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PAPER

Semen qualitative parameters and spermatozoon ultrastructure of Phasianus
colchicus mongolicus

Annelisse Castilloa , Anna Rita Taddeib, Achille Schiavonea , Anna Maria Faustob and
Margherita Marzoni Fecia di Cossatoc

aDipartimento di Scienze Veterinarie, Universit�a degli Studi di Torino, Grugliasco, Italy; bDipartimento per l’Innovazione nei sistemi
Biologici, Agroalimentari e Forestali (DIBAF), Universit�a degli Studi della Tuscia, Viterbo, Italy; cDipartimento di Scienze Veterinarie,
Universit�a di Pisa, Pisa, Italy

ABSTRACT
In many European countries, the common pheasant is one of the most popular game bird spe-
cies. Despite its popularity, little information has been published related to its sperm profile,
including the common semen parameters used to characterise the quality of this material.
Additionally, the spermatozoon’s ultrastructure has never been characterised, and very few data
on reproductive performance in the male bird are available. The aim of the present study was
to provide these data and fill these gaps in the literature. Semen was collected by the dorso-
abdominal massage technique for pheasants and evaluated during the late spring period (May
to mid-June). For the ultrastructure and morphometric descriptions, scanning electron and trans-
mission electron images were obtained. The data show that pheasants produce ejaculates of a
smaller volume (average volume ¼ 131mL) but with a higher sperm concentration compared
with roosters. Semen pH values tended towards alkaline values (average pH ¼ 8.3). The general
shape of the pheasant spermatozoon resembles that of roosters and turkeys, although a bigger
sub-acrosomal space was observed compared with these species. As a consequence, its perfora-
torium occupies two-thirds of the acrosome. A lower number of mitochondria (20–24) was also
detected compared with roosters and turkeys. The pheasant spermatozoon’s dimensions are
most similar to those observed in turkeys and guineafowl. The present study provides basic
information useful for assisted reproductive techniques and conservation programmes.

HIGHLIGHTS

� Basic information on the common pheasant semen is given.
� A morphometric description of the common pheasant sperm cell is reported.
� The characterisation of the sperm ultrastructure by scanning and transmission electron
microscopy is shown.
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Introduction

Of the various game bird species, the common pheas-
ant is one of the most popular across many European
countries, and its presence is highly dependent on
croplands and agricultural landscapes (Draycott et al.
2008; Hol�a et al. 2015). Despite its popularity, little
information is available on its reproductive biology,
more precisely on its sperm profile, which includes the
common semen parameters used to evaluate the qual-
ity of the material (Mantovani et al. 1993; Herrera
et al. 2005; Castillo et al. 2009; 2021). For example,
ejaculate volumes and sperm concentration, viability
and mobility are some of the essential parameters

required in order to optimise its use for artificial
insemination (Faustino et al. 2015) or for the cryo-
preservation of the male gametes as part of a conser-
vation programme (Santiago-Moreno et al. 2016).
Indeed, the conjunction of qualitative sperm assays
may be used to reliably predict the fitness of the eval-
uated material (Santiago-Moreno et al. 2016).

Considering poultry species of particular economic
interest, the ultrastructure of the rooster spermato-
zoon was first described in 1949 (Grlgg and Rodge
1949), and several studies were published thereafter
(Bakst and Howarth 1975; Gunawardana and Scott
1977; Bakst and Sexton 1979; Thurston and Hess 1987;
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Froman 2007; Aire 2014; Soley and du Plessis 2020).
The ultrastructure of the spermatozoon has also been
described in turkeys (Marquez and Ogasawara 1975;
Thurston and Hess 1987), quail (Korn et al. 2000),
guinea fowl (Thurston et al. 1982; Thurston and Hess
1987), drakes (Sim~oes et al. 2012; Soley and du Plessis
2020) and ostriches (Soley 1993; Soley and Roberts
1994). Similarities, but also evident differences, have
been observed in the spermatozoon from these spe-
cies, as well as between the three domestic exponents
of the Phasianidae family, i.e. chicken, turkey and quail
(Thurston and Hess 1987; Jamieson 2011). The pheas-
ant (Phasianus colchicus mongolicus) is representative
of another important genus of this taxonomic family,
though little information is available regarding the
morphometry of its spermatozoon (Ducci et al. 1998;
Immler et al. 2007). Moreover, to the best of our
knowledge, no study has reported its three-dimen-
sional and ultrastructural features.

Information about spermatozoon morphology and
morphometry is valuable for a number of reasons. For
instance, spermatozoon morphology may be useful for
predicting the “freezabilty” of the cell (i.e. its resilience
to withstand cryopreservation) This capacity can be
affected by spermatozoon head size, which may influ-
ence its water content and the plasma membrane per-
meability to the cryoprotectant, which may, in turn,
affect cell viability following cryopreservation (Esteso
et al. 2006; Santiago-Moreno et al. 2016). Knowledge of
normal sperm morphology is also useful as a biological
marker of an animal’s exposure to environmental pollu-
tants, which have the potential to affect the different
spermatogenesis stages; for example, by causing
changes to the spermatozoon total length (Riana
Bornman and Bouwman 2012; Santiago-Moreno et al.
2016). Spermatozoon ultrastructure can also be useful as
a tool in taxonomic and phylogenetic relationship stud-
ies (Faustino et al. 2015; Soley and du Plessis 2020).

The aim of this study was to characterise spermato-
zoon morphology in the common pheasant by means
of scanning (SEM) and transmission (TEM) electron
microscopy and to evaluate some basic qualitative
semen parameters attesting the validity of the col-
lected material and the presence of performing cells.

Materials and methods

Reagents

All chemicals were purchased from Sigma Aldrich
(Milano, Italy), with the exception of Accudenz, a cell
separation media, that was purchased from Accurate
Chemical and Scientific Corp. (Westbury, NY, USA).

Birds

Eighteen male pheasants (Phasianus colchicus mongoli-
cus) were housed for their first reproductive season in
a peaceful location, far from public roads, in open-air
aviaries containing perches; each male was housed
separately in a 6m2 allocated space (Castillo et al.
2009). Birds were fed a basal commercial feed ad libi-
tum which provided 11.51MJ/kg of M.E. and 19% of
C.P. Semen was collected eleven times (every
3–4 days) over a 35-day period. This trial was carried
out at the University of Pisa Avian Research Station
“Podere le Querciole,” situated in San Piero a Grado,
Pisa, Italy; 43�39’54.5"N 10�20’40.0"E.

Semen collection

Semen collection was performed eleven times over a
35-day period in late spring, from May to June, by
means of the dorso-abdominal massage technique as
described for pheasants (Castillo et al. 2021). Semen
from each male was collected directly into the collec-
tion tube containing 50mL of Lake’s diluent (Lake
1968). Once all donations had been collected, they
were subjected to macroscopic selection, such that
only dense, milky white ejaculates were used for fur-
ther analysis.

Evaluation of semen characteristics

Ejaculate volume was assessed by weighing the tubes
before and after collection (Sartorius BL 150S precision
balance, readability ± 0.001 g). The pH was measured
for three random samples in the absence of diluent
(Hamilton pH Electrode 238140, Hanna Instruments,
Italy). Sperm concentration was assessed in duplicate
using a B€urker-T€urk counting chamber (in 5% forma-
lin/0.9% NaCl solution). The sperm viability percentage
and sperm morphology were evaluated in triplicate in
samples of approximately 500 cells using the eosin-
nigrosin staining technique (Bakst Murray and Cecil
1997). Viable cells did not stain at all, whereas those
which stained totally or partially pink were considered
dead. The percentage of normal sperm was calculated
relative to total live sperm. Spermatozoa mobility was
assessed in triplicate using the Accudenz methodology
(Froman and McLean 1996).

Ultrastructure of the spermatozoon

Samples were subjected to both scanning electron
(SEM) and transmission electron microscopy (TEM) to
obtain a detailed description of normal sperm
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morphology from fresh semen. Samples were fixed for
2 h in a mixture of 4% paraformaldehyde and 5% glu-
taraldehyde in sodium cacodylate, 0.1M buffer solu-
tion, pH 7.2 (Karnovsky 1965). Then, after washing in
the same buffer overnight at 4 �C, samples were post-
fixed in 1% osmium tetroxide and 0.075% ruthenium
red in sodium cacodylate, 0.1M buffer solution, pH
7.2, for 1 h at room temperature. After three washes in
distilled water (15min each at 4 �C), samples were
block-stained for 1 h at 4 �C with 1% uranyl acetate in
distilled water. They have washed again in distilled
water and dehydrated using a graded series of acet-
one solutions (from 30 to 100%). For SEM, spermato-
zoa were let to adhere onto poly-l-lysine coated
coverslips and critical-point dried in a Balzer Union
CPD 020 apparatus. They were mounted on aluminium
stubs, coated with gold using the Balzer Union MD
010 sputtering device, and observed under a JEOL
JSPM-5200 scanning electron microscope. For TEM,
after the dehydration step, samples were infiltrated
using a series of EPON-based resin and acetone mix-
tures, with increasing concentrations of resin, before
being immersed in pure resin overnight. Infiltration
was performed in a rotator at room temperature.
Embedding was performed by placing the samples
into new pure resin in moulds and leaving them to
polymerise in an oven at 60 �C for two days. Ultra-thin
sections (60–80 nm) were cut using a Reichert Yung
ultramicrotome and collected on copper grids, then
stained with 2% uranyl acetate and lead citrate and
examined in a JEOL 1200 EX II electron microscope.
Micrographs were acquired using an Olympus SIS
VELETA CCD camera equipped with iTEM software.

Spermatozoon morphometry

Spermatozoon electron micrographs analysed by
ImageJ software (http://rsb.info.nih.gov/ij/) permitted
measurement of the following cell parts: total length,
maximum cell width, and head, acrosome, nucleus,

midpiece and flagellum length. A total of 150 sperma-
tozoa were evaluated.

Statistical analysis

The results are presented as means ± standard devi-
ation (SD). All analyses were performed at a signifi-
cance level of p< 0.05 using JMP Statistical Discovery
(SAS Institute Inc., Cary, NC, USA, v. 5.0.1.). The param-
eters of the fresh semen obtained on the eleven col-
lection days were analysed by one-way ANOVA,
followed by Tukey’s test for the comparison of means.
The day of collection was considered the main factor.
The correlation between the semen qualitative param-
eters was evaluated using the CORR procedure (SAS
Studio, v. 3.8; https://www.sas.com/it_it/software/stu-
dio.html).

Results

Semen qualitative parameters

Table 1 reports pheasant semen qualitative parameter
mean data for the 18 birds in their first reproductive
season over the 35-day collection period in late spring
(May to mid-June). To facilitate their comparison with
other species, published data for roosters and turkeys
are also shown. The mean ejaculate volume obtained
in pheasants was closer to the minimum value
reported for both roosters (Santiago-Moreno et al.
2018) and turkeys (Iaffaldano et al. 2021). The
pheasant’s mean pH (8.3) tended toward alkalinity,
whereas it is closer to neutral in the other two species,
especially in the rooster (6.8–7.8) (Castillo et al. 2010;
Hu et al. 2013; Attia et al. 2019). Mean sperm concen-
tration in pheasant semen (8.6� 109 sperm/mL) was
almost double the maximum value reported for
rooster semen (4.7� 109 sperm/mL (Castillo et al.
2010). The difference between the minimum and the
maximum sperm concentration values in the pheasant

Table 1. Pheasant semen qualitative parameters (mean data; n¼ 182 ejaculates from 18 birds in their first reproductive season)
and analogous data for roosters and turkeys were taken from the literature.

Pheasant Rooster Turkey

Mean S.D. Min Max Min Max Min Max

Ejaculate volume (mL) 131 ± 42 70 245 1304 5605 11210 67011.12
pH 8.3 ± 0.18 7.9 8.6 6.86 7.86 7.413 7.913
Sperm concentration (�109 sperm/mL) 8.6 ± 0.92 7.0 10.7 2.14.5.6 5.17 5.510.11.12.13 11.414
Mobility1 (Units at 550 nm) 0.271 ± 0.47 0.186 0.408 0.2508 0.4509 0.14715 0.49616
Viability2 (%) 85 ± 4.9 76 93 384 895.7 8214.17 9014
Normal cells3 (%) 81 ± 8.5 68 94 624 936.8 8517 8817

1Sperm mobility evaluated by Accudenz test (Froman and McLean 1996) read at 550 nm absorbance units; 2percentage of live sperm relative to counted
sperm; 3percentage of normal sperm relative to live sperm; 4(Santiago-Moreno et al. 2018); 5(Attia et al. 2019); 6(Hu et al. 2013); 7(Saemi et al. 2012);
8(Castillo et al. 2010); 9(Froman and Feltmann 1998); 10(Iaffaldano et al. 2021); 11(Kotłowska et al. 2005); 12(Słowi�nska et al. 2011); 13(Bakst and Cecil
1981); 14(Noirault and Brillard 1999); 15(Donoghue et al. 2003); 16(Iaffaldano et al. 2009); 17(Ngu et al. 2014).
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was 3.7� 109 sperm/mL, whereas in the turkey this
range is much wider at 5.9� 109 sperm/mL.

Table 2 reports the semen qualitative parameter
mean data for each of the 11 sampling days over the
course of the 35-day collection period. No, statistically
significant differences were observed across the sam-
pling period in ejaculate volume, pH, sperm concen-
tration, or sperm viability. Sperm mobility, assessed as
absorbance units at 550 nm, did show significantly dif-
ferent values (p< 0.01), with a higher number of
mobile sperm observed on days 10, 17 and 31. A stat-
istical difference was also observed in the percentage
of normal sperm cells (p< 0.01), with a higher mean
number of normal cells found from day 17 onward. A
significant correlation was observed between the pH
and the percentage of normal cells (p< 0.01). For all
the other parameters, no correlation was detected.

Morphological and ultrastructural characteristics
of the common pheasant spermatozoon

Scanning electron micrographs revealed the distinctive
filiform shape of the sperm cell. The mean sperm cell
length was 79.2 ± 1.6mm (Figures 1A and 1B). The
sperm head is slender, with a mean length of
11.8 ± 0.7 mm, and its anterior end consists of a conical
acrosome. The maximum sperm cell width, at the
junction of the nucleus to the midpiece, was
0.63 ± 0.1 mm. The mean flagellum length
was 63.7 ± 1.9 mm.

As shown by TEM (Figure 1D), the acrosome con-
sists of an elongated cone structure with a mean
length of 2.2 ± 0.1 mm. Its content appears homoge-
neous and moderately electron dense, and the trans-
verse section reveals its circular profile (Figure 1G).
The posterior end of the acrosome is attached to the
nucleus by a small overlapping joint (Figure 1D). More
than two-thirds of the subacrosomal space is occupied

by the perforatorium, which is also held by the
nucleus in a conical depression of approximately one-
third its length, (Figure 1D). As in other Galliformes
(Jamieson 2011), the perforatorium broadens at the
nuclear rostrum level (Figure 1I).

The nucleus is a cylinder-like structure, measuring
9.5 ± 0.9mm in length, with an anterior rostrum (Figure
1D), a base formed by a shallow implantation fossa
(Figure 1E), and condensed, electron-dense chromatin
(Figure 1D and 1E).

TEM revealed a typical centriolar complex structure
(Figure 1E and 1M). The proximal centriole is linked to
the nucleus by the non-striated connecting piece
(Bakst and Howarth 1975), and it is orientated perpen-
dicular to the distal centriole. The distal centriole,
anteriorly adjacent to the proximal centriole, is on the
long axis (Figure 1F and 1M). Posteriorly, it seems that
the central singlets penetrate the distal end of the dis-
tal centriole, as shown in micrographs 1-F and 1-M.

The midpiece measures 4.2 ± 0.3 mm in length
(Figure 1C), and its transverse section shows four mito-
chondria surrounding the axoneme (Figure 1K). Five or
six mitochondria can be counted along its length,
resulting in a total of approximately 20–24 (Figure 1F).
The posterior end of the midpiece is characterised by
a small annulus (arrow Figure 1F).

The principal piece has the characteristic structure
of the axoneme surrounded by a fibrous sheath
(Figure 1L). The endpiece is demarcated by the loss of
the fibrous sheath and, posteriorly, by the progres-
sively disruption of the doublets (Figure 1A1).

Discussion

The present study evaluated the qualitative parame-
ters of pheasant semen collected from 18 captive
birds bred in open-air conditions and exposed to a
natural photoperiod. The birds were fully sexually

Table 2. Pheasant semen qualitative parameters over the course of a 35-day period in the birds’ first reproductive season
(data mean ± SD).

Day1
Ejaculate volume

pH
Sperm concentration Absorbance2 Viability3 Normal cells4

(mL) (� 109 sperm/mL) (Units at 550nm) (%) (%)

1 163 ± 32 8.35 ± 0.07 8.80 ± 0.81 0.186D ± 0.055 81.9 ± 0.5 77.0AB ± 0.9
3 119 ± 31 8.19 ± 0.02 8.15 ± 0.40 0.285BC ± 0.024 87.5 ± 0.8 68.5B ± 0.7
7 133 ± 48 7.96 ± 0.06 8.40 ± 0.46 0.258BC ± 0.044 88.3 ± 0.9 73.0B ± 4.2
10 141 ± 42 8.25 ± 0.07 8.75 ± 0.52 0.344A ± 0.038 81.6 ± 1.1 74.0B ± 5.7
13 131 ± 37 8.37 ± 0.11 8.95 ± 1.80 0.279BC ± 0.021 89.7 ± 2.5 74.5B ± 0.7
17 117 ± 35 8.50 ± 0.03 8.05 ± 0.82 0.309AB ± 0.032 77.8 ± 2.5 89.0A ± 2.8
21 139 ± 50 8.34 ± 0.20 8.40 ± 1.00 0.252BC ± 0.025 88.2 ± 7.9 85.5A ± 4.9
23 135 ± 51 8.50 ± 0.06 8.63 ± 0.59 0.275BC ± 0.039 85.5 ± 8.6 87.0A ± 4.2
28 139 ± 43 8.33 ± 0.33 8.30 ± 1.09 0.247C ± 0.031 86.9 ± 4.6 87.5A ± 6.4
31 123 ± 38 8.33 ± 0.05 8.64 ± 0.60 0.290ABC ± 0.020 84.2 ± 1.3 89.5A ± 6.4
35 116 ± 36 8.49 ± 0.14 9.25 ± 1.58 0.266BC ± 0.027 82.8 ± 6.9 89.0A ± 5.7

1Day of evaluation of the experimental period; 2Mobility¼ evaluated by Accudenz test (Froman and McLean 1996) read at 550 nm absorbance units;
3percentage of live sperm rel. to counted sperm; 4percentage of normal sperm rel. to live sperm; A-DObservations with different subscripts within the col-
umn are significantly different (p< 0.01).

1154 A. CASTILLO ET AL.



Figure 1. The common pheasant spermatozoon ultrastructure: SEM images (A–C) and TEM images of longitudinal sections (A1,
D–F, M) and transversal sections (G–L). (A) general view of the spermatozoon (scale bar ¼ 10mm); (A1) TEM micrograph of the
endpiece. (B) acrosome and sperm head (scale bar ¼ 1.5mm). (C) part of the flagellum with the midpiece (scale bar ¼ 1mm). (D)
acrosomal region and anterior part of the nucleus (scale bar ¼ 0.5mm). (E) nucleus base and centriolar region (scale bar ¼
500 nm). (F) the midpiece with the mitochondria (scale bar ¼ 1mm). (G) acrosomal region (scale bar ¼ 200 nm). (H) acrosome
and perforatorium section (scale bar ¼ 200 nm). (I) perforatorium and nucleus section (scale bar ¼ 200 nm). (J) nucleus section
(scale bar ¼ 500 nm). (K) midpiece section with mitochondria and axoneme (scale bar ¼ 200 nm). (L) principal piece section (scale
bar ¼ 200 nm). (M) centriolar region. f¼ flagellum; ep¼ endpiece; a¼ acrosome; mp¼midpiece; p¼ perforatorium; n¼ nucleus;
pc¼ proximal centriole; dc¼ distal centriole; m¼mitochondria; axe¼ axoneme.
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mature, and semen samples were collected in late spring
(May to early June), which is the height of the breeding
season for the geographic location in consideration (Pisa,
Italy), which begins in early spring (mid-March) and ends
in mid- June. The daily mean ejaculate volumes ranged
from a minimum of 116mL to a maximum of 163mL,
and the 35-day period means the value was 131mL. The
largest individual ejaculate volume was 245mL of dense
semen. This value is high compared with other reports
in the literature for pheasants: 17mL (Herrera et al. 2005)
and 210mL (Mashaly et al. 1983). Mean ejaculate vol-
umes of 90, 110 and 210mL were reported for caged
birds in the previously cited study carried out on pheas-
ants (Mashaly et al. 1983). However, their use of cages
makes us suppose that those pheasants would have pre-
sented more docile temperaments making them more
cooperative than the “wild-temperament birds” our
research group is used to working with. Indeed, our
experience has evidenced the fundamental importance
of the handler’s competence to obtain good quality ejac-
ulates from the latter (Castillo et al. 2009), and the hous-
ing of pheasants in large over-air aviaries is greatly
favourable from the welfare perspective as it reduces
the stress and eliminates the high risk of injury birds
housed in cages (Castillo et al. 2009). Moreover, ejaculate
volume is only one indicator of the quality of the col-
lected material. A more important measure is sperm
concentration. Unfortunately, Mashaly et al. (1983) do
not report this information, and the value reported by
Herrera et al. (2005) is four times less concentrated.
Mantovani et al. (1993) also reported a mean sperm con-
centration that was approximately 33% lower than that
of the present study. Therefore, it seems that the only
analogous values in the literature are those published by
our own group using similar rearing conditions, such as
Castillo et al. (2021) – a paper in which we discuss the
importance of the semen collection method for ensuring
a high-quality ejaculate.

Compared with sperm concentrations obtained from
roosters (Castillo et al. 2010; Saemi et al. 2012; Hu et al.
2013; Santiago-Moreno et al. 2018; Attia et al. 2019),
pheasant semen is more concentrated, whereas that col-
lected from toms varies according to their genetic origin
(Kotłowska et al. 2005; Iaffaldano et al. 2021), age and
diet (Słowi�nska et al. 2011). Thus, the sperm concentra-
tion of ejaculates from the pheasants in the present
study can be considered as both higher than that
reported for turkeys (Bakst and Cecil 1981; Kotłowska
et al. 2005; Słowi�nska et al. 2011; Iaffaldano et al. 2021)
and lower (Noirault and Brillard 1999). However, accord-
ing to our previously reported data for pheasants
(Castillo et al. 2009), mean sperm concentration values

may reach values of 12.5� 109 sperm/mL, which is
higher than the maximum value reported in toms of
11.4� 109 sperm/mL (Noirault and Brillard 1999).
Furthermore, sperm concentration may vary between
breeding seasons. In a previous study, we reported a
mean increase of 3.5� 109 sperm/mL between two suc-
cessive breeding seasons (Castillo et al. 2009).

The positive correlation between semen pH and
the percentage of normal cells observed in this study
lies in accordance with previous data reported in
pheasants (Castillo et al. 2021). The higher percentage
of normal cells was particularly evident in the second
half of the evaluated period, which coincided with
higher and more constant pH values. The increased
number of normal cells could also be related to the
breeding season stage. For example, in cranes, the
stage of the breeding season was observed to affect
the proportion of normal sperm cells, with fewer
observed mid-season, followed by a tendency for a
higher proportion as the season progressed (Brown
et al. 2011).

The ultrastructural data show that the general
shape of the common pheasant spermatozoon is simi-
lar to that of both the turkey and the rooster, with the
usual non-passerine components (Jamieson 2011). The
length of the acrosome (2.2 mm) is comparable to val-
ues reported for roosters (2–2.5 mm) (Marquez and
Ogasawara 1975; Thurston et al. 1982; Jamieson 2011).
A larger range (1–2.6 mm) has been reported for tur-
keys (Marquez and Ogasawara 1975). The base of the
vesicle in the pheasant spermatozoon (Figure 1D),
which overlaps the anterior region of the nucleus,
seems to be shorter than that reported for roosters
and turkeys (Jamieson 2011). The pheasant sperm cell
has a large sub-acrosomal space, occupying two-thirds
of the acrosome; whereas in the rooster it occupies
just one-third (Jamieson 2011). The distal end of the
pheasant perforatorium, which occupies the anterior
depression of the nucleus, is similar to that of both
the turkey and the rooster sperm cell (Jamieson 2011),
although that of the rooster is probably slightly wider.

The pheasant spermatozoon nucleus length
(9.5 mm) is not dissimilar to that reported for turkeys
(7–9 mm) (Thurston and Hess 1987), although other
authors have reported a larger range in the latter spe-
cies (7.2–11mm) (Marquez and Ogasawara 1975). By
contrast, a longer nucleus has been reported for both
roosters and guineafowl (10–14 mm) (Thurston and
Hess 1987). The length of the common pheasant
sperm head (11.8mm) is comparable to that seen in
other pheasant species (Immler et al. 2007) with com-
parable total sperm lengths (79mm).
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As in rooster and turkey sperm (Jamieson 2011),
the proximal centriole of the pheasant sperm is orien-
tated perpendicular to the distal centriole. However,
unlike rooster sperm, in which there is considerable
penetration of the central singlets into the distal end
of the centriole (Jamieson 2011), little penetration was
observed in the pheasant sperm, thus making it more
similar to turkey sperm (Jamieson 2011). According to
various authors, the central singlets commence at the
posterior end of the distal centriole (Bakst and
Howarth 1975; Gunawardana and Scott 1977).

The length of the midpiece of the pheasant sperm-
atozoon (around 4.2mm) is similar to the values reported
by Immler et al. (2007) for various pheasant species and
roosters, whereas the data reported by Jamieson (2011)
for roosters was greater at 3.7mm. Four mitochondria
surround the pheasant sperm cell axoneme, the same as
in roosters, but the total number of mitochondria per
sperm cell is smaller at 20–24 compared with 28–32 in
roosters (Bakst and Howarth 1975; Jamieson 2011) and
25–30 in turkeys (Thurston and Hess 1987).

The length of the pheasant spermatozoon flagellum
(63.7mm) is similar to that reported for turkeys, guinea-
fowl (60–65mm) (Marquez and Ogasawara 1975;
Thurston and Hess 1987) and other pheasant species
(62–65mm) (Immler et al. 2007). In roosters, however,
longer flagellums measuring 70mm (Jamieson 2011) and
77mm (Immler et al. 2007) have been reported. Similarly,
the pheasant spermatozoon’s total length (79.2mm) is
more similar to that of turkeys and guineafowl
(75–80mm) (Marquez and Ogasawara 1975; Thurston and
Hess 1987) and some pheasant species such as
Phasianus versicolour (Immler et al. 2007), whereas the
rooster spermatozoon measures 90–110mm (Lake et al.
1968; Thurston and Hess 1987; Immler et al. 2007).

In this study, semen was evaluated through basic
laboratory analyses being reliable in ascertaining the
presence of performing male cells and the overall
semen quality. Obviously, other biochemical parame-
ters and qualitative aspects of the sperm cell and the
seminal plasma are certainly to be studied, particularly
due to the increasing availability of advanced technol-
ogies. In this sense, future studies could be addressed
to identify the seminal components as well as cell
metabolism and function and the relationships
between sperm cells and the milieu.

Conclusions

Pheasant semen is mainly characterised by its smaller
ejaculate volume and higher sperm concentration
with respect to that of roosters. The semen pH values

tended to be alkaline. The general shape of the pheas-
ant spermatozoon resembles that of rooster and tur-
key spermatozoa, although it differs in having a
bigger sub-acrosomal space, which results in the per-
foratorium occupying around two-thirds of the acro-
some. A smaller total number of mitochondria were
observed compared with rooster and turkey sperm
cells. In relation to cell dimensions, the pheasant
spermatozoon most closely resembles spermatozoa
from turkeys and guineafowl. The present study
increases our knowledge of reproductive biology in
the common pheasant and provides basic information
useful for assisted reproductive techniques and con-
servation programmes.
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