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ABSTRACT

Background: Pigeons are among the earliest domesticated bird species and are classified into groups based on
breeding purposes, such as tumblers, rollers, and Carrier pigeons. Historically used for communication, they are now
primarily used in various countries for hobbies, sports, and meat production. The public commonly raises Carrier
pigeons (Columba livia domestica), valued for their speed and endurance. Understanding their reproductive traits is
crucial for sustainable breeding and local genetic resource preservation.

Aim: This study aimed to collect semen from male Carrier pigeons raised by local breeders, assess their spermatological
characteristics, and examine the correlations among these traits. To our knowledge, this represents one of the first
studies to report detailed semen parameters in Carrier pigeons under controlled conditions.

Methods: In the research, six male Carrier pigeons brought to the animal hospital between May and October 2024 were
used. Semen was obtained by abdominal massage once per month. Samples were visually inspected for contaminants
such as blood, feces, or uric acid, and only clean ejaculates were included. Ejaculates were evaluated individually.
Semen volume and concentration were determined. Motility was subjectively evaluated. Morphological evaluations
and assessments of sperm membrane integrity were also conducted. Ringer’s solution was used as the semen extender.
All analyses were conducted immediately after semen collection for evaluation purposes.

Results: The average semen volume collected from Carrier pigeons was 9.58 + 1.62 pl, the average total motility
value was 69.67% + 1.89%, and the average semen concentration was 3630.25 + 388.26 x 10° sperm ml™". The
average membrane integrity ratio was 73.58% + 5.61%. Head and tail abnormalities were evaluated separately, with
the average head abnormality was 6.74% + 1.00%, the average tail abnormality was 8.72% + 1.34%, respectively. The
average abnormal sperm rate was determined to be 15.47% + 1.19%.

Conclusion: This study determined the spermatological parameters in Carrier pigeons raised by local breeders,
providing baseline semen data, insights into relationships among spermatological parameters, and seasonal effects.
Limitations include a small sample size and a limited semen collection period due to the number of pigeons brought
to the animal hospital.
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Introduction islands, the Sahara Desert interior, and the coldest
Pigeons (Columbidae) comprise over 300 species and temperate zones (Flannery, 2009). Domesticated over
are known for their fast, long-distance flight, dense 6,000 years ago, pigeons have long been raised for
feathers, compact bodies, and grain-based diet (Oncel racing, hobbies, and meat production, especially in
et al, 2001; Biala et al., 2015). They are globally Europe, the Middle East, China, and the United States
distributed except in polar regions, some oceanic (Jerolmack, 2007; Yenilmez, 2020). Historically,
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Carrier pigeons (Columba livia domestica) were widely
used for communication (Podbielska and Radko, 2022)
and are still bred as a hobby and sport. They can return
home after long-distance release. Although they vary
in color and body structure, they are favored for their
endurance and homing ability (Yilmaz and Boz, 2012).
In Turkey, pigeon breeding has a long history and
holds significant cultural and recreational value.
Carrier pigeons are traditionally bred for racing,
communication, and ornamental purposes, particularly
in Central and Southeastern Anatolia regions (Yilmaz
and Boz, 2012). Over time, pigeon breeding as a
hobby has evolved into a well-established practice,
with breeders developing local breeds and organizing
informal competitions (Karaketir, 2023).

In avian species, evaluating semen quality is essential
for selecting breeding males and routinely monitoring
their reproductive performance. Due to limitations in
semen quality assessment, the diagnosis of fertility
disorders in pigeons was not possible for a long time
(Cheng et al., 2002). Semen is typically collected
via abdominal massage under hygienic conditions. It
generally has a high concentration but low volume due
to the anatomical absence of accessory glands (Ugar
and Uslu, 2022). The application of semen collection,
storage, and artificial insemination techniques in pigeon
breeding can lead to significant genetic progress.
Moreover, the frequency of semen collection has been
shown to affect both the qualitative and quantitative
characteristics of semen in pigeons (Klimowicz
et al., 2005). Additionally, a study demonstrated
that various factors, especially air temperature and
seasonal changes, can influence pigeon semen quality
(Wannaratana et al., 2021).

Although countries such as Brazil, China, Egypt, India,
Nigeria, and Turkey possess rich genetic resources
in pigeon species, breeders often lack sufficient
knowledge about pigeon reproduction and breeding.
Breeders are generally inadequate in conserving these
species, and the genetic resources of many local breeds
are diminishing year by year. Furthermore, a review of
the current scientific literature suggests that research on
this subject remains limited.

Therefore, this study aimed to investigate the
spermatological characteristics of Carrier pigeons
raised by local breeders in Elazig Province, Turkey, with
a focus on semen quality parameters under regular and
controlled collection intervals. The importance of this
research lies in its potential to contribute to the limited
body of knowledge on pigeon reproduction, support
the development of more effective breeding strategies,
and aid in the conservation of local genetic resources.
[lustrated in Figure 1, these pigeons are evaluated to
identify the factors affecting semen quality, providing
a foundation for improving reproductive performance
and genetic management in pigeons, particularly in
regions where traditional breeding practices dominate
and scientific input remains minimal.

Fig. 1. A view of the Carrier pigeons used in the study.

Materials and Methods

Research area and experimental design

Six clinically healthy male Carrier pigeons, 1.5 years
old and weighing 350400 g, with no pathological
findings upon genital examination, were used in this
study. Animals were brought to the Firat University
Animal Hospital between May and October 2024.
Animal welfare principles were strictly observed
throughout the study. Pigeons were housed in
individual cages and fed with high-quality commercial
feed. Water was provided ad libitum. The pigeons were
maintained under standard environmental conditions,
including a controlled temperature of 22°C + 2°C and
a 12:12 hours light/dark cycle. For ethical reasons,
only pigeons whose owners consented to participate
were included in the study. All owners provided signed
informed consent forms before the experiment.

We conducted a retrospective power analysis using
G*Power (version 3.1) to assess the statistical
robustness of our dataset. For two-tailed Pearson
correlation tests (a = 0.05, n = 6), the achieved power
was approximately 0.15 for a large effect size (r =
0.50) and 0.08 for a medium effect size (» = 0.30). For
two-tailed paired t-tests (a = 0.05, n = 6), the achieved
power was approximately 0.36 for a large effect size (d
=0.80) and 0.17 for a medium effect size (d = 0.50).
Semen collection and analysis

The abdominal massage technique was used to collect
semen from male pigeons (Cheng et al., 2002; Rakha
et al., 2025). Six male Carrier pigeons were used in
this study. Between May and October, semen was
collected once a month from each pigeon brought to
the animal hospital. The ejaculates were individually
evaluated to eliminate the uncertainty caused by
pooling and to accurately determine which bird had
better sperm quality. After checking for contamination
with blood, feces, or uric acid, the samples were
evaluated. To minimize stress and potential negative
effects during semen collection, particular attention
was paid to factors such as the timing of collection and
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the personnel involved in the procedure. The individual
evaluation was performed for each ejaculate.

Semen volume was determined by aspirating it from
the cloaca using an automatic pipette (Brand, USA).
For motility analysis, a clean microscope slide was first
placed on a heating stage (Reichert, Austria) maintained
at 37°C. Motility was evaluated subjectively, and to
standardize the assessment, a 5 pl semen sample was
diluted with 95 pl of Ringer’s solution (9 g NaCl, 0.3 g
KCl,0.33 g CaCl,, and 0.2 g NaHCO, dissolved in 1 1 of
distilled water), which served as a semen extender, then
covered with a coverslip and examined using a digital
microscope with an LCD screen (Celestron, USA) at
10 x 40 magnification (Blesbois, 2007; Wannaratana et
al., 2021). Semen concentration was calculated using
the hemocytometric method with a hemacytometer
(Marienfeld Superior, Germany) (Aksu et al., 2016).
The rate of membrane integrity was determined by
examining smears prepared from semen samples
stained with eosin-nigrosin stain, which was prepared
using 1.67 g eosin Y, 10 g nigrosin, and 2.9 g sodium
citrate in 100 ml distilled water (Pabugguoglu, 1994;
Sharma and Agarwal, 2021; Shetty and Kanna, 2023).
The proportion of abnormal spermatozoa in semen was
also determined using the same smears prepared by the
eosin-nigrosin staining method (Hafez, 1987; Bearden
and Fuquay, 1992).

Statistical analysis

All statistical analyses were performed using the
statistical software R version 4.1.2 (The R Foundation
for Statistical Computing, Vienna, Austria). The study
was designed as an observational experiment with
repeated semen collections from six adult male pigeons
once per month between May and October (six repeated
measures per individual). The statistical analysis aimed
not to compare groups but to evaluate the relationships
among semen quality traits. Therefore, correlation
analyses were conducted. Before analysis, data were
checked for normality using the Shapiro—Wilk test.
Pearson’s correlation coefficients () were calculated for
normally distributed variables, while Spearman’s rank
correlation was used otherwise. Numerical variables
were presented as means, and categorical variables
were expressed as percentages (%). The volume and
concentration of semen obtained from pigeons were
analyzed as mean values. Motility values, as well as
abnormal sperm and membrane integrity ratios, were
analyzed as percentages (%). Pearson’s correlation
analysis was used to evaluate the relationships between
spermatological parameters. Correlation coefficients
(r) were calculated, and statistical significance was set
at p <0.05, p<0.01, and p <0.001 (Petric and Watson,
2013).

Ethical approval

This study was approved by the Local Ethics
Committee of Firat University Animal Experiments
with the session number 2024/07-06 dated 04.04.2024,

with the decision that an ethics committee certificate is
not required.

Results

The volume of semen obtained from Carrier pigeons
ranged from 7.25 to 11.25 ul, with an average of 9.58
+ 1.62 pl, as presented in Figure 2. Figure 3 shows the
total motility values of the semen obtained from carrier
pigeons, ranging from 67.50% to 72.50%, with a
mean value of 69.67% £ 1.89%. Semen concentration,
as demonstrated in Figure 4, ranged from 3176.75
x 10° to 4079.00 x 10° sperm ml™, and the average
concentration was calculated as 3630.25 + 388.26 x
10° sperm ml™'. The membrane integrity results (Fig.
5) varied between 65.50% and 81.00% with a mean
value of 73.58 £ 5.61. Abnormal spermatozoa (Fig.
6) were evaluated in two categories: head and tail
abnormalities. Head abnormalities ranged from 5.16%
to 7.83%, with an average of 6.74% = 1.00%, whereas
tail abnormalities ranged from 7.33% to 10.66%,
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Fig. 2. Semen volume values of Carrier pigeons for each
repetition between May and October.
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Fig. 3. Total motility percentages of Carrier pigeons for each
repetition between May and October.
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Fig. 4. Semen concentration values of Carrier pigeons for
each repetition between May and October.
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Fig. 5. Sperm membrane integrity percentages of Carrier
pigeons for each repetition between May and October.
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Fig. 6. Abnormal sperm rates of Carrier pigeons for each
repetition between May and October.

with a mean of 8.72% = 1.34%. The overall abnormal
sperm rate varied between 14.16% and 17.00%, and the

average abnormality rate was determined to be 15.47%
+ 1.19%. Table 1 presents all findings obtained from
the Carrier pigeons.

Correlation  analyses among  spermatological
parameters revealed several statistically significant
associations (Table 2). Semen volume was significantly
negatively correlated with live sperm rate (» = —0.437,
p<0.01) and positively correlated with dead sperm rate
(r=0.437,p <0.01). Motility was negatively correlated
with total abnormality (r = —0.352, p < 0.05) and live
sperm rate (r = —0.431, p < 0.01), indicating that
higher motility is associated with lower abnormality
and a higher proportion of live sperm. In addition,
motility demonstrated a weak, non-significant negative
correlation with tail and head abnormalities. Semen
concentration was significantly negatively correlated
with dead sperm rate (r = —0.362, p < 0.05) and
positively correlated with live sperm rate (» = 0.362,
p < 0.05). A strong positive correlation was observed
between head and tail abnormalities (r = 0.694, p <
0.001) and between head and total abnormalities (r =
0.607, p < 0.001). Live sperm rate was perfectly and
negatively correlated with dead sperm rate (» =—1.000,
p<0.001).

Discussion

The present study is unique in elucidating the
spermatological characteristics of the Carrier pigeon
breed, which is the most populous and widely bred by
pigeon breeders in Turkey. The experimental phase of
the research spanned different seasons, so it is important
to elucidate the effects of varying environmental
conditions, particularly temperature and humidity, on
the spermatological characteristics of pigeons and the
relationships among these characteristics.

The selection of male pigeons for use in artificial
insemination with fresh or chilled semen necessitates
a comprehensive laboratory evaluation of ejaculate
quality (Gee et al., 2004; Klimowicz-Bodys et al.,
2012). In this context, the present research focused on
identifying key parameters that serve as indicators of
semen quality in privately kept Carrier pigeons.

The average volume of semen obtained from Carrier
pigeons was 9.58 £ 1.62 pl. Cheng et al. (2002) reported
that the average semen volume collected from different
pigeon breeds was 11.00 + 0.90 pul. Sontakke (2004)
reported a semen volume of 10.50 + 2.60 ul in their
study on blue rock pigeons. Similarly, Wannaratana
et al. (2021) reported that the semen volume ranged
between 10.00 and 13.00 pl in a study conducted on
adult pigeons. The findings of all these studies are
consistent with the results of this study. Contrary
to these findings, Klimowicz et al. (2005) observed
higher semen volumes in adult pigeons. Factors such as
study design, semen collection season, and racial and
individual differences are thought to affect the semen
volume obtained from pigeons.
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Table 1. Spermatological characteristics and descriptive statistics of Carrier pigeons.

Semen - Concentration(x10° Head . Tail q Total Membrane

n==6 volume  Motility(%) e ) abnormality abnormality abnormality(%) intecrity(%)

() P (%) (%) Yo ey

MeantSD 9.58+1.62 69.67+1.89 3630.25+388.26 6.74+1.00 8.72+1.34 15.47+£1.19 73.58+5.61
Min 7.25 67.50 3176.75 5.16 7.33 14.16 65.50
Max 11.25 72.50 4079.00 7.83 10.66 17.00 81.00

Descriptive statistics for semen volume, motility, concentration, sperm abnormalities, and membrane integrity in Carrier pigeons. (n = 6). Values

represent mean + SD, minimum, and maximum values.

Table 2. Pearson correlation coefficients among spermatological parameters in Carrier pigeons.

oty (Clonesrmefon Head ) Tail ) Total ) Live Dead
abnormality abnormality abnormality sperm rate sperm rate

Semen volume 0.024 0.009 0.077 —0.030 0.032 —0.437" 0.437"
Motility —0.079 —0.202 —0.352" —0.431" —-0.010 0.010
Concentration 0.137 —0.123 0.001 —0.362" 0.362"
Head abnormality —-0.151 0.607" 0.021 —0.021
Tail abnormality 0.694™" 0.108 —0.108
Total abnormality 0.102 —0.102
Live sperm rate —1.000""

This table presents the correlation coefficients () between key spermatological variables, including semen volume, motility, concentration, sperm
abnormalities (head, tail, and total), and sperm viability rates (live and dead sperm rates). Statistically significant correlations are indicated as

follows: *p < 0.05, **p <0.01, ***p <0.001.
Nonsignificant correlations have been omitted for clarity.

Sperm motility is an important parameter of semen
quality (Klimowicz-Bodys et al, 2012; Xu et al.,
2020). Sperm motility depends on the structural and
functional integrity of these cells and determines their
fertilization capability (Wishart and Palmer, 1986;
Matsuzaki and Sasanami, 2022). In the present study,
total motility values of semen obtained from Carrier
pigeons varied between 67.50% and 72.50%, and the
average total motility value was 69.67% + 1.89%. In
a study, the sperm motility rate in collected semen
samples was measured as a minimum of 48.00% =+
3.00% and a maximum of 82.00% + 2.00% (Cheng
et al., 2002). A study conducted in Thailand reported
that motility values varied from 66.35 + 3.40 to 85.45
+ 2.91 (Wannaratana et al., 2021). On the other hand,
another study documented total motility values within
the range of 57.50% to 71.50% (Klimowicz et al.,
2005). In another study conducted by Klimowicz et
al. (2008) assessed sperm motility both subjectively
using a light microscope and objectively using a
computer-assisted semen analyzer (CASA). Subjective
evaluations indicated that total motility values ranged
from 84.21% + 5.78% to 87.32% + 6.84%. The motility
values determined by CASA were lower than those
obtained through subjective assessment. Davis and
Katz (1992) reported that the subjective evaluation of
the total motile sperm rate tends to overestimate sperm
motility. The analyses in this study were performed in

the Andrology Laboratory of Firat University Animal
Hospital. As CASA (ISASv1, Proiser, Paterna, Spain)
could not be used to analyze pigeon sperm, motility
was assessed subjectively. An experienced team
was assembled to minimize the margin of error in
motility evaluations. Previous studies have indicated
that variations in motility values can be attributed to
factors such as pigeon breed and age, environmental
conditions, timing of semen collection, season, and
evaluation methods employed.

Semen concentration, defined as the number of sperm
permilliliter of semen, is a critical parameter in assessing
semen quality and, consequently, reproductive success
(Li et al., 2025). In this study, semen concentrations
varied between 3176.75 x 10° sperm ml™! and 4079.00
x 10¢ sperm ml™! and the average concentration was
calculated as 3630.25 + 388.26 x 10°sperm ml™'. When
comparing the semen concentration values obtained
from blue rock pigeons and Carrier pigeons, it was
observed that they were similar (Sontakke, 2004). The
semen concentration findings reported by Cheng ef al.
(2002) are also consistent with the results observed
in the present study. In their comparative study,
Klimowicz-Bodys e? al. (2012) observed that meat-
type breeds exhibited lower semen concentrations
than fancy pigeons. The semen concentration results
reported by Klimowicz-Bodys et al (2012) were
similarly low. When all these results are evaluated, it
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becomes clear that variations in semen concentration
are influenced by factors such as age, semen collection
frequency, season, and ambient air temperature.

In the present study, head- and tail-related abnormalities
in the spermatozoa of Carrier pigeons were evaluated
separately. Head-related abnormalities ranged from
5.16% to 7.83%, whereas tail-related abnormalities
ranged from 7.33% to 10.66%. The total abnormal
sperm rate ranged from 14.16% to 17.00%, with a mean
value of 15.47% + 1.19%. In a previous study on pigeon
semen, the mean percentage of abnormal spermatozoa
was determined to be 15.44% (Ducci et al., 2002).
Comparable rates of abnormal spermatozoa have also
been reported in other avian species, suggesting that
a certain level of morphological abnormalities is a
common feature in bird semen (Penfold, 2001; Gee et
al., 2004).

The findings of this study indicate that the sperm
membrane integrity rate in Carrier pigeons ranged
between 65.50% and 81.00% with a mean value of
73.58% + 5.61%. This rate was measured as 88.71%
+ 5.42% in meat-type pigeons and 90.87% + 6.01%
in fancy pigeons (Klimowicz-Bodys et al., 2012),
indicating relatively high sperm viability across
different pigeon breeds. In a study conducted on blue
rock pigeons, sperm membrane integrity rates were
reported to be comparable to those observed in semen
samples collected during the same seasonal periods in
the present study (Cheng et al., 2002).

In the present study, Ringer’s solution was used as
a semen extender during the evaluation of pigeon
sperm. This choice was based on its physiological
compatibility and its long-standing application in avian
semen analysis (Owen, 1941; Klimowicz et al., 2005).
Although the comparative analysis of extenders was
not within the scope of this study, previous research has
demonstrated that extenders commonly used for other
poultry species, such as turkeys and chickens, result
in a rapid decline in pigeon sperm motility (Blanco et
al., 2000). This decline is likely due to species-specific
differences in the composition of seminal plasma
and sperm membrane physiology. Sontakke (2004)
reported that TALP medium may offer improved sperm
preservation in pigeons; however, further controlled
studies are required to evaluate the effectiveness of
TALP. Although the current findings do not directly
assess extender performance, the consistent motility
and viability observed in semen processed with
Ringer’s solution suggest that it remains a viable option
for short-term analysis in this species.

Although qualitative assessments, such as biochemical
evaluations, were not conducted in this study, these
analyses could provide valuable insights into the
molecular and metabolic factors influencing sperm
quality. The absence of such evaluations represents a
limitation, mainly due to the limited amount of semen
obtained from the pigeons, which restricted the scope
of possible analyses. Future research incorporating

biochemical parameters would strengthen the
understanding of spermatological characteristics in
Carrier pigeons.

Given the limited number of similar studies on Carrier
pigeons and the variability in methodologies, seasons,
and environmental conditions, direct comparisons of
results remain challenging. This difficulty is further
compounded by factors such as the small number of
studies available in the literature, differences in sample
sizes, variation in the timing or season of semen
collection, and discrepancies in the breeds and ages of
pigeons used and the geographical regions where the
studies were conducted (Cheng et al., 2002; Sontakke,
2004; Klimowicz et al., 2005; Wannaratana et al.,
2021). It is important to acknowledge these limitations
to contextualize the findings appropriately and avoid
overgeneralization.

This study provides essential baseline data on the
spermatological characteristics of Carrier pigeons,
offering valuable insights for both applied reproductive
practices and future scientific research. By identifying
key semen quality parameters and examining the
influence of factors such as season and semen extenders,
the findings can contribute to the development of more
effective breeding strategies, artificial insemination
protocols, and genetic conservation efforts. However,
certain limitations, including the small sample size and
the restriction of data collection to the May to October
period, should be considered when interpreting the
results. Despite these constraints, this study makes
a meaningful contribution to the limited body of
literature on pigeon reproduction and highlights
important directions for future research.

Conclusion

In conclusion, this study characterized the
spermatological parameters of Carrier pigeons by
evaluating semen samples collected between May
and October at the Reproduction and Artificial
Insemination Clinic. Semen volume, total motility,
semen concentration, and membrane integrity rates
were systematically measured, and the overall semen
quality was assessed through detailed morphological
evaluations. These findings provide reference values
for the spermatological profile of the Carrier pigeon
breed under controlled conditions. However, to achieve
a more comprehensive understanding of semen quality
and reproductive capacity in this species, further
research is required. Such studies should involve
advanced molecular and biochemical analyses,
including assessments of DNA integrity, mitochondrial
function, and proteomic profiling.

This study provides reference values for key
spermatological parameters of Carrier pigeons based
on semen samples collected between May and October.
Although these findings contribute valuable baseline
data, the results’ generalizability is restricted by the
small sample size and limited sampling period. Future
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studies should include larger sample sizes, year-round
sampling, and advanced molecular and biochemical
analyses such as assessments of DNA integrity,
mitochondrial function, and proteomic profiling to
achieve a more comprehensive understanding of semen
quality and reproductive capacity in this species.
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