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Summary. In M33 cockerels, the rapid phase of testicular growth and the onset of sperm
production were advanced either by increasing daylengths or an interrupted-night photoschedule ; they were delayed by constant short days (8L). The results observed under
constant long days (16L) were intermediate. In this strain, the cockerels maintained their
mean testicular weight during the adult period while their daily sperm output (DSO) gradually declined.
Individual variations in the DSO results were greater than individual variations in testicular weight. These variations did not appear to be influenced by the photoschedules. The
differences in DSO observed between the best and the worst semen donors at the end oftesticular development or thereafter remained relatively stable in ageing cockerels, except in
birds submitted to increased photoperiods. This is the basis of the method described here for
reliably choosing the best semen donors just before they are used as breeders.

Introduction.
In the cockerel as in other domesticated male birds, adult testis weight and sperm
production, even when determined in birds of the same age raised under the same
conditions, are known to vary considerably between individual cockerels of the same
strain

or cross.

The purpose of this study was to precisely characterize and compare the individual
variations in these parameters in the same strain of cockerel under various photoschedules. The final aim was to test the feasibility of a method of selecting future breeders, based on their sperm production before the sexual maturity of the hen with which
they are to be mated.
Petitjean et al. (1978) were previously able to perform this selection in Wyandotte
M11 cockerels using motility scores as predictors, but did not give any indication either
of the age of the cockerels at the time of their selection or of the rearing conditions. The
present paper deals with testicular weight gain and development and the numerical
aspects of sperm production.

Materials and methods.

Medium-heavy M33 strain cockerels (adult weight : 3.5 kg) were raised from
hatching under the same standard conditions except for the artificial lighting schedules.
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(de Reviers, 1980),
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follows (see also fig. 1a, b)
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16L : 8D from days 4 to 7 then 8L :16D from 1 to 53 weeks
the 8L group.

on
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light (L) + 8 h of darkness (D) daily from 3 days of age
experiment (53 weeks of age). Referred to here as the 16L group.
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develop-

:

of age.

to the end of the

Referred to here

As above until 8 weeks of age, then the daily photoperiod was gradually increased
(-t- 1L each week) which was reached at the 15th week of age. Referred to
here as the 8D/16L group.

3)

to 16L : 8D

4) As in 2 until 8 weeks of age. Thereafter, the cockerels were submitted to an interrupted-night photoschedule referred to here as 7L + 1 L. The 1L photoperiod was
shifted weekly from 8 to 15 weeks of age, its extinction being maintained at the same
time as under 8L/16L (fig. 1b).
During the first 3 days following hatch, all animals were subjected to continuous
lighting.
The temperature was 32 °C at hatching, then decreased by 2 °C¡week until 6 weeks
of age, and maintained at 20 ! 1 °C thereafter.
All animals were given free access to water and fed ad libitum (all mash ration,
ME
2 800 kcal/kg, crude protein :17 p. 100 from hatching until 6 weeks of age, then
=

14 p. 100).
The

experimental

work involved two trials :

In experiment 1, 4 batches of 80 cockerels each were respectively submitted to the
4 photoschedules described above. At various ages from 12 to 44 weeks, 10 cockerels
from each group were killed and their testes weighed to the nearest mg. In this experiment, the trials using photoschedules 16L, 8L and 7 + 1L were duplicated over two
consecutive years (Exp. 1a and 16).
In experiment 2, another 4 batches of 30 cockerels each were respectively raised under
the same conditions. Their semen was collected daily (except on Saturdays and Sundays) from 18 to 24 weeks of age, then at 32-33, 40 and 51-52 weeks of age. Over
7000 ejaculates were analyzed during the experimental period. All ejaculates were
collected by the same person to eliminate bias due to the semen collection technique.
Prior to each collection period, the cockerels were ejaculated daily for 1 week to
stabilize the sperm reserves of the deferent ducts.
This semen collection frequency was designed to enable us to estimate the nearest
approximation to the daily sperm production (de Reviers, 1972b).
The volume of ejaculates (estimated by weighing the semen which had a specific
gravity of nearly 1 g/ml) and their sperm concentration (estimated by optical density
of semen diluted 1 :100, X
650 nm) were individually recorded to calculate the total
number of sperms per ejaculate. This was expressed as the DSO (Amann,1970), i.e.
the total number of sperm collected over a given period of time and expressed on a
per-day basis.
=

Results.
1. Growth

of the

testes

(Experiment 1).

The mean values of testicular weight amplitude and their coefficients of variation
are summarized in table 1 and fig. 2.
Under constant daily photoperiods (16L or 8L), the rapid phase oftesticular growth
occurred between 16 and 24 weeks of age. Some reduction in mean testicular weight

observed thereafter under 16L while it was maintained at approximately the same
level under 8L.
The rapid phase of testicular growth occurred somewhat earlier under the 8L/16L
and 7L -!- 1L photoschedules than under constant daily photoperiods. This difference,
however, was not statistically significant at the 5 p. 100 level because of the wide individual variations observed at 16 weeks of age in the testis weights and because of the
small size of the experimental groups. At 24 weeks of age the mean testis weight observed under the 8L/16L photoschedule was the same as under the 7L -! 1L photoschedule
(7L + 1 L, 8L/16L, 16L ; 18.3 g, 14.0 g, 14.6 g respectively). Thereafter, some reduction
was observed in testicular weights under both the 8L/16L and the 7L -f- 1 L photoschedules, but the mean weight was still higher under 7L -I- 1L than under 8L/16L at
28 weeks of age 15.4 vs 10.9 g respectively.
was

Some differences were observed between the two replicate trials, i.e. there was a
slight decrease in adult testicular weight during the second year under 16L and 8L.
This decrease was more marked under 7L + 1 L.
As indicated by the ranges and coefficients of variation, individual variations in
testis weight were maximal when the rapid phase of testicular growth commenced. The
coefficients of variation appeared relatively stable thereafter (range : 16 to 29 p. 100
from 24 to 44 weeks of age) and seemed to be unaffected by the photoschedules, insofar
as these coefficients were estimated from samples involving 10 individual cockerels

and

2.

might thus

be liable to

sample

error.

Daily sperm output (Experiment 2).

a) Influence of the delay between semen collections.

-

It appears clear from

figure 3

that, irrespective of the age of the cockerels and the photoschedule, the DSO, estimated
from the semen collections performed on Mondays (after 3 days of sexual rest) was
about 50-60 p. 100 of the DSO
5 estimated from the semen collections performed on
a
and
Fridays (Note that DSO, ! mean number of spermatozoa
Wednesdays, Thursdays
ejaculated on Monday divided by 3. As a consequence, the standard deviation is divided
by 3 as well). This difference was highly significant (P < 0.01) but more or less marked
in the case of individual cockerels, often noted as the best semen donors. Within a
week, however, there were no significant variations between the mean DSO’s observed from Wednesday through Friday.

b) Influence of the age of the cockerels. Irrespective of the photoschedule, the
mean DSO, and DS0
- 5 steeply increased toa maximum after the first ejaculates were
3
obtained and then gradually decreased until the end of the experiment (52 weeks of
age). This decrease (about -20 p. 100 from the maximum DSO to 52 weeks of age)
16L than under the other photoschedules. It was
/
appeared to be less marked under 8L
-

found that similar decreases occurred in both volume and sperm concentration of the
semen.

Under 16L, 85 p. 100 of the cockerels were
donors at 18 weeks of age and 100 p. 100 of the cockerels could ejaculate
2 weeks later. Both DSO, and DS0
5 reached a maximum at 22-23 weeks of
_
3
and
2.6
9
10
x
age (1.6
spz/cockerel/day, respectively).
In contrast, the 8L cockerels gave no semen before 20 weeks of age, but all were
donors at 22 weeks of age. Their DSO
1 and DS0
-peaked between 24 and 32 weeks
3
of age, i.e. later than but at the same level as the 16L cockerels (1.3 and 2.5 x 10
9 spz,

c) Influence of photoschedules.

-

semen

respectively).
Therefore, under constant daily photoperiods, the daylength can influence both
the age at which sperm output commences and the age at which it reaches a maximum.
This difference in sexual precocity was about 2 weeks in the present experiment (16L
vs

8L).

Under increasing photoperiods (8L/16L), all cockerels were semen donors at
18 weeks of age and their DSO peaked at 20 weeks of age. The same results were
found in 7L -!- 1L cockerels, except that the DSO, was higher under 7L + 1L than
under 8L/16L from 20 to 32 weeks of age (respective maximum values : 1.4 and
1.0 X 10
9 spz). Therefore, increasing the daily photoperiod or using a shifting secondary photoperiod before puberty advanced the age at which the cockerels started to
produce semen and became sexually mature.
Under such photoschedules, the DSO, and DSO
5 attained a lower maximum
a
level (1.0 and 2.0 x 10
9 spz, respectively) than under constant daily photoperiods. This
9 for
difference was more marked for DS0
5 than for DSO, (2.0 vs 2.5-2.6 X 10
_
3
and
1.0
vs
1.3-1.6
9
10
for
x
DSO,, increasing
and
5
_
3
DS0
interrupted-night photoschedule vs constant day lengths, respectively). The gain in sexual precocity which
could be obtained by these photoschedules (about 2 to 4 weeks as compared to
constant daily photoperiods, under long or short days respectively) is therefore counteracted by a loss in the maximum level of the DSO. This is less marked or even absent,
however, when considering DSO, only in 7L -f- 1 L cockerels just after sexual maturity
(21-32 weeks of age).
Individual variations in DSO did not
Individual variations in DSO (table 2).
to
either
the
be
influenced
photoschedules or by the age of the cockerels
appear
by
after 24 weeks of age. Although minimal, there was some influence, however, of the
delay between semen collections since the coefficients of variation of DSO, were gene5 at a given age (+ 1 to !- 26 percentage points
_
3
rally higher than those of DS0
from
24 weeks onwards and the photoschedule). During the
on
the
age
depending
adult period, the coefficients of variation observed for the DSO were generally higher
than those observed for testicular weight (29-58 vs 14-29 p. 100).

d)

-

Furthermore, relatively low correlations

were observed between DSO, and
results
0.40
to
within
each
a-5
DSO
photoschedule for each of the different
(r
0.60)
correlations
were
of
semen
collection.
The
periods
clearly higher when comparing the
numbers of sperm collected during two consecutive days (r
0.60 to 0.85), excluding
and
Tuesdays.
Mondays
=

=

3. Predictions

of

adult DSO levels.

The cockerels were separated into either 2 or 3 groups composed of 12-13 or
8-9 individuals each, respectively. In each group, they were ranked according to their
« initial » DSO, or DSOg_g level. This « initial » level was defined at 3 different
ages
(18 to 21, 22 to 24 or 32 to 33 weeks) and the efficiency of selection performed at each of
these ages with respect to subsequent DSO levels was calculated.
Since the complete results of these different methods of selection are voluminous,
only the essential features are summarized below.
The comparison of the mean DSO observed either in the 2 groups of 12-13 cockerels
in the 2 extreme groups of 8-9 cockerels showed that these two methods yielded very
similar results as to means and variances. Only the groups of 12-13 cockerels were
therefore considered to obtain better precision.

a)

or

efficiency of selection from either DSO, or DSO
a5’ judged by the subsequent
performances of the chosen cockerels, was similar and independent of the age at
which it was performed. However, using the DSO, was less discriminating because of
higher variances. Furthermore, the two methods ranked the cockerels differently. This
affected about one-third of the different groups. The method using DSO
5 was finally
a
retained as the most discriminating and preferable one on the grounds that it used a

b)

The

mean

closer approximation to the real DSO.

c) Under these conditions (12-13 cockerels pergroup ranked according to the DSO,
,5
results), there was a strong influence of age upon the efficiency of selection as well as a
certain influence due to the photoschedule (fig. 4).
When selection was performed at 18-21 weeks of age, the two groups of cockerels
not well chosen (judging by their later performance), except under the 7L + 1 L
photoschedule (p < 0.01). Selections performed at either 22-24 or 32-33 weeks of age
were satisfactory for each photoschedule (p <
0.01) with the exception of 8L/16L
for
which
the
of
the
cockerels
remained relatively stable
<
<
(0.05 p 0.10),
ranking
after
weeks
of
32
This
was
also
observed
to
a
lesser
extent for the other
only
age.
In
some
«
initial
»
semen
donors
became poor or
photoschedules. general, only
good
non-donors, while almost no bad « initial » donors became good, except in the case of
late sexual maturity.
were

Discussion and conclusions.
Under constesticular development and DSO.
tant daily photoperiods (8L or 16L), the age at which the rapid phase of testicular development occurred was influenced by daylength to about the same extent as the age at
which the first ejaculates could be obtained from cockerels (2 or more weeks of lag
between long and short photoperiods). For both photoschedules, testicular growth had
terminated by 24 weeks which is approximately the age at which the DSO peaked.
In the case of the 8L/16L photoschedule, the rapid phase of testicular development
occurred two weeks earlier than under constant daily photoperiod. This was also true
of the DSO.
These results are in agreement with those reported for Rhode X Wyandotte M5199
cockerels (de Reviers, 1980).
In the present study, the M33 cockerels were able to maintain their mean testis
weight until 44 weeks of age under 16 h. This was not the case in either the Rhode x
Wyandotte M519 or the 199 Cornish type cockerels (de Reviers, 1980). Such a difference
might be attributed to a genotype x photoschedule interaction. However, even in M33
cockerels, there was a definite trend for the DSO to decrease in ageing adult cockerels
under 16L and 8L too. This trend was also apparent under 8L/16L.
The changes in both testis weight and DSO, observed under 7L +
1L up to
20 weeks of age, are very similar to those observed under 8L/16L. It is still unclear
whether this similarity is due to a real effect of shifting the secondary photoperiod in the
1.

Influence of photoschedules upon

-

photoschedule, or to the influence of the division of daylength into 2 daily
photoperiods. This division can per se influence testicular development in the cockerel
(Lamoreux, 1943 ; de Reviers, 1980), though to a lesser extent than in wild birds or
japanese quail (Follett and Davies, 1975).
Even if the shifting of the secondary photoperiod acted in a way similar to increasing daylengths, the role of the latter, though well established in the male (de Reviers,
1980) and the female (King, 1961), is poorly understood.
A difference in adult testicular weight was observed between experiments 1a and
1bforthe8L and 16L photoschedules. This difference was more marked for the 7L -+-11L
photoschedule. Its origin is uncertain and thus it is difficult to draw any firm conclusions as to a difference in adult testicular weight between the 8L/16L and 7L + 1 L photoschedules. The same difficulty arises for the DSO results, for adult DSO, was higher
for 7L -!- 1Lthan for 8L/16L while DSO,-, was similar for both photoschedules. More
information is therefore required to draw a definite conclusion.
7L -I-1L

The influence of sexual rest upon the DSO is once more confirmed by a comparison of DSO, and DS0
5 as they were estimated in the same cockerels.
_
3
is
As far as the mean DSO concerned, it appears, according to the present results and
those previously reported by Burrows and Titus (1939), Swierstra and Strain (1964),
de Reviers (1972a) and McDaniel and Sexton (1977), that the daily sperm production of
the testes is better exploited by the use of frequent semen collections which also improve
the quality of ejaculated sperm (Petitjean, 1970 ; de Reviers and Petitjean, 1973). In
other words, insufficiently frequent semen collections lead to the use of excess breeders,
and this has immediate consequences upon the cost of the offspring.

2. DSO results.

-

However, the difference between DSO, and

5 was more or less marked
_
3
DS0
from differences in ability to store
have
resulted
depending on the individual. This may
ducts
(de Reviers, 1972b) and might at least partly explain
spermatozoa in the deferent
correlations
the relatively low
(0.4 to 0.6) observed between DSO, and DSO
5’ As a
a
at
collections
either
semen
or
of
this, performing
frequent
infrequent
consequence
intervals gives rise to discrepancies between the ranking of cockerels obtained in both
cases, because this ranking mainly involves sperm production in the first case, and
extragonadal sperm reserves in the second.
In the present results, individual variations in the DSO, were more marked than
those relating to testicular weight. This can be explained by individual differences in the
spermatogenetic yield (de Reviers, 1971), and by the individual capabilities of cockerels
to store semen and respond to the massage method of semen collection. However, despite this variation, selecting cockerels based on their DSO prior to their use as breeders
is nonetheless feasible according to the present results, except in the case of the 8L/16L

photoschedule.
The age at which this selection was efficient was photoschedule-dependent. For
7L + 1 L, the best results were obtained as early as 18-21 weeks of age, while discrimination could be made between the future high and low semen producers at 22-24 weeks
for 16L and 8L. For 8L, this discrimination was sharper at 32-33 weeks of age. This
indicates that selection is, in fact, feasible at the end of testicular growth, i.e. in sexually
mature cockerels. Prior to this stage, the lower efficiency of selection is probably due to

differences in the sexual
testicular weight.

precocity of cockerels rather than

to differences in their final

The efficiency ofthis selection is, however, limited by the crossover of some cockerels from one group to the other. In other words, there is considerable individual variation in the rate at which the DSO declines in the adult. The understanding of this, as
well as of the individual variations in testicular weight and DSO observed at the end of
testicular growth, merit further study. Investigation of the endocrinological mechanisms
involved may prove a fruitful method of approaching this problem.
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D616gation

Chez le coq M33, la phase rapide de la croissance testiculaire et le début de la
production de spermatozoïdes sont rendus plus précoces sous l’influence soit de jours croissants soit de photopériodes fractionnées, et sont au contraire retardés par les jours courts
constants (8L). Les jours longs constants (16L) donnent des résultats intermédiaires. Dans
cette souche, le poids testiculaire moyen est maintenu pendant la période adulte alors
que le nombre de spermatozoïdes éjaculés diminue graduellement.
Les variations individuelles du nombre de spermatozoïdes éjaculés sont plus importantes que celles du poids testiculaire. Ces variations ne paraissent pas influencées par les
programmes d’éclairement. Les différences observées pour le nombre de spermatozoïdes
éjaculés suivant que les coqs sont bons ou mauvais donneurs de sperme à la fin de leur développement testiculaire, restent relativement stables par la suite, excepté chez les coqs soumis aux jours croissants. Ce résultat permet donc de déterminer les meilleurs donneurs de
sperme vers 18-21 ou 22-24 semaines d’âge, suivant le programme d’éclairement, c’est-àdire avant leur utilisation comme reproducteurs.
Résumé.
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