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SUMMARY
Golden hamsters were selected for large and small testis size measured in
the live animals.
Selection response was evaluated with the divergence
between large (L) and small (S) lines for testis size. In male traits, the
differences of testis size, testis weight, 13 week and 19 week body
weight were statistically significant at 11 level, after generation 2 onward.
Realized heritability of testis size was O.^+O.O1* for upward selection. In
female traits, the ovulation rate also diverged between lines after
generation 4.
Significant differences of the ovulation rate at 5% level
were detected at generation 6 and 7.
Litter size at 1 day after birth
also diverged between L and S lines, but not distinctly.
INTRODUCTION
Such reproductive traits as litter size at birth or at weaning are
expressed in females only and heritabilities are generally low. Since fewer
males than females are required as replacement animals, the selection
intensity is usually higher in the male so that the rate of genetic
improvement might be increased by selection for some measure of male
reproductive performance.
Land5) postulated that reproductive traits in males and females might be
genetically correlated.
Since then, testis size and other possible male
criteria of female reproductive performance have been studied intensively
( reviewed l), 6) ). Most of the reports seem to support the hypothesis that
Land postulated, although materials were restricted to some species.
For
the practical application to animal breeding, it is necessary to search for
the male criteria of reproductive traits to be measured easily in the live
animals, holding accuracy of measurements to some extent.
The golden
hamster has been chosen because it has comparatively large testis size which
can be measured over scrotum in the live animal.
The present paper
describes the results of selection experiment for large and small testis
size and the correlated response in female reproductive traits.
MATERIALS AND METHODS
The fundamental population was founded from four way cross of unselected
4 lines
( CBN, APA, G, W ).
G and W were distributed from Tohoku
University.
In the generation 0, line L1, L2 ( to be selected for large
testis size ) and S1, S2 ( for small testis size ) were formed by random
choice among fundamental population.
L1 and S1, L2 and S2 were separated
from the same full sib pairs, respectively.
Hamsters were weaned and sexes separated at 21 days of age.
They were
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caged with 5 per cage, from weaning until mating took place between 13 and
15 weeks of age.
Males were left in the mating cages for 10 days and the
pregnant females were then placed in separate cages.
They had free access
to pellet concentrate. The laboratory was maintained at 22°C ±1°C, 60 - 70$
relative humidity and a 1>+ hr light : 10 hr dark cycle.
Testis size and body weight were measured at 13 weeks of age.
The width
and length of both right and left testis were measured with caliper under
ether anesthesia.
Selection was based on average testis size of both sides
which was calculated by (length) x (width)2 ,
after the formula of
ellipsoid.
It was decided to select 8 males in lines L and 9 males in lines
S.
At 1 9 weeks of age, males were killed and their body weight and actual
testis weight were recorded.

Females were chosen not on their performance but randomly. Three females
were mated with one selected male so that 2*+ and 27 females were used in
lines L and lines S, respectively.
The ovulation rate was recorded in
primiparous females at about 22 weeks of age.
The females were sacrificed by cervical dislocation and their oviducts
were removed. The cumulus masses were flushed from the ampullae using a
No. 27 gauge blunt needle with saline containing 0.1$ hyaluronidase which
dispersed the cumulus cell to facilitate counting of the ova.
Counts were
recorded separately for right and left sides, but data reported represented
the sum of both sides. Dam’s body weight at mating, litter size at 1 day
after birth, 21 day litter size, 21 day litter weight and the ovulation rate
were recorded.
The standard plan of the selection experiment is shown in Fig. 1.
The data were analyzed using least squares analysis of variance for
unequal sub classes3).
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RESULTS
The responses of selected lines for testis size are plotted against the
cumulated selection differentials in Fig. 2. Lines selected in the same
direction did not differ much. After generation 2, the rate of response per
unit of selection differential decreased in the S lines and increased in
the L lines. The selection differential of each generation ranged 1.1 ~1.5
standard deviation unit ( cr ) in L lines and 1.1 ~ 1 . lt o in S lines. Fig.
3 shows generation means of each replicate plotted separately in L and S
20 4

lines of testis size.
Large lines steadily increased according to
generation number.
Realized beritability of testis size was
O.1! ± 0.04
for upward selection. Small lines also increased slightly, the direction of
which was opposite to the intended.
Generation means of actual testis
weight is shown in Fig. 4.
Selection response was evaluated with the divergence between L lines and
S lines, because no unselected control was available.
Table 1 shows the
differences between L lines and S lines in male traits.
After
generation 2 onward,
the difference of testis
size was
statistically significant at 1% level. It was also noticed that correlated
responses caused other traits to shift to widen the divergence.
Female traits are shown in Table 2. Body weight at mating was distinctly
larger in L lines.
Litter size at 1 day after birth diverged between L and
S lines after generation 4, although statistical difference was not always
detected. The ovulation rate also diverged after generation H. Significant
differences at 5% level were detected at generation 6 and 7. Fig'. 5 shows
generation means in the L and S lines of the ovulation rate.
cm3

Generations
Fig.3.

The response of testis size to two way (Large, Small)
selection in two replicates(1,2).

g

Generation
Fig. 2. Realized cumulative selection
differential for testis size
plotted against generation
number

Fig.l*.

The correlated response of testis weight to two way
selection of testis size in two replicates.
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Table 1.

Generation

The divergence in male traits between
selected lines

13 weeks age
Body weight Testis size

0
1
2
3

-3.5s
-1.5
8.9**
8.7**
11.0**
10.1**
14.9**
8.6**

5
6
7

-0.09cm3
-0.07
0.64**
0.67**
0.81**
1.54**
1.89**
1.76**

19 weeks age
Body weight Testis weight
-2.2g
-5.&
9-5**
6.9**
12.0**
10.8**
13-9**
11.1**

0
g
0.04
0.09**
0.15**
0.18**
0.20**
0.23**
0.24**

** P < 0 . 0 1

Table 2.

The divergence in female traits between
selected lines

Dam’s
Generation body weight
at mating
0
1
2
3
4
5
6
7

-1 -6g
8.2*
11.3**
9.2**
18.4**
7.1*
20.2**
13.9**

Litter size
at 1 day
after birth

21 day
litter size

-0.5
0.3
0
-0.3
1.1*
0.3
1.4*
0.7

-0.1
0.1
0.2
-0.3
0.4
-0.4
1.3**
0.2

21 day
Number
litter weight of ova
-6.8g
-3.4
2.5
-20.2
-9.4
-3.7
37.1*
-2.0

** P <0.01

Fig.5.
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The ovulation rate of primiparous females of selected
for large(L) and small(S) testis size.

-0.5
0.9
-0.8
-0.5
0.5
0.4
1.6*
1.4*

* P <0.05

In male
13 week body
weight 0.63,
In female
except those

traits, the phenotypic correlation between testis size and
weight was 0.47,
that between testis weight and 13 week body
and that between testis size and testis weight 0.42.
traits, the correlations between traits were relatively low,
between litter size and litter weight.
DISCUSSION

Results of preliminary test2) shows that adult body weight of male and
testis weight were 117-3 ±1.8 g , 1.42+0.03 g in line CBN ; 108.9 - 2.?g,
1.45 ± 0.04 g in line APA
; 134.4 ± 2.0 g , 1.94 + 0.03 g in line G,
indicating that line G was largest among them.
No data was available about
line W which might be similar to line G. The ovulation rate were 13.2 + 0.7
in line CBN , 13-1 - 0.8 in line APA , 15-9 ± 0.7 in line G,
again
indicating that line G was most.
The evidence suggested that it might be
possible to make fundamental population with genetic variation by crossing
these lines.
Methods of experimental procedures were also examined 8).
The phenotypic
correlation coefficient between testis size and testis weight was 0.8 ;
between testis weight and body weight 0.7 ; between testis size per unit
body weight and testis weight per unit body weight 0.6.
Those data were
taken in the pure inbred lines and not in the progenies of hybrid
population.
This may be one of the causes for discrepancy between
preliminary test and the present experiment.
Another cause of error may be
ascribed to the fact that the ratio of the length to the width has been
changed in the course of selection, for testis size was calculated by
(length) x (width)2.
Since correlations between body weight and testis size or testis weight
were fairly high, analysis of variance was carried out removing linear
regressions on 13 weeks or 19 weeks body weight. Differences between lines
or generations were again statistically significant at 1? level, although
linear effect was large.
In the ovulation rate, however, the differences
between lines were not significant after removing linear regressions on
dams’ body weight.
Land1*) concluded that natural ovulation rate itself are
positively genetically correlated with body weight in mice. Mafizul Islam
et al7> reported that the mean divergence was 2.0 eggs in primiparous females
in generation 4 in their two way selection for testis weight of mice. In
the present experiment, selection was carried out on testis size measured in
the live animals. This is a possible reason for slower response in .the
ovulation rate.
.
Walkly and Smith9) compared the genetic responses by direct selection on
litter size, by indirect selection through a physiological trait and
combined selection, combining litter size and the physiological trait in a
selection index.
They concluded that combined selection is always more
effective than indirect selection since it uses more information.
Problems
they pointed are that it is often difficult to get reliable estimate for
genetic parameters.
These results suggest to accumulate more information on physiological
traits in wider range of species and also to start combined selection
programmes using physiological traits of both sexes.
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