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INTRODUCTION

Patterns of growth, body composition, food intake and e ffic iency can 
a ll be described with great sim p lic ity  in terms o f age. I f ,  however, 
chronological and physiological age are not the same for d ifferent species, 
breeds and inv id idua ls, genetic comparisons made at the same age become 
extremely complex. In the same way, growth variables (e.g. body fa t) can 
quite e ffective ly  be related to body weight, but genetic comparisons made 
at the same body weight again require complex b io logical interpretations. 
The in t r in s ic  d if f ic u lt y  is  highlighted when i t  becomes impossible to 
make comparisons at the same age or bodyweight, fo r example, between Oxford 
Down and Soay sheep at the normal slaughter weight of 35 kg.

The biochemistry of growth is  probably quite sim ila r in most mammalian 
species. Some procedure is  therefore needed for applying to species of 
special in terest quantitative resu lts obtained from other species as, for 
example, tran sla ting  experimental resu lts on food e ffic iency from mice or 
rats to pigs or cattle. F in a lly , i t  is  a va lid  sc ie n t if ic  goal to provide 
an overall description of mammalian growth that is  true on average for a ll 
species, breeds and ind iv iduals; for only then can genetic deviations be 
demonstrated, quantified and investigated.

A fa ir  amount o f research work has been done in terms of s ta t is t ic a l 
ana lysis of mature body weights, their genetic correlations with various 
production variab les, d irect within-breed ana lysis of degree of maturity, 
and the f it t in g  and subsequent analysis of growth curve parameters. These 
are fu ll of in terest but are not discussed in th is review, nor are several 
interesting papers dealing with selection indices designed to change 
various tra it s  including degree of maturity without changing mature body 
size.

GENETIC SIZE SCALING

A solution to the problem of making genetic comparisons between species 
and breeds that d iffe r in body size, l ie s  in genetic size  scaling. A 
number of well-established inter-species re lationsh ips were formally 
summarised by Taylor (1980a) in two genetic s ize -sca lin g  rules. These rules
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stem from experimental re su lt s  showing that most o f  the va ria t io n  between 
species and to le s se r  extent between breeds and in d iv id u a ls  can be accounted 
for by genetic d iffe rences in  a s in g le  factor associated  w ith body size .

Mature body weight as a measure o f genetic body s ize

As a general procedure, comparisons based on body s ize  o r weight at 
the same age are obv iou sly  a b io log ica l nonsense (e.g. at one year o f age, 
we would be comparing a human baby, a half-mature h e ife r and a mature 
mouse). Body s iz e  i s  u sua lly  measured in  a mature ind iv idua l because that 
is  the on ly  period in  an an im al's  l i f e  when body s iz e  is  normally or 
p o te n tia lly  in  an unchanging state . Mature body weight, A, i s  therefore 
chosen to represent th is  s in g le  genetic measure o f body s iz e ,  not because 
i t  i s  id ea l, but because i t  i s  u sua lly  better than any other. The symbol 
A s ig n if ie s  adu lt o r asymptotic weight but, as a genetic factor, A i s  pre
sent from the e a r l ie s t  embryonic stage and the d ive rse  modes o f expression 
o f th is  genetic s iz e  facto r can be seen in  operation at every stage of 
growth.

D e fin it ion s  o f mature body weight, A

Defin ing mature body weight i s  a problem that some people r ig h t ly  
believe has not been f u l l y  solved. But i s  would be quite  wrong to think 
that simple and adequate working d e f in it io n s  are not ava ilab le . More 
elaborate d e f in it io n s  become necessary when genetic comparisons become 
sm aller and more dependent on sp e c if ic  n u trit iona l regimes; although 
extremely in te re st in g , there i s  not time to d iscu ss them at present. A 
d e fin it io n  that meets most purposes and can be used in  a ll  that follows 
is  'a  mature equ ilib rium  weight contain ing 15% chemical f a t 1.

Genetic s iz e -sc a l in g  fo r  age and time variab les

The f i r s t  sc a lin g  ru le s states that a ll  time va riab le s associated 
with the growth o f a genotype are proportional to A ^ - * ?  and a metabolic age 
scale  common to domestic mammals i s  defined. Thus age, t, measured from 
an o r ig in  near conception, i s  gene tica lly  scaled to g ive  metabolic age 
©  = t/AO-27, on th is  metabolic age sca le ,©  , a l l  events in  a mammal's 

l i f e  occur at about the same age in  'metabolic d ays ' whatever the species.

Thus im plantation occurs on average at 4 metabolic days o f age and b irth  
occurs at about 50 metabolic days. In post-natal l i f e  weaning occurs on 
average at a metabolic age o f about 100 days (that i s ,  about 50 metabolic 
days a fte r b irth  so that gestation  length and lac ta t ion  length are in 
general roughly equal). Sexual m aturity occurs roughly at about 120 
metabolic days (when about 45-50% mature). Normal growth ceases on average 
at about 440 metabolic days (when 98% mature).

These rough values can a ll be refined and standard values adopted 
as norms from which the deviation o f every species can be expressed. For 
example, re su lt s  from 63 species gave 48.5 metabolic days as a standard 
fo r  gestation length. On th is  b a sis, the modern p ig  i s  expected to have a
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gestation length o f about 220 ordinary days whereas it s  actual gestation 
length i s  about h a lf  th is  expected value. In  humans, expected gestation 
length is  140 ord inary days, so that human gestation  is  about twice as long 
as expected. Inc identa lly , the expected systematic change in gestation 
length with A0 ,2 '  i s  not found w ithin species and constitu tes a s t r ik in g  
exception which has yet to be fu lly  understood.

Genetic s iz e -sca lin g  for cumulated production variab les

The second genetic s ize -sca lin g  rule states that when measured 
at the same metabolic age, cumulated input and output va riab le s associated 
with animal growth are d irectly  proportional to mature weight A. Body 
weight i t s e l f  i s  the simplest example of such a cumulated variable. Thus 
body weight W becomes genetically  scaled by mature weight A to give degree 
o f maturity u = W/A. The purpose of th is  paper i s  to show how other scaled 
variab les associated with animal growth are related to degree of maturity u. 
Genetic comparisons can then be made at the same degree o f maturity. I t  is  
hoped that the procedure w ill be shown to be conceptually simple, and to 
give genetic comparisons that have a reasonably va lid  basis and a re la t ive ly  
simple interpretation.

Before examining other variables in  re la t ion  to degree of maturity, 
the mean growth curve for mammals in terms of degree of maturity u against 
metabolic age 0  i s  f i r s t  diown. A lte rna tive ly , by reversing the normal 
order of these two variab les, we could say that the f i r s t  variable  to be 
examined in  re la t ion  to degree of maturity is  metabolic age 9 . Reasons 
are then given fo r i t  often being preferable to examine other growth 
variab les in re la t ion  to degree of maturity u instead o f in  re la tion  to 
metabolic age 9

THE GENETICALLY STANDARDISED MEAN CURVE FOR NORMAL GROWTH

A genetica lly  standardised mean growth curve fo r mammals in terms 
of u and 6  was given by Taylor(1980c) and has been reproduced in  Figure 1.

FIGURE 1 ABOUT HERE

Deviations from the mean curve are apparent. Comparisons made at the same 
metabolic age show some species to be more mature than average, and others 
le ss  mature. In general, i t  is  the same species which are more mature at 
any given metabolic age. Although there was some rep lica tion  o f species 
curves, there was certa in ly  no standardisation o f experimental treatments 
and d ie ts for the d ifferent species. I t  i s  therefore not clear to what 
extent the observed deviations are genetic. Whatever the reason, genetic 
or n u tr it io n a l,  comparisons made at the same metabolic age automatically 
imply comparisons at d ifferent degrees o f maturity. I f ,  as an a lternative  
procedure, comparisons are made in  Figure 1 at a given degree of maturity, 
some species c le a r ly  take longer than others to reach that degree of matur
it y ,  that i s ,  some species mature e a r lie r  and some la te r  than average. 
Comparisons of other variables made at the same metabolic age, 9, and at 
the same degree o f maturity u, while both being va lid  procedures, would 
thus have somewhat d ifferent interpretations.
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Figure 1. Standardised growth curves for nine species in terms
of degree of maturity, u, and metabolic age, Also
mean standardised growth curve, (Reproduced by courtesy 
of Animal Production).
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COMPARISONS AT THE SAME DEGREE OF MATURITY

I t  can be argued that in both theory and practice an an im al's stage 
o f development i s  more f u l ly  represented by i t s  degree of maturity than 
by i t s  metabolic age. I f  differences are genetical, then a genotype 
e a r lie r  maturing in  body weight i s  l ik e ly  to be correspondingly 'e a r l ie r  
maturing' in other cha racte rist ic s, and a comparison made at the £ame 
degree o f maturity in  body weight is  therefore l ik e ly  to be more meaningful 
in that i t  w ill explain more of the difference. I f  an animal is  n u tr it io n 
a l ly  re stric ted  and obliged to grow slow ly, i t  w ill be le ss  well developed 
in  other aspecisa lso , and again a comparison made at the same degree of 
maturity is  l ik e ly  to be more meaningful than a comparison made at the 
same metabolic age. Results obtained from comparisons at the same meta
bo lic  age obviously cannot be ignored, because slower development fo r 
e ithe r genetic or nu tritiona l reasons is  l ik e ly  to produce an animal with 
a d iffe rent metabolic status and body composition. One way o f resolving 
the d if f ic u lt y  i s  to agree to make comparisons at the same degree of 
maturity and include differences in metabolic age as part of the p ro file  
of d ifferences. A lte rna tive ly  the other variab les being compared can be 
adjusted fo r concomitant differences in metabolic age. Any additional 
e ffect of metabolic age over and above that associated with degree of 
maturity would then automatically be ascertained.. Although every production 
variab le  couldanJ perhaps should be examined in  re la tion  to every other 
variab le , such a procedure i s  rare ly  possib le. Degree o f maturity therefore 
i s  chosen as a basis  fo r comparison because body weight i s  more e a s ily  
measured and more un ive rsa lly  availab le than other variab les such as for 
example energy metabolised or protein deposited.

The importance of examining changes in  re la tion  to degree of maturity, 
not only at the species and breed leve l, but a lso  at the within-breed level 
has been accentuated by reviews such as those by McCarthy (1975) on poultry 
and mice and Sutherland (1973) in  farm animals, who concluded that most 
of the progress over the past few decades has been due to changes in mature 
size .

V a r ia b ilit y  In degree o f maturity due to nu trit ion

A set of animals a ll with the same genotype and a ll at the same degree 
o f maturity u could be in  quite d iffe rent metabolic sta te s, varying from 
being extremely th in  and underfed to being g ro ss ly  fa t  and overfed. As 
discussed above d ifferences in body composition would normally - but not 
always - be associated with differences in metabolic age. D ifferent 
nu tritiona l paths or d ie ts could be chosen to produce extreme differences 
at the same metabolic age. Nevertheless as long as a ll ind iv idua ls being 
compared are in  the same condition, the comparison would remain va lid . In 
practice, i t  is  u sua lly  enough to know that a ll  in d iv idua ls  are growing 
more or le ss normally and have been treated a like  and fed the same type of 
ration. I f  normal growth i s  to be modified, then re stric ted  feeding has to 
be applied to the d iffe rent genotypes at the same degree o f maturity, and 
such experimental arrangements have ra re ly  been made.

The comparisons presented below are a ll  fo r 'norm ally growing' animals. 
The procedure thus has obvious lim itations but they are almost en tire ly  
due, at least at present, to inadequate development and not to any inherent
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defic iency in  the approach. More research work in  th is  area is  therefore 
urgently needed.

GENETICALLY STANDARDISED MEAN CURVES FOR PRODUCTION TRAITS

In add ition  to the mean mammalian growth curve already shown, mean 
mammalian curves re la t in g  production va riab le s to degree of maturity are 
now presented fo r  growth-rate, body composition, heat production, 
maintenance requirements, voluntary food intake, and food e ffic iency . 
Several other re la t io n sh ip s  have been given in equational form by Taylor 
(1980b).

Mean mammalian growth-rate curve

Growth-rate, dW/dt, when gene tica lly  standardised, becomes du/de, and 
the standardised mean growth-rate curve shown in  Figure 2, gives the 
expected growth rate,du/dS, fo r  any genotype at any degree o f  m aturity, u. 
The expected maximum rate o f 0.007kg gain per kg mature weight per meta
bo lic  day i s  expected to occur when animals are about 25% mature. Growth- 
rate curves fo r  ind iv id ua l species were somewhat e rra t ic  and are not shown.

FIGURE 2 ABOUT HERE

Mean mammalian curves fo r  changes in  body composition

Numerous body components, t is su e s  and organs need to be studied in 
re la t ion  to degree o f m aturity in  as many species as possib le . As an 
example, the percentages o f d issected fat, muscle and bone in  the immature 
carcass are expressed re la t iv e  to th e ir  percentages in  the mature carcass 
fo r  T u llo h 's  (1963) c o lle c t io n  o f a llom etric  equations fo r p ig s, sheep 
and cattle . F igure3 shows how immature body composition changes as animals 
grow towards th e ir  mature body' composition. The a llom etric  coe ffic ien t 
used fo r p ig s, sheep and ca tt le  were respective ly  0.50, 0.54, and 0.90 
fo r  fa t; -0 .01, +0.02 and -0.07 fo r  muscle; and -0.20, -0.28 and -0.29 fo r 
bone. The mean values fo r  the three species were 0.65 fo r fa t ,-0 .02  fo r 
muscle and -0.26 fo r  bone. The general maturity patterns hold no su rp r ise s, 
but the magnitude o f  the deviations fo r carcass fa t  are exceptiona lly  large 
in  T u llo h 's  (1963) data.

FIGURE 3 ABOUT HERE

Allom etric equations may to some extent d is to rt  the true shape o f the 
m aturity curves. More precise  curves would require extensive data from many 
species covering the whole m aturity range. Data on body composition such as 
that collected at 16 stages o f  maturity in  d iffe ren t breeds o f sheep by 
Bu tte rfie ld , G r i f f i t h s ,  Thompson, Zamora and James (1982) are therefore both 
rare and valuable and a welcome addition to the lite ra tu re .
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Mean manroalian curve fo r  heat production during growth

D a ily  heat production, being a rate va riab le , i s  gene tica lly  
standardised by d iv id in g  by A°-73. Based on equations fo r 10 species, the 
mean curve fo r  the standard ised  heat production q o f a normally growing 
mammal at d if fe re n t  degrees o f m aturity was given by Taylor (1969) as

q = 0.3 u (1-0.54 loge u),

where the u n it s  fo r  q are megajoules o f basal energy per day per u n it o f 
mature metabolic weight. An example o f a p o te n tia lly  genetic deviation 
comes form B la x te r and Wainman's (1966) re su lts  on fa st in g  metabolism o f  
Ayrsh ire  c a tt le ,  which showed a 20% deviation above th is  standardised 
mean curve at a l l  degrees o f m aturity.

Mean mammalian curve fo r  equ ilib rium  maintenance requirements

Equ ilib rium  maintenance requirement i s  the food energy required 
to maintain an unchanged body weight and composition by a f u l ly  mature 
animal o r by an animal held in  equ ilib rium  at an immature body weight.

The standard ised  formula given by Taylor, Turner and Young (1981) 
in terms o f (M )m , the m etabolisable energy fo r  maintenance per day per 
un it of mature m etabolic weight i s  su rp r is in g ly  simple:

(ME)m =  (M EJ^A0 -7 3 ^  cu

where c is  the mean value fo r  the d a ily  maintenance requirement per un it 
of mature m etabolic weight in  a f u l ly  mature animal (u = 1), p o ss ib ly  
corresponding toabout 0.6 MJ o f metabolisable energy, and th is  value app lie s 
to a ll degrees o f m aturity.

Mean mammalian curve fo r  voluntary food intake during growth

A ge n e t ic a lly  standard ised  mean curve for food intake during growth has 
been derived from data on e igh t species by Taylor, Rashid and Moore 
(unpublished). In  terms o f species dev iations, a sa lie n t  feature was a 
food intake curve fo r  p ig s  that was about 50% above the mean curve.

The concept o f  ameanfood intake curve, while v a lid ,  i s  apparently le ss  
acceptable than a mean growth curve because i t  seems almost ce rta in  that 
the food intake curve va r ie s  with the m e tabo lisab ility  o f the d ie t  and/or 
the appetite o f  the genotype. A ll members o f the fam ily of curves shown 
in  Figure 4 have been reported. For example, animals w ith a large  appetite 
or fed a h ig h ly  n u t r it io u s  d ie t  tend to follow  the top curve, which has an 
intermediate

FIGURE 4 ABOUT HERE
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maximum occurring when animals are about 80% mature. Such a maximum was 
found by Roberts (1981), for example. The maximum was most pronounced in the 
line  of mice selected for large size, less so in the corresponding control 
line  and s l ig h t ly  le ss again in the line  selected for small size.

Mean mammalian curve for individual food effic iency

The mean curves for growth and food intake described above were com
bined to give a mean curve for food effic iency against degree of maturity 
(Figure 5).

FIGURE 5 ABOUT HERE

Food effic iency is  measured as the ratio  of grams gain in body weight per 
megajoule •of gross energy consumed over a succession of constant maturity 
intervals.;

The decline l’nfood effic iency is  quite dramatic. An in it ia l 
effic iency ra t io  of 25 is  early growth f a l ls  to 16 in  animals 20% mature, 
is  about 8 by 40% and about 4 by 60%. Holmes (1977) compared several spe
cies of livestock fo r food effic iency of s ing le  animals and the biggest 
differences he found were not those between species but between slaughter 
at d iffe rent degrees of maturity. For example, veal was 3 times more 
e ffic ien t than 18-month beef, pork twice as e ffic ien t as heavy hogs, and 
early lamb over 3 times more e ffic ien t than late lamb. Clearly a fu ll 
survey of a ll available data on food e ffic iency in d ifferent species and 
genotypes is  needed to d ifferentiate  thetrue extent of species differences 
in individual food efficiency from differences due to degree of maturity.

PRODUCTION EFFICIENCY IN RELATION TO DEGREE OF MATURITY AT SLAUGHTER IN 
--------------------------------------------------- CATTUF

In th is  fina l section, we w ill consider overall productive effic iency 
in re lation not to species but to nine diverse breeds of cattle  from 
ABRO's multibreed experiment (Thiessen, 1979). I f  body weight W is  
related not to age but to cumulated food intake by using Spillm an 's 
(1924) equation we get the genetically standardised equation

u = 1 - e x p { -  0.023 (F+6.0)}

where T  = F/A is  standardised cumulated food intake. The exponent 0.023 
has the dimensions of kg body weight per MJ of ME and is  considerably lower 
than the mean value of 0.04.for several species given by Parks (1970).

Information on the intake of the dam is  a lso  needed. From her own 
weaning (at 12 weeks of age) until her f i r s t  ca lf  is  weaned (also at 
12 weeks of age and on average when 12% mature), the standardised cumulated 
food intake of a heifer is  about 60 MJ of ME for every kilogram of mature 
body weight. By coincidence, the amount of food consumed by the dam in  
standardised un its between consecutive calvings (or weanings) i s  roughly 
the same at 60 MJ of ME.

The overall efficiency of the dam and her calves is  examined in Figure
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6 for the case where a ll animals are offered the same diet ad libitum and 
the dam is  herse lf slaughtered after her fourth calf. Results are given 
for the slaughter of progeny at any given degree of maturity:

(a) when a large terminal s ire  is  used
(b) when a ll calves are purebred males
(c) when a ll calves are purebred females 

and (d) when a small terminal sire  is  used.

FIGURE 6 ABOUT HERE

The formula used for overall efficiency, E, which corresponds to grams 
of lean tissue produced per MJ of ME was

E = (116ru+31)/(3r{-51oge(l-u )-0 .7 }+28 )

where r, the ratio  of the mature body weight of the progeny to that of the 
dam, is  given values 1.8, 1.4, 1.0 and 0.6 for cases (a) (b) (c) and (d) 
respectively.

There are marked differences in the maximum overall efficiency of 
3.72, 3.40, 2.99 and 2.49 respectively, which occur at progressiyely later 
degrees of maturity of 0.59, 0.62, 0.67 and 0.72. The increase in overall 
efficiency resulting from a ll male offspring compared with a ll female 
offspring is  1:3% and the corresponding result for offspring from a large 
terminal s ire  is  23%. The surprising result is  how slowly overall 
efficiency changes with degree of maturity at slaughter in th is production 
system. For deviations in degree of maturity 0.1 away from it s  optimal 
value, changes in overall efficiency E were only between 1-2%.

CONCLUSIONS

This la st simple model powerfully illu stra te s how a general relation
ship can be developed between overall efficiency and degree of maturity.
The results given are independent of the size of the dam breed. In fact 
they would apply as a f ir s t  approximation to some quite different species 
with only one offspring per litte r.

Sim ilar procedures have been used in building the much more 
elaborate production models of Sanders and Cartwright (1979) and Notter 
Sanders, Dickerson, Smith and Cartwright (1979), and confer on them both 
internal in tegrity  and generality.

At present experimental results giving relationships between production 
variables and degree of maturity are in short supply. In fact what becomes 
abundantly clear in  any search for data relating production variables to 
degree of maturity over a reasonable part of an animal's l i fe  time is  
our extraordinary ignorance of some of the simplest yet most important 
biological relationships associated with animal growth.

Changes in growth-rate, body composition, heat production, maintenance 
requirements, food intake and food efficiency with degree of maturity have 
been illu strated  in terms of mean mammalian curves. Species, breed and 
within-breed genetic comparisons at the same degree of maturity have been 
discussed. Genetic deviations in growth and food efficiency have been 
shown.
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Some species deviations appear to be large, but are neither under
stood nor exploited. In fact, a case could be made in retrospect that 
geneticists have spent most time studying the small genetic differences 
between s ire s  within breeds which has led to perhaps 80% of all 
quantitative genetic theory. They have spent some time trying to under
stand the genetics of breed differences,even less time trying to 
quantify and compare the large genetic differences between species, and 
almost no time at a ll evaluating optimal mixtures of species and breeds 
in production systems.
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SUMMARY

Variables relevant to animal production are examined in relation to 
degree of maturity in body weight and relationships largely independent of 
the body size of the genotype are obtained.

Genetically standardised mean mammalian curves are presented for body 
weight, growth rate, body composition, heat production, maintenance 
requirements, food intake and food efficiency. Genetic deviations from 
these mean curves are illu strated.

In cattle, changes in overall food efficiency in relation to degree 
of maturity at slaughter are shown for a dam with purebred female, purebred 
male, and large and small crossbred progeny.

RESUMEN
Se estudian variables de relevancia para la producci6n animal, en 

relaci6n con el grado de madurez del peso corporal, obteni£ndose 
relaciones en gran medida independientes del tamano corporal del genotipo.

Se presentan curvas promedio para mamiferos, ajustadas por diferencias 
gen£ticas para peso corporal, tasa de crecimiento, composici6n corporal, 
produccion de calor, requerimientos de mantenimiento, consumo de alimento 
y eficiencia alimenticia. Se ilustran casos de desviaciones gen^ticas 
respecto de estas curvas estcindar.

En relaci6n al grado de madurez en el momento de sacrif ic io , se 
muestran los cambios en la eficiencia alimenticia global de bovinos, al 
considerarse la hembra pura y su cria, macho o hembra, siendo el padre 
de 6sta de la misma o diferente raza, y de diverso tamano corporal.
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