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ABSTRACT This study examines the effect of the pres-
ence of hens on sperm variables in Black Barred An-
daluza roosters (which respond well to the massage
technique). Between 8 and 22 weeks of age, roosters
(n = 60) were housed separate from hens in straw lit-
ter pens (4 birds/m2). Two groups of roosters were
then formed to study the effect of hen presence on
sperm variables at 36 weeks of age. The first group
(n = 11 roosters) was housed with hens (n = 55;
sex ratio 1:5), while the second (n = 27 roosters)
was again housed separate from hens. Twenty four
sperm pools were obtained over 12 weeks (12 pools
from each group, each pool produced by mixing se-
men from 11 males) for analysis. Compared to the
no-female-contact group, the roosters living with hens

showed significantly (P < 0.05) reduced percentages
of non-progressive motile sperm and slow sperm, and
significantly increased VCL and VSL values; they also
showed trends (P < 0.1) towards increased progres-
sive motility and a higher percentage of rapid sperm.
The presence of hens had no significant effect on the
number of spermatozoa per ejaculate or sperm con-
centration. Positive correlations were recorded between
VSL and VCL, and between both of these and pro-
gressive motility, and the percentage of rapid sperm.
In addition, both VSL and VCL correlated negatively
with non-progressive motility and the percentage of
slow sperm. These results indicate that rooster sperm
quality, but not quantity, improves in the presence of
hens.
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INTRODUCTION
The red jungle fowl (Gallus gallus), the ancestor of

all domestic chicken breeds, lives in groups that range
from male-female pairs to up to 12 roosters and 16
hens, although one or two males and three to five fe-
males is the norm (Collias and Collias, 1967). Males and
females thus encounter multiple mating partners. Al-
though different breeds of domestic fowl differ in their
behavior, some studies have shown that the presence
of hens strongly affects rooster sexual behavior. Siegel
and Siegel (1964) reported 7 month-old roosters sepa-
rated from hens at 58 days of age to show lower levels
of sexual activity than those separated at 70 days of
age when introduced to hens, and Leonard et al. (1993)
found that White Leghorn roosters with early expe-
rience with the opposite sex to enjoy greater mating
success during adulthood.

Sperm quality is influenced by male dominance and
female phenotype in the red jungle fowl (Cornwallis and
Birkhead, 2007a,b), but the effect of the presence of
hens on rooster sperm variables has not been studied.
Indeed, only a few studies have investigated the effect
of female presence on sperm variables in any species.

C© 2015 Poultry Science Association Inc.
Received January 9, 2015.
Accepted April 1, 2015.
1Corresponding author: sgdavila@inia.es

Villagrán and Ungerfeld (2013) reported that, in Pam-
pas deer (Ozotoceros bezoarticus), contact with hinds
did not result in higher quality sperm or greater quan-
tities of sperm, while Lacuesta et al. (2014) indicated
that male goats reared with females showed differences
in sperm motility and the number of sperm per ejacu-
late to depended on age. In contrast, Gasparini et al.
(2009) reported male guppies kept in the presence of fe-
males to produce significantly faster sperm than those
isolated from females. Liley et al. (2002), however, in-
dicated female presence not to affect sperm immotility
in rainbow trout (an oviparous species), although an
increase in sperm numbers (although not semen con-
centration) was seen (Liley et al., 2002). The same has
been reported in guppies (Bozynski and Liley, 2003)
and sailfin mollies (Aspbury and Gabor, 2004) (both
ovoviviparous species).

The present study examines the effect of the pres-
ence of hens on sperm quality in roosters of a Spanish
chicken breed. It was hypothesized that roosters housed
with hens would show higher sperm quality and produce
more sperm than those with no female contact.

MATERIALS AND METHODS

Birds and Experimental Design

The birds examined all belonged to the Spanish Black
Barred Andaluza breed. Roosters of this breed have a
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black barred plumage, a single comb, white legs and
ear-lobes, are light weight, and show a good response
to the massage technique. The hens are white-egg lay-
ers. This breed is maintained at the El Enćın Experi-
mental Station (Alcalá de Henares, Spain) as part of a
genetic resources conservation program that started in
1975 (Campo and Orozco, 1982). Chicks of this breed
(mixed-sexes, all the same age) were reared in an all-
litter floor pen at a density of 10 birds/m2 until 8
weeks of age. The temperature was maintained (using
gas heaters) at 33–35oC at chick level for 1 week, fol-
lowed by a reduction of 3oC each week until 18–20oC
was reached at 6 weeks of age. Artificial light was only
provided during the first week (23L:1D). The males (n
= 60) were then housed separate from the females be-
tween 8 and 22 weeks of age in straw litter pens (4
birds/m2). All birds were fed standard rearing diets con-
taining 19% CP, 2800 kcal ME/kg, 1% Ca, and 0.5%
available P until 8 weeks of age, and 15% CP, 2700 kcal
ME/kg, 0.9% Ca, and 0.4% available P from then on.
Feed and water were supplied ad libitum.

Two groups of roosters were then prepared to study
the effect of the presence of females on sperm variables
at 36 weeks of age. The first group (n = 11) was housed
with hens (n = 55; sex ratio 1:5) at 22 weeks of age in
breeding straw litter pens (4 birds/m2). The members
of the other group (n = 27) were maintained without
female contact, and then 11 of these chosen at random
for semen collection. Semen was collected once per week
for 12 weeks (from March through May). In total, 24
sperm pools were obtained - 12 sperm pools from each
group, with each sperm pool produced by mixing the
semen of the 11 males in each group – for analysis.

Sperm Collection and Assessment

Sperm samples were collected in 15 mL graduated
centrifuge tubes (Sterilin, Bibby Sterilin Ltd., Stone,
Staffs, UK) using the massage technique described by
Burrows and Quinn (1937), and the ejaculate volumes
recorded. Pools of sperm (11 males in each group) were
then made and immediately diluted 1:1 (v/v) at am-
bient temperature with Lake and Ravie medium (Lake
and Ravie, 1984) (i.e., sodium glutamate 1.92 g, glu-
cose 0.8 g, magnesium acetate 4 H2O 0.08 g, potassium
acetate 0.5 g, polyvinylpyrrolidone [molecular mass =
10,000; 0.3 g], and 100 mL of H2O; pH 7.08, final os-
molality 343 mOsm/kg). All tubes containing diluent
were kept warm in the hand of the operator to pre-
vent temperature shock. This diluted sperm was then
cooled to 5◦C, transported to the laboratory, and the
sperm concentration, the percentage of live sperm, and
sperm motility variables recorded (performed within 45
min of collection).

Sperm motility and sperm concentration were ob-
jectively assayed as previously described (Santiago-
Moreno et al., 2012) using a computer-aided sperm
analyses (CASA) system coupled to a phase con-

trast microscope (Nikon Eclipse model 50i; nega-
tive contrast) and employing Sperm Class Analyzer
(SCA R©) v.4.0 software (Microptic S.L., Barcelona,
Spain). Sperm samples were diluted 1:41 (v:v) in Lake
and Ravie medium and loaded onto a warmed (38oC)
20 μm Leja R© 8-chamber slide (Leja Products B.V.,
Nieuw-Vennep, The Netherlands). The percentage of
immotile sperm (i.e., not moving at all), the percent-
age of sperm showing non-progressive motility (sperm
moving their tails but not moving forward, or swimming
slowly but in a curve) and the percentage showing pro-
gressive motility (sperm swimming quickly forward in
a straight line) were recorded. Sperm movement char-
acteristics - straight-line velocity (VSL), curvilinear ve-
locity (VCL), average path velocity (VAP) - were also
analyzed by CASA. According to their general veloc-
ity, spermatozoa were classified as slow (<10 μm/sec),
medium (10–50 μm/sec) or rapid (>50 μm/sec). The
amplitude of lateral head displacement (ALH) and
beat-cross frequency (BCF) were also analyzed. A min-
imum of three fields and 500 sperm tracks were exam-
ined at 10x for each sample chamber (image acquisition
rate 25 frames/s).

The percentage of live spermatozoa was determined
via the fluorescent examination of membrane integrity,
employing SYBR R© 14 and propidium iodide (PI) as
fluorochromes (Jeyendran et al., 1984; Soler et al.,
2005). SYBR R© 14 is a DNA-specific stain that can
cross the intact plasma membrane and marks the DNA
with green fluorescence. Propidium iodide is a DNA-
specific stain that cannot cross the intact plasma mem-
brane; it therefore allows the identification of viable
sperm, which exclude the dye, and dead or membrane-
compromised sperm, which fluoresce red. The diluted
sperm samples (10 μL) were diluted again with 200 μL
of HEPES medium (20 mM Hepes, 197 mM NaCl, 2.5
mM KOH, and 10 mM glucose; pH 6.7 at room temper-
ature, osmolality of 350 mOsm/kg). Four microliters of
the SYBR-14 dye (1 mM in DMSO) were added to the
sperm suspension and incubated at 4oC for 10 m. At
this point, 2 μl of PI stock solution (1 mg of PI in 1 mL
of PBS) were added and the sample incubated at 4oC
for 2 min. Samples were evaluated using an epifluores-
cence microscope at 1000× (wavelength: 450–490 nm).
Spermatozoa showing no PI staining (PI-negative) were
considered live (green fluorescence).

Statistical Analyses

One-way ANOVA (Sokal and Rohlf, 1981) was used
to analyze the effect of the presence of hens on the
sperm variables, employing the statistical model: xij
= m + Gi + eij, where xij is the value of the sperm
variable, m is the overall mean, Gi is the effect of the
group (with vs. without females), and eij the residual
(j = 1. . . .12). Analysis of covariance was performed to
determine the correlation (rxx′) between the different
sperm variables, calculated from the residual variances
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Table 1. Fresh sperm quality variables.

Sperm With Without Error
variable females females mean square

Live sperms (%) 72.80a 68.80a 63.9
Immotile sperms (%) 20.93a 18.71a 82.56
Motility (%)
Non-progressive 44.37b 53.01a 64.01
Progressive 34.69a 28.27a 69.46
Total 79.07a 81.29a 82.56
Velocity (μm/s)
VSL1 (μm/s) 42.48a 33.32b 112.61
VCL2 (μm/s) 76.89a 65.62b 168.22
Velocity (%)
Rapid (> 50 μm/s) 23.18a 14.77a 125.26
Medium (10–50 μm/s) 35.20a 35.03a 202.72
Slow (< 10 μm/s) 20.69b 31.49a 130.47
Movement
ALH3 (μm) 3.29a 3.21a 0.04
BCF4 (Hz) 8.88a 8.76a 0.36

a–b Means in the same row with different superscripts differ signifi-
cantly (P < 0.05).

1VSL: straight-line velocity; 2VCL: curvilinear velocity; 3ALH: lat-
eral head displacement; 4BCF: beat-cross frequency.

Table 2. Fresh sperm quantity variables.

Sperm With Without Error
parameters females females mean square

Number of sperm (billion) 1.82a 2.26a 2.51
Concentration (billion/ml) 3.07a 3.39a 1.32
Volume (ml) 0.56a 0.64a 0.15

aMeans in the same row with the same superscript do not differ.

(varx and varx′ , respectively) and covariance (covxx′):
rxx’ = covxx′/ (varx and varx′)0.5. Percentages were trans-
formed to square roots before analysis. The GLM pro-
cedure of the SAS statistical package (SAS Institute,
Cary, NC) was used for all data analysis.

RESULTS

Compared to the no-female-contact group, the roost-
ers maintained in the presence of hens returned sig-
nificantly smaller percentages of sperms showing non-
progressive motility (F = 6.56; P = 0.02), and per-
centages of slow spermatozoa (F = 5.03; P = 0.03).
Their sperm also showed significantly higher VCL (F
= 4.25; P = 0.05) and VSL (F = 4.20; P = 0.05) values

(Table 1), as well as trends towards greater progressive
motility (F = 3.33; P = 0.08) and a higher percent-
age of rapid spermatozoa (F = 3.18; P = 0.09). The
presence of females had no significant effect on the per-
centage of live sperm (F = 0.63; P = 0.45), the percent-
age of immotile sperm and total motility (progressive +
non-progressive) (F = 0.33; P = 0.57), the percentage
of medium velocity sperm (F = 0.58; P = 0.45), ALH
(F = 0.86; P = 0.36), and BCF (F = 0.24; P = 0.63).
Nor did their presence have any significant effect on the
number of sperm per ejaculate (F = 0.43; P = 0.52),
sperm concentration (F = 0.52; P = 0.44), or ejaculate
volume (F = 0.23; P = 0.64) (Table 2).

Table 3 shows the significant correlations detected
between sperm variables with at least one significant
value. Neither the number of live sperm, the num-
ber of sperm per ejaculate, ejaculate volume, ALH or
BCF correlated with any other variable; they are, there-
fore, not included in Table 3. The strongest correlation
was seen between VSL and VCL. Both of these vari-
ables also showed a positive correlation with progres-
sive motility and the percentage of rapid sperm, and a
negative correlation with non-progressive motility and
the percentage of slow sperm. The correlation between
progressive and non-progressive motility was negative.
Positive correlations were detected between progressive
motility and the percentage of rapid sperm, between
progressive motility and the percentage of medium ve-
locity sperm, and between non-progressive motility and
the percentage of slow sperm. Negative correlations
were seen between progressive motility and the per-
centage of slow sperm, and between non-progressive
motility and the percentage of medium velocity sperm.
The percentage of immotile sperm correlated nega-
tively with progressive motility, VSL, VCL, rapid sperm
motility and the percentage of medium velocity sperm,
whereas sperm concentration was correlated positively
with non-progressive motility.

DISCUSSION

Consistent with the stated hypothesis, the pres-
ence of females had a significant effect in some sperm
motility variables. However, their presence had no

Table 3. Correlation between different sperm variables.

Immotility1 Non-progressive Progressive VSL VCL Rapid Medium Slow
(%) motility (%) motility (%) (μm/s) (μm/s) (%) velocity (%) (%)

Non-progressive motility (%) − 0.06
Progressive motility (%) − 0.74∗∗∗ − 0.57∗∗
VSL2 (μm/s) − 0.51∗∗ − 0.51∗∗ 0.77∗∗∗
VCL3 (μm/s) − 0.54∗∗ − 0.49∗∗ 0.75∗∗∗ 0.87∗∗∗
Rapid velocity (%) − 0.43∗ − 0.09 0.44∗ 0.66∗∗∗ 0.71∗∗∗
Medium velocity (%) − 0.45∗ − 0.38∗ 0.58∗∗ 0.05 0.17 − 0.10
Slow velocity (%) 0.23 0.61∗∗∗ − 0.49∗∗ − 0.42∗ − 0.71∗∗∗ − 0.40 − 0.36
Concentration (billion/ml) 0.03 0.46∗ − 0.33 − 0.19 − 0.10 0.14 − 0.21 0.12

∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001.
1Correlations involving total sperm motility have the opposite sign to those involving sperm immotility.
2VSL: straight-line velocity; 3VCL: curvilinear velocity.
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significant effect on sperm volume or concentration. It
is possible that the results would have differed if the
male:female ratio (which was 1:5 in the present work)
for red jungle fowl (≥1:5), or that established by breed-
ers in commercial chicken populations (<1:5), had been
used. Nonetheless, the present results show that good
quality sperm can be obtained from roosters when the
male:female ratio is not particularly high. The quantity
of sperm produced, however, appears to be independent
of the sex ratio.

The percentage of non-progressive sperm, the per-
centage of slow sperm, and the values for VSL and VCL
all improved when the roosters were kept in the pres-
ence of hens. It is well known that VSL varies with
poultry breed (Santiago-Moreno et al., 2014), and it
has been suggested that it may vary with degree of
polygamy, as in the red-legged partridge (Santiago-
Moreno et al., 2015). This is the first report, however,
to reveal the influence of female presence on this sperm
variable in roosters. The results suggest that the pres-
ence of females might induce changes in testosterone
and luteinizing hormone etc. in the males, as reported
in mammalian species (Gonzalez et al., 1988); VSL may
therefore be dependent on hormonal status.

Motility variables (especially VSL and VCL) make
an important contribution towards overall sperm qual-
ity; indeed, the VSL must be >30 μm/s for sperm to
be considered of good quality (Froman and Feltmann,
2000; Froman, 2007). Both VSL and VCL are impor-
tant fertility-related variables in birds (Wilson et al.,
1979; Wishart and Palmer, 1986; Froman et al., 1999;
Froman et al., 2002) and provide a useful basis for
selecting breeding roosters. However, Lake (1989) in-
dicates that more variables should be evaluated when
trying to predict male fertility. In internally fertilizing
domestic fowl (Birkhead et al., 1999), VSL appears to
be crucial in ‘last male precedence’ (Santiago-Moreno
et al., 2014): a higher VSL would afford a competitive
advantage in sperm competition scenarios. Certainly,
Gage et al. (2004) indicate sperm velocity to be the pri-
mary determinant of fertilization success in the exter-
nally fertilizing Atlantic salmon. The higher VSL and
VCL of the sperm of the roosters housed with females,
and the reduced percentages of slow sperm and non-
progressive sperm, might all be important when facing
mating competition. Sperm quality may therefore be
adapted to the perceived opportunities of mating.

In agreement with the present sperm quality results,
Villagrán and Ungerfeld (2013) reported no significant
effect of the presence of females on total or progres-
sive motility in Pampas deer. Similarly, Lacuesta et al.
(2014) reported no significant effect of the presence
of females on the percentage of motile spermatozoa in
goats, although there was an interaction with age, the
percentage being higher in the younger males in the
group in contact with females. Also in agreement with
the present results, Gasparini et al. (2009) found an
adjustment in sperm quality in response to mating op-
portunities in guppies. Males placed in containers with

three females produced sperm with a VCL significantly
higher than that produced by males placed in contain-
ers without females. Average path velocity was also in-
creased, while in the present work this variable only
showed a trend towards significance (55.47 in roosters in
contact with hens vs. 45.75 μm/s in those with no con-
tact; F = 3.88; P = 0.06). The present results also agree
with those reported by Liley et al. (2002) for rainbow
trout; the presence of females had no effect on sperm
immotility or sperm concentration.

In relation to sperm quantity, the present results
agree with those obtained in Pampas deer by Vil-
lagrán and Ungerfeld (2013), who reported no signif-
icant differences in the number of sperm per ejaculate
or sperm concentration between males maintained in
contact with or away from females. Similarly, Lacuesta
et al. (2014) reported no significant effect of the pres-
ence of females on the number of sperms per ejacu-
late in goats, although a significant interaction with
age was detected, with values being greater in older
males kept without females. However, the present re-
sults do not agree with those reported for fishes (Liley
et al., 2002; Bozynski and Liley, 2003; Aspbury and
Gabor, 2004). All these authors indicate that males
respond to the presence of females by increasing the
amount of sperm produced. This increase is mediated
by female pheromones release during the preovulatory
period; these induce an increase in the male concen-
tration of gonadal steroids, leading to increased sperm
production. The similar numbers of sperm per ejacu-
late produced by the roosters maintained in the pres-
ence and absence of hens might be compensated for by
the improved sperm velocity of the former birds, a cri-
terion used in the selection of sperm donors in chickens
(Blesbois et al., 2007).

In conclusion, in the presence of hens significantly af-
fects some rooster sperm motility and velocity variables,
although sperm volume and concentration appear not
to be affected.
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