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Introduction
Growth can be considered as investments of primarily energy and protein. These 
investments will create costs for maintenance. During growth the various,organs 
of the body can be divided into two main groups (consuming and supplying organs) 
according to their function (Lilja 1981),. The consuming organs (e.g. skeleton, 
muscles, skin, feathers and adipose tissue) are characterized by requiring 
mainly investment and maintenance costs, and the supplying organs (e.g. diges
tive organs, liver, circulatory and respiratory organs) by also being respon
sible for making energy available for growth processes. Growth ceases at the 
moment when the energy surplus from the supplying organs just covers the main
tenance costs of the consuming organs. A hypothesis has been formulated stating 
that the rate at which growth proceeds is at least partly determined by the 
distribution of growth between different organs (Knutsson, Sperber & Lilja 
1980). Accordingly, animals characterized by an early.development of supplying 
organs in relation to consuming organs ought to be characterized by a high 
specific growth rate.
In order to test the hypothesis studies of organ growth have been undertaken 
in some birds with widely ranging growth rate factors (Lilja 1981 and 1982).
The growth rate factor (a measure of the growth capacity when the influence 
of size is eliminated) has been defined previously by Bjbrnhag, Knutsson & 
Sperber (1979). By means of the growth rate factors i t  is possible to compare 
the growth capacity of species with widely different birth weights.
The present paper describes the pattern of organ growth of the turkey, a spe
cies with a low growth rate factor (Bjbrnhag 1979), and presents some compara
tive data for the goose (Lilja 1981), a species with a high growth rate factor.

Material and Methods
Twentytwo turkeys obtained from a commercial breeder were used in this experi
ment. Within one day after hatching they were transferred to the department, 
placed in cages and raised under standard conditions. At different ages (0-133 
days) they were killed and dissected into the following different components 
and parts; head, neck, upper part of the digestive tube (esophagus, ci-od and 
proventricuius), gizzard, small intestine (duodenum, jejunum, and ileum), 
caecum, colon, liver, heart, legs, wings, pectorals, feathers, skin (the skin 
of the head and the feet was not included) yolk sack, fat (subcutaneous fat 
and fat surrounding internal organs), carcass, and remainder. The contents of 
the digestive tube were carefully removed, weighed (±0.01 g) and then discarded. 
Each component was weighed (±0.01 g), dried to constant weight at 100°C and 
reweighed.
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Analyses of data
The data from males and females Were treated together.
The data concerning organ growth (fresh weight) were plotted on a logarithmic 
paper and the relative growth rates of the various components of the body were 
calculated according to the allometric growth equation (Huxley 1932)

Wc = a (Wt - Wc)b (1)
log Wc = log a + b log (Wt - Wc) (2)

where Wc is the weight of the component, Wt is the total body weight, log a 
the intercept and b the regression coefficient.
The dry weight of the total body was calculated by adding together the dry 
weights of all components except the yolk sack. The dry weight of the total 
body and the dry weight of each component were plotted versus time on a semi- 
logarithmic paper and growth curves were fitted by eye. From these curves the 
proportion of growth attributable to different components was calculated.
Results were analysed statistically by means of linear regression and t-test. 

Results
Correlation coefficients and the corresponding regression coefficients of each 
component (fresh weight) of the turkey, calculated from equation (2) are pre
sented in Table 1 a. Table 1 b includes some comparative data for the goose.
The application of this equation to the data means only that an increase of 
1 per cent in (Wt - Wc) is associated with an increase of b per cent in Wt. 
Consequently, values of b which are greater than 1.00 indicate that the compo
nent is increasing in weight faster than the rest of the body and thus is be
coming relatively larger. Similarly, values of b which are less than 1.00 indi
cate that the component is increasing in weight more slowly than the rest of 
the body and thus is becoming relatively smaller.
In the turkey low relative growth rates characterize the head, neck, heart, 
digestive organs and liver. However, the b-values of the gizzard and the liver 
were significantly greater during the early stages than during the late stages 
of growth. High relative growth rates characterize the legs, wings, pectorals 
and feathers. The relative growth of the wings and the pectorals exhibits simi
larities. These components have significantly greater b-values during the 
early stages than during the late stages of growth.
The proportion of growth (dry weight) attributable to the digestive tube, liver, 
wings, pectorals and feathers in the turkey during the early stages of growth is 
presented in Table 2 a. Some comparative data for the goose are presented in 
Table 2 b. The proportion attributable to the pectorals in the turkey is consider' 
ably greater than that attributable to the digestive tube and the liver.

Discussion
The specific growth rate (the growth rate at a certain time divided by the body 
weight at this time) is not constant, but is maximal shortly after hatching and 
i t  declines to zero. The results in Table 1 show that the relative growth of the 
digestive tube is characterized by a b-value significantly less than 1.00. Con
sequently, the relative weight of this component decreases during growth. As has 
been shown recently in the goose and the quail a close relationship exists bet
ween the weight of the digestive tube and that of the daily food consumption 
(Lilja 1981 and 1982). I t  thus appears that the energy supply for growth proces
ses which is at least partly controlled by the relative size of the digestive 
tube is a factor causing reduction of the specific growth rate. I t  is realised, however, 
that there may be some factors responsible for governing the growth of the 
digestive tube.
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Table 1 (a, b) Correlation coefficients (r) and the corresponding regression 
coefficients (b) obtained from the allometric growth equation of different 
components (fresh weight) of the turkey and the goose (Li 1ja 1981) during 
growth. In instances where the relative growth rate changes significantly the 
figures within brackets represent different periods of growth. The results were 
analysed statistically by means of two-tailed t-test (n= number of individuals).
a) Turkey (n = 22)
Component ri bi bi*1.00 r2 &2 b2*1.00 bi*b2
Head 0.995 0.57 ***
Neck 0.996 0.94 **
Upper part of
digestive tube 0.996 0.70 k k k

Gizzard 0.989 0.81 0.985 0.46 ***
(0-38 days) (38 days -)

Small intestine 0.987 0.68 ***
Caecum 0.986 0.76 k k k

Colon 0.989 0.77
Digestive tube 0.995 0.68 k k k

Liver 0.964 1.19 n.s. 0.985 0.66 *** **
(0-13 days) (13 days -)

Heart 0.995 0.89
Legs 0.999 1.05 ***
Wings 0.994 1.46 ** 0.999 0.93 *** k k k

(0-13 days) (13 days -)
Pectorals 0.991 2.71 *** 0.994 1.12 ** k k k

(0-10 days) (10 days -)
Feathers 0.998 1.12 ***
Skin and fat 0.991 0.97 n.s.
Carcass and
remainder 0.999 1.01 n.s.
Levels of significance n.s. 2p£0.05, * 2p<0.05, ** 2p<0.01, *** 2 p<u.uui
b) Goose (n = 16)
Component r i bi bi*1.00 r2 b2*1•00 bj.*b2
Digestive tube 0.988 0.88 n.s. 0.933 0.42 ***

(0-14 days) (14 days -)
Liver 0.982 0.83 n.s. 0.927 0.49 *** *★

(0-15 days) (15 days -)
Wings 0.995 1.14 * 0.980 1.85 * * * **★

(0-10 days) (10 days -)
Pectorals 0.993 1.01 n.s. 0.965 2.75 k k k k k

(0-19 days) (19 days -)
Feathers 0.617 0.35 ★ 0.954 1.78 k k k k k

(0-7 days) ( 7 days -)
Levels of significance n.s. 2p^0.05, * 2p<0.05, ** 2 p<0.01, *** 2p<0.001

During growth the animal can form only a limited quantity of tissue which must 
be distributed between different organs in such a way that the overall body 
organization is optimally efficient for further growth and survival. The results 
show that in the turkey, which has a low growth rate factor (Bjornhag 1979), 
the wings, pectorals and the feathers are characterized by high relative growth 
rates and also that b-values of the wings and the pectorals are significantly 
greater during the early stages than during the late stages of growth. Conse
quently the sizes of these components are increasing markedly in relation to 
total body weight during the early stages of development. At the same time the
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Table 2 (a, b) The proportion of growth (dry weight) attributable to the 
digestive tube, liver, wings, pectorals and feathers in the turkey and the 
goose (Lilja 1981) during the firs t three weeks of growth (n = total number 
of individuals)

a) Turkey (n = 10)

Component Age (days)

0-7 7-14 14-21

Digestive tube 7.9 5.1 4.4
Liver 5.1 3.4 2.9
Wings 6.7 7.6 8.8
Pectorals 13 22 15
Feathers 4.2 6.9 11

b) Goose (n = 10)

Component Age (days)

2-7 7-14 14-21

Digestive tube 12 7.8 4.1
Liver 6.9 5.3 2.3
Wings 0.86 0.87 1.1
Pectorals 0.78 1.4 2.0
Feathers 1.5 4.6 11

digestive tube and the liver are characterized by low relative growth rates. 
Even i f  this pattern of organ growth now forms part of the genetic constitu
tion of the population its initial appearance must have been due to functional 
demands.
The goose, which has a high growth rate factor (Bjornhag 1979), exhibits a 
similar degree of development at hatching as the turkey and the structural com
position of the adult animals is also similar in the two species (Lilja 1981 
and Lilja unpublished results). However, a quite different pattern of organ 
growth from that of the turkey is appartent in the goose (Lilja 1981). When 
comparing the pattern of organ growth of these two species i t  can be seen that 
the distribution of growth to the digestive tube and the liver is considerably 
greater in the goose than in the turkey during the early stages of development 
(Table 2 ). I t  can also be seen that the distribution of growth to the wings, 
pectorals and feathers shows a reverse pattern. These results are in close 
agreement with the hypothesis. The domestic chicken and the quail have low 
growth rate factors (Bjornhag 1979) and their patterns of organ growth (Latimer 
1924, 1925: Wilson 1953 and Lilja 1982) are similar to that of the turkey.
In conclusion, the turkey and the goose exhibit quite different patterns of 
organ growth and also different growth rate factors. Geese are a northern mig-
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rating species adapted to a quite short summer, whereas the gallids are mostly 
resident species. For the latter group i t  has been more valuable to have a 
satisfactory protection against cold and rain at the earliest stage possible 
and also some flying power in the young chicken as a protection against preda
tors. The short time available for the completion of the growth in the gosling 
has necessitated a growth strategy giving maximum specific growth rate.
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SUMMARY
A hypothesis has been formulated stating that the rate at which growth 

proceeds is at least partly determined by the distribution of growth between 
different organs. In order to test the hypothesis a series of studies of organ 
growth has been undertaken in some birds with widely ranging growth rate 
factors. This study describes the pattern of organ growth of the turkey and 
presents some comparative data for the goose.

The results show that the pattern of organ growth of the turkey, a species 
with a low growth rate factor, is characterized by an early development of the 
wings, pectorals and feathers while that of the goose, a species with a high 
growth rate factor, is characterized by an early development of the digestive 
organs and the liver. These results are in close agreement with the hypothesis.

RESUME
Nous avons formule l'hypothese que la vitesse de croissance est determinee, 

au moins en partie, par la repartition de la croissance parmi les organes 
differents. Cette hypothese a ete examinee dans une serie d'experiences sur 
quelques especes d'oiseaux ayant des "facteurs de vitesse de croissance" tres 
differents. L'etude actuelle montre la disposition de croissance des organes 
chez le dindonneau par rapport a celle de l'oison.

Les resultats indiquent que la repartition de la croissance chez le 
dindonneau, c.a.d. une espece ayant un facteur de vitesse de croissance peu 
eleve, s'est caracterisee par un developpement prompt des ailes, des pectorals 
et des plumes. Chez l'oison qui a un facteur de vitesse de croissance eleve on 
peut observer un developpement precipite de I'appareil digestif et du foie.
Ces resultats sont bien conforme a l'hypothese.
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