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SUMMARY 

The usefulness of a slow rate of inbreeding achieved by double 

first cousin mating over a rapid rate achieved by full sib mating 

for preventing depression of characters on inbreeding is discussed 

in the present report. Estimations of parental and offspring 

inbreeding components were made. The experiment was conducted on 

two closed Japanese qu~il -lines for six generations. The 

characters studied were body weights measured at day old, 7, 14, 

and 35 days, and daily gain from 1-14 and 14-35 days. It was 

observed that the depression of characters was more pronounced at the 

slow than the rapid rate. The underlying reason was the greater 

inbreeding of the parents in the slowly inbred lines compared with 

the rapidly inbred lines up to a given inbreeding coefficient of 

the progeny. The body weights taken at an earlier age showed 

greater depression due to parental inbreeding than the body weight 

taken near sexual maturity. Of the parental components, the 

maternal inbreeding component was more important than the paternal 

inbreeding component. The contribution of the maternal inbreeding 

to the depression of character was more pronounced on day old 

chicks. As the chicks grew older, the depression due to maternal 

inbreeding declined. On the 35th day i.e. near sexual maturity, 

depression in body weight due to maternal inbreeding was low and 

non-significant. Crossbred progenies obtained from inbred parents 

showed heterosis over inbreds and controls. Crossbred progenies 

of two controls did not show heterosis. At a constant inbreeding 

of the parents, the inbred individuals were significantly lighter 

than the non-inbreds in most of the cases. Genetic, phenotypic 



and environmental correlations were higher between successive body 

weight measurements. The correlations declined as the characters 

widened in age. Females were significantly heavier and had 

higher growth rate than males as early as the 14th day~. 
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1. 

INTRODUCTION 

It ·is of considerable theoretical and practical importance to 

discover the factors governing the· depression of a character on 

inbreeding. Partitioning the paternal, maternal and offspring 

inbreeding components and a study of their extent and relative 

importance on a character is an aid to discovering line differences, 

if any, in response to inbreeding. The bearing of such differences 

on the specificity of line combinations is of interest for academic 

and agricultural reasons. A study of inbreeding necessarily 

involves observations on performance of line crosses and non-inbred 

lines. The relationship between levels and rates of inbreeding 

with crossbred performance and specificity or otherwise of such 

crosses is of interest. Comparison of the performance of inbreds, 

line crosses, control populations and conventionally selected lines 

is of importance in elucidating the nature of the genetic variation 

governing the traits in question. Answer to these questions have a 

considerable bearing on the type of breeding programme which should 

be followed. 

The quail has a pattern of performance similar to that of 

poultry. Om account of a short generation interval, high 

fecundity and economy in rearing, the species may prove of value 

for reaching general conclusions on other avian species. 

A rapid inbreeding induced by full sib mating leads to the 

extinction of the line at about 50 per cent F. 
~ -

Alternatively, a 

slow rate of inbreeding may be used for developing highly inbred 

lines because the slow rate may allow the elimination of recessives 

and lethals through natural selection. Reports on the usefulness 
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of a slow rate of inbreeding over a rapid rate are meagre • 

. In the present experiment, an attempt has bee'n made to compare 

the effectiveness of a slow rate of inbreeding over a rapid rate 

on the body weight and growth rate. The slow and rapid rate of 

inbreeding has been achieved by regular double first cousin and 

full sib mating systems respectively. The experiment has been 

performed on two closed qua~l lines maintained at the Institute of 

Animal Genetics, University of Edinburgh. 
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REVIEW OF LITERATURE 

Hutt (1949) reviewed the reports on the body weight of poultry 

and factors influencing it. Inbreeding depressed body weight, 

though the extent of decline was low and in many cases non-significant 

(Table 1). 

Table 1. 

Regression of body weight per 1% inbreeding coefficient in poultry 

Author & Year 

Shoffner, 1947 

Chung & Park, 1969 

-0.00 4 + 

-0.595 g 

-2.576 g 

-6.023 g 

-4. 260 g 

b 

0.003 lb 

Body Weight Measured at: 

300 days 

8 weeks 

Sexual maturity 

300 days 

500 days 

Jull (1929, 1933) and Duman (1930) reported that the extent of 

depression differed in different characters and in the same 

character studied in different populations. Their results were 

based on small number of observations and lacked comparison with 

a suitable contemporary control population. The environmental 

influence may be exaggerated in such a case reducing the reliability 

of the estimates of depression. 

Shoffner (1947) made a detailed investigation of the effect of 

inbreeding induced by full sib mating on fertility, hatchability, 

chick viability, egg production, egg weight and body weight at 300 

days of various strains and strain crosses of the chicken. 



Relative change of the characters on inbreeding estimated by the 

formula, percentage relative change in the performance= 

Regression coefficient x lOO% Fx X 100 ranked hatchability, egg 
Mean performance of outbred 

production, sexual maturity, body weight and egg weight · in 

descending order. The relative decline of hatchability and egg 
age at 

pro9uction was 8 times and increase of/sexual maturity 4 times 
,\ 

greater than the body weight_ change (-8. 4%/100% F). The egg 
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weight had the least relative decline (-0. 8%/100% F). He con­

cluded that with an attainment of homozygosity of 100%, a decline 

of 8% or lower in the body and egg weight is practically negligible. 

The overall relative decline of performance is based on an assumption 

of linearity of regression of characters on inbreeding considered 

at an F value of 100%. Reports of earlier workers and some of 
the 

Shoffner's lines show wide variation in/effects of inbreeding on 
' a more 

performance • For instance, some lines showed/rapid decline at 

an early stage than at later stages and vice versa. In Shoffner's 

results chance selection of sires might have contributed to 

irregularity in the trend of performance in successive generations 

of inbreeding as the number of sires used was small. 

In Japanese quail, Sittmann et al. (1966) observed a decline 

of 6 week body weight on inbreeding achieved by regular full sib 

mating. With a rise of 10% in inbreeding, a decline of 2 and 4g 

in the body weight of males and females respectively was noticed . 

The body weight at 6 weeks in female quail is influenced by 

developing eggs in the oviduct. He noticed delay in sexual 

maturity in inbreds as compared to outbreds. Delayed sexual 

maturity due to inbreeding might have exaggerated the decline in 



body weight of female at that age.Theauthors did not consider the 

relative importance of delayed sexual maturity and inbreeding. 

5. 

A 10% rise of maternal inbreeding depressed body weight by 1 and 3g 

in males and females respectively. The significance of the 

depression was not indicated. The depression in body weight on 

inbreeding may be a consequence of decrease in egg weight due to 

maternal inbreeding. The evidence suggests that egg weight exerts 

very little, if any, effect on mature body weight (Scott & Phillips, 

1936 in turkey; and Henderson, 1953; Godfrey et al., 1953 and 

Godfrey & Williams, 1955 in broilers). Goodwin (1961), Tindell 

and Morris (1964) and Merritt and Gowe (1965) made careful study of 

the effect of egg weight and mature body weight and, though low, 

considered the effect of importance in broiler production. 

Indirect evidence on the importance of egg weight on 31 week 

body weight of White Leghorn appears in the report of Goodwin et al. 

(1964). They set eggs from 1 and 2 year old mothers derived from 2 

annual hatches from the same parent stock. The mothers of the 

two groups were mated to the same males reducing the genotypic 

differences of the progenies. The 31 week weight was significantly 

higher in the progenies of 2 year old mothers than that of 1 year 

olds. The differences in the two groups of progenies were thought 

to be due to the differences in egg weight. In a subsequent egg 

weighing trial it was observed that 2 year old hens laid on an 

average 2.5g heavier eggs than the pullets. 

Shinjo et al. (1971) observed a non-significant decline of 16 

weeks body weight (b =· -l .15g / 1% F in Japanese quail), a non­

significant figure roughly 4 times larger than observed by 
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Sittmann et al. (1966). The adult body weight of the material of 

the two experimenters was nearly equal (about 100g): Due to these 

differing results, further investigation on a larger sample size 

is needed. 
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MATERIALS & METHODS 

The inbred lines for the present experiment were derived from 

the two separately bred and pedigreed base populations .of Japanese 

quail (Coturnix c. japonica). The two base populations were 

called line 3 and line 7. Quail constituting line 3 were imported 

in 1963 from the University of California, Davis, and since then 

have been maintained on a cyclical mating system (Fig. a) with 

20 pairs as the control and 20 pairs as reserve. 

1st Step 

Full Sib 
Pairing 

2nd Step 

Cyclically 
Mated 

1 2 

~l o'l ~2o'2 

t ' 

1 2 

Pairs 

3 4 20 

~3o'3 ~4c3"4 ~ 20 o'20 

1' l 1' ......... ___:r 

3 4 20 

Fig. a. - Schematic diagram of cyclical mating system. 

For convenience, the plan of the cyclical mating system can 

be illustrated in two steps. In the first step, full brothers 

and sisters belonging to numbered pairs are consectuvely caged in 

an ascending order. In the second step males are transferred to 

the next cage until the cycle is completed (Fig. a). The 

direction of the transfer of males (clockwise or anticlockwise) is 

kept constant in successive generations. If a particular control 
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_ pair failed to reproduce, progenies of the corresponding pair from 

the reser.ve were used. 

The inbreeding coefficient of line 3, computed by the method 

of Cruden (1949), was approximately 1% per generation. The 

average inbreeding coefficient at the 20th generation, from which 

the present inbreeding experiment was started, was 16.3%. 

The line 7 is narrowly based. It was purchased from a flock-

mated population and was mass seliected for body weight. Line 7 

has also been maintained on a cyclical mating system with 20 pairs 

as the control and 20 pairs as reserve for 6 generations. The 

inbreeding coefficient of the base generation was 6% with an increase 

of 1% per generation. 

Double first cousin (Table 2) and full sib matings were 

employed to achieve the slow and' rapid rate of inbreeding, 

respectively. The rate of inbreeding after 2-3 generations 

settles down to 8% per generation in double first cousin matings, 

compared to 19% in full sib mating. 

The inbred lines obtained from the base generations of the 

two control quail lines were as follows. 

Control Line Inbred Lines 

Line 3 I 
Full sib line 20 

Double first cousin line 27 

Double first cousin line 35 

Line 7 I Full sib line 21 

Double first cousin line 28 



9. 

Table G~ 

Schematic diagram of double first cousin mating system 

with their inbreeding coefficients as compared to full sib line 

Regular 
Generation Double first cousin matin~ system F full sib 

mating F 

t-3 AiJ' B~ CiJ' D~ 0.0 o. ·o 

t-2 0.0 0.0 

t-1 0.0 0.25 

t 0.125 0.375 

t+l 0.1875 0.50 

t+2 0. 25 0.594 
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Initially full sib line 20 and 21 comprised 22 and 23 sublines 

respecti¥ely, most of which had two replicates. In addition, 

line 20 had a few reserve full sib mated birds whose body weights 

were also included in the analysis. Line 28 was started with 20 

sublines of double first cousin mated birds. Two pairs of birds 

per subline were needed to maintain a regular system of double 

first cousin mating. This ' makes a total of 20 x 2 = 40 single 

pair matings available for the observations. 

The double first cousin line obtained from control line 3 was 

recorded as two separate lines (27 and 35). The difference in 

the two double first cousin lines 27 and 35 can be seen by 

comparing the theoretical inbreeding coefficients (Appendix 25). 

The grand parental generation of line 27 had two common grand 

parents, whereas that of line , 35 had one common grand parent . In 

succeeding generations, both were maintained by regular double 

first cousin mating and therefore the inbreeding coefficient 

calculated from the base generation is identical in both lines 

(Appendix 25). Initially 9 and 11 sublines were available from 

line 27 and 35 respectively. Line 27 also had few reserve double 

first cousin mated birds whose data were included in the analysis. 

Besides, data were taken on 40 single pair matings from each of 

the two control populations in most 9f the cases. 

Artificial selection for any character has not been practised. 

However, natural selection during inbreeding could not be avoided 

due to inequality of sexes and the minimum number of chicks 

required to constitute the next generation. Gradually sublines 

were lost (Table 3) and therefore to get a reasonable average 



9b. 

body weight, the number of replicates per subline was increased. 

Table 3. 

Number of surviving sublines 

Lines 

Generation 20 27 35 45 46 21 28 

1, 22 9 11 19 15 23 20 

2 20 8 11 16 16 

3 14 7 7 8 

4 2 3 3 

* 5 1 2 2 

6 1 2 2 

* Only one subline sur vived but was presented 
in the data as 5 sublines, as a result of 
further sublining. 

9 

7 

6 

5 

5 

For an estimation of the crossbred performance, the sublines 

belonging to a given line were crossed reciprocally among each 

other . The breeding plan with the identification of the crosses 

are presented in Figs. b, c, and d. To obtain a high level of 

inbreeding coefficient at O inbreeding of the parents, the 

crossbred progenies belonging to line 22 were full sib mated . 

Line 45 was obtained from crossbreds in generation 3 of full sib 

line 20, and thereafter maintained by regular full sib mating 

(Fig. b) . Similarly, line 46 was obtained from full sib mating 

of crossbreds in generation 4 (Fig. b). 



20 (G2) -----·---------22 (G3) 20 (G3) 

/ 
/ 

/ 
/ 

45 (G
2

) 22 (G4) 20 (G
4

) 
/ 

/ 
/ 

/ 
45 (G

3
) 49 (Gl) 46 (G

2
) 20 (G

5
) 

Fig. b. Schematic diagram of full sib lines and 

their crosses from control line 3. 

G = Generation 

(--) = Regular full sib line 

(----) = Ree iprocal crosses among sublines 
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4
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/ 
/ 
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'-. / 
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/ 
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Schematic diagram of double first cousin lines 

and their crosses from control line 3. 

G = Generation 

(--) = Double first cousin lines 

(----) = Reciprocal crosses among sublines 
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7_ (G
6
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Schematic diagram of full sib and double first 

cousin lines and their crosse!'l from control line 

G = Generation 

(--) = Full sib line 

(. ... ) = Double first cousin line 

(----) = Reciprocal crosses among sublines 

7. 



10. 

Chicks were weighed on 3 consecutive hatching da'ys in order 

to minimise the weakness and reduction in chick weight usually 

observed when early hatching chicks are delayed in the hatcher and 

removed at a time when most of the chicks have hatched. The 

present method, though laborious, provides the early and late 

hatching chicks, a fresh vigor~us start in the brooder and helps 

in giving a true day old weight. 

While hatching chicks adequate care was taken to prevent them 
.______,....,,-

from chilling. Immediately after banding, chicks were weighed 

and kept in insulated chick boxes. They were reared in the brooder 

room maintained at 70°F throughout the year. In the brooder room, 

chicks were maintained for 7 days on the top tier of the 4 tiered 

brooder. Two sets of 4 tiered brooders were available for the 

experiment. At any time, none of the top tiers contained more than 

200 chicks. The brooders were fitted with hovers to provide heat. 

Extra radiant heat was provided by lamps kept on top of the brooder. 

Chicks uniformly spread throughout - the brooder indicated that the 

remperature was not too low. Watering and feeding were ad-lib. 

The chicks were fed on a commercial turkey starter mash for up to 

20 days of age. Thereafter, they were maintained on turkey starter 

crumbs. On the 7th day, the chicks were weighed and distributed 

in brooder tiers. Chicks from all the families were distributed 

-
equally in the brooders, in such a way that each brooder tier, 

at any one time, held an equal number of chicks. Toe 
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maximum number of 7 day old chicks accommodated per brooder was 110 . 

Chicks of two age groups were not mixed with one another . On the 

14th day, the chicks were weighed and given their adult bands. 

They were sexed on or about the 28th day. On the 35th day, the 

birds were weighed, transferred to the battery room and pair mated . 

The records of their culling date and body weight were maintained. 

The date and cause of death o_f the birds failing to complete their 

record was noted. 

The data on adult body weight were excluded from the analysis 
~ 

because they were limited to the unavoidably reduced samples used 

for propagating future generations, and the day of culling differed 

in different experiments. The body weights were measured to the 

nearest 0.lg. The two successive measurements of the daily gain 

in weight were calculated fro~ hatch weight and 14 day weight, and 

from 14 and 35 day weight as follows: 

Daily 
gain 

= 14 day weight - hatch weight & 35 day weight - 14 day weight 
14 21 

· Individuals providii:ig four ·measurements (weight at day old, 7, 

14. and 35 days) were included in the present analysis, except in 

earlier generations in which 7 day weight was not recorded. In 

the latter case, the remaining 5 variates were analysed. 

The birds of' the full sib and double first cousin lines ob-

tained from the same base population were hatched and bred 

together. The available facilities did not permit the combined 

hatching and rearing of the birds , from the control and inbred lines 

derived from both base popul ations, although all were reared and 

bred under feeding and managemental regimes kept as constant as 
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The experiment lasted 1 I years starting in June, 1970 
4 

and yielded observations on a maximum of 6 generatiops . 

Statistical Methods 

The body weigntsof both sexes were recorded in the present 

experiment. To meet the requirement of the future generations, 

quails from two or more hatches were reared in different brooder 

tiers. 
e Significant effects of hatch data, tier and sex were 

observed in a preliminary trial. Therefore, adjustment f,or sex, 

hatch dates and brooder tiers were made by the method of Henderson 
~ 

(1953) • . Sex, hatch dates and brooder tiers were considered as 

fixed effects. The least square estimates of these fixed effects 

were made and the original data were adjusted for these estimates. 

Weighted analysis of variance and covariance was performed using 

the computer programme of Mr. Rr bin Thompson, Senior Research 

Officer, Institute of Statistics, University of Edinburgh. 
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RESULTS 

Toe terms included in the analysis of variance tables are as 

follows: 

(a) Sublines - Numbers alloted to unrelated full sib and ·double 

first cousin lines from a base populationwere referred to as sublines. 

The sublines ident ificat iorn were made in the :first generation of the 

regular mating systems and thereafter remainoo constant in successive 

generations. 

(b) Sub Sublines - The replicates of each subline were numbered and 
~ 

referred to as sub sublines. 

Adjustment of the data improved the results by reducing the 

error variance. Therefore, the analysis of variance-·~c~o~~~ea;;;ia~a~e 

after adjustment has only been presented in the present report. 

The reports can be classified i~ . three categories according to the 

sources of variation. The model and the expected mean squares 

for the three categories are presented in Table 3A. 

The three categories of analysis of variance tables are self 

explanatory and are as follows: 

1. Category (a) includes analysis on the birds used for propagating 

future inbred generations. 

2. Category (b) describes the result of crosses between sublines 

of various mating systems. 

3. Category (c) presents analysis of the data on control birds in 

various generations and the fir·st generation of full sib and 

double cousin matings where subline and sub sibline numbers 

were not assigned. 



Table 3A. 

(a) 

Source 

Lines 

Sublines/within lines 

Sub-sublines/sublines/lines 

Individuals/sub-sublines/sublines/lines 

Yijkl = 

(b) 

Lines 

Crosses within lines 

Reciprocals within crosses 
within lines 

Individuals within reciprocals/ 
crosses/lines 

YiJ"kl = + + C R µ ~i ij + ijk + eijkl 

(c) -

Darns 

Indi victuals/darns 

Yij = µ + D. + e .. 
l lJ 

14 . 

Expected mean square 

2 2 
cr e + K

4
cr SS + 

2 
cr e + 

2 
cr e + 

2 
cr e 

2 
cr e + 

2 
cr e + 

2 
cr e + 

2 
cr e 

2 
cr e 

2 
K cr SS 

2 + 

2 
K cr SS 

1 

2 
K

4
cr R + 

2 
K

2
cr R + 

K cr
2

R 
1 

2 2 
Ko S + K cr G 

5 6 
2 

K
3

cr S 

K cr
2c 

5 + K o
2

G 
6 

2 
K

3
cr C 
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Adjusted means of the 6 traits with their ·standard errors 

belonging to different generations of the base line 3 and the full 

sib and double first cousin lines derived from it are presented in 

Appendix 25. Appendix 26 presents the means and standard errors 

of various generations of full sib and double cousin lines derived 

from, and of line 7. The last two pairs of columns figure the 

average inbreeding coefficient of the individuals of the particular 

generation (F offspring) and the average inbreeding coefficient of 

their parents. The first pair of the inbreeding coefficients have 

been calculated consiQe-ring the base generation of the lines kept 

at zero inbreeding, whereas the last pair of figures give the 

theoretical inbreeding coefficient calculated from ,the inception of 

the population at the Institute of Animal Genetics, Edinburgh. 

Wright's inbreeding coefficient was calculated by the method of 

Cruden (1949). The original c 6'mputer programme was altered to 

accommodate observations on 400 individuals. The means with the 

subheading "crosses" (Appendix 25, 26) come from the crossbred 

progenies of sublines in the previous generation and thus they are 
' below 

contemporary with the generation _ / which they have .been entered . 

To vi rev.ea l!e any systematic seasonal or managemental change in 

various lines, the means were plotted on generations (Figs. 1, 2, 3). 

The graph of the mean hatch weight was parallel to the X-axis at 

7 to 7.5g in different lines and their crosses (Figs. 1,2). This 

suggests that the character was insensitive to seasonal changes, 

different rates and levels of inbreeding and heterosis . Non-

significant between line mean squares in aifferent analysis of 

variance tables (Appendix 1 to 22) also supports this conclusion. 
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Body weight measured at 14 and 35 days showed a decline in the 

control as well as at slow and rapid rates of inbreeding. Very 

little information was available on the 7th day body weight of 

control birds. The decline of body weight at 7, 14 and ·35 days 

was more pronounced in full sib than double first cousin lines in 

successive generations. The full sib and the two double first 

cousin lines obtained from base line 3 differed significantly in 

respect of 14, 35 day weight and growth rate from 1-14 day up to the 

3rd generation (Appendix 1,2,3). From the 4th to 6th generation 

~ 
the differences in the body weights and growth rates of full sib 

and D.F.C. lines were non-significant (Appendix 4,5,6). The full 

sib line (21) obtained from base line 7 was significantly inferior 

to its contemporary double first cousin line (28) in respect of 7, 

14, and 35 day weight and the two measures of growth rate (Appendix 

8 to 11). The F test to detect the differences between lines is 

tentative and is biased upward. It can be seen by comparing 

coefficients of the expected mean squares. In most of the cases the 

between line coefficients (K
4 

and K
5

) are larger than the between 

smlines/lines coefficients (K and K ). 
2 3 

Fourteen and 35 day body weights of the crossbreds of full 

sib and double first cousin lines derived from control line 3 

exceeded the control (Fig. 1). The differences in the mean body 

weights of crossbreds and the contemporary controls were tested 

2 2 for their significance by t test when n
1 

¥ n
2 

and o
1 

¥ o
2

, a 

method devised by Cochran (1964). The result is presented in 

Table 4. The 23rd generation of the control line 3 and 9th 

generation of control line 7 are the contemporary of the 3rd:l gen­

eration of crossbreds of full sib and double first cousin lines. 
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Table 4. 

Cro~sbred progeny from inbred parents as deviations 

from control (g) 

' ' 
Base line 3 Base line 7 

Characters 
Gener-
ation 

Line 22 . Line 29 Line 36 Line 23 Line 30 

*** *** *** 3 5.2 8.6 6 . 1 1.3 2 . 0 

-v" 

14 day * * *** 
weight 4 2 . 8 2.2 1.4 -7.0 - 5. 3 

*** *** *** 5 - 7.9 4.4 - -3.8 

*** *** *** * *** 3 7.0 12.7 11.1 4. 8 6.2 

. 
35 day *** *** ** * *** 
weight. 

4 4.9 6.6 6.0 -7 . 4 -7.2 

*** *** 5 - 9 . 9 7.1 - -1.1 

' 

P < 0. 05, 0. 01, 0. 001 
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The · differences of two means (X - X) and the degrees of freedom 1 2 

for calculating t' were obtained from Appendix 25 & 26. cr 
1 

2 
and 

2 cr
2 

were adjusted crosses and dam variances of the crossbreds and 

controls respectively (Appendix 15-24). A significantly higher 

35 day weight of the crosses over controls indicates positive 

heterosis. The means of the crossbreds from double first cousin 

lines (line 29 and 36) in the 4th generation were higher than the 

controls but not significantly different. The 14 day body weight 

of the crossbreds in the 3rd and 5th generation was significantly 
~ 

higher than those of controls showing positive heterosis. Cross-

breds from double first cousin lines 27 and 35 showed higher 14 

and 35 day body weights than that from full sib line 20 but these 

were not significantly different (Appendix 15, 16 & 17). 

In the crossbreds 2~ and 30, derived from the full sib and 

double first cousin lines 21 and 28 respectively, the situation 

was quite different (Fig. 2). In generation 3, body weight at 14 

days was not significantly different from the control line 7, 

showing absence of heterosis; thereafter body weights were signi-

ficantly lower than the control, showing negative heterosis. The 

35 day weight of the crossbreds was significantly h:igher than the 

control in the 3rd generation; thereafter a significant negative 

trend was observed. Line 23 did not differ significantly from 

line 30 in respect to 7, 14 and 35 day body weight, though the 

former had lower body weight in all generations. 

The plot of gain in weight per day measured at 1-14 days and 

14-35 days has been shown in Fig. 3. Essentially the growth rates 

are measures of respective final body weights (14 and 35 day) 
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because hatch weight was simiiar in all generations of various 

lines. This can be observed by comparing the curve of 14 day body 

weight and- 1-14 day growth rate. 
! the 

The comparison of/graph of two growth rates (1-14 day and 14-

35 day) furnishes ample evidence of compensatory growth. Body · 

weight at 35 days appears to be a target. The slow growing animals 

up to 14 days tried to speed up to reach a 35 day weight and vice 

versa. 
\ 

Full sib and double cousin lines arrd--tµeir crosses have 

shown such an anomaly to a lesser extent than the control lines, 

specially up to 3rd ~eration. This anomaly may be due to a 
the 

recognisable managemental differeµce in/control line as compared 
·t he 

with the inbreds and their crosses. The birds of/control line up 

to ~he 3rd generation remained crowded in the brooder tiers up to 

14th day,in comparisoi1 with the inbreds and their crosses which 

were thinned on th~ 7th day. 

In tllle control lin~ body weight at 14 and 35 days and the two 

measures of gro~th rates showed an overall decline in successive 

generations, suggesting possible deterioration of the managemental 
increase of inbreeding. 

conditions or ah/ To know the net effect of inbreeding, therefore, 

deviation from the control was taken (Fig. 4,5) • . Hatch weight did 

not differ in various lines and in successive generations. The 

in!·ormation on 7 day weight of controls was inadequa-i;e. Therefore, 

a study of deviation of hatch and 7 day weight of inbreds from the 

controL was unnecessary. The generation trends of deviations in 

most cases rerr~ined identical as in Fig. 1, 2 and 3, except for 

the graph of 14 day body weight of the inbred lines derived from 

controi line 3 which showed increased variation. The probable 
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reason was an abnormally low 14 day body weight of the control 

line ;j. Double first cousin lines were superior in all cases to·~ 

their co~temporary full sib lines. 

The higher body weights and growth rates exhibited by double first 

cousin lines as compared with the full sib lines might be due to the 

low inbreeding coefficients of the former. In . order to reveal 
the 

this possibility, means were plotted on/inbreeding coefficients )of 

the individuals and their parents (Figs. 6, 7 and 8). 

Comparison of the graph of hatch weight on inbreeding coef­

ficient (Figs. 6 and 7) suggests that in all cases, means of double 
~ 

first cousin lines were either ,equal or slightly lower than those 

of full sib lines. Birds were not weighed on the 7th day in the 

ear~ier generations of full sib lines resulting in unsuitability 

of the data for a valid comparison of the two systems of inbreeding. 

Average 14 day body weights in the double first cousin lines 
in 

were greater than/the full sib lines up to an inbreeding coefficient 

of 12.5 per cent; thereafter they were smaller. In respect of 

35 day weight, the two mating systems behaved differently in the 

two stocks (line 3 & 7). The do.uble first cousin line 28 

maintained slightly higher weight than the contemporary full sib -

line 21 up to 25% inbreeding coefficient of the progeny. There-

after, the weight of line 28 was lower than that of line 21. 

Line ~7 and 35 showed a similar trend in 14 day body weight: 

Comparison of fu~l sib and double first cousin lines at the 

same inbreeding coefficient can be made by comparing the graph 

at 25% F of the progeny (~ig. 6). The double first cousin lines 

had lower body weight in all cases except in 35 day body weight 
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of line 28 where the difference was 2g. · The trends of means 

plotted on the inbreeding coefficient of the parents were identical 

to those on F of progeny. 

The daily gain from 1~14 days (Fig. 8) shows a si~ilar trend 

to 14 day body weight. Due to compensatory growth, daily gain 

from 14-35 days shows an opposite trend a~ compared with 1-14 days. 

An overall greater decline of daily gain from 1-14 days than from 

14-35 days, on inbreeding, suggests that the depressive effect of 

inbreeding is more profound at an earlier age and is exercised by 

depression of gro~rate, since hatch weight is parallel to the 

X axis. 

The slower rate of inbreeding increased the rate of depression 

over the rapid rate in the present report. The increased depression 

-
may be due to (a) decline of performance in successive generations 

due to a decline of enviro&mental condition (Figs. 1,2,3), (b) 

higher parental inbreeding than the rapid rate in early generations 

and (c) sampling error. The deviation of means of inbreds from the 

means of their contemporary control was plotted on the inbreeding 

coefficient of the progeny to examine the first possibility (Fig. 9). 

The plot of deviations on the parental inbreeding coefficient has been 

omitted since it moves the curve one generation back without changing 

the trend (Figs. 4 & 5). A comparison of Fig. 9 and Fig. 6 in ; res~ct 

of 14 and 35 day body weight suggests that plotting deviations did 

not alter the trend of the inbred lines derived from the base line 3. 

On the other hand, deviations increased the variability as in Fig . 4. 

The double first cousin line 28 showed superiority over its con-

temporary full sib line 21 in maintaining high body weight. The 



>, 
1 ro 

0 2'o 
I() 

0 21 ("') 

I 
~ ,;I' 

-1 ''" ,-; ro 
0 
>, >, 1 ,-; ro 
·ri 0 

g ,;I' 
,-; 
I 

,-; 

10 

"' 5 
ho 

V 

+,) 0 
.i:: >, 
ho ro 
''" 0 
11) 
s:: I{) 

(") 
>, 
'O 
0 
al 

-16 21 

-20 

15 

10 
>, 
(lj 
Q 

'Sj' 5 
r-i 

20 
21 

0 10 20 · 30 40 50 6 0 70 0 10 20 3 0 40 50 
F% Progeny F% Proge ny 

Fig . 9 . Graph of body weight as deviations fro m control. 



22. 

curves of two measures of daily gain in weight remained unchanged 

(Figs. 9 and 6). It may be inferred that decline of performance 

in successive generations was not responsible for the disadvantage 

shown by double first cousin lines . 

'IlB difference between two levels of inbreeding of individuals 

from parents of the same level of inbreeding pr9vides an estimate 

of the effect of progeny inbreeding which is uninfluenced by parental 

inbreeding . The estimates ·for the two systems of inbreeding are 

presented in Table 5. The 2nd dolumn of Table 5 (F offspring) 

presents the level of offspring inbreeding for which the differences 

-------------of means were taken. For an example, the entry for line 20 at 

25% F for hatch weight, is -0.5. This figure has been calculated 

from Appendix 25 by taking a differenc~ of average hatch weights of 

generation 2 and 1 belonging to line 20. Columnsl6 and 17 give the 

inbreeding coefficientsof the . parents and offspring. Subtraction 

of inbreeding coefficients of generation 1 from generation 2 of 

line 20 provides a value of 25% for progeny inbreeding and 0% for 

parents inbreeding. The result -0.5g is a reduction in hatch 

weight due to an increase in inbreeding coefficient of 25% of the 

progeny. Most of the estimates of Table 5 are negative, suggesting 

a reduction of body weight due to progeny inbreeding. The mean 

differences were regressed on inbreeding coefficient of the progeny 

in order to dete:c i.J any trend. or a possibility of difference in the 

two mating systems. Regressions for 7 day weight were not 

calculated due to absence of values. Regression coefficients (b) 

and the percentage of the variance of the body weights removed 

by_regression for different characters is presented in Table 6. 



Line 

20 

27 

35 

-

21 

28 

23 . 

Table 5 . 

Effects of inbreeding on individual (parents held constant) 

F% 
offspring 

25.0 

31.3 

34. 4 

34.4 

37.5 

50.0 

12 . 5 

12.5 

18.8 

25.0 

12.5 

12.5 

18. 8 

25.0 

25.0 

37.5 

) 50.0 

12.5 

12.5 

18.8 

25.0 

Hatch 7 Day 14 Day 35 Day Daily gain 
weight weight weight weight 1-14 day 

*** *** *** 
-0.5 - +5.2 1.8 0.407 

*** *** *** 
-0.7 - -3.9 -10.5 -0 . 232 

*** *** *** ** 
- 0.8 - -4.1 -9.4 -0.238 

*** *** *** * ** 
Q__,..--- -2.4 -8.0 -7 . 8 -0.548 

*** ** *** ~ *** 
0 5.3 4 . 1 - 9 . 0 0.297 

*** * 
-1.1 1. 7 -3.3 -9 . 2 -0 . 163 

* ' * 
-0.4 - -2.0 -4 . 9 -0.118 

' 
*** *** * *** 

0.2.- 7.4 7.1 -6.0 0.494 

** * ** *** ** -0.7 0.7 -6 . 5 -15.4 -0 . 419 

* *** *** *** * ** 
-0.5 -2 . 7 -6.0 -10.7 -0.392 

** *** *** *** -0.5 - -4.6 -7 . 4 -0.296 . . 

*** *** * *** -0 . 2 7.3 7.1 -6.7 0 . 524 

** *** ** -0.3 0 . 5 -6 . 5 -15.7 -0 . 440 

*** * * *** ** 0 -2.0 -4.5 -11.0 -0.328 

** -0.2 - 0.2 -5 . 6 0.030 

*** * 0.3 - -2.6 -9 . 4 -0 . 212 

* 
0 -1.5 -2.8 -9.2 -0.198 

-0.1 - -0.1 0.9 0.008 

* 
0.3 - -1.0 -3.7 -0.085 

*** *** *** *** 
0 -4.2 4.5 7.3 0.321 

*** * *** 
0.2 -1.3 4 . 3 4 . 5 0.300 

' 
* ** *** 
' ' P < 0. 05, 0. 01, 0 . 001. 

Daily gain 
14-35 day 

** -0 .158 

*** -0.310 

*** -0.252 

-0 . 0ll 

*** -0.630 

* -0. 280 

* -0 . 137 

*** -0.626 

*** -0 . 419 

** -0.225 

* -0.133 

*** -0 . 659 

*** -0 . 438 

*** -0.308 

-0. 2~~* 

*·** -0.322 

-0 . 305 

o. 049 

** 
-0.127 

** 
0.130 

" 

0.010 
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Pooled estimates of regression for the inbred lines derived from 

base line 3 (20, 27, 35) and from base line 7 (21, 28) have been 

obtained·. All estimates of regression are non-significant, possibly 

due to small number of degree of freedom. In the inbred lines 20, 

27 and 35 most of the regressions are negative. The values of the 

regressions in line 20 are lower than line 27 and 35 an.d conse­

quently the proportions of variance removed by the regressions are 

also lower. Regression coefficients and percentage variability 

removed by regression of daily gain from 1-14 days are larger than 

ffrom 14-35 days. __Jliis possibly reflects the role of compensatory 

growth in masking the effect of inbreeding of the progeny on the 

growth rate from 14-35 days. The inefficiency of a pooled 

estimate 0£ regressfon is obvious f~om the low values of percentage 

of variance removed for each character. 

The values of regression and percentage of variance removed 

by the regression in the case of lines 21 and 28 produce a different 

picture. Most of the regressions are positive and account for 

nearly 70% of the variability of 14 and 35 day body weight and daily 

gain from 1-14 days. The low variability removed in case of hatch 

weight is due to the stable nature of the character on inbreeding. 

The lower percentage of variability removed in daily gain in weight 

from 14-35 days by regression confirms the role of compensatory 

grqwth in masking the effect of inbreeding as noticed in inbred lines 

from base line 3. The atypical nature of the inbred lines derived 

from base line 7 may be due to the selection for body weight 

practiced earlier in that base line. Selection might have fixed 

desirable genes for body weight so that an increase in the 
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inbreeding of the progeny is ineffective. in depressing the body 

weight and growth rate. The increased uniformity in body weight 

in various generations of line 21 and 28 is also obvious from the 

high percentage of variability (70%) removed by regression. The 

percentage of variability removed by regression after pooling line 

21 and 28 is lower than the average of the inbred lines suggesting 

inadequacy of pooling. 

The contribution of the parental inbreeding to the depression 

of the characters has been removed from the data of Table 5. The 

regression of mean~ferences on the progeny inbreeding, therefore, 

is not expected to differ in double first cousin and full sib lines. 

The tests of heterogeneity of regressions were made for the lines 

derived from base line 3 and 7 separately due to differing response 

of the two lines. The result of analysis of variance is presented 

in Table 7. As expected, the regressions were homogeneous except 

in 14 day weight of line 21 and 28, where they were significantly 

different at the 5% level. This difference was due to negative 

regression in line 21 (b = -0.120g / 1% F) compared with positive 

regression in line 28 (0.427g / 1% F). 

Relative Contribution of Parental and Offspring Inbreeding 

The Averages of body weights and inbreeding coefficients pre­

sented in Appendix 25 and 26 were used for calculating the relative 

contribution of parents~ and offspring to the effect of inbreeding 

on the body weight. The theoretical inbreeding coefficient was 

used for the inbred lines derived from base line 3, i.e. for line 

20, 45, 46, 27 and 35. Whe theoretical inbreeding coefficients 
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28. 

at the origin of the inbred lines 21 and 28, calculated from the 

base generation of line 7 , had a mean of 6% and a range from 4 to 

7%. Therefore, the inbreeding coefficient calculated from the 

base generation was used. - Due to a difference of 10% in the 

inbreeding coefficient of the base generation of the line 3 and 7, 

the F obtained from the base generation was used for the combined 

data of line 3 and 7 in order to , get more degrees of freedom. 

Estimates of correlation are presented in Table 8. Most of the 

correlations were negative and centered around 0 . 5. For hatch 

weight, 14 day weight and daily gain from 1 to 14 days, the corre-
. ~ 

lations with the parental inbreeding were greater than those with 

the offspring inbreeding. Exactly the opposite situation was 

observed in the case of 35 day weight and daily gain from 14 to 

35 days. This suggests a greater influence of parental inbreeding 

on early body weight than the , offspring inbreeding and vice versa. 

A gradual decline of maternal effect with the advance of age may 

be the underlying cause. 

The relative contribution of parental and offspring inbreeding 

to the changes in body weights and estimates of daily gain was cal-

culated by partial regression (Table 9). Most of the regressions 

were negative suggesting decline of body weight with an increase of 

the parental and offspring inbreeding coefficient. Early body measure-

~ents (hatch, 14 day weight and daily gain from 1 to 1 4 days) showed 

greater depression due to inbreeding of the parent compared with the 

inbreeding of the offspring. The partial regressions on the 

inbreeding coefficient of the parents were significant whereas on the 

inbreeding of the offspring they were not significant . In the case of 



29. 

Table 8. 

Estimates of correlation coefficients between body weights 

and parental and offspring inbreeding coefficient 

Characters 

Hatch Wt. 

14 Day Wt. 

35 Day Wt. 

Daily gain 
1-14 day 

Daily gain 
14-35 day 

d.f. 
-

r P.O . 

Line 3 Line 7 Line 3 + 7 

F F F F F F 
Parent Offspring Parent Offspring Parent Offspring 

* ** ** 
** ** -0 . 652 -0 . 049 -0 . 541 - 0 . 469 

-0 . 505 -0 . 552 

c----

** * ** **' ** 
-0.578 -0.466 -0.736 -0.372 -0 . 571 -0 . 485 

** ** * * ** 
-0 . 293 ,-0 . 640 -0 . 661 

v 
-0 . 590 -0.373 - 0 . 594 

* * ** ** ** 
-0.576 -0 . 462 -0 . 716 -0 . 384 -0 . 574 -0 . 487 

* * ** 
0.220 -0.440 -0.199 -0 . 632 0.044 -0 . 444 

26 26 12 12 40 40 

** ** 
0 . 5667 0 . 4090 0.5838 

P < 0 . 05, 0 . 01 

r P . O.= Correlation between F of parents and F of 
off springs . 
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31. 

35 day weight and daily gain from 14 to 35 daysthe partial regres-

sions on the inbreeding of the offspring are significant and greater 

than on the inbreeding of the parents as shown by the larger values 

of bF .F than the bF .F. 
0 p p 0 

Due to small sample size in base line 

7 the bF .F of 35 day weight was significant at 5%. 
p 0 

Maternal and Paternal Inbreeding Components 

In addition to genie contribution by sire and dam, body weight 

is influenced by maternal fitness; larger mothers tend to produce 

heavier offspring ~birth by providing more intrauterine and 

postnatal nutrition in primiparous,and greater weight and better 

quarity of eggs in ov:_iparous species. 

----------
Inbreeding depresses 

maternal fitness leading to depression in body weight of the progeny. 

The 
/ effect of inbreeding of the sire on the body weight of the progeny 

may be equally important if the maternal effect on a particular 

character is fairly low. A critical test to show the difference 

in the effect of inbreeding of the two sexes on the body weight and 

growth rate of the progeny, is to cross inbred individuals with 

non-inbreds reciprocally and compare the performance of their 

progeny. In the present experiment, 25% inbred individuals 

belonging to full sib line 20 and 21 were crossed reciprocally 

with their respective controls (line 3 & 7). The average body 

weights and growth rates of the crosses and comparable control 

lines with a measure of depression due to inbreeding of the mother 

(as difference) is presented in Table 10. 

Subtraction of the average weight of progenies of inbred X 
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33. 

control from those of control estimates the effect of maternal and 

paternal inbreeding if the contributiomof the two sexes are additive. 

The argument may be presented as follows: 

and 

Control~ x Control 3 - Inbred~ x Control~ 

~ Control ~ · + Control 3 - ( Inbred ~ + Control 3) 

Control~ - Inbred~ 

depression due to inbreeding of the female parent, 

Control ~ X Control 3 - Inbred 3 x Control ~ 

~ Control ~ + Control 3 - (Inbred 3 + Control ~) 

~ 

= Control 3 - Inbred <f 

- depression due to inbreeding of the male parent. -

In the present d~periment , progenies of control had a lower 

weight and inbred x control groups were reared separately explaining 

for the high. average body weight of the latter in most of the cases 

as shown by negative depression of body weight due to inbreeding 

, (Tabi'e 11). 

Table 11. 

Depression 
due to Hatch 7 Day 14 Day 35 Day Daily Gain 

inbreeding Wt. Wt. wt. Wt. 1-14 Day 14-35 Day 
of: 

Base Female 0 .3 -3 .4 -3.9 -1'.3 -0.302 0.126 
Line 

3 Male -0.3 -3.5 -4.5 -3.7 -0.297 0.035 

Base Female 0.2 - 0.30 6.20 -0.192 0.282 
Line 

7 Male -0.4 - -3.5 3.8 -0.222 0.346 



34. 

Progenies of inbred x control matings were hatched and reared 

together and are, therefore, directly comparable. Various body 

weights were higher in the progenies of inbred 3- x control <j> than 

its reciFrocal suggesting greater effect of inbreeding of the dam in 

affecting body weight than that of the sire. 

In the absence of selection, overall gene frequency in successive 

generations of inbreeding remains unchanged. Contribution of 

control and inbred males to the genotype of the progeny, therefore, 

may be supposed to be equal.- The difference presented in Table 10 

is equivalent to control <j> - inbred <j>. On the assumption of equal 

genie contribution3---inbred and control females, the difference 

represents the effect of depression in the fitness of the mother as 

follows: 

, Where G 

E 

Control <j> 

Inbred <j> 

Composition 

G + MC+ E 

G + M + E ,I 

Genetic contribution of the mother; 

Environmental effect on the progenies of two groups which 

are identical, and 

Maternal effect of control and inbreds, respectively. 

Progenies of inbred mothers had lower body weight at all the ages. 

Occurence of both negative and positive value in daily gain in 

weight was due to compensatory growth. The average body weight 

at various ages varied and therefore the relative percent decline in 

body weight per 25% inbreeding of the mothers was calculated by 



the formula : 

Relative percent decline in the body weight o:f the progeny due to 
25% inbreeding of the mother= 

35. 

Mean of inbred~ x control g - Mean of inbred g x control ~ ==;..__;...;.....;;;;......;.__.;;.._..;_ _____ __.._ _________ _;i;. ___ ...;._ _ ___;;_ X 100 • 
Mean of inbred ~ x control 'i> 

The result is presented in Table 10 as% decline in weight. A 

decline of 8% in hatch weight and 2% in 35 day weight of the progeny 

was noticed due to 25% rise in the inbreeding of the dam. The 

relative decline in 7 and 14 day weight differed in the birds of two 

populations. An unweighted average furnishes an estimate of 6.5 

and 4.2% respectiv~for the two characters. 

An analysis of variance (Tables 12 and 13) suggested that the 

differences between the average of inbred~ x control 'j> and its 

reciprocal were significant (P approx.< 0.005) for hatch weight 

in the two base populations but not for 35 day weight. Reciprocal 

differences in 7 and 14 day bbdy weights were significant in the 

birds coming from base line 7 (Table 13) but not from line 3 

(Table 12). 

the traits. 

Variances between dams were significant for most of 
depends upon 

The F test employed here is approximate since it/ 

equal coefficient of the,::dam component in the two variances 

which is not the case as shown in E.M.S. Table 12 and 13. From 

the above :finding it may be concluded that the depression in weight 

due to maternal inbreeding is in coordination with the maternal 

effect which gradually disappears as the progenies grow. The 

chicks approaching sexual maturity show negligible decline in body 

weight due to inbreeding of the dam. 
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Performance of Crossbreds Between Line 3 and 7 

Average body weights of the base lines 3, 7 and their reciprocal 

crosses are presented in Table 14. 

Table 14. 

Average body weights and gain in weight of base lines 3, 7 

and their crosses 

Hatch 7 Day 14 Day 35 Day 
Daily Gain No. of 

Lines 
Wt. 

obser-
Wt. Wt. Wt. 

1-14 Day 14-35 Day vations 

Line 3 "7-4 - 41.5 103.1 2. 439 2.935 204 

Line 7 7.5 - 51.3 114.0 3.129 2.987 222 

Averages 7.45 - 46.4 108.6 2.784 2.961 

Line 34 
6.8 22.4 44.8 106.5 2. 715 2.938 105 

(line 3~ x line 7t) 

Line 24 
6.9 22.5 

(line 3t x line 7~) 
44.7 106.9 2.697 2.963 123 

Average :-. 6.85 22.5 44.8 106.7 2.706 2.951 

Difference (34-24) -0.1 -0.1 0.1 -0.4 0 .018 -0.025 

A comparison of the body weights and growth rates of line 3 and 7 

suggests that line 7 had higher weights than line 3. The averages 

of the line 24 and 34 are near the averages of line 3 and 7, 

suggesting absence of heterosis. 

The averages of line 24 and 34 do not differ significantly 

(Table 15). Between dam variances were significant for hatch, 

14 day weight and daily gain from 1-14 day.:;but not significant 

for~ gain in weight from 19-35 days. Dam variance was significant 
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at 5% for 35 day weight. 

Table 15. 

Analysis of variance of the crosses between line 3 and 7 

Hatch date 242 adjusted to 228 

Brooder 7 , 8 adjusted to 3 

Source of Hatch 7 Day 14 Day 35 Day Dail) Gain 
D:f. 

Wt. Wt. Wt. Wt. 
Variation 1-14 Day 14-35 Day 

Ree iprocal s 1 o .~8 0.84 :Q.75 13 . 48 0.017 0.047 

Dams/ * **-i---------*** *** * *** 
52 1.02 12.50 30 . 84 92.84 0.131 0 . 128 

Reciprocals 

lndi v iduals/ ' 

Dams/ 
Reciprocals 

171 0.22 5.65 12. 46 55.22 0 . 059 0.092 

P < 0.005 

Correlations Between Body Weights and Growth Rates 
I. 

E. M.S. 

2 2 
cr e+5.78cr D 
111. 57cr2R 

2 2 
cr e+4. 08cr D 

2 
cr e 

A representative sample of the estimates of genetic, 

environmental and phenotypic correlation between the body weights 

and growth rates is presented in Table 16,- The genetic correlation 

estimated from between dam component , . includes the effect of sire 

on account of single pair mating system. The environmental 

correlation was obtained from error mean square and product . The 

phenotypic correlation was estimated by summing error, dam and 

subline components . Birds furnishing these estimates were hatched 

+ 
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and reared together and belong to generation 3 of inbred line 20, 27 

and . 35. The degree of freedom for the error mean square and 

product was 309. Correlations obtained in other analysis follow -

similar patterns. The genetic, phenotypic and environmental 

correlations decreased as the measuring days became apart. 

The phenotypic and environmental correlations between hatch 

weight and successive body weights ranged from 0.26 to 0.92 . The 

genetic correlation between hatch weight and 35 day weight was 0.5. 

Hatch weight showed low genetic correlation with 7 and 14 day 

weight (0.26 and 0.16 respectively). The genetic correlation 

------------between daily gain from 1-14 day and 14-35 day was negative and 

non-significant . 

Sex .Difference in Body Weight and Growth Rate 

Sexual dimorphism in the adult Japanese quail necessitated an 

adjustment of body weight of females to that of males. Adjustments 

between dam groups for various lines are presented in Appendix 27. 

The last two columns show the number of· observations and degrees 

of freedom. Positive values of adjustments indicate that the 

average body weight of females was higher than that of males and 

vice versa. The standard error of the adjustments is calculated 

as follows: 

S.E. = J(J2 
e x coefficient 

2 
Where cr e = error mean square (Analysis of variance table -

Appendix 1 to 23) and coefficient= inverse of number of dams and 

is presented in column 9 of Appendix 27. The ratio of adjustment 
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and its standard error will be approximately distributed as a normal 

deviate due to large degreesof freedom. A significance of 5 and 

1%·was attached to the adjusted values if the ratios were larger 

than 1.96 and 2.58 respectively. 

Difference in the hatch weight of males and females were 

mostly non-significant except for the crossbred 23 and 30 obtained 

from random crossing among full sib line 21 and double first cousin 

line 28. The crossbreds between full sib line 20 and control 

line 3 presented as line 25-26 (Appendix 27) also showed signifi­

cant difference (P <: 0.05) in the hatch weight of the two sexes. , . 

Comparatively fewer negative value, of adjustments (9 out of 35) 

suggests a higher hatch weight of females in comparison to males. 

Large standard e rrors of the adjustments reveal the presence of 

significant variation in the hatch weight of the different dams; 

a fact which is also reflected in the analysis of variance table 

(Appendix 1 to 23). 

Though 8 out of 22 values of adjustments of 7 day weight were 

significant at 5%, only 2 were significant at 1% level . This 

suggests that until the 7th day, marked difference in the body 

weight of the two sexes may not be observed and the outcome of 

different studies may differ. 

Above 50% of the adjustments of 14 day weight \\eI'e significant 

and many of the remaining have smaller standard errors . Females 

weighed 1 to 3g more than the males, though the adjusted body 

weights ranged from 0.19 to 5.03g. On the 35th day, the females 

were significantly heavier than males except in generation 3 of 

line 45 wher~ though the females were heavier, the standard error 
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was large due to small size of 40. In various experiments females 

weighed 3.6 to 17.0g more than the males. 

The sex difference in the daily gain in weight from 1 to 14 days 

and 14 tq 35 days showed similar trends to those of 14 and 35 day 

body weights respectively. 

A definite trend of the adjustments in successive generations 

of inbreeding is lacking which suggests that the difference in the 

female and male body weight did not decrease with the advance of 

inbreeding. One would expect a decrease of adjustments if the age 

at sexual maturity in control bird is near the 35th day and successive 

generations of inbreeding increase the age at sexual maturity 
the 

which indirectly may reduce body weight at/35th day. A large value 
the 

of/adjustment in line 24-34 (crossbred between base line 3 and 7) is 

probably a reflection of the reduction in age at sexual maturity. 
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DISCUSSION 

It is an important practical question whether the slow rate of 

inbreeding is advantageous in the formation of highly inbred lines 

over a rapid rate. The literature in poultry and other higher 

animals on this subject is lacking. In Drosophila melanogaster, 

Tantawy and Reeve (1956) observed a similar decline of body size in 

slowly and rapidly inbred lines at the same level of inbreeding. 

The body weight measured as wing and thorax length did not show any 

decline up to 50% F. From 50 to 80% Fa slow decline independent 

of rate was observed which increased thereafter. 

Slowly inbred lines in the present experiment showed a greater 

decline of 14 and 3,5 day body weight than the rapidly inbred lines 

up to an inbreeding coefficient of 31.5% and therefore the present 

result differs from the report of Tantawy and Reeve (1956). The 

cause of increased depression in the slowly inbred line in the 

present report was due tolrigh~r parental inbreeding in double first 

cousin lines than full sib lines. It can be observed from Table 3 
the the 

that;first inbred gene:ration in/regular full sib mating system is 

at t-1 generation• with an F value of 25%. The regular double 

first cousin system takes t+2 generations to reach I the sam,e level 

of inbreeding. The parents of t-1 and t+2 generations are O and 

18.8% inbred in full sib and double first cousin lines respectively. 

Due ---!\,.,. ( 1 to 
1
'longj6eneration interval 3 2 
'----

months) in Japanese quail, it 

was not possible to reach beyond the 6th generation and therefore 

the effect of the two rates at higher inbreeding coefficient could 

not be known. If the inbreeding of the parents affect the body 
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weight and the growth rate of the offspring to an appreciable degree 

one may expect the slowly inbred line showing greater depression 

than the rapidly inbred line up to 25% inbreeding coefficient of the 

progeny. The importance of parental and offspring inbreeding on 

the body weights was examined by partial regression. The · results 

varied with the nature and control of the character. Parental in-

breeding significantly depressed day old, 14 day weight and 1-14 day 

growth rate. The contribution of offspring inbreeding to these 

characters :Was also negative but lower than that of parental inbree-

ding and in most cases non-significant (Table 9). Exactly the 

opposite situation was observed in 35 day weight, where the partial 

regression on offspring inbreeding was higher and significant than 

parental inbreeding. Both parental and offspring inbreeding signi-

ficantly depressed daily gain from 14-35 days. The value of the 

partial regression of the trait on offspring inbreeding however was 
- . J 

higher than that of parental inbreeding. The present result clears 

the conflicting findings of the researchers evaluating maternal 

effect on body weight. Henderson (1953), Godfrey et al. (1953) and 

Godfrey and Williams (1955) in broilers observed that the mature 

body weights of the heavy breeds of chicken were not affected by 

the egg size. Observations made by Goodwin (1961), Tindell and 

Morris (1964) and Merritt and Gowe (1964) suggest that at 8 weeks 

of age the effect of egg weight is important on the body weight. 

Goodwin et al. (1964) showed that the effect of egg weight was 

observed on 31 week body weight of the White Leghorn. It appears 

from the above results that the maternal effect exercised via egg 

weight in poultry has a distinct . effect on the early weight; the 
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effect disappears as the individuals grow. · The relative amount of 

depression due to parental and offspring inbreeding, as suggested 

by 'the present experiment, on a particular character depends on how 

the char~cter is controlled. 

The effect of paternal inbreeding in depressing body weight 

has been ignored in most of the reports (Shoffner, 1947 in poultry, 

and Sittmarnet al., 1966 in Japanese quail). In the present 

experiment the effect of paternal inbreeding could not be assessed 

because the contemporary controls were reared separately and 

probably due to this reason had lower average body weight than 

inbred x control crosses (Table 10). However, from the study of 

paternal and maternal componentsit is obvious that the dam's 

inbreeding is more important than the sire's inbreeding. Assuming 

that the depression in the body weight of the progenies of inbred 

mothers as compared to non-inbred is mostly due to the depression 

~ 
in maternal t~l~ ty of the former, it appears that such depression 

is more pronounced at an early age of the progeny than at a later 

age. The significant depression of hatch weight (-0.32% / 1% F) 

in both base lines, irregular depression in 14 day weight (in one 

population non-significant where as in the other significant 

(-0.32% / 1% F)), and the non-significant decline of 35 day weight 

in both base lines (0.08% / 1% F) suggests that the depression of 

maternal ability is an important factor in depressing early body 

weight of the quails. Shoffner (1947) also r~ported a decrease of 

0.08% I 1% Fin body weight of poultry measured at 300 days . The 

extent of depression in his material was similar to the results 

reported here. 
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Differences between the body weight of individuals at two 

levels of inbreeding born from the parents at the same level of 

inbreeding provides an estimate of progeny inbreeding uncomplicated 

by parental inbreeding. Most of the estimates were negative and 

significant suggesting a decline in the body weight due to progeny 

inbreeding (Table 5). The regression of these estimates on the dif-

ference in the inbreeding level of the progeny is non-significant 

(Table 6). The non-significant result is firstly due tothe small degrees 

of freedom of the estimates and secondly because the individuals of 

different generations providing averages were reared separately. 

In respect of hatch weight, crossbred offspring from the 

inbred parents had similar body weights to those of inbred off-

spring. (Figs. 1 & 2). The hatch weight is influenced by the egg 

size, a fact which is revealed by the significant dam variances in 

analysis of variance tables (Appendix 1 to 24). Inbred and cross-

bred offspringi' were born from the eggs of the same inbred mothers 

and are not expected to differ in respect to hatch weight because 

the two groups of eggs were collected at an interval of 7 days. 

Over such a short interval of time average egg weight remains 

fairly constant especially in mature animals. 

In respect tof 14 and 35 day body weight, crossbreds from the 

inbred parents of different inbred lines (20, 27, 35) obtained from 

* base line 3, in most cases showed significant heterosis over 

inbreds and controls (Table 4 and 11, Fig. l) ~ This result 

is in agreement with that of Robertson and Reeve (1955) on 

' Heterosis can be defined as the superiority in the average 
weight of the crossbred offspring over the mid-parent value or 
contemporary control. 
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body size in Drosophila melanogaster. They observed that the 

mean of crosses between inbred lines always exceeded the mid-parent 

value. Crossbred progenies of the inbred lines obtained from 

base .line 7, on the other hand, showed significantly lower body 

weight than the control in many of the generations. This anomaly 

in crosses from full sib line 21 was due to small sample size 

(34 in 3rd and 17 in 4th generation). The crosses from the double 

first cousin line 28 did not show an increase of average body weight 
the 

over inbreds and showed a significant decline in/4th and 5th genera-

tion as compared with control. It seems that the crosses among 

inbred lines obtained from base line 7 did not show heterosis 

possibly due to the selection for body weight practiced earlier in 

the line. The non-significant between cross variances (Appendix 15 

to 22) in most of the cases suggest that heterosis observed in the 

present experiment was not due to specific combining ability. 

Robertson (1957) has also shown that the genetic variance in body 

size of Drosophila melanogaster is largely additive in character. 

Birds of control line 7 had higher body weight and growth rate 

than those of line 3. Crosses between two controls had intermediate 

body weights suggesting the additive nature of the characters 

(Table 14). Quite surprisingly reciprocal differences we~e not 

observed (Table 15). This result is in contrast to many published 

reports on breed crosses of poultry where reciprocal differences 

in the body weight of crossbreds were observed in favour of heavier 

group (Eisen et al., 1967). 

The environmental and phen0typic correlations between different 

body weights (Table 16) suggest that the correlations are greater 
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at closer ages. The correlations decline as the measuring days 

widen in age. The genetic correlation of hatch weight with other 

body weights did not suggest a trend, but between other body weights 

showed a similar trend to those of environmental and phenotypic 

correlations ·. In view of very small standard errors, (near 0.03), 

most of the estimates of correlations were highly significant except 

those of very low order (0.08). This suggests that the genes 

functioning at closer ages are more alike than at distant ages. 

In poultry, males are heavier and grow at a faster rate than 

females. In Japanese quail the opposite holds true. Sexual dimor-

phism at prepubertal stage is still a matter of dispute. Stevens 

(1958) reported lighter body weight in female than in male quails up 

to 40 days of age. El-Ibiary et al. (1965) studied growth rate at 

weekly intervals up to 6 weeks of age in two random bred generations 

of Coturnix. The females were heavier at all measurements but not 

significantly different from males except after 6 weeks of age. In 

the present experiment, a non-significantly higher hatch weight of the 

females was noticed in 26 out of 35 groups of birds. On the 7th day, 

8 out of 35 groups had significantly higher body weights of females. 

Females were significantly heavier than males on the 14th day in about 

50% of the groups whereas the rest of the groups had low standard 

errors. The difference in the body weight of two sexes ranged from 

1 to 5g. On the 35th day the females of all groups weighed signifi­

cantly heavier than males. The difference in the weight of the two 

sexes. ranged from 4 to 17g. Thus the results obtained here are in 

partial agreement to El-Ibiary et al. (1965) and in contrast to 

Stevens (1958). Non-significant difference in the body weight of 
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males and females in the reports of earlier authors may be due 

to their small sample size (Appendix 27). 
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CONCLUSION 

Inbreeding depression varies with the type of characters. 

Parental . inbreeding and offspring inbreeding both depress the 

character. The relative depression due to parental inbre~ding and 

offspring inbreeding depends on the magni tud:e of the parental 

effect and individuals own genotypic effect on the character. 

Early body weight and early growth rate are to a great extent 

depressed by maternal inbreeding suggesting the major control of 

character by maternal effect. The body weight taken near maturity 

is depressed mainly by individuals own inbreeding, suggesting that 

the maternal effect disappears as the animals grow. The disap-

pearance of maternal effect is gradual with the ageing of animals 

as shown by 8, 6, 4 and 2% decline of day old, 7, 14 and 35 day 

body weight, respectively. 

A slow rate of inbreeding has shown a greater depression of 

the characters than a rapid rate up to a given level of progeny 

inbreeding because of high parental inbreeding in the former as 

compared with the latter. .The maternal component of inbreeding is 

more important than the paternal component. In estimating these 

components correction for environmental effects should be made as 

far as possible, since the outcome of any one experiment may be 

seriously affected by environmental fluctuations . The genetic, 

phenotypic and environmental correlations in successive body weights 

are fairly high; the correlation declines as the measurement becomes 

apart. Significant prepubertal sexual dimorphism in Japanese 

quail is noticed as early as 14 days, but not earlier. 
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