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The effect of long-term selection for the parameters of the allometric model on
fitness in the rat
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The long-term effbct of selection for the parameters of the allometric model on fltness is investigated to evaluate the
al lometric model for long-term selection purposes. Fitness is deflned as the number of mature animals /  female mated /
100-day period, where mature animals are defrned as animals at the age of joining (standardized at 90 days). The results of
23 generations of selection for the intercept (ln (a)) and 32 generations of selection for the slope (b) of the allometric
l unc t i onw= ln (a )+bv [whe rew= ln (bodymass )andv= /n (cumu la t i ve feed in take ] , a red i scussed .F i t nessdec reasedas
a correlated response to selection far ln (a) and b. The response in fltness with selection for ln (a) and b is best described
by a quadratic regression. It was concluded that the parameters of the allometric growth function can be used as
selection cri teria in long-term selection experiments, but special attention should be given to f 'ert i l i ty in the breeding plan.

This can be realized by concurrent selection for t-ertility or, for example, in the poultry industry, by selecting male lines for
the parameters of the growth rnodel and f'emalc lines fbr growth and reproductive performance.

Die langtermyn eff-ek van seleksie vir die parameters van die al lometriese groeimodel op f iksheid is ondersoek om vas te
stel of die al lometriese model vir lerngtermyn seleksie-doeleindes aangewend kan word. Fiksheid is gedefinieer as die
hcleveelheid volwasse diere / vroul ike dier gepaar /  100-dae periode, waar volwasse diere gedefinieer is as diere op
paringsouderdom (gestandaardiseer op 90 dac). Seleksie vir /n (rr) sowel as vir b het 'n gekorreleerde afname in frksheid
tot gevolg gehacl. Die gekorreleerde responsie in llksheid met seleksie vir ln (a) en b word die beste deur kwadratiese
regressies beskryf. Die gevolutrekking dat die pararneters van die allometriese groeimodel wel as seleksie-kriteria in
langtermyn seleksie-eksperimente gebruik kan word, word gemaak. maar die teelprogram sal ook voorsiening moet maak
vir die vcrbetering van vrugbaarheid. Dit kan deur middel van <if  gelyktydige seleksie vir vrugbaarheid, 6f,  soos
byvoorbecld in die pluimvce-bedryf, deur middel van die toepassing van seleksie vir die parameters van die groeimodel

slegs in vaderlyne, tcrwyl mocderlyne vir groei cn vrugbaarheid geselekteer word, geskied.

Keywords: Al lometric model, correlated response, direct response, f i tness.
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In t roduct ion

According to Roux (1992a) the profrt  rate tor a meat production

enterprise can be broken down into the unit price tbr meat and

hcrd efhcicncy. Therc arc thrce ways of appreciably improving

herd eff lciency, i .e. ( i)  try incrcasing t 'ert i l i ty and viabi l i ty, ( i i )  by

f 'ceder-breedcr  d imorphism (Roux,  1992b) ,  and ( i i i )  by  incrcas-

ing growth e f f ic iency (Roux,  1986) .  Moster t  e t  u l .  (  1994)  con-

cluded that an improvement in qrowth et l icicncy without an

increase in c:nd mass, can be rcal iz.ed by long-tcrm selection lbr

the slope of the al lornetr ic growth modcl. Scholtz et ul.  (1990c)

fbund that, on the nrcdium-tcrm, selection responses obtaincd

l 'rom selection l 'or the slope (b) and interccpt ( ln (u)\ ol ' the al lo-

metric modcl were, however, accompanied by losses of '  t i tness

during certain gencrations, while in others, the responses disap-

peared altogether. In certain generations f i tness was rcgained and

was tbl lowed by the rencwed appcarirnce of responses. I t  was

concluded that this pattcrn of response behaviour pointed to the

presence of natural select ion.

In this study, the long-tcrm eff 'cct ot 'select ion l 'or the parame-

tcrs of the al lomctr ic model on t l tness wil l  be invcstigated to

evaluate the al lometricr modcl for long-term selection purposes.

The results of 23 generations of select ion f or the intercept ( ln (a))

and 12 generations of selection for the slope (b) of the allometric

function: w = Ln (a) + bv [where vv = In (body mass) and v = ln

(cumulative t-eed intake)1, wi l l  be discussed.

Materials and Methods

For details regarding the materials and methods, Scholtz et al.

(  1990b) and Mostert er al.  (  1994) should be consulted.

A two-way se' lcct ion experiment was carr ied out for the inter-

cept (/n (c)) and slope (b) of the al lometric growth function. No

replicates were made. Both upward (ln (a)H and bH) and down-

ward (/n (rr)L and bL) selection were practised for ln (a) and b

and the high l ines (H) could be used as the control of the low

lines (L) and uir:e versa. Restricted by the available facilities, it

was decided that each selection group should consist of four

lamil ies with ten individuals in each familv: f ive males and f ive

t'emales, as t'ar as possible.

Since long-term selection was planned, i t  was important to

keep inbreeding to a minimum. This could be done by represen-

tat ion of al l  tamil ies in the next generation. Within-family selec-

tion was practised, whereby environmental effects, common to

litter-mates and maternal et-fbcts, were also taken into account
(Falconer & Latvszewski. 1952).
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trigure I Direct observed response in /n (d/ (intercept of the allometric growth model), expressed as thc percentage difference between the
upward (H) and downward (L) selection lines.

Although the init ial  aim was to keep the intensity of select ion

constant to one animal out of f lve, this was not always possible

owing to small  l i t ter sizes and inf 'eni l i ty in later generations. The

ef-fect ive intensity of select ion was calculated for each genera-

t ion and selection group, using the tables of normal order stat is-

t ics by Beyer (1968). These tables can be used to calculate the

intensity of select ion, since the variables Ln (a) and b are nor-

mally distr ibuted.

Fitness is del ined as:

Fitness = Number of mature animals/female mated/100-day period

'Mature animals'  is defined as animals being at the age of
jo in ing.  In  a l l  ge ne ra t ions,  agc at  jo in ing was s tandard ized at  90

,F

"  
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days. In this way, al l  possible components of f l tness, eg. f-ert i l i ty,

l i t ter size, survival (pre-weaning and post-weaning) and days

f iom jo in ing to  b i r th ,  are  inc luded (Schol tz  e t  a \ . ,1990c) .

Because there were no dif-tbrences in f l tness between the H

(upward) and L (downward) selection l ines during the f lrst l2

generations of select ion, their l i tnesses were combined and

expressed in absolute terms.

Regressions were f-itted to the responses in fltness, using

Systat (1989). According to Falconer & King (1953) the meas-

urements of progress under selection are based on the calculated

l inear regression l ine, because l i t t le rel iance can be placed on the

means of individual generations. The calculat ion of a regression

l ine minimizes the effect of al l  f luctuations from seneration to
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Figurc 2 Correlated observcd response in titness (litness of the upward and downward selection lines combined and expressed in absolute
terms) with selection for l,' (d) (intercept of the allometric growth model).
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y  =  0  -  1 .32x  +  0 .03x2

R2 =  0 .78
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generation, whatever their cause. Part of the variation will be

caused by errors of estimation, but some will be due to differ-

ences in the true generation means brought about by external

environmental causes, i.e. differences in the size of the selection

differential and by genetic sampling. However, unless the selec-

tion differential is very variable from generation to generation,

and unless the populat ion size is very small  and genetic sam-

pling therefore important, the regression line should give a good

estimate of the average progress per generation. In linear regres-

sions, the R2-value gives an indication of the accuracy of fit. Hill

(1976) is, however, of the opinion that tests of significance of R2-

values in these situations are not valid, because the values of the

different generations are not independent. Such tests of signifi-

cance may be too lenient. Since no other suitable procedure

exists, it was decided to use R2 merely as an index of responses

which deserve attention (Scholtz et al. , l990a).

Results

From Figure 2 & 4, it is clear that a quadratic regression (t' = c +

dx + ex2) fitted the correlated response in fitness with selection

for ln (a) (R' = 0.41) and b (R2 = 0.25) best.

The regression estimate for the direct response in ln (a)

(F igure l )  was 1.15 t  0 .16 (P < 0 .01) .  F i tness,  however ,

decreased steadily with selection for ln (a) (Figure 2) until

generation 15, whereafter a slight increase was again observed.

The direct response in b (Figure 3) is best described by the

quadratic regression _1' = 1.32x - 0.03x2 (Rt = 0.78). The
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Figure 3 Direct observed response in b (slope ofthe allometric growth model), expressed as the percentage difference between the upward
(H) and downward (L) selection lines.
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Figure 4 Co.related observed response in fitness (fitness of the upward and downward selection lines combined and expressed in absolDte

terms) with selection for, (slope of the allometric growth model).
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maximum response in b was obtained in generation22, while the
minimum response in fitness was obtained in generation 25
(Figure 4), showing that the direct response in b and the corre-
lated response in frtness are related.

Discussion

When artificial selection alters the mean of a population in either

direction, total reproductive fitness might be expected to decline
(Falconer & King, 1953). The results of this study are in accord-

ance with this statement. Long-term selection for the intercept of

the allometric growth model resulted in a decline in fitness. At

generation 23 selection for ln (a) was terminated owing to seri-

ous problems with fitness, mainly because of litter sizes being

too small and too many pre-weaning mortalities.
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The correlated response in fitness with long-term selection fbr

the slope of the allometric model and the direct response in b,
followed the same pattern, but were mirror images of each other.
When a posit ive direct response was real ized in b (generations

0 -22), fitness decreased as a correlated response (generations

0 - 25). When the direct response in b was delayed (generations

22 - 25), the correlated response in fitness was also delayed
(generations 25 - 27) and, when the direct response in b started

to decline (generations 26 - 32), the correlated response in fit-

ness started to increase (generations 28 - 32).This is probably

the result of natural selection becoming more powerful than arti-

ficial selection. There are two stages at which natural selection

might operate. Firstly, there might be diffbrential mortality in the
young stages, with the result that the superior phenotypes die

Table 1 Effective intensity of selection and
(a)H, ln(a)L, bH and bL selection l ines, where

the proportion of effective/expected intensity of selection for the /n
the expected intensity of selection is 1.163 (one animal out of f ive)

ln (a) H ln (a) L bH

Generation
Effective/

Effective Expected Effective
Effective/
Expected

Effectivei

Effective Expected

Effective/
Effective Expected

8

9

t 0

t . 1 3 3

1.045

0.841

1.061

0 .8  l 4

0.913

0.5'75

0.694

0.658

0.658

0 .881

r . r 2 8
1 . 1 3 6

0.798

0 .916

0.686

0.953

1 .038

0 .9 r5

0.948

r .056

0 .87 l

0.693

1.032

0.914

0.899

0.723

0.9t1

0. 700

0.837

0.494

0.59',7

0.566

0.566

0.758

0.970

0.9't7

0.686

0.187

0.589

0 . 8 1 9

0.893

0.181

0 . 8  r 2

0.908

0.149

0.596

0.887

0.919

0 .111

0.930

0.909

1.066

0.966

0.400

r . r 0 6

0 .7  t 7

0 . 7 r 0

0.738

t .0 '76

t  .001

1 .008

1  .051

0 ;725

0.926

0.830

0.546

0.45'7

1.021

I  .058

0.609

0.8'72

0.842

0.663

0.800

0.182

0 . 9 1 7

0 . 8 3 1

0.344

0 .951

0 . 6 1 7

0 . 6 t 0

0.635

0.925

0.86 r

0 .867

0.903

0.624

0.796

0 .7  t 4

0.470

0.393

0.878

0.909

0.523

0.750

1 . 1 4 6

0.967

0.809

1 . 1 3 8

1 .080

r . 1 0 5

0.706

1 . 1 4 2

1 .059

1 .072

t . 1 3 0

1 .080

r .080

1 .033

0.963

0.587

0.909

1.402

0.116

0. '731

1.02'7

1.043

0.622

0.932

0.192

1.062

t .070

0.866

0.980

1.040

0.753

r .076

0.9'74

0.985

0.83 r

0.696

0.919

0.929

0.950

0.607

0.982

0 . 9 r I

0.922

0.911

0.929

0.929

0 .888

0.828

0.-505

0 .78 l

0 .848

0.661

0.628

0 .883

0.897

0.-53-5

0.802

0 .681

0.914

0.920

0.'745

0.842

0.893

0.647

0.925

0.821

0.809

1 . r 6 3

1 . 1 4 1

|  . 1 5 4

0 .876

r .063

0.85 r

0.8-s6

0.802

0.192

0.986

1.021

0.954

t . l 4 l

0 .983

0.879

0.887

0.980

1 .044

0.980

r .000

0 .882

0.951

0.85.5

| .092

0.132

I  . 1 0 8

0.942

| .024

1.029

0.966

l . l t 3

0.91 I

0 .696

1 .000

0.9tr6

0.992

0.753

0 . 9 1 4

0.732

0.736

0.690

0 .681

0.848

0.878

0 .82  r

0 .986

0.845

0.756

0.762

0.842

0.898

0.842

0.860

0.758

0.823

0.7 3-5

0.939

0.629

0.952

0 . 8  r 0

0.880

0.88-5

0 .83  r

0 .957

0. 83-5

l l

t 2

t 3

l 4

l 5

t 6

t'7

l 8

l 9

20

2 l

22

23
.,^

25

26

27

28

29

30

3 l

32

Average 0 .896 0.710 0.853 0.734
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betore the age of measurement. Secondly, there might be differ-

ential fertility, when the superior phenotypes leave relatively

f'ewer offspring in the next generation. Both these forms of natu-

ral selection would reduce the progress by reducing the selection

differential (Falconer & King, 1953). Thus, a difference between

the effective and expected intensity of selection is an indication

that natural selection is operating against artificial selection
(Falconer, l98l).  The effect ive intensity of select ion, expressed

as a proportion of the expected intensity of selection, was there-

tbre investigated (Table l) to discover if natural selection was

operating against artificial selection. From Table l, it can be seen

that there is no clear pattern in any of the selection lines regard-

ing the proportion effective/expected intensity of selection for all

the generations. Great variation exists between these values

within each selection l ine for al l  the generations (for example

trom 0.911 (generation 13) to 0.494 (generation 7) or 987o varia-

tion in the In (n)H selection line). Furthermore, in some genera-

tions the effective intensity of selection was less than 407a of that

expected.

Since no definite decrease occurred in the proportion of the

effective/expected intensity of selection for the generations of

selection, the presence of natural selection acting against artifi-

cial selection can not be detected from the difference between the

effective and expected selection intensities in this study. Inbreed-

ing, however, should also play an important role in the responses

real ized in f i tness, since the theoretical inbreeding coeff icient

was already 4l.47Vo at generation 19.

Roux (1992a) suggested that a fair degree of genetic or physi-

ological canalization for the al lometric slope exists. Forcing b

beyond i ts canalized borders by selection, leads to a decl ine in

reproduction and viabi l i ty. This is supported by the present

results in b.

A review by Scholtz et al.  (1990) on the consequences of

selection for growth, size and efficiency, indicated that selection

tbr increased body mass or growth rate may have an adverse

effect on body composition, fertility and survival rate. Selection

for increased efficiency, on the other hand, may lead to f'ewer

adverse effbcts. Siegel & Dunnington (1985) stated that art i f ic ial

selection fbr broiler growth created reproductive complications

attributable to neuro-endocrine imbalances, disrupted synchrony

in gametogenesis, dysfunction in ovulation-oviposition patterns

and reduced l ibido. According to McCarthy & Siegel (1983),

these reproductive failures are due to a physiological limit

imposed by natural selection, which results in the cessation of

response. Because of this, genetically determined limits are sel-

dom reached.

Selection for b and ln (a) have thus an adverse effect on ferti-

lity. Using the parameters of the allometric model as selection

cri teria in selection experiments wii l ,  therefore, require that spe-

cial attention is paid to fertility in the breeding plan. This can be

realized by concurrent selection fbr fertility (Scholtz et al.,

1990c), or, for example, in the poultry industry, by selecting the

male lines for the parameters of the allometric model and the

female lines for growth and reproductive performance. Selection

within the female lines has always included the early assessment

of growth and conformation, followed by attention to egg pro-

duction, fertility and hatchability at various levels (Hunton,

1990). The current situation is that for an efficient broiler female

line, selection has to be practised for a combination of growth

S. Afi. Tydskr. Veek., 1994,24(3)

and t-ertility with quite a heavy accent being placed on growth
rate.

It is known that the pattern fbr long-term response is diverse
and unpredictable (Yoo, 1980) and that the results for a single
selection line are disappointingly unreliable (Hill, 1972). The
question therefore arises as to how repeatable the resuits of this
study are. According to Eisen (1974), an effective population
size of 20 is suff icient for most select ion experiments to accom-
modate drift variance and the variability of selection response.

Since the effect ive populat ion size of this study was l8 (Mostert

et oL., 1994), i t  seems sutf icient fbr drawing general conclusions.

Conclusion
The parameter, b, of the allometric model, seems to be a better

alternative to conventional breeding objectives in the broiler

industry. Selection for b increases efficiency and alters growth

rate without increasing final body mass. Selection for the para-

meters of the allometric model, however, has an adverse effect on

fer t i l i ty ,  so specia l  at tent ion should be given to fer t i l i ty  in a

breeding plan when the parameters of  the al lometr ic  model  are

used  as  se lec t i on  c r i t e r i a .
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