphenol oxidases, such as 

tyrosinase, and when the me tal is removed the activity of the 

enzyme is destroyed ( Raper, 1928 ) . Tyrosinase is thought to be 

involved in the conversion of tyrosine to  melanin ( Ashton, 1 970) .  

Indirect evidence for the role of copper in this model, comes from 

the addition of molybdenum and sulphate to the diet of black-

woolled s heep. The effect of molybdenum and sulphate can occur 

wi thin hours of the administration, and variation in the leve l of 

administration can result in alternating dark and light bands 

wi thin the fleece (Dick, 1 954a) . 
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C opper and Fert-ility 

R(3 cently in New Zealand a significant interacti on between 

copper and selenium i n  fe cundity of sheep has been f ound (Hill , 

Walker and Taylor ,  1 968 ) .  Coppe r  improved the inci dence of 

twinning only in selenium-treated ewes . Neither e lement had any 

effect on the incid ence of barrenness .  The greater i ncidence of 

twiru1ing among the ewes treated with se lenium and copper could 

possi�ly be due to an improved liveweight and hence ovulation rat e ,  

rather than being a direct effect  on reproductive physiology . 

C opper has not previous ly been associated with reduced ferti lity 

or fe cundity in sheep ,  although in areas of Great Britain ,  Aus tralia 

and Holland copper defi ciency has long been associated wi th 

infer ti lity in cattle (Underwood , 1 97 1  ) .  

Copper and Ewe Li vevreight 

Severely copper-defi c:Lent s heep ' lose condit ion and shmr 

persistent diarrhea '  ( Beck , 1 942 ; Bennet is and Beck, 1 942 ) . The 

depressi on in gro1rth rate is considered t o  be related t o  the degree 

of copper deficiency ,  and is attributed t o  both a " reduced appeti te 

and an upset in i ntestinal function" (Mars ton , Lee  and McDonald , 

1 948b ; Bennetis and Beck , 1 942 ) . Significant responses in hogge t 

li vevreigh t gain have been obtained when copper is admini stered in 

the presence of s elenium on "marginally" defi cient land in N evr 

Zealand (Hill � al , 1 969) . Animals receiving both minerals being 

5% heavier  than those vrhich re ceived only se lenium . 

Copper and Other Dis orders 

Although spontaneous bone f ractures have been ass ociated with 

copper defi ciency in  a number of s pe cies , only a low inci dence 

has ever been observed in sheep and catt le (Underwood , 1 97 1 ) . 

Bennet is and Beck ( 1 942 ) in Aust ralia, Cunningham ( 1 950 ) in  New 

Zealand , and Davis ( 1 950)  in the Uni ted States have all reported 

isolated cases . The exact role of copper in this dis order is 

unknown, although s ome evidence suggests that copper could be 

involved in promoting the structural integrity of bone collagen 

(Underwood , 1 971 ) . 
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Sudden cardiac failure has b een reported in copper-deficient 

cattle of Western Australia but the disease has never been observed 

in sheep grazing the same areas (Bennet l:s and Beck, 1 942 ) . 

2. 4 Copper Requi rements of Sheep 

The minimum copper requirement of grazing sheep is  difficult 

to determine. It would appear that as well as breed differences 

in sus ceptibility to low copper intakes, the copper content of 

pasture is no real indication of its ability to supply metabolic 

copper. 

Copper-deficient areas of Western Australia are thought to be 

the result of a simple deficiency of pasture copper, the majority 

of pasture samples averaging 2-4 ppm ( DM ) (Undervrood, 1 971 ) • 

Merino sheep transferred from ' normal ' to these deficient areas, 

ingest beh,reen 2-4 mg of copper per day and become depleted in the 

course of 6-8 months (Bennetm and Beck, 1942) . At this point, 

defective keratinization appears in fu c wool, blood copper levels 

gradually fall to below 1 0  pg per 1 00 ml blood, and hypochromic 

anaemia results . This condition progresses slmvly until the 

concentration of iron in the liver increases upHards of 1 00-fold 

and liver copper falls belovl 20 ppm (DM) . At this stage of 

depletion ataxia in lambs is common (Marston, 1950 ) . 

Dick (1954 ) found that 3.6 mg of copper per day is sufficient 

to promote live r copper storage. From a linear-regression model 

estimating liver copper storage associated with gradually increasing 

copper intakes,  Dick predicted that the minimum copper requirement 

of sheep could well be below 3 mg per day. This use of a linear 

model could , however, be an oversimplication. A curvilinear 

estimate would tend to increase the estimated minimum requirement. 

When feeding a purified diet extremely low in both molybdenum and 

sulphate, Dowdy and Matrone (1968b ) found that blood copper  levels 

in growing lambs could not be maintained on a copper intake as low 

as 1 mg per day. 
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Marston et al (1948a, 1948b) and Marston and Lee (1948) found 

that sheep grazing calcareous soils of South Australia where the 

pasture contains approximately 3 ppm (DM) copper , rapidly develop 

signs of copper deficiency when supplied with supplementary cobalt. 

An additional supplement of 5 mg of copper per day , equivalent to 

a total pasture content of some 8 ppm ,  was still insufficient to 

ensure normal blood copper levels and normal v1ool keratinization in 

all animals . Under these conditions , vrhere there is a high 

consumption of calcium carbonate from the environment , with only 

moderate intakes of molybdenum and sulphate from the herbage , the 

minimum requirement of sheep is close to 10 mg per day. 

Molybdenum intakes as low as 0. 5 mg per day can adversely 

affect copper retention in sheep -vrhen the sulphate intake is high 

(Dick , 1 954b). Cunningham (1960) has shovm that in ihe ' peat 

scour ' areas of Nev: Zealand the pathological effect of molybdenuin 

on cattle and sheep is determined by the relative amounts of copper 

and molybdenum in the pasture . For example , in pasture containing 

approximately 10 ppm (DM ) of copper , about 20 ppm (DN) of molybdenu� 

must be present before toxic effects are produced . For lower 

levels of pasture copper the minimum harmful level of molybdenum is 

Excess sulphate , in the presence of ' normal' levels of 

copper and molybdenum have also been associated with copper deficiency 

and ataxia in lambs in areas of Greece (Spais et al , 1968). 

In Britain , the occurrence of swayback has not been related to 

a low copper content in the pastures . Pasture copper values 
ranging from 7-20 ppm (DM) or more have been found in pastures on 

which the s wayback has occurred (Allcroft, 1 952). High lead , 

molybdenum, sulphate and calcium have all be�n implicated. 

Although molybdenum and sulphate are both considered to be 

contributing factors , no significant differences in the molybdenum 

content of pastures on farms where swayback is not known to occur 

and on those where it is enzootic, could be found (Allcroft, 1 963). 

The ' real '  antagonist of copper metabolism in these areas is yet to 

be established . 



C H A P T E R 3 

SUPPLEMENTAL ADMll�ISTRATION OF COPPER AND 

SELENIUM TO ROMNEY SHEEP 

3 . 1  I ntroduction 
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This chapter describes an experiment designed to ascertain the 

response to prophylatic copper and selenium in Romney e1,-es grazing 

at two different stocking rates. 

3. 2 Materials and Methods 

3 . 2 . 1 Description of the ' Stress ' Flock and its Management 

The �1assey University Stress flock was founded in February, 1 971  

from 494 two-tooth e1ws purchased from four different sources. The 

animals were randomly allotted to two areas of pasture on the Ripley 

Rise property at Massey University. These areas were of 1 1 . 5 and 

1 6 . 5  hectares giving stocking rates of 20 and 1 4  ewes per hectare 

respectively. The groups are subsequently referred to as the high 

(HSR) and lovT ( ISR ) Stress sheep. 

The Ripley Rise property is situated upon a soil of the Shannon 

silt loam series. This series is an " intermediate" type being 

located between two major soil groupings, the yellow-grey earths and 

the yellow-brmm earths ( Cowie , 1 972 ) .  Although the soil is 

considered to be of only "moderate" fertility, it is not considered 

to be deficient in any of the minor nutrients (see appendix I ) . 

Pasture on the two areas grazed by the Stress ewes are composed 

chiefly of Perennial Ryegrass (Lolium perene ) and Wbi.te Clover 

(Trifolium repens ) . These areas have never been seen to produce 

ataxia in lambs, anaemia in ewes , or show abnormal wool 

keratinization. 



For the duration of the experimental period the ewes within 

each stocking rate were allotted to  the follovling treatment groups : 

1 ) Copper supplemented 

2) Selenium supplemented 

3 )  Copper and Selenium supplemented 

4) Control 

Randomisation vas restricted to ensure that el'les from each 

original source flock vlere distributed evenly bet1-1een treatments. 

"Cujec", a proprietary injectable copper preparation ( Tasman 

Vaccine Laboratory ) containing copper as copper glycinate vas 

employed. Tvo 25  mg subcutaneous injections v1ere given, one in 

March and the other in July . At these times, 6 mg of selenium as 

sodium selenate vras also dosed as an oral drench . 

The grazine system was essentially one of set-sto cking through-
out most of the year. The unit is entirely self-supporting in 

respect of feed requirements and no forage was conserved for winter 

feeding. All management operations other than those already 

discussed , 1vere carried out as close together as vas practically 

possible (see Table 3 . 1 ) .  



Table 3 . 1 : 

Date 

March 

July 

August 

November 

.3 1 • 

Calendar of operati ons - Stress Flock, 1 972 

Operation 

1 3-1 7 Blood sampling of all ewes. 

1 7 Random allotment of e1-.res t o  
treatment groups. 

Copper injecti on and selenium 
drench es given. 

Ewes vleighed. 

31 Rams wi th evres . 

1 8-1 9 

20 

Second blood sample col lected. 
Second copper injection and selenium 

drench given. 

Ewes v1eighed . 

Lambing - All lambs tagged, weighed 
and birth date recorded. All 
' dead ' lamb livers c ollected . 

7 C ollecti on of pasture samples. 

1 9  Sheari ng - mid-side samples collected. 

30 Weani ng and drafting of all lambs. 

Ewes and lambs 1·mighed . 
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3. 2. 2 Measurement of Productive Traits 

3. 2. 2 (a ) Shearing 

Shearing of all the experimental  animals took place on 19 

November. Pri or to shearing , the eHes were marked on the 

standard mid-side position with coloured raddle . This procedure 

allowed identification of the mid-side area when the f leece Has on 

the skirting table . 

Af ter she aring the f le e ce vras >veighed and the raddle-marked 

mid-side sample removed and st ored in a plastic bag until 

subsequent flee ce characteristic grading . 

3 . 2. 2 (b ) Pre-s co uri ng Flee ce Grading 

The f leece mid-side s amples viere assessed by the technical 

st aff of the Massey University Sheep  Husbandry Department and 

graded for various fleece characteristics. The description� where 

applicable , are given in Appe ndix I I .  

assessed were : 

1 )  Crimp clarity 

2 ) Lustre 

3 ) Soundness 

4 )  C rimps per centimetre 

5) Quality numbe r  

The characte ristics 

A 1 ( inferior ) to 9 (superi or ) s cale is used f or mos t grades , 

the system being arranged s o  that the distribution of grades tends 

t o  f ollow the normal curve . 

3. 2. 2 (c ) Staple Tensile Strength 

Sub-samples of the mid-side sample lvere condi tioned in a 

humidity room at 65% relative humidity ( RH )  and 20°C for at leas t 

48 hours (hr) . The maximum load required to  break the s taple was 

then determined by a modification of the technique of Ross ( 1 960) 

on a Hounsfield tensometer . 
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3. 2 . 2 ( d )  Scouring 

The mid-sid e s amples >vere 1ve ighed greasy after being 

condi ti oned at 20°C and 65% RH f or 48 hrs . The samples were then 

teased and scoured using a four bowl and detergent and water 

scouring method . Af ter emerging from the last  bath the s amples 

were " spun-dry" before being finally d ried in a blast of ho t air. 

The samp les were again allovred to  condi tion f or 48 hrs before 

reweighing. The yield vras calculated . 

3 . 2 . 2 (e )  Lamb Numbers and Weights 

Lambing commenced in early August . The young lambs were 

individually identified ,  tagged and weighed within 24 hrs of birth .  

The date  of birth was recorded as number of days from Augus t 1 • 

3 . 2 . 2 ( f ) Lamb Weaning vleight  

During vreaning and drafting all  of the lambs were vle ighed. 

Determination of Ewe and Lamb C opper Stat-us 

3 . 2 . 3 ( a) P reparati on of Glassware and Equipment 

All glasS\.; are and other equipment coming int o contac t  wi th 

materials to be analysed f or trace element content 1'i"ere subjected 

to a thorough de contaminati on procedure similar to the me thod of 

Butler and Nevrrnan ( 1 956 )  

3 . 2 . 3 (b )  Chemi cals and Instrume ntation 

Elemental s tandards were made using AR-grade chemicals , and 

these s olutions were s tored at a c oncentration of 1 000 ppm in 2 M 

HCl . S tandards of lower c oncentration were made by diluti on of a 

1 000 ppm s o luti on immediately pri or to use .  

All quanti tative elemental analyses were carried out with the 

use of a Varian Techtron AA5 atomic absorption spectrophotometer 

under the conditions lis ted in Appendix III. 
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3 . 2 . 3 ( c) Blood C ollecti on and Analysis 

Two methods of  blood collection were employed in the course of  

the experiment . In the firs t  sampling period (March ) approximately 

40 mls of b lood vlas let by jugular puncture . Size 1 4  Luer hub 

needles 1vere used , the blood being collected directly int o  50 ml 

polypropylene centrifuge tubes containing a small amount of s odium 

heparin. This method vras f ound to be laborious for the number of 

sheep · involved , whi le also possib ly leading to contamination from 

the chrome-plated brass needle hubs (But ler , 1 962 ) .  The July 

sample was therefore collected using a 1 0  ml evacuated container 

( Becton-Dickins on ' Vacutainer'  ) . 

.A:ter colle cti on the sample was labelled Hith the appropriate 

animal number and packed in ice .  v!i th 8 hrs of collecti on the 

samples were centrifuged at 3500. rpm f or 30 mins and 3 ml of plasma 

withdrmm t o  a s torage bo ttle . This was subsequent ly di luted with 

3 ml of copper-free dis ti lled and dei onized ( copper-free ) water and 

s tored at -1 0°C unti l  required f or elemental determinations . 

When required f or analysis , the frozen samples were thawed , 

s haken vigorously and assayed dire ctly by atomic absorption 

spectros copy , the method bei ng s imilar to  that used by Owen ( 1 97 1  ) .  

No allov1ance Has made for the difference in aspirati on r ate between 

samples and standards ( see Appendix IV ) . 

3 . 2 . 3 (d ) Lamb Liver Colle cti on and Analysis 

Samples of liver t issue from all lambs dying within 48 hr of 

birth were collected and stored at -1 0°C .  The copper contents on 

a DM basis were then determined i n  duplicate after dry ashing at 

480°C for 6 hr , and finally wet ashing in a mixture of nitri c  and 

percholri c acid ( 3 : 1 ) .  The subsequent ash was then taken up in 5 ml 

of 2m HC 1 and d iluted for analys is . Before determination by atomic 

abs orption spec tros copy , the samples were allowed to  stand for  30 

min to  permit any undissolved material to settle . Only copper 

was de termined . 



3 .  2 . 4  Pasture Copper Analysis 

Random s amples of pasture were colle cted from all areas of 

the experimental plots i n  early Augus t .  The samples were 

collected f rom above the soil leve l with the aid of stainless  

s teel s cissors . Duplicate sub-s amples >vere then l'fashed three 

times in copper-free water to reduce any s oi l  or dus t 

contamination . These were then stored at -10°C until  required 

f or subsequent  analysis . 

For e lemental analys is , duplicate s amples were taken from 
0 the thmved herbage , dried t o  a constant DM and ashed at 480 C 

3 5 .  

f or 8 hr . The samples were then prepared f or atomic abs orpti on 

spectros copy as outlined in section 3 . 2 . 3 (d ) . 

Experimental Design and Statisti cal Methods 

Blood Copper and Productive Traits 

A factorial approach to the experiment was taken on the 

recommendatio n  of Hi ll et al ( 1 968 ) f or trace e lement tri als . 

For the ease  of hand c omputati on , 28 records of e>·res bearing 

single lambs 1vere chosen at random t o  represent each treatment 

group in the analyses . Responses t o  the treatments were tested 

s tatisti cally by one of the following three models : 

3 . 3 . 1  ( a )  Analysis of Vari ance 

yi jkl 
= u + ai + bj + ck + ( ab )  ij + (ac )

ik + (be ) jk + ( ac )  ik + ei jkl 

Where : 
u = 

a .  = 

J_ 
b .  = J 
ck = 

8ijkl 
= 

the general mean. 

effect of the ith copper treatment . 

effec t  of the j th s elenium treatment . 

effec t  of the kth stocking rate. 

the residual error which is assumed to have zero 

mean and constant variance. 

All t erms in brackets  refer to the higher order 

interaction of the a ,  b and c effects, e .g .  

(ab) . .  = the interaction of the ith copper and 1J 
j th selenium treatments. 



3 . 3 . 1 (b ) Analysis of C ovariance (one covariate ) 
The model was computed as for the analysi s of variance but 

vli th the additional term : 

where : 

+ B (X . "k l  - x • . .  ) . . . . .  yx l J  

36.  

B is the within group regressi on coefficient yx 
of Y on X .  

3 . 3 . 1 ( c ) Analysis of Covariance (tvw covariates ) 
This model \vas computed as for the analysis of vari ance but ;d th 

the following tvro additional terms : 

( 1 - ) ( 2 
-

2 ) + byx1 
xijk - x 

• .  + byx2 
x

ijk - x • • • • • •  

where : 

and 

b is  the wi thin group partial regress i on coeffi cient yx1 of Y on x 1 

is the wi thin group partial regression coefficient 

of Y on x2 

C ovariance analyses were employed in this model for variables where 

pre-experimental data was avai lable . The te chnique was used to 

increase the precision of the estimates of  the differences behreen 

means by removing inherent variations that existed pri or to the 

treatments being imposed . However,  in all the variables analyse d  

by this technique , the i nf luence of s tocking rate was confounded 

also vTithin the covariate . Hence , the int erpretation of this 

factor within these analyses  is limited t o  i ts effect on the rate 

of change of the variable wi thin the per i od analysed . 

Pas ture and ' Dead '  Lamb Liver Copper 

One way analysis of variance was used to  determine the 

signifi cance of the s tock rate differences . 



3. 4 Results 

As s tocking rate is not a ' true ' main-effect of this 

experiment , but was included to assess the importance of any 

s tocking rate by treatment interactions , al l results are 

presented as sub-class means . 

Ewe parameters 
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Sub-class means for both plasma copper concentrati on and ewe 

liveweight are given in Table 3 . 3 .  Included also are the means 

after adjus tment , by covariance analysis , for the pre-supplement-

ati on values . Mean squares derived from analyses of vari ance and 

covariance are given in Table 3 . 2 .  

The initial stocking rates resulted in there being a 1 4% 

higher me an b ody v1eight in the low-st o cked LSR ev1es at the 

commencement of the tri al . This d ifference was reduced t o  3% by 

July, but again increased to  1 5% by November. The July v1eighing 

is , however , biassed by an unintenti onal overnigh t ' fas t '  in the 

LSR ewes , giving an apparent reduc ti on in the liveweight difference 

expe cted at this time . All of these effects of s to cking rate on 

ewe liveweight  are highly s ignificant . If the initial s tocking 

rate effe ct on ewe liveweight is removed by covariance analysis , 

the persistent highly-signifi cant effect  of stocking rate indicates 

a large influence on the seasonal b ody weight changes . There was 

no liveweight response to either copper or selenium supplementation 

in the ewes . 

The initial and winter blood copper levels of the LSR ewes 

were not significantly different . The small difference between 

stocking rates in initial plasma copper values just  fails to mee t  

the P <: O. 05 criteria. 

HSR ewes had 20% lower plasma copper values than their LSR 

counterparts at  the winter sampling. The fall resulted in a highly 

s ignificant peri od by stocking rate interaction. Supplementation 

of either or b oth copper  and selenium in March fai led t o  c ounteract 

the winter depression in the HSR group . 



Adjus ted Adjusted Adjusted 
Plasma Plasma plasma E>'fe Ewe Ewe Ewe Ewe 

· Source of copper copper copper Liveweight Liveweight Liveweight Liveweight Li ve>'feigh t 
variation DF March July July March July July November November 

Stocking *** *** *** *-)(-* *-)(-* *** *** 
rate 1 578. 57 1 o ,  587 . 50 9 ,  005 . 93 3 , 003.25 10 , 587. 5 0  745.06 3, 305. 63 235. 24 

C opper 1 480.29 80. 1 6 270.38 3. 86 80 . 1  6 3. 1 2 1 5 .81 6 .74 

Selenium 1 1 20. 07 265. 79 1 55. 71 1. 97 265. 79 o.  31 1 o .  50 5. 09 

Stocking 
rate x 1 0. 07 0. 64 0. 50 o. 38 0. 64 12. 39 55. 50 49. 26  
copper 
S tocking . 

rate x 1 1 64. 57 42. 88 120. 41 33. 31 42. 88 0.77 52. 56 9. 48 
selenium 

Copper x 
selenium 

1 . 28. 57 1 57.79 207. 65 1 6. 07 1 57.79 1 6. 87 1 o .  94 0. 25 

Stocking 
rate x 1 4 1 . 49 3. 02 9. 91 1 03. 41 3. 02 6. 76 31 • 1 3 2. 36 copper x 
selenium 

Due to 
1 4 , 11 9. 04 3 ,  972. 57 2 , 71 0. 69 

regression 
- - - - -

Error 21 5 
1 58. 36 1 49. 39 130. 92 255. 52  1 49.39 5. 78 29.88 1 7. 41 

2 1 6 \.>J 
-- ---· ---

* P< 0.05 ** p<: o .  01 *** P <  0. 001 
� 

Table 3. 2 :  E>'fe parameters - Mean squares from analyses of variance and covariance . 



C ontrol 
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� Copper () 
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C opper-
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C ontrol 

"CC 
(!) 

� Copper () 
0 

+> 
tll 

.t:: Selenium 
QO 

·r-1 
::q 

C opper-
Selenium 

S.E . of the means 

Ewe Ewe Ewe Ewe 
Plasma Cu Plasma Cu Plasma Cu Livewei ght Liveweight Liveweight Livewei ght 
March July July March Jul) July November 

(mg/1 00ml) (mg/1 OOml) 1 /  (kg) (kg 2/ (kg) 

89 . 9  8 6 . 7  86 . 6 50.79 47 . 0  46 . 86 5 1 . 52 

86 . 3  85 . 9  87 . 0 49 . 24 45 . 82 46 . 69 5 1 . 86 

89 .0  87 . 9  88. 1 49 . 87 45 . 05 46 . 57 5 1 . 73 

86 . 6  90. 0 91 . 9  52 .  1 1 48 .89  47 . 1 5 54 . 45 

90. 0 73 . 5 73 . 3 43 . 98 45 . 07 46 . 58 44. 05 

89. 1 73 . 4  73 . 5 43 . 98 4 5 . 82 46 . 69 44 . 89 

95 . 2  7 3 . 4  7 1 . 4  43 . 20 45 . 1 8  46 . 59 44 . 82 

90. 3 76 . 1  75 . 00 42 . 5 5  44 . 93 4 6 . 55  44 . 05 

+ - 2 . 39 
+ - 2 . 3 1 + - 2 . 1 6 + - 3 . 02 + - 2 .  31 + - 0 .45  + - 1 • 03 

--- -----

1 /  Adjusted by covariance analys is for March blood copper value ( byx = 0 . 35 ) 
2/ Adjusted by covariance  analysi s  for March li veweight ( byx = 0. 85 ) 
3/ Adjusted by covariance analysis for  November live1.-re ight (byx = 0 . 70 ) 

Table 3.3: Ewe parameters - Group means, adjusted group means and standard errors (S . E . ) .  -

Ewe 
Liveweight 
November 

3/ 

48 . 24 

48. 36  

48 . 33 

49. 1 2 

46 . 30 

46 . 26 

4 6 . 23 

46 . 00 

+ - 0 . 7 9  
---

\.N 
\..0 
• 
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Wool parameters 

Sub-class means of fleece weigh t ,  yield , tens ile s trength , 

s oundness ,  qua lity number , crimp per centimetre and crimp clari ty 

are given in Table 3 . 4 .  Nean squares derived from an analys is  of 

variance are given in Table 3 . 5 . 

HSR evles clipped 1 O% less greasy wool than the LSR ewes . 

The vrool was s ignifican tly greater in tensi le s trength , had more 

crimps per centimetre , greater crimp clari ty and reduced lus tre . 

Selenium supplementati on 1'las ass oci ated \vi th a significant improve­

ment in crimp clari ty.  

A signifi cant stocking rate effect on clean-s coured yield is 

apparent .  The LSR ewes w ith no copper supplementati on had a 4% 
depression in yield . There was no such difference between s tocking 

rates in the groups given copper supplement alone and this is 

reflected in the s tocking rate x copper interacti on (P< O.  05 ) . 

S elenium supplementation  increased staple streng�� and s oundness in 

the HSR ewes , however this interaction failed to reach signifi cance 

at  the P <0 . 05 level .  

Lamb parameters 

Sub-class means of lamb birth weight , birth date and weani ng 

weight are presented in Table 3 .  6 ,  wi th the vreaning weights adjus ted 

by covariance analysis for  birth date and/or birth weight . Mean 

s quares derived from analyses of variance and covariance are 

present ed in Table 3.7.  

Stocking-rate differences were s ignificant f or lamb birth 

wei ght ( P <  0. 001 ) ,  weaning weight (P< 0.  001 ) and lamb birth date 

( P< 0. 05 ) .  Progeny of the LSR ewes were on average 1 0% heavier at 

both birth and vreaning while being born on average 4 days later 

than their HSR counterparts . 



Source of Fleece Quali ty Tensile Crimps Crimp 
variati on DF weight number Yield strength Soundness Lus tre per cm clari ty 

Stocking *** * ** * ** ** 
rate 1 7 . 57  1 .  58 1 01 • 29 669 . 27 0 . 76 1 . 29  0 . 3 00 3 . 76 

C opper 1 o. 21 0 . 039 42 . 81 42 . 5 5  0 . 54 0 . 3 6  0 . 004 o. 1 1  

* Se lenium 1 0 . 63 o. 741 1 3 . 6 5  1 7 . 59  0 .7 6 0 . 3 6  0 . 001 1 .; 00 

S tocking * rate x 1 0 . 94 1 .  60 1 06 . 47 o. 70 0 . 54 0 . 05 0 . 028 0 . 04 
copper 
S tocking 
rate x 1 0 . 08 0 . 78 o. 2 1 1 20 . 67 3 .  01 o .  7 6  0 . 009 o. 1 1  
selenium 

. 

Copper x 1 0 . 1  9 0 . 93 34 . 28 1 2 . 2 9  0 . 36 o. 1 1  0 . 001 0 . 54  selenium 

Stocking 
rate x 1 o.oo 1 . 20 58 . 62 copper x 1 . 45 0 . 1 1 0 . 22 0 . 005  0 . 54 
selenium 

Error 2 1 6 0 . 26 1 • 331 1 7 . 44 31 • 81 0 . 88 0 . 24 0 . 043 0 . 23 

* P< 0. 05 ** P <  0 . 01 *** P <  O .  001 

Table 3. 4 :  Wool parameters - Mean squares . 
� 
� 



Fleece Quality Tensile 
Weight (kg) Number Yield (%) S trength 

C ontrol 3. 72 46 75 . 55 1 0 . 7  

'd Q) 
� Copper 3 .86 46 78 . 26 9. 6 (.) 0 
+-> 
Ul 
:;:: Selenium 3 . 74 44/46- 46 76 . 57 8 . 3 0 

H 

Copper- 3 . 98 4446 - 46 78 . 58 7 . 9  selenium 

C ontrol · 3 . 4 5  44/46 - 46 79 . 58 1 2 . 9  

'd 
3 . 32 46 77 . 27 1 1 . 3  Q) C opper 

� 
0 

+-> 
Ul 

� 
Selenium 3 . 53 46  78 . 20 1 3 . 2  

·r-l 
lil 

44!46- 46 Copper- 3 . 53 79 . 5 1 1 2 . 8 selenium 

+ S .E .  of the + - 0 . 2 of + + - 0 . 96 a grade 
- 0 . 79 - 1 . 07 

means 

Table 3.5 :  Wool  parameters - Means and standard errors . 

S oundness Lustre 

5 .  2 1  4 .89 

5 . 29 5 .  00 

4 . 75 5 .  1 1  

5 . 07 5 . 1 8  

4 . 93 4 . 93 

4 . 89 4 .89 

5 . 00 4 .79 

5 . 04 4 . 96 

+ ..L . - 1 .  77 .:.. 0 . 93 

Crimps 
per cm 

0 . 90 

0 . 90 

0 . 90 

0 .873 

0 . 95 

o. 98 

0 . 95 

0 . 99 

+ - 0. 02 

Clarity 

4 .  61 

4 . 68 

4 .  79  

4 .86  

5 . 04 

4 .86 

4 . 93 

5 . 1 4  

:t o .  91 

I 
I I I I i 

..p. 
1\) 



\-l e aning 
we ight 

Source of Lamb birth Lamb birth W e aning ad jus ted f o r  

variation DF wei ght date vleight birth weight 

Stocking *** * *** * 
rate 1 1 3 . 37 1 , 028 . 57 433 . 1 8  1 05 . 67 

Copper 1 0. 94 1 7 . 1  6 3 . 58 20. 34 

Selenium 1 o.  21 0 . 29 2 . 30 7 . 67 

S to cking 
rate x 1 1 . 53  297. 1 6  33 . 71 5 . 92 
copper 
Stocking 
rate x 1 0. 93 20. 64 42 .44 1 4 . 98 
s elenium 

Copper x * 
s e lenium 

1 0. 1 6  0 . 02 5 1 . 59 68. 3 1 

S to cking 
rate x * 1 1 .  56 522 . 1 6 86 . 1 3  34 . 1  6 copper x 
selenium 

Due to  1 481 . 72 - - -
regression 

21 4 
Error 21 5 0 . 52 1 84 . 7 5  20. 63 1 7 . 40 

21 6 
* P <  0.  05 ** P< 0. 01 *** P <  0 . 001 

Table 3. 6 : · Lamb data - Me an sguares f rom analys es of var i an c e  and c ovarian ce. 

Weani ng 
we ight 

ad jus t e d  f or 
birth date 

*** 772 . 00 

8 . 1 2  

2 . 03 

3 . 47 

2 9. 99 

* 52 . 04 

1 6 .  3 1  

1 , 860 . 62 

1 1 . 00 

I<Te aning weight ! 
adj us ted f or 
birth weight 

and date 

*** 387 . 7 9  

1 8 . 49 

5 . 32 

0 .89  

1 6 .  43  

** 61 . 99 

6 . 99 

2, 342 . 34 71 

9 . 08  � 
V< 

. 



Control 

'Cl 
Cl> 

� Copper C) 
0 

+> 
Ul 

3 Selenium 

Copper-
selenium 

Control 

rd 
Cl> 

-B C opper 
0 

+> 
Ul 

� Selenium 
·rf 
� 

Copper-
selenium 

S . E . of the means 

Lamb birth 
weight 

( kg)  

2 . 1 4  

2 .  1 1  

2 . 1 8  

2 . 1 8  

1 . 98 

1 .  94 

2 . 05 

1 • 81  

+ - 0. 45 

Lamb birth 
date 

(days ) 

38 . 32 

36 . 6 1 

40 .82 

36 . 04 

34 . 1 8  

33 . 96  

3 1 . 79  

37 . 71 

+ - 2 . 57 

Weaning 
weight 

(kg ) 

1 2 . 45 

1 1  • 92 

1 1 . 75  

1 3 . 22 

1 1 . 37 

1 1  • 26 

1 1  • 01 

1 0 . 65  

+ - 0. 39 -------------------

Weaning Weaning Weaning ' Dead ' lamb 
weight weight weight liver cop)er 

1 /  2/ 3/ ppm (DM 

1 2 . 24 1 2 . 58 1 2 . 37 - ( o) 

1 1  • 83 1 2 . 24 1 2 .  1 6  1 07 . 00 ( 5 )  

1 1 . 42 1 2 . 27 1 1  . 84 278 . 50 ( 2 )  

1 2 . 7 6  1 3 . 1 6 1 2 . 71 1 39 . 00 ( 1 ) 

1 1 . 5 3 1 1  • 1 2 1 1  • 28 1 39 . 75 ( 4 ) 

1 1 . 54 1 1  • 01 1 1 . 30 1 83 . 1 7  ( 6 )  

1 1  • 38 1 o. 57 1 o.  61 1 6 1 . 33 ( 3 ) 

1 1  • 30 1 o. 78 1 1 . 96 1 44 . 25  ( 4 )  

2: 0. 36  2: 0 . 29 + - o. 27 
_

_ I -
1 /  Adjusted by covariance analysis for lamb birth date ( b� = -0 . 21 ) .  
2/ Adjusted by c ovariance analys is for lamb birth weight \byx = 2 . 72 ) . 
3/ Adjusted by covariance analysis  f or both lamb birth weight and lamb birth date . 

Table 3.7 : Lamb data - Means, adjus ted means and standard errors. 

I 

.j::>. 
.j::>. 
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A highly significant copper by selenium interacti on i n  lamb 

weaning weigh t  is apparent when the weaning weights are corre c ted 

for both bi rth date  and birth vleight . Although bo th covariates 

could be influenced by the copper and s elenium treatments , the d ata 

suggests that these effects , if present , are minimal and do not 

unduly bias the result . The ad jus ted means shov1 a 6% advantage in 

weaning weight to the copper and selenium supplemented lambs . 

Due to both a later mean birth date and lighter mean birth 

weight , the uncorrected �veaning weights of HSR ewes show a barely 

significant s t ocking rate by copper by selenium inte raction. This 

is c ons idered to have no biological meaning . 

' Dead ' lamb liver copper levels were found to average 1 58 ppm 

(DM ) and no s ignifi cant treatment effe cts could be  shown , although 

insufficient numbers were available f or a full factori al analys is . 

Pasture copper levels 

Pasture copper values on a paddock basis are presented in 

Table 3 .8 .  No  paddo ck or  group of  padd ocks could be  shown to  

depart significantly from the overall mean . 

Table 3. 8 :  Pas ture coppe r  (ppm) 

General mean 

Low s tress 

High s tress 

3 . 5 Discussion 

1 3 . 1  3 

1 2 .82 

1 3 . 43 

S . E .  of the means 

+ - o. 7 6  
+ 1 . 07 

+ - 1 . 07 

The discus si on of the s tocking rate effect .� �  on the 

productive traits  assessed in this experiment is limi ted to a 

comparison of the results with those of the CPT flock in re cent 

years . 
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S tocking rate 

I f  all owance is made f or the uni n te nti onal bi as i n  the July 

livevTeights of the LSR evle s , the li vevre ight change s  in t he stress 

f l ock wou ld f ol l ow an identi cal patte rn to th os e re porte d  in the 

CPT f l o ck by Sumne r ( 1 969)  and Sumner and Wi ckham ( 1 969 ) . This 

patte rn is com posed princi pally of a gradual i ncrease i n  livewe i gh t  

from January through unti l �1ay , where the li veweigh t  diff e r ence 

b e tw e en s tock ing rate s  is reduced by an i ncreased livewe i ght gain 

in the high-s tocked s he e p .  Af ter lamb ing, the hi gh-s to cked e we s  

lose body wei gh t  which ge nerally rema ins depre s s ed unti l the 

f o ll owing autumn . Howeve r ,  the pre-larnbing live1vei ght d iff e rence , 

and s ubsequent fall to weaning in the S tress f lock i s  only 

approximately 1 3% of the c o rres pond ing value s f or the 1 972 CPT 

3 year-old ewes . 

Greasy flee ce lvei gh ts are als o c le ar ly affe c ted by the 

s to cking rate s  impos ed . The depres si on is , ho1vever , only 50% of 

the depr e s s i on re corded in the C P T  f our-to o th ewes f o r  1 972 . 

Al th ough the f l e e ce s  ob tai ned f r om the HSR ewes had a gre a te r  

number of c rimps per centime tre and e nhanced crimp clari ty ,  in  

acc ord wi th re sul ts ob tained from the CP T f l o ck ,  the significantly 

greater tens i le s trength and reduced lustre are not (Wi ckham , pe rs . 

�. ) .  

The enforced fas t duri ng the July s ampling of the LSR elves 

could account for  their lowered staple strength . Severe 

nutritional s tress over relative ly short peri ods can result i n  

marked 1wol break (Wickham , pers . comm . ) . Reduced lustre i n  the 

HSR is not s o  readily accounted for . Technical bias due to lack 

of objective techniques in evaluating wool characteristi cs can 

result in small differences being s tatis tically, but no t biologically, 

s ignif i cant • No signifi cant effe ct of stocking rate on w o o l  lus tre 

was recorded in  the 1 972  CPT f lo ck .  
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C opper and selenium supplementati on 

Mean plasma c opper concentrati ons at no time fell outside the 

accepted normal range in either sub-flock (se ction 2 . 1  . 2 (b ) ) . 

The winter depres sion in the HSR ewes , ho1·mver ,  resulted in some 

individual sheep fal ling below these ' normal limits ' .  The 

failure of ei ther copper and/or selenium supplementati on to hold 

this depression could be  due t o  ei the r :  

1 .  the leve l of copper and se lenium supplementati on was 

insufficient t o  maintain the plasma copper lever ; or 

2.  the reducti on in plasma copper c oncentration was no t 

due to a defi ciency of copper and s e lenium � �· 

Wiener e t  al . ( 1 969 ) achie ved a marked increase in blood 

c opper conce ntrati on up to four months af ter an inj e ction of 

50 mg of copper t o  e>ves wi th blood c opper levels belovr the normal 

range . Win ter values in the HSR ewes were markedly higher than 

those reported by Wiener et  al . ( 1 969 ) . I t  is therefore c onsidered 

that 24 mg of copper should have been suffici ent to  maintain plasma 

copper if t he intake of copper was depressed . 

The average ' dead ' lamb liver copper leve l of 1 58 ppm (DM ) 
was jus t bel ow the average of 1 68 ppm (DM ) reported by Cunningham 

( 1 946a ; 1 946b ) for NevT Zealand Romney lambs , but well  below the 

figure of 288 ppm ( DM ) reported by McNaugh t ( 1 948 ) . 

These results would suggest  that there was no deficiency of 

copper in the ewes . ' Dead ' lamb liver c opper levels of 8 ppm 

(DM) are seen in copper defi cient areas of Wes tern Aus tralia 

(Bennet t  and Beck , 1 942 ) . P asture copper . levels also indi cate 

that unless fact ors antagonistic t owards copper abs orpt i on and 

metab olism were important ,  there would be a sufficient c opper 

intake t o  maintain normal copper homeos t as is . 
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Reduced f orage intake over the winter months resulted in the 

los s of body 1·1eight especi ally wi th HS R ewes (Table 3 .  3 ) . A 
general reduc ti on in protein biosynthesis  due t o  both a reduced 

nitrogen and e nergy intak e ,  as lve ll as compe tition by the 

devel opi ng f oe tus , could be expected t o  limi t the produc ti on of 

some body proteins . 

I t  is sugges ted that a f all in caeruloplasmin synthesi s  i s  

the primary cause o f  the redu ced plasma copper level during the 

winter months in the HSR elves . C aeruloplasmin accounts for  up 

to SO% of ovine plasma copper (McCosker 1 968a) and hence any 

variations in i ts levels would directly alter the plasma copper 

concentrati ons . However , t he effe cts of nutriti onal stress on 

caeruloplasmin levels would need investigation before more 

definite conclusi ons could be dravm. 

The small improvement i n  crimp clarity ass ocia ted vli th 

selenium supplementati on is probably a chance effect  and should 

be cons ide red in light of the dis cussion on technical bias when 

subj e ctive appraisal is used in the evaluation of wool . A 

signifi cant res ponse in mean wo ol grade , hovrever,  has been 

reported by Hi ll et al . ( 1 969) . Crimp defini tion and regularity 

were both important components in thei r assessment of mean wo ol 

grade . 

The depression of yie ld at the low s tocking rate is in line 

wi th the resul ts of Sumner ( 1 969 ) whi ch show a tendency ( jus t 

outsi de the P<: 0. 05 cri teria of significance ) for yield of ewe 

fle e ces t o  be lower at lmv stocking rates . The magnitude of the 

difference between the non-supplemented groups and the reversal 

of this effe c t  in the groups given copper alone (wi th the low­

s t o cked , copper-inje ct ed group having higher yie lds ) leads t o  the 

s to cking rate x copper interacti on jus t attaining t he P� 0 . 05 

l eve l .  No previ ous informati on is available t o  sugges t  tha t  

this result has any bi ologi cal significance . 
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C opper plus se lenium supplemenfati on t o  the ewes resul ted 

in a highly significant increase in the we ani ng wei ght of their 

lambs . Hi ghly s ignifi cant increases in growth rate of s ix vreek-

old lambs receiving b oth copper and selenium has also bee n  

reported (Hi ll e t  al . 1 969 ) .  

The interpre tati on of the i nteracti on is  complicated by the 

vari ous metabol i c  process es whi ch could be involved . In the 

pres ent s tudy neither mineral induced a response when given alone , 

indi cati ng no ' primary ' defi ciency of ei the r mineral .  This  is  

in contrast to the result s of Hi ll et al . ( 1 969) where the 

signifi cant interacti on was due to a secondary response to copper 

in lambs responding t o  selenium alone . 

Adminis tration of selenium t o  e1.;es wi ll rais e blood and liver 

copper levels of their lambs whether addi ti onal copper is given or 

not (Thomson and Lmrs on, 1 970) . Evidence presented by Thoms on 

and Lawson als o sugges ted that the suppleme ntation of e w es vli th 
both copper and se lenium will improve livewei ght gains in lambs 

over thos e given selenium alone . However , the inte raction was 

s tatisti cally non-s ignificant . I t  was sugge s ted by these  workers 

that the i ncreased copper status (and hence growth rat e ) induced 

by selenium was le ss marked at very low _ copper  intakes . 

Results of the present tri al suggest  that both copper and 

selenium are limi ting growth respons es to . each other when given 

singly. This conclusion is at variance wit h  the hypothesi s 

extended earlier where no d eficiency of me tabolic copper was 

considered to o c cur . The interpretati on of the copper-se lenium 

interaction in lamb growth rate in  terms of d efi ciencies of 

either e lements remai ns obs cure . If this r.e sul t is  not due t o  

chance i t  sugges ts a me tabolic interacti on be tween the two 

elements at a higher leve l than has previous ly been suggested . 



C H A P T E R  4 

O BS E RVATI ONS ON BLOOD AND LIVER COPPE R 

4 . 1  Introducti on 

IN ROMNEY SHEEP 

50.  

As the CPT f lock was subje ct  t o  a higher nutriti onal s tress 

than that  imposed on the Stress f lock ,  but was unavai lab le f or 

supplementation w ork ,  i t  was c onsidered that i t  could be uti lized 

in the determinati on of factors involved in the precipi tati on of 

any copper insuffi ciency. At the same time any relati onship 

between the plasma copper levels  and various producti on variables 

could be assess ed . 

B re ed differen ces in ti ssue copper concentrati ons have been 

establi shed in re cent years (Wi ener and Fie ld , 1 97 1 ) and v.ri thin­

breed heritabilities  of doubtful accuracy have been determined 

(Wiener and Fi eld , 1 97 1 b ) . As the s ires of the expe rimental evres 

were knov.m , an es timate of the heri tabi li ty of pJmma copper c on cent­

rati on c ould be cal culated . 

4 . 2  Materials and me thods 

4 . 2 . 1 Des cripti on of the ' C PT ' flo ck and its management 

The Massey Universi ty CPT f lock used  in this experiment was 

graze d  on tw o adjacent blo cks of 1 7  and 1 0  he ctares . At the 
t ime the obs ervat i ons were made these were carrying 340 and 2 91 

ewe s and hogget s respe c tive ly , giving s t o cking rat es of 1 5 . 29 and 

26 . 6  ewe equivale nts (EE ) per he ctare ( 1 h ogge t = 0 . 6 EE ) . Thes e 

flocks are s ubs e que nt ly refe rred t o  as the control and int ens ive 

CPT ewes . 

All st o ck ,  except f or rams , are b orn and bred on th e unit .  

· castrate male lambs are s old a t  weaning or s o on af te r ,  while all 

the females are reared ; thos e no t retai n ed f or bre edi ng bei ng 

dis carded at random at 1 8  months of age . The she e p  are s e t-
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s tocked f or mos t  of the year and the uni ts are self-supp orting in 

respe ct of feed requi rements . 

months for vlinter feeding. 

Hay is cons erved during t he summer 

The grazing areas are s i tuated on a Tokomaru s i lt loam soil  

of  the yellow-grey earth seri es (C ovlie , 1 972) . This s o il is  

simi l ar to the Shannon si lt loam ( see section 3 . 2 . 1 ) 1vith no known 

def i ciency in any of the minor e lements . 

Pas tures on both areas are chiefly Perennial Ryegras s 

( Lolium perene ) and vlhite C lover ( Trifolium repens ) . The units 

have been top-dressed 1vi th 502 kg of 30% potassic supe rphosphate 

per hectare on the intensive ly stocked block ,  and 1 26 kg of 30% 

pot assic superphosphate per he ctare on the control block . No 

lime has been applied wi thin 5 years . 

in late March . 

All fertilizer i s  applied 

Al l operations on the two uni ts \·rere carried out as close 

t oge ther as was practi cally possible . 

4 . 2 . 2  Measurement of productive trai ts 

The measurement and re cording of productive data were 

es sential ly c arried out in a manner similar to  that undertaken 

f o r  the s tress flock ( secti on 3 . 2 . 2 ) .  However ,  the foll ovring 

minor variations were made t o  the f leece-grading system : 

1 .  Mean fibre diameters were recorded . 

2 .  S taple ' character ' was subs ti tuted for crimp c larity. 

3 . Staple lengths were re corded . 

The s light difference in the ass essment of s t aple character 

and crimp clari ty is outlined in appendix II. The mean fibre 

d iameter es timations were undertaken by the airflow technique of 

Anderson ( 1 954 ) . 
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4 . 2 . 3 De t e rmination of ewe and lamb c oppe r  s t atus 

Plasma i s o lation , s am p le s t orage , lamb live r  c ol le c t i o n  and 

preparati on , as "\'Te l l  as t he preparati on of glasswar e , equipment 

and chemicals vi i th the subsequent e lemental d e t ermi nat i on ,  1-rere 

und e r t ak en as out lin ed in s e cti on 3 . 2 . 3 .  Bl ood s amp les were 

c olle c ted in bo th July and November i n  a manner simi lar to that 

out lined f or th e July s tress f l o ck s ampling . In addi t i on ,  80 

fi v e  year- o ld ewes we r e  s amp led vri th t he us e of 50 ml 

p ol ypropylene cen tri fuge tube s . 

Thi r ty of the 5 ye ar- o ld evres were als o  us ed f or the 

es t imati on of ewe liver c o pper s t atus . The live r  s pe cime ns 

being c o lle cted by as pi rat i on liver bi opsy s imi lar to the me thod 

of D i ck ( 1 952 ) . 

4 . 2 . 4  Pas t u re copper an alys i s  

These were under taken as out lined i n  s e c t i on 3 . 2 . 4 .  

4 . 3 S t atis t i cal analys is 

Only ewes >vi th full experimental re cords wer e  analysed . 

4 .  3 . 1  B l o od coppe r 

A s e ri e s  of s t a t i s t i cal pro gr ammes on the Mas sey Unive rs i t y  

I BM 1 620 c ompu ter were used i n  t h e  analys es . Thes e pr ogrammes 

c o uld only su c cessfully analys e hro -w ay fact ori al d e s i gns . The 

me thod us ed is that of le as t-s quare s  s imilar t o  t hat out lined by 

Harvey ( 1 960) , the mod e l  b e ing : 

Whe re : 

u + a . + b . + ( ab ) . .  + e  . .  
k ]_ J lJ lJ 

u = a general mean 

a .  
]_ 

b .  

= 

= 
effe c t  o f  t he i th a treatment 

eff e c t  o f  the j th b t reatment J 
(ab ) . .  lJ  = eff e c t  of t he interac ti o n  of the i th a 

and j th b treatments 

Where : a and b refer t o  the main effect 
treatments in the f o ll owing 
t"l'r o-way analyses : 
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P late 4 . 1  : Live r  as pi rati on bi opsy 



1 . Age and s t o cking rat e . 

2 .  Age and lambing rank . 

3 . Age and peri od . 

4 .  S t ocking rat e and 
lamb ing rank . 

5 .  S t o ck ing rate and pe ri od .  

6 .  S to cking rate and age -
lambing rank . 
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the r e sidual e rror whi ch i s  as sumed t o  
have z e ro mean and c ons t ant vari ance . 
In t hes e analyses ,  however , i t  has b e e n  
i nf l a t ed b y  t h e  abs or pti on o f  the 
rem aining fixed ef f e c ts and thei r  
int e racti on . 

B l o od coppe r  and pr o ductive trai t as s oc i a t i ons 

Product-m oment cor re l ati on coeffi c i e nts vrere cal culated t o  

de termine the d egre e of as s o ci at i on be twe en produc ti ve and f l e e ce 

t rai ts of the evJes and the i r  vri n ter blood co pper l ev e ls . 

Lamb and ewe live r c opper s t atus 

Diff erenc e s  b e tween s t ocking rat es w e r e  t ested by a s ingle 

clas s i fi cati on analys i s  of variance . C orre lation analys is was 

used t o  tes t f o r  any re lati o nship between the blood and liver 

c opper concentrati ons . 

Es t imati on of the he ri tab i l i ti es of bl ood c oppe r 

The patern a l  half sib c o rrel ati on was d e t ermi ned f rom t he 

s i re and e rror vari ance comp onents i n  t he f ol l owi ng m od e l :  

y
ijkl 

Where : 

= u + a 0 + b 0 + S 0 

k 
+ ( bS ) 0 o

k 
+ e 0 

okl l J l lJ  lJ 
= the p lasma copper c oncentrati on of the l t h  

e we s i red b y  th e kth ram in the i th age 
gr oup , grazing at the k th s t o cki ng rate . 

u = a general me an .  

a .  = l 
b . = J 

s
ik 

= 

bS
i j k  

= 

eff e c t  of the i th age . 

eff e c t  of t he j th s t o cking rat e . 

eff e c t  of the kth s ire in the i th age group . 

eff e c t  of the i n t e rac ti on of t h e  j th 
s t o cking rate w i th t he kth s ire wi thin 
the i th age gr oup .  

the r e sidual e rror . 
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The co effi c i ents us e d  i n  cal culating the vari ance c omponents 

were o b t ained u s i ng me thod I of Hen d e rs on ( 1 953 ) . S i nce t hi s  

me tl: od applies s tri c t ly t o  a random model and since age and , 

probab ly ,  s t o cking r ate are b e s t  r e garded as fixed effe cts , t he 

vari ance component s and the h eri tabi lity \vill include b i as . 

H m·Teve r ,  the bi as is not cons i d e red t o  be seri ous . 

4 . 4  Results 

4 . 4 . 1 P l asma c opper 

E s timated main effect m e ans and s ub-c las s  means f or s t o c..king 

rate and age are given in Tab l e  4 . 8 . C o rre cted m ean s quares 

derived from tw o-way least-s quares analys es are given in Tab le s  

4 . 1  t o  4. 6 .  

Me an win ter p lasm a coppe r leve ls were 22% lower t han those 

re c o rd e d  at the s pri ng s amp ling . Th is eff e c t  of pe ri o d  is highly 

s i gnif i can t .  

Tw o v1ay ana lyses of vari ance involving the eff e c t s  o f  

s t o ck i ng rat e ,  age and lamb i ng c las s on t h e  winter p lasma coppe r 

leve ls gave incons i s t e nt t r e a tment mean squares ( Tables 4 . 1  -

4 . 6 ) . I t  v1as t he ref ore cons i dered t hat an analysis w her e the 

s to ckin g  rat e and age s ub- c lass t o t al s  were analys ed as a si ngle 

main effe c t  wi t h  lambing c las s w ould give the mos t ac curate 

corre c t i ons o b t ainable wi th t he exi s ting c omputer pr ogrammes . 

The s to cking rat e-age e ff e c t i s  hi ghly s igni f i cant ( Table 

4 . 7 ) . Multi pl e  mean c ompari s ons by S tudent-Newman-Keu ls 

procedure ( S okal and Rohlf , 1 969 ) indicates that the 5 ye ar- o ld 

con t r ol ewe s had s ignif ican tly higher mean . plasma c o pper levels 

than t hei r 3 , 4 and 5 year- o ld intensive count erparts ( Tab le 4 . 9 ) .  

S t o ck ing rat e � �  resulted in th e intens ively grazed ewes 

ha\Qng 7% lowe r me an plasma c o pper leve ls t han t he c on trol ewes . 

Nei ther pr egnancy , nor numbe r  of l ambs b orn , s i gnifi cant ly 

effe c t ed t he mean plasma c opp er level at e i the r s ampling. 



Table 4 . 1 : Mean squares from least squares analys is of 
s tocking rate and period effects on plasma 
copper concentrati on 

S ource of variati on DF Mean square 
*** 

S tocking rate 1 6 , 752 . 5 
* * *  

Period 1 80, 020 . 90 

S tocking rate 1 474 . 1 0  
x peri od 

Residual 786 1 89 . 57 

'l'able 4. 2 :  Mean squares from least sauares analysis  of 
lambing and period effects on plasma copper 
concentration 

S ource of variati on DF Mean square 

Lambing rank 2 451 . 78 

*** 
Period 1 1 , 050. 26 

Lambing rank 2 336 . 56 
x period 

Residual 786 1 90. 36 

Table 4 . 3 :  Mean squares from least squares analysis of 
age and period effe c ts on plasma copper 
concentrati on 

S ource of v aria ti on DF Mean square 
* 

Age 3 590 . 23 
* * *  

Period 1 798 . 60 

Age x period 3 277 . 63 

Residual 782 1 96 . 4 5  



Table 4 . 4 : Mean squares from least squares  analysis  of 
s tocking rate and aee effects on plasma 
copper concentration 

Source of variation DF Mean square 

Age 3 1 1 8 . 07 
-*** 

S t ocking rate 1 1 ' 84 3 . 50 
* 

Age x s tocking rate 3 278 . 27 

Residual 387 1 06 . 04 

Table 4. 5 :  Mean sguares from leas t  sguares analysis  of 
age and lambing rank effects on plasma 
copper concent rati on 

S ource of variation DF Mean square 
* 

Age 3 31 6 . 1 0  

* 
Lambing rank 2 446 . 85  

Lambing rank x age 6 1 4 5 . 00 

Residual 383 1 1  0 .  01 

Table 4 . 6 :  Mean squares from least sguar
.
es analys is of 

s tocking rate and lambing rank effects on 
plasma copper concentration 

S ource of variation DF Mean square 

S t o cking rate 1 1 78 . 90 

lambing rank 2 88 . 20 

S to cking rate 
2 1 0 1  • 1 5 

x lambin,!'; rank 

Residual 389 1 07 . 60 
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Table 4 .7 :  Mean sguares from leas t  sguares analysis of 
s tockine rate and age effects on plasma 
copper concentrati on 

S ource of variati on DF Mean square 
*** 

S tocking rate-age 7 362 . 43 

Lambing rank 2 1 70. 50 

S tocking rate-age 1 4  1 48 . 70 
x lambing rank 
Resi dual 371 1 04 . 28 

Table 4 . 8 :  Main effect  es timated means and s tandard errors 

S tocking 
rate 

Period 

lambing 
rank 

Age 

Blood copp��;yg�c;�trati on 

C ontrol 

Intens ive 

Winter 

Spring 

Barren 

Single 

Twin 

2 Year 

3 Year 

4 Year 

84 . 88 

7 9 . 04 

71 . 89 

92 . 03 

71 . 09 

71 . 66 

74 . 24 

81 . 35 

82 . 29 

84 . 08  

( ) No . per subclass  

(38 6)  

( 404 )  

( 395 ) 

( 295 ) 

( 56 )  

( 296 ) 

( 4 3 )  

( 1 96 ) 

( 1 92 ) 

( 1 94 )  

S . E . 

± 0. 70 

.... 0. 69 .... 
+ o. 69  

± 0 . 69 

± 1 .  37 

± 0. 59  

± 1 . 56 

± 1 . 00 

-t. 1 . 01 

± 1 . 0 1  
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Table 4. 9: Age-stocking rate subclass es timates means and 
s tandard errors 

4 . 4 . 2  

Blood copper  c oncentration 
mg/1 00  ml 

e � C ontrol Intensive 

73. 9 ± 1 . 5 * 72 . 6 ± 1 • 3 2 Year ab ab 
( 4-8 )  ( 50 )  

3 Year 74 . 0  ± 1 . 6 ab 71 • 4 ± 1 • 1 b 
(42 )  ( 54- )  

4 Year 72 . 1  ± 1 . 4 ab 69. 1 ± 1 . 4- b 
( 52)  ( 52 )  

5 Year 77. 3 ± 1 . 4 a 68 . 4 ± 1 . 5 b 
( 5 1 ) ( 46 )  

( ) No . per subclass 

Note* If any ti-ro means have a le tter in common they are 
not s ignifi cantly different (P< 0. 05 ) . 

Liver copper levels 
Mean ewe liver copper levels were 4-79 � 8 and 459 � 7 ppm 

( DM) and ' dead ' lamb liver copper levels were 1 68 � 1 9  and 
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1 69 � 1 0  ppm (DM )  i n  the control and intensive flocks res pective ly . 
No  significant effec t  of s t ocking rate could be shown on either 
ewe or ' dead ' lamb liver copper levels . 

4 . 4 . 3 Interrelati onships be tween plasma copper level and 

prelambing liveweight 
A s ignifi cant 1vi thin sub-group correlation is apparent between 

copper and ewe liveweight in the 2 year-o ld intensively s tocked ewes . 

(Table 4 . 1 0) .  
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. 
Interrelationships bet1-reen plasma copper level and a 

number of physical woo l attributes 

The interrelationships of winter ei're plasma copper level and 

a number of phys ical wo ol at tributes is  given in Table 4 . 1 0 . 

A negative association ( just reaching signifi cance ) is  seen 

between wool character and the winter plasma copper leve l ,  although 

only the 4 year-old control and 2 year-old intensive ewes had 

s ignificant lii thin sub-group correlations . Significant wi thin 

sub-group negative asso ci ati ons were also  found between plasma 

copper concentrati on and the tensi le s trength and f leece w eight in 

the 3 year-old intensive e\ves . 

Heritabi li ty of plasma copper leve l 

Variance components from an analys is of variance assuming all 

effects to be random are present ed in Tab le 4 . 1 1 .  
are given as percentages of the t otal variance . 

C omponents 

r ( si res : ages ) = 

Sires within ages 
Si. :res within ages + error 

= 3.37 
3 . 37 + 85 . 99 

= o. 0377 

heri tabi lity being f our times the intra-class correlati on 

h2 
= 4 ( 0. 0377)  

= 0 . 1 5 

Pasture copper levels 

Table 4 . 8  lists  the means and standard errors between the 

pastures grazed by the intensive and control CPT ewes . Neither 

pasture d iffers appre ci ably from the general ·me an of 1 1 . 04 ppm 

(DM) . 



Stocking rate 

Variable 
Age 

Body vleight 

Fleece weight 

Character 

Mean diameter 

Tensi le s trength 

Lus tre 

S taple length 

Crimps per centime tre 

Yie ld 
--- ---- -

Control 

1 2 3 4 

-0. 081 -0. 028 -0 . 05 1  -0. 01 0 

0 . 06 9  -0 . 1  5 0. 06 6  -0 . 028 

-0. 1 69 -0. 1 77 0. 05 1 -0 . 276* 

o. 1 20  -0 . 1 87 -0. 01 5 0 . 063 

0 . 037  -0 . 026 -0. 1 1  9 -0 . 1 40  

o.  1 50 -0 . 036 0 . 1 71 -0 . 1 05 

-0. -37 -0 . 24 7  0. 035  -0. 056 

-0 . 202 0 . 1 50 0 . 070 -0 . 1 07 

-0. 01 9 -0 . 008 0 . 037 0 . 066 
--------

-
-

-
� 

* P<0. 05 

Intensive 

Average 
1 2 3 4 "ri th1n 

Subclasses 

-0. 1 43 0. 3 1 2* o. 26 1  -0. 073 0 . 02 1 6 

0. 0352 0 . 0576 0 . 291 * -0. 1 32 0 . 051 3 

-0. 21 6 -0. 228* 0 . 1 46 -0. 069 -0.  1 1  9* 

0 . 037  0 . 05 7  0. 21 7 -0. 023 0. 042 

-0 . 9 04 0 . 063 0 . 36 9* -0. 085 -0. -21 

-0 . 201 -0 . 029 -0 . 1 88 -0. 290 -0 . 064 

-0. 067 -0 . 008 0. 1 64  -0. 1 33  -0. 030' 

0. 005 0 . 093 0. 01 1 0 . 033 -0. 007 

-0. 1 6 5 0 . 1 28 -0 . 088 0 . 208 0 . 020 
- ----- ---- -- -- �- -- - -� 

Table 4. 1 0 :  C orrelation coefficients behJeen plasma copper concentrati on and a number of f leece and 

body variables : coefficients are given wi thin age-s to cking rate classifi cations as we ll 

as averaged over these classifi cations . 

0'\ 



Table 4 . 1 1 :  Variance components - e1•le winter plasma copper 
concentrati on 

Source of variati on DF Variance components 

Age 3 0 . 06 

S tocking rate  1 6 . 90 

Sires within ages 36 3 . 37 

Sires w ithin ages 
36 3 . 75 x s tocking rate 

Residual 31 4  85 . 99 

Table 4 . 1 2 : Pas ture copper levels 

S . E .  of 
the means 

Control 1 o. 38 ( 3 ) ± 1 . 4 3 

Intensive 1 1  • 60 ( 4 ) ± 1 . 24 

General mean 1 1 . 04 ( 7 ) ± 0 . 94 
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Table 4. 1 3: CPT mve live\veights (kg) 

S tocking Control level �e 2 s 3 4 5 

January 6 42 . 08 49 . 1 3  5 1  . 1 3 48 . 1 5 

February 4 42 . 86 50 . 92 53 . 82 52 .  55 

March 1 3 40 . 96 47 . 74 50. 45 48 . 30 

Apri l 20 42 . 59  49 . 85 53 . 86 52 . 39 

��ay 1 1  4 3 . 74 50 . 42 53 . 88 52 . 28 

June 1 6 4 1 . 92 50 . 1 0  53 . 22 5 1 . 07 

July 25 44 . 05 5 1  • 66 54 . 27 5 1 . 1 4-

November 2 9 48 . 1 9 50 . 97 5 1  . 22 50 . 1 1  

Intensive 

2 3 4 5 

33 . 32 35 . 77 3 7 . 32 38 . 03 

33 . 23 37 . 62 37 . 49  3 5 . 02 

34 . 67 37 . 87 38 . 03 34 . 99 

3 5 . 53 39 . 34 39 . 81 37 . 39 

35 . 36 39 . 54 38 . 94 36 . 32 

3 5 . 95 40. 6 1  40 . 1 7 37 . 46 

36 . 5 5 4-1 . 64- 3 9 . 91 37 . 33 

37 . 89 4-0. 96 38. 20 33 . 65 
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4 . 5  Dis cus si on 

4 .  5 .  1 Plasma c opper levels 

At nei ther of the hro sampling times did any of the sub-groups 

mean plasma copper levels fall below 60  pg/1 00 ml , the generally 

accep ted leve l ,  indicative of copper defi ciency in s hee p ( s e c ti on 

2 , 3 ) . Although the spring leve ls were close t o  the leve l of 

9 1  pg/1 00 ml reported by Cunningham ( 1 946 ) f or ' normal ' Ne1v Zealand 
. 

sheep , the win ter average of 71 . 89 pg/1 00 ml was marked ly depressed . 

A winter depres sion in ovine blood copp er have als o  been 

reported by Barlovr et al .  (1 96 0a ,  1 960b ) , But ler and Bar low ( 1 963 ) 

and Howe ll and Edington ( 1 968 ) , who suggest that the depressi on 

is d ue princi pally to b oth a reduc tion i n  copper intake due to 

reduced f orage avai l abi lity , as well  as a specific effect of 

pregnancy (Barlovr , 1 963 ) . These re ported falls were apparent 

even when regular oral d os ing wi th copper sulphate was undertaken. 

This  is in contrast to the present s tudy , and that of other worke rs , 

where  no spe cif ic  effect of pregnancy o r  number of lambs born c ould 

be established ( Beck , .  1 941 ; Eden , 1 94 1 ; McDougal , 1 947 ; Hayte r  

e t  al . 1 97 3 ) . Different bre ed and nutri ti onal planes cou ld account 

for  the different resul ts ,  however , clarifi cation 1vi ll requi re 

additional inves tigations . 

High plasma copper levels in the f ive year-old control evres is  

primarily responsible for the ' apparen tly' signifi cant age by 

s to cking rate i nteracti on. Why this class of ewe should have 

markedly higher than average plasma copper levels is not apparent . 

In the absence of supporting evidence i t  is considered to be d ue to  

chance . A proporti on of the variation accounted for in the inter-

action is als o  due to the fall of plasma copper with age wi thin the 

intensively-s t o cked evres . Ewe liveweights ( Table 4 . 1 3 ) suggest  

that the nutri t i on of the ewes falls with  increasing age . However ,  

mean age difference in plasma copper level within this  class o f  sheep 

fail tp reach the 5% criteri a of significance . Age has previ ous ly 



been reported to only contribute to variations in blood copper 
concentration in young sheep pregnant for the first time whi le 
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no signifi cant variation is  apparent in e-vres 2 years-old and over 
(Eden , 1 939 ; Wiener et al,  1 969 ;  Hayter et al , 1 973 ) . 

The difference between stocking rates  is not considered to 
be  seriously biased by the ' apparent ' significance of the age by 
s tocking rate interaction . The high value in the 5 year-old 
controls has resulted in s ome exaggerati on of the difference , but 
if allowance is made fo r this the difference and the absolute  
levels are markedly loNer than those repor ted in  the control elves 

of the stress flock . The principal cause of the between s tocking 

rate and flock differences appears to be d ifferences in nutri t ional 
stress imposed , as evidenced by the ewe li veweights (Table 4 . 1 3 ) . 

4 . 5 . 2  Liver copper levels 
Mean liver copper levels of 479 and 4 5 9  ppm (m1) for the 

control and intensive ly-stocked ewes respe ctively , are wi thin the 
normal range , although belovr the mean of 600 ppm ( DM )  reported by 
Cunningham ( 1 946a ,  1 946b ) for mixed age New Zealand Romneys . 

The average ' dead '  lamb liver copper levels are close to the 
mean value reported by Cunningham U 946a , 1 946b ) but be low the value 
of 288 ppm (DM )  given by �kNaught ( 1 948 ) for New Zealand Romney 
lambs . 

These levels w ould indicate that the copper intake is unlike ly 
to be limiting copper s torage wi thin the CPT ewes . Levels of liver 
copper below 1 00 ppm (DM )  are considered t o  result from lowered 
copper intakes , while leve ls b elow 1 5  ppm ( DM )  have been reported 
in copper deficien t  areas of Western Aus tralia (Bennett  and Beck , 
1 942) . No between stocking rate differences could be established 
indicating that the additional nutriti onal stress of high st ocking 
does not signifi cantly limit copper storage . 
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Alth ough the 1 dead 1 lamb liver copper levels were below the 

mean level reported by McNaught ( 1 948 ) ,  they are not s o  low as to 

be sugges ti ve of copp er insufficiency . Leve ls of 8. 0 ppm (DM ) 

have be en reported in d eficient are as , whi le leve ls of betwe en 

1 20-300 ppm (Dr-1 )  are s een  in the livers of lambs in healthy areas 

of Western Australia (Bennett and Beck , 1 942 ) . 

The normal l iver c opper levels found in the CPT fl ock suppor t  

the hypothes is extended earlier in secti on 3 . 5 . 2 , that i s  

nutritional s tress is res tri cting plasma copper leve ls i t  is  

independent of the copper  intake . 

In contras t t o  the resul ts of Wiener §..t. al . ( 1 969 )  vvi thin­

class correlation coeffi ci ents behreen blood copper and ewe 

livev<ei ght were f ound t o  be s tatistically insignifi cant except 

f or a small posi tive relationship in the 2 y ear-old intensive 

ewes . As this coeffi ci ent jus t meets the P�0 . 05 criteria it  is 

unlikely that it >v ould have any bi ological s ignif icance . 

4 . 5 . 4  Interrelati onships of copper and physi cal wool attributes 

The small negat ive associati on f ound between blood copper 

c oncentration and charac ter in the 4 ye ar-old control and 2 year-o ld 

intensive mves is not consis tent with the knovm role of copper in 

crimp formati on and definition ( s e c tion 2 . 3 . 3 ) . A small negative 

ass ociation betwe en tens ile strength and f lee ce weight in the 

3 year-old intens ive ewes is als o apparent . As all of these 

associations jus t mee t  the P� 0. 05 cri teria for  sign ificance , and 

as no bi o logi cal evi dence is avai lab le t o  suggest any antagonism 

be tween copper and thes e attribut es , it is s ugges ted that their 

s tati stica l  significance  is due t o  chance . 

The general lack of  associati on between c opper and the physi cal 

wool attributes me asured would tend to indi cate that plasma copper 

never reached a level s u ch that keratinizati on vras affe cted to  any 



measurable extent . If metab olic or available copper is  identified 

with the free or "unbound" plasma copper fracti on ,  the suggested 

fall in caeruloplasmin could not be considered to affect  wool  

grov1th and development . 

Herit ability of plasma copper 

Breed differences in the concentration of copper in the blood 

of s heep have been reported by \viener and Field ( 1 966 , 1 970 , 1 97 1  a) , 

Wiener , Field and Wood ( 1 969 )  and Hayter e t  al. ( 1 973 ) .  Es timates 

of heritability of blood copper vTere estimated by Wiener and Field 

( 1  971 a )  by calculation of bo th the paternal half-sib  correlation 

and by us e of the dam-offspring regression . The f ormer estimate 

was of lovr accurancy due to the small numbers of animals involved , 

while  the value of 0 . 41 for the lat t er me thod is  bas ed on the 

as sumpti on that the mineral concentrati on in the lamb is  geneti cally 

perfe ctly correlated ( rg = 1 )  wi th the concentrati on f or the same 

animal vlhen adult . .AJ3 such , i t  also assumes that mate rnal effects 

on the t rait Ul1der calculation are small (Falconer , 1 96 1  ) .  

Although Wiener and Field ( 1 971 a )  sugges t that these effects are 

small for blood  copper,  the value reported casts s ome doubts as t o  

the validi ty of these assumptions . Gross b e hreen-breed differences 

have been reported and evi dence has been presented sugges tive that 

different genes may be controlling plasma copper levels in different 

breeds (Hayter e t  al � 1 973 ) . Es timates of heri tabili ty wi thin 

breeds may als o  differ . 

The heri tability reported in the present s tudy suggests that 

very li ttle of the variation is attributable t o  genotype . A 

reasonably large sire by s tocking r ate  interacti on i s  also apparent 

with  only a s mall proportion of the variatio� in the estimat es of 

ovine plasma copper being accounted for by the model . 

Pasture copper 

· The pasture copper value of 1 1 . 04 ppm ( DM) would suggest  that 

unless high f orage molybdenum , or othe r  antagonisti c factors are 

present , ample copper is available to supply dietary needs ( sectio� 

2 . 4 ) . 



C H A P T E R 5 

THE CONCENTRATION  BY MONTH OF COPPER AND 
ZINC IN THE HOOL FROM ROMNEY SHEEP 

5 . 1  I ntroduction 

68. 

Variati on in the copper and zinc contents of \.,rool have been 
reported for a range of soils in Nei'f Zealand and U . S . A .  (Healy and 
Zielman , 1 96 6 ;  Healy e t  al ,  1 964 ; Burns e t  al , 1 964 ) . Large 
betv;een locality differences were reported by all workers , these 
differences being principally c onsidered to  be due to variati ons in 
soil e lemental concentrati ons . 

Wool elemental levels have been suggested as a possible s ource 
of readily analys able tissue f o r  large s cale trace e lement surveys 

to deteimine areas of possible t race element defi ciency (Healy e t  
al , 1 964 ) .  The inves tigation reported here is an at tempt t o  

determine the impo rtance o f  a number of factors v1hich could 

influence the leve l of copper and zinc in the fleece of Romney 
sheep . 

5 . 2  Materials and methods 
Woo l  samples c ollected during 1 966-67 from the CPT flock were 

used in the course of this experiment . These samples consisted 
of e leven consecutive , monthly , mid-side samples which were 

collec ted from each sheep in the course of an experiment designed 
to  determine the effect  of increased s to cking rates on  wool growth . 

The collecti on and handling of the s amples , as we ll as a full 
dis cus si on of the flocks management during this period , has b e en 
presented  by Sumner ( 1 969 ) and Sumner and Wickham ( 1 96 9 ) .  

However , the more important aspects in re lation t o  the present 
' experiment are given here . 
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Collection, handling and s torage of s amples 

The management of the flock during the collection peri od was 

similar to that outlined in s ection 4 . 2 . 1 . 

Mid-side patch s amples vrere collected from the 2 and 4 year­
old e"l'res at 28 day intervals from December 29 , 1 966 . No s amples 
were taken on August 3 1 , 1 967 ( sampling 9 )  due to lambing being 
in progress . 

After col lection the greasy "l'rool sample s  were conditi oned in 
a humidity room (20°C and 65% RH)  f or 48 hr . The firs t hro 
samplings were s coured using the four bovll detergent and vrater 
s couring pr ocedure , but in subsequent samplings a sequence of 
organic s olvents ( 5% ether 95% e thanol ) and cold water were used .  
Little agitati on \-TaS applied in e i ther me thod . Clean fleece 
production ,  fibre diame ter and fibre length estimati ons were made 
(Sumner , 1 969)  • Subsequentiy the samples were s tores in 
i ndividual brown paper envelopes . 

I n  the present inves tigation 3 s amples w ere randomly chosen 
to fill the appropriate clases of Table 5 . 1 . 

Table 5 . 1  : Ewe f leece sampling groups 

Control Intensive 

Single bearing 3 3 
2 year-old 

Twin bearing 3 3 

Single bearing 3 3 
4 year-old 

Twin bearing 3 3 
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5 . 2 . 2  Preparati on of vlool s amples for e lemental determination 

Samples of 1-TO o l  weighing 200 mg (at 20°C and 65% RH ) 1-Tere rins ed 

in copper and z inc-free 1vater f or 24 hr , af ter vihi ch any dis cernib le 

foreign mat ter was removed as the samples were draining on  black 

net ti ng cloth. The sample s Here ashed at 480°C for 8 hr in a 

muffle furnace , the ash being then dis so lved in 5 ml of 2 r1 HCl and 

di lut ed for subseQuen t at omic abs orpti on spectros copy . Both copper 

and z �_nc vmre determined , the ins trument being operat ed under the 

condi ti ons outlined in appendix II I .  

5 . 2 . 3  S tat istic al analys is 

Treatment effe c ts were tested s tatis ti cally by an analys is of 

variance according to the fo llOiving mode l :  

y
ijklm 

= u + ai + bj + ck + dl + ( ab )
i j + ( ac )

ik + ( ad )
i l  + ( bc )

j k  

+ ( bd )
j l + ( cd )

kl +_ ( abc )
ij k  + ( adb ?

ij l + ( bcd )
ikl 

+ ( abcd )
ijkl + Fi jkl + ( dF)

lm 

Where : u = the general mean 

a . = the effect of the ith s t o cking rate l 
b . = the effect  of the j th breeding rank 

J 
ck - = the effect  of the kth age 

dl 
= the effect  of the lth period 

F . . k 
= a random effect  of the mth sheep in the i th s to eking lJ m rat e ,  in the j th breeding rank , in the kth age 

group. 

All terms in brackets refer to the higher order interacti ons 

of these main effec ts , e . g. 

( ab) . .  l J  = the interac ti on of the ith s t ocking rate with the 
jth breeding rank 

Sheep and peri od effec ts were tested agains t the sheep by peri od 

interaction , whi le all other main effe c ts and their interac ti ons were 

tes ted agains t  ei ther the sheep by peri od interacti on or the sheep 

effec t  depending on whi chever was the larger mean square . 
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Leas t-significant-difference ( ISD )  analysis l'las used to  test 

whi ch of the period means were significantly different from 

sampling one . 

Resul ts 

Woo l  copper 
f.1ain treatment means are given  i n  Table 5 . 3( a) (b ) . 

Individual period means averaged over breeding rank are presented 
i n  figure 5 . 1 . f.1ean squares derived from an analysis  of variance 
are given in  Table 5 . 2 . 

A s ignifi cant effe c t  of period (P< 0 . 01 ) was found subsequent ly, 

by comparisons of the individual period means to  result from sampling 
eight being lOi'ler than sampling one (P( 0. 05 ) . No o ther significant 
treatment effects cou1d be established . 

Signifi cant be tween-sheep ( P.C::. 0 .  001 ) variati on is apparent .  

Woo l  zinc 
Main t reatment means are given in Tab le 5 . 3 ( a ) (b ) . Individual 

period means averaged over breeding rank are presented in figure 
5 . 2 .  Mean squares derived from an analys is of variance are given 
in Table 5 . 2 .  

Significant effects of period (P <: 0. 001 ) ,  age ( P<. 0 .  01 ) and 
s tocking rate (P<. 0 . 05 )  are apparent . Two year-old ewes had 5% 
lower wool-zinc levels than their four year-old counterparts, while 
the intensively grazed ewes had 4% lower mean wool zinc leve1s than 
the control ewes . Between period c omparisons indicated that 
samplings 4 , 5 ,  6 and 8 were lower than sampling one (P< 0 . 01 ) .  



Table 5 . 2 :  Mean squares from analysis of 1vool copper and 
zinc concentrati on 
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S ource of vari ati on DF Mean squares Mean squares 
fo r copper for zinc 

S tocking rate (SR) 1 56 . 89 209 . 1 8* 

Age 1 5 . 78 307 . 67** 

Breeding rank (BR) 1 49 . 57 6 3 . 03 

Peri od 1 0  1 78.  75-l<-* 1 1  6 .  94 *** 

SR x age 1 9 . 4 9 2 . 01 

SR x BR 1 27 . 1 2 58 . 70 

Age x BR 1 740. 24 21  • 31 

Peri od x age 1 0  74 . 41 57 . 44 

P eriod x BR 1 0  74 . 51 A 23 . 74 

Peri od x SR 1 0  22 . 09 29 . 36 

SR x age x BR 1 1 . 80 96 . 21 

SR x age x period 1 0  7 1 . 82 2 1  • 5 1 

SR x BR x period 1 0  1 1  3 .  57 37 . 78 

BR x age x period 1 0  37. 66 1 7 . 70 

SR  X BR x age x period 1 0  92 . 99 34 . 98 
Sheep wi thin s tocking-
rate , age and breeding 1 6  609. 7 1 *** 38 . 83 
rank 

Residual I 1 60 69 . 65  26 . 28 ' ' . I •  1 
' 
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Table 5 .3:  Wool copper and zinc concentrati on main effe c t  means 

Wool copper Wool z inc 
concent ration concentrati on 

ppm PP m 

S tocking C ontrol 33 . 3 ± 4 . 5 1 04 . 5  ± 1 • 5 

rate Intensive 34 . 3 ± 4 . 5 1 00 . 0  ± 1 . 5 

2 year-old 33 . 5 ± 4 . 5 99 . 5 ± 1 . 5 
( a) Age 

4 year-old 34 . 0 ± 4 . 5 1 04 . 8 ± 1 . 5 

S ingle 34 . 3 ± 4 . 5  1 03 . 5  ± 1 . 5 
Breeding 

rank Twin 33 . 3 ± 4 . 5  1 01 . o  ± 1 . 5 

( b ) 

Sampling 1 2 3 4 5 6 7 8 1 0 1 1  1 2  
_p_eri od 
Wool  copper -)(-

concentra- 36 . 3 32 . 5 37 . 3 35 . 0 31 . o  33 . 8 33 . 0  25 . 5 34 . 3  32 . 5  33 . 3 
tion ppm 
Wool zinc 
concent ra-
tion ppm 

** ** -)(-* * -l<-

1 08 . 8 1 08 . 0 1 05 . 8 97 . 3 94 . 0 93 . 3 1 03 . 8 98 . 3  

* Signifi cantly different from samp ling 

** Signif icantly diffe rent from s ampling 

C opper LSD 0 . 05 = 1 0 . 1  zinc LSD 0. 01 = 

9 . 8  

1 02 . 5 10) .0 1 07. 0 

P <  0. 05 
P< 0. 01 
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5 . 4  Dis cussi on 

5 .  4 . 1  vlool c opper 

The mean vrool copp er level of 34 ppm is vli thin the range of 

22-81 ppm reported by Healy and Zei leman ( 1 966 ) for sheep grazing 

a range of New Zealand soi ls . 

The significant between-sheep differences s trongly suggest  

that genotype could be  an important determinate of  wool  copper 

concentration within the Romney breed . Although only a small 

proporti on of the variati on in plasma copper could b e  at tributable 

t o sires in the present s tudy (section 4 . 4 . 4 ) ,  large be i;ween-breed 

differences in tissue and orean trace element contents have been 

established (Wiener and Field ,  1 96 6 ,  1 971 a ,  1 97 1 b ;  Wiener et al . 

1 969 , 1 970 ; Hayter e t  al , 1 973 ) .  

If genotype is an important fact or in the determination of 

wool copper ,  s ome of the observed variation behreen sheep  grazing 

different s oil  types in the U . S . A. and New Zealand could be 

accounted f or by beh•een-f lock or locality genetic differences • . 

Although sampling eight is the only peri od s ignifi cant ly lovrer 

than sampling one ,  gene ral tendencies are still apparent . A 

depression in wool copper is evidenced from June thro ugh unti l 

August corresponding t o  t he depression in  wool growth reported by 

Sumner ( 1 96 9 )  and Sumner and Wi ckham ( 1 969 ) .  The limitation to 

wool c opper level was probably due to  a low level of nutrition i n  

late winter and early spring. 

A number of wo rkers have shown that the dietary copper intake 

will influence the level of copper in the. wool of sheep and hair of 

cattle ( Cunningham and Hogan , 1 958 ; van Kotveld ,  1 954 , 1 958 cited 

by Cunningham and Hogan , 1 958 ; O ' Mary et al,  1 970) . Large dietary 

differences in either the copper or molybdenum intakes are necessary 

t o  affect  wool copper . C opper inta�es varying from 6 . 1 5 t o  9 . 71 

mg/day d o  not signifi cant ly affect  mean wool  copper (Kapoor et  al ,  

1 972 . 
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N o  prolongati on of the l ow levels of vToo l copper into 

S eptember were observed in the int ensive e1-res as was reported for  
wool growth in  these sheep (Sumner ,  1 96 9 ;  Sumner and vli ckham , 

( 1 969) . Large behTeen-sheep differences , coupled wi th the small 

number of samples analysed , do es not necessarily indi cate that 
they do not exi st . 

No significant effects of st ocking rate , age or breeding rank . 
were observed on wool  copper concentrati ons . I t  can only be 
assumed that the extra nutri tional s tresses due t o  

1 .  increased stocking rate , 
2 .  competi tion from an additi onal f oe tus during pregnancy , or 
3 . greater demands from a s t ill maturing ewe , 

do  not place demands heavy enough on the me tabolic c op_r.1er reserves 

to result in reduced 1-ro ol  copper levels . It is diffi cult t o  
reconci le that the nutri tional s tress  of a reduced winter intake 

should cause a decline in wool copper,  whi le an increased stocking 
rate does not . I t  could be accounted for  by increased s oil  intake 
in high stock ewes similar to  that document ed by Healy ( 1 968,  1 972 ) 

for cobalt , selenium and i odine , or that the woo l copper level is 
affected by seasonal physi ological fluctuation . 

5 . 4 . 2  Vlool zinc 
The me an wool zinc level of 1 02 ppm is within the range of 

96-1 02 ppm reported by Healy and Zeileman ( 1 966 )  f or a range of New 

Zealand soi ls . Unlike w ool copper concentration,  there were no  

significant differences between sheep suggesting lit tle  inf luence 

of genotype on f leece z inc excreti on within Romney sheep . 

A highly-significant effect of peri od (PC::::: 0 , 001 ) where wool 
zinc levels fall in April and remain depressed until  August i s  s e en .  
The initial April fall i s  one month earlier than the seasonal fall 
in wool  produc ti on and three months earlier than body 1·1eight 
changes would suggest a marked fall in the plane of nutri tion 
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(Sumner , 1 969 ; Sumner and Wi ckham , 1 969 ) .  S easonal variations 

in the availabi lity and/or supply of pasture zinc could presumably 
be responsi ble for t he de pression .  Ho1vever ,  the lack of any 
information on the f orage mineral s tatus d oes  not allow a more 
condllsive interpre tati on . 

The anomoJ.us deviati on in the JuJ.y wooJ.  zinc leve l ,  although 

possibly the onset  of a late winter-early spring rise , can only 
be adequately accounted for by s ome more drasti c alteration in  
zinc  nutri tion .  Wi thout more s pecifi c  inf ormati on on tl1e zinc 
intaxe i t  can only b e  suggested that i t  could be pos sibly due t o  
an ons et  of winter hay feeding. 

With the wo ol z inc levels being depressed  for at  least f our 
months of the year i t  is suggest ed that the ewes were in a s tate 
of zinc i nsuffi ciency ,  at least during the late autumn-early 
winter peri od . If this is i n  fact the case , the effe cts of age 
and stocking are readily interpreted . 

The lowered wool  zinc level in the intensive ly grazed ewe 
would be  a direct result of a lowered forage intake . Why even 
lower levels were not  recorded in the July-August s amples is even 
more s urprising. As suggested with coppe r ,  a higher ingesti on of 
s oi l  und er the high s tocking rate could to  s ome exten t  compensate 
for a lowered forage intake .  

The lower mean woo l  zinc level in the  2 year-old ewes could 

possibly be due to a greater biologi cal d emand in this age class . 
Tlvo year-old sheep having s till  not reached mature body s ize ; 

metaboli c  demands c ould be expe cted to be greater. 
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PLASMA ZINC CONCENTRATI ONS IN ROMNEY SHEEP 

GRAZING AT TWO STOCKING RATES 

6 . 1  Introduction 

During the c ourse of the investigations into blood copper 

( Chapters 3 and 4) it  became apparent that many areas of New 

Zealand carri ed flocks vli th relatively low plasma zinc levels 

( Grace , 1 972) . A zinc level of 57 . 7 ug/1 00 ml of plasma was 

reported for ewes grazing Tokomaru si lt loam. This value is 

below the New Zealand and North Island averages and well below 

the value of 1 00 pg/1 00 ml reported for optimal growth in sheep 

(Ott , Smith, S tob ,  Parker ,  Harrington and Beeson , 1 96 5 ) .  
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However,  other vl orkers have reported a level of 45 p.g/1 00 ml 

below vihich grov1th is retarded in lambs (Mills , Dalgarno , vli lliams 

and Quartermain , 1 967) . 

6 . 2  Materials and methods 

Blood samples c olle cted in the course of the earlier 

experiments were used for the estimation of plasma zinc levels in 

Romney ewes from both flocks grazing under two different s tocking 

rates . All of the samples collected in the ' Vacutainers ' were 

heavi ly cont aminated wi th zinc ( see appendix V ) . Thus only the 

ini tial S tress f lock samples  and subsequent samples collected in 

50 ml  polypropylene centrifuge tubes were sui table for analysis in 

the present s tudy. 

The handling of the p lasma samples and subsequent ins trument­

ation were identi cal to those outlined i n  section 3 . 2 . 4 .  

Effe cts of b o th stocking rate and s eason w·ere  tested 

s tatistical ly by vari ance analysis using the f ollowing mode l :  



Where : 

6 . 3  

6 . 3 . 1 

u 

a .  
l 

b .  
J 

(ab ) . . 
lJ 

Results 

+ a. + b . + (ab ) . . + el· J
·k l J lJ 

= the general mean 
= is the effect of the ith s to��ing rate 

is the effect of the j th period 
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= is the int eraction of  the ith s tocking rate wi th 
the jth peri od 

= the residual error whi ch is assumed t o  have z ero 
mean and cons tant variance . 

S tress f l ock 
Mean plasma zinc concentrati on for  b oth the autumn and vTinter 

sampling peri ods , as well as b etween s tocking rates , is given in 
Table 6 . 1 . Meru1 squares derived from an analysis of variance are 
given in Table 6 . 2 . 

Table 6 . 1 : S tress flock - Plasma zinc concentration mean sguares 

Source of variati on DF Mean square 

S tocking rate 1 1 ' 696 . 91 *** 

Peri od 1 3 ,  1 23. 82*** 
S tocking rate 1 4 1 . 02 
x _])eri od 
Error 21 6 1 23 . 68 

Table 6 . 2 :  S tress flock - Plasma zinc concentrati on means and 
s tandard error 

Low s tocked High s tocked Autumn Winter S . E .  

64 . 2  58. 6 6 5 . 2  57 . 6 + - 1 . 50 
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Both seas on and s t ocking rate had highly significant effects 

on mean plasma zinc concentration . A 9% reduction in plasma zinc 

concentration of the HSE is  seen ,  whi le a depression of 1 2% in the 

mean plasma zinc level is seen at  the vrin ter s ampling . 

are addi tive . 

6 . 3 . 2 CPT flock 

Both effe c ts 

�1ean plasma zinc concent rations for b oth the winter and spring 

s ampling periods and f or the tv1 o s tocking rates is given in Table 
6 . 3 . Mean squares derived from an analysi s of variance are given 
in Table 6 . 4 .  

An 1 1 % reduc tion was re corded in the intensively s tocked ewes 
compared to the controls , whi le a 1 7% depression in the winter 
sampling i s  apparent . Bo th of these eff ects are highly significant . 

Table 6 .  3: CPT flock - Plasma zinc concentrati ons mean squares 

S ource of variation DF Mean s quare 

S tocking rate 1 768 . 80 H-* 

Period 1 2 ,  000 .  OO-** * 

Stocking rate 1 72 . 20 x season 
Within groups 76 58 . 25 



Table 6 . 4 :  CPT flock - Plasma zi nc co ncentration means and 

s tandard error 

Control 

58 . 45 

6 . 4  Dis cus si on 

In ten si ve Winte r  

50. 35  

Spring S . E .  

60 . 3 5 + - 1 • 71 

Zinc levels in the plasma removed from s ome of the S tres s  

f lock sheep at winter sampling could have been affected by the 

s elenium and copper supplementations des cribed in Chapter 3 .  

However , no s uch tendency i s  obvi ous in the data and no reports 
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of interacti ons of zinc with these e lements in biological sys tems � 
have been encountered . 

The mean p lasma zinc c oncentrati ons ( S tress flock 6 1 . 4  

pg/1 00 ml , CPT flock 55 . 4 �g/1 00 ml)  are close to the value of 

5 7 . 7  reported by Grace ( 1 972 ) for sheep grazing pastures on 

T okomaru s ilt loam s oi L  

S tocking rate and time of sampling were probably related t o  

plasma zinc levels through the effe cts of lower leve ls of 

avai lability of all nutrients at the high stocking rate and 

during winter . 

The 1 0%  d ifference between the S tress  and CPT flocks i s  

probably als o  a refle c tion of a lower overall nutritional level 

in the CPT flock , but different fertilizer treatments and 

differences be tween the Shannon s ilt  loam and Tokomaru silt  l oam 

s oils , could a ls o  be implicated .  

The level of 47 . 3  pg zinc per 1 00 ml in the plasma of the CPT 

intensive ewes at winter s ampling is only s lightly above the level 

associated wit h  limitation of lamb growth (Mills e t  al, 1 967) . 
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GENERAL CONCLUSIONS AND SUMMARY 

Investigati ons into the poss ible  role of copper in limiting 
animal production at high st ocking rates were undertaken in 1 972 . 

The conclusions were : 

1 .  Winter  plasma copper levels of 87 . 9  and 79. 0 ug/1 00 ml were 
recorded in the high-s tocked treatments of the Stress and CPT 

fl ocks respe ctively. 
defi ciency .  

These levels are not indi cative of copper 

2 .  Pasture copper levels of approximate ly 1 00 ppm (DM )  are 
suffi cient to supply an adequate copper intake assuming no maj or 
antagonistic  influences . 

3 .  Liver copper leve ls of both ewes and ' dead '  lambs were close 
to reported "normal" New Zealand values . 

4 .  A 24 mg copper inje ction and/or oral dose  of 6 mg of s odium 

selenate failed t o  maintain the spring plasma copper levels in 
the HSR ewes over t he winter. This and previ ous ly s tated 
observations sugges t that a deficiency of copper � se is not 
the cause of the winter fall . 

5 .  A small (0 . 74 kg)  advantage in lamb weaning weight was 
attributable to the c ombined copper and se lenium supplements . 
No other ' real ' responses  in ewe pr oductivi ty could be established 
from their supplementati on when given singly or together .  

6 .  In the  CPT flock mean winter plasma copper leve ls were 78% 

of their spring values , while the intensively-grazed ewes were 
7% lower than their control counterparts . 
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7 .  No effect of ei ther age or lambing rank could be es tablished 
on mean plasma coppe r levels . 

8 .  No ' real ' relati onships c ould be estab lished bebveen plasma 
copper concentrations and a number of production vari ables . 
This vlOuld suggest  that copper levels never reached a state where 
ewe production \vas limited . 

9 .  By use of the intra-sire correlation ,  the heritabi li ty of 
plasma copper concentration in Romney sheep was es timated as 0 . 1 5 . 

This value is lov1er than other ,  less-accurately determined , 
estimates . 

1 0 . No  effect of either s t ocking rate , age or breeding rank 
could be established on the mean wool copper concentration 
throughout a 1 2  month pe ri od . However , the Augus t pre-lambing 

sample was signifi cantly depressed in compari son to other monthly 
values . Significant between-sheep differen ces in wool copper 
concentrations were apparent . 

1 1 .  Significant  eff ects of s tocking rate , age and pe riod were 

found on mean woo l  z inc concentrati ons . An average depression 
of  1 3% was seen in t he April ,  May , June and Augus t s amples . No 

signifi cant between-sheep difference or effect  of breeding rank 
could be established . 

1 2 .  Both stocking r at e  and time of sampling were found t o  
signif icantly effect  the mean plasma zinc levels o f  the S tress 
and CPT ewes . 

1 3 . I ntensively-stocked ewes in both f locks had mean plasma 
zinc levels 1 1 % and 9% below thei r con trol s tocked counterparts , 
whi le winter depressi ons of 1 7% and 1 2% were recorded in both 
flocks over their s pring and autumn values respective ly .  
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1 4 . The mean winter plasma zinc level of 47 . 5  ug/1 00 ml rec orded 
in the intensive ly s t ocked CPT ewes at  the winter sampling is only 

slightly above the level of 45 ug/1 00 ml associated wi th limitations 
to lamb growth (Mills � al ,  1 967 ) .  

1 5 . Evidence reported here would suggest that except for  a 
poss ible s light improvement in lamb growth rate ,  nei ther copper 
or selenium was limiting animal produc tion in the experimental 
f locks . 

1 6 .  Plasma zinc levels suggest that an insufficiency of me tabolic 
zinc could be limiting animal produ cti on at  high stocking rates in 
both the S tress  and CPT flocks . Zinc is knm-m to  be involved in  
wool keratinizat ion as -vrell as lamb growth (Mi lls rt al ,  1 967 ) .  
The sensi tivity of woo l  zinc to  various "nutritionaP stresses 
would tend t o  support this hypothesis . 



APPENDIX I 
Physical and chemical soil  parameters 

Shannon 
silt loam 

Parent material Loess 
I nternal drainage Slo"I'T 
Nutrient s tatus Moderate/low : P  e a  

Medium: K  
Pasture response P ,  K and ea 

Tokomaru 
silt  loam 

Description Weakly leached 
moderately gleyed 
ye llovr-grey 
earth 

Weakly l eached 
moderately to 
s trongly gleyed 
yellow grey earth 

Rainfail 1 020 - 1 270 mm 1 020 - 1 270 mm 

Spectrographic analysis (approx) for reference 
soi l  Marton silt  l oam 

Macroelements % 
Al 8 1 1  1 2  1 3 1 3 1 0  
Fe 3 . 5 4 4 . 2  4 .  1 4 4 
ea 1 . 5 1 . 5 1 . 3 1 1 1 
Mg 0 . 7  0. 9 0 . 9  0 . 8  0. 6 5  0 . 65  
Na 1 . 2 1 . 3 1 . 5 1 . 2 1 . 3 1 . 4  
K 0. 8 0 . 8  0 . 8  0 .8  1 0 . 8  

Microelements p . p . m .  
Zr 270  250 300 300 300 350 
Cr 1 8  20 20 30 20 20,  
Ni 4 6 6 6 8 6 
Co 4 4 3 3 4 2 
Mn 980 1 200 250 1 50 1 50 1 50 
Mo 2 2 3 2 3 2 
Ga 9 1 0  1 2  1 2  1 2  1 2  
V 80 1 00  1 00 1 00 1 00 1 00 
Cu 1 5  1 5  1 5  20 20 20 
Ba 800 900 900 800 1 000 900 
Sr 530 500 400 200 1 50 300 
Ti 2500 3000 3500 3 500 4000 3 000 

Los s on ign. % 1 1  7 4 5 6 3 

1 1  
5 

0 . 9 
0 . 65  
1 . 3 
0 . 9 

300 
20 
4 
2 

200 
3 

1 5  
1 00 
20  
800 
300 

3000 

3 



APPENDIX I I  
Des cripti on of the flee ce charac teristi c 

grading sys tem 

Below are lis ted des criptions for the f leece characteristi c  

grading sys tem . S tandards were kept where possible . Measure-

ment technique is given in cases of measurable characteristics . 

Quality number 
Bradford quali ty numbers were used . 

analysis the numbers were coded ; 

e .  g .  46  
46/48 ' s  
44/46 

== 5 
6 

== 4 

For the s tatisti cal 

These were reconverted back t o  qua lity numbe rs  f or presentation 
in the tables . 

S taple crimp clarity 
A s cale from 1 -9 was used . 

1 .  crimp practi cally indistinguishable 
9 .  extremely even and pronounced crimp . 

F leece character 
Flee ce charac ter grades depended upon the staple s ize , 

f reedom from tippiness and hairiness , as well as s taple crimp 
evenness  and c lari ty .  Character grades ranged f rom 1 -9 and 
was s imilar to the 1 -7 grading system used by the Ministry of 
Agri culture and Fisheries . 

C rimps per inch 

The number of crimps over the vrhole sta,Ple were counted , 
divided by the s taple length ( ems )  and converted t o  crimps per 

cm by tables . Es timated on an average s taple . 
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Handle 
Assessed wi thout regard to quali ty number with the s ample 

s creened from the vievl of the assessor . 
obtain samples . 

1 • Extremely harsh 
2.  Markedly harsher than average 
3 .  Clearly harsher than average 
4 .  Slightly harsher than average 
5 .  Average handle 
6 .  Slightly sof ter than aver age 
7 .  C learly softer than average 
8. Marked ly s of ter than average 
9 .  Extreme ly sof t .  

Lus tre 

Graded wi th no reference to fineness . 

1 .  No lus tre (Merino) 
2 .  Very s light lustre 
3 .  Low· 2nd demilus tre 
4 .  2nd demilustre 
5 .  Lo�v 1 s t demilustre 
6 .  High 1 s t demilustre 
7 .  2nd lus tre (Eng lish Leices ter ) 
8.  1 s t lustre (Lincoln) 
9 .  Like coarse Lincoln . 

S oundness 

Line first surveyed t o  

Test carri ed out o n  a "s tandard " si zed small s taple . If 

unable to be broken staple is divided into half . 

1 .  
2 . 

3 .  

4 .  

5 . 
6 .  

Much of f leece 
Very weak 
11 Break11 present 

los t 

Slight pull t o  break 
Good pull to break 

Slight pull to break ( t s t aple ) 
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7. Good pull to break ( t s taple ) 
8. Good pull to  break (f s taple ) 
9. Sound (f s taple ) . 

St aple length 
Average s taple sele cted , measured to nearest centimetre 

uns tre tched but flattened . 

Quality number 
Bradford qua lity numbers . 
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APPENDIX III  

Atomic absorption spectrophoto�eter operating conditi ons 

Zinc Copper 

Acetylene flow 3 3t 

Air pressure 1 5 psi 1 5  psi 

Flame Reducing Reducing 

Lamp current 6 rnA  3 m A 

s lit width 300 u 50 u 

Wave length 2 , 1 39 A0 3 , 247  A0 



APPENDIX IV 

As ira ti on of Hi th co er-free 
water 

Plasma ( 1  : 1 ) C opper-free water 

5. 6 ml/minute 5 . 1  ml/minute 
5 . 5  1 1  1 1  5 . 2  1 1  1 1  

5 . 6  1 1  1 1  5 . 3  1 1  11 

5 . 6  1 1  11  5 . 2  1 1  1 1  

5/6 ml/minute 5/2 ml/minute 

The 0 .4  ml/minute difference in  aspiration rates between 
di luted plasma and copper-free 1vater was not considered large 
enough to bias the calibrati on cif the ins trument . 
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APPENDIX V 

Trace e lement contaminati on of Vacutainers 
and polypropylene centrifuge tubes 

Samples of five tubes i·rere filled with a 5% s olution of 
copper-free hydrochloric acid and analysed for  copper  and zinc 

90. 

levels af ter increasing s torage intervals . 
at  random throughout the blood s amplings . 

Tubes vrere colle cted 

No s ignificant degree of copper contamination was recorded . 
However , levels of behm en ten and twenty ppm of zinc was recorded 
in  the vacutainers , the level increas ing with storage time . 
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