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Abstract
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E. Raycheva, 2014. Effect of breeding season on the kinematic parameters and morphology of ram’ sperm 
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 The aim of  this study was the investigation of the breeding season effect on the kinematic and main spermatological 
parameters of the rams from Synthetic Population Bulgarian Milk sheep breed (SPBM), new Bulgarian breed certificated in 
2005.  The experiment was carried out with seven rams. Two consecutive ejaculates from each ram were obtained by artificial 
vagina before and during the breeding campaign (n=28). Overall sperm motility and the individual kinematic parameters of 
motile spermatozoa were assessed by the computer-aided sperm analysis system Sperm Class Analyzer (SCA). The sperm 
morphology was estimated after sperm blue stain and calculated as a percent of abnormal cells among 100 sperm cells from 
several fields on the slide. 

It was found that the ejaculates obtained from SPBM rams during the breeding season had better features of sperm motion 
kinetics. The values of the velocity parameters (P< 0.05), motility (P< 0.05), and percentages of spermatozoa with rapid  
(P< 0.01) and medium (P< 0.001) speed were higher than those from the ejaculates collected before the breeding season. Minor 
and not significant changes in the kinematic parameters of motile spermatozoa in consecutive ejaculates were observed. No 
significant differences were established in morphological status of spermatozoa in nonbreeding and breeding season. It seems 
that the better sperm motility kinematic parameters during the breeding season ensure the higher sperm fertility and success 
on the future insemination.
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Introduction

The studies on sperm motility are of great importance 
for determining the quality of semen and for deepening 
the knowledge of cell biology. These analyzes have been 
performed traditionally by tracing the kinetic motion of the 
head or the tail of spermatozoa. They provide insight into the 
cell biological mechanisms, responsible for the control of the 
movement.

The accuracy and precision of the kinematic measurements 
are limited by a number of technical factors. However these 
parameters are valuable because they reflect the ability of 
sperm to migrate through the female genital tract and to in-
teract with oocyte at fertilization.

Motility and morphology of spermatozoa are accepted 
as markers of fertility for a long time. It has been shown 
that these parameters of semen are strongly associated with 
successful conception in vivo (Davis and Siemers, 1995). 
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Additionally, the authors indicated a high correlation coef-
ficient between the morphology and fertilization capacity of 
the spermatozoa (Zhang et al., 1998; Bohlooli1 et al., 2012). 
Also poor morphology has been associated with deviant ki-
nematic and inefficient penetration of both cervical mucus 
and the zona pellucida (Morales and Overstreet, 1998). Gar-
rett and Clarke, (2003) underlined that the kinematic param-
eters, concentration, tail properties and morphology of the 
spermatozoa had positive correlation with the successful fer-
tilization. 

The variations in the basic semen parameters during 
breeding and non-breeding season is one of the limiting fac-
tors for reproduction in sheep (Karagiannidis et al., 2000; 
Azawi et al., 2012b). There are scientific reports for reduction 
of the quantity and quality of semen production and sperm 
fertility in rams during the non-breeding season (Colas, 
1980;  Makawi et al., 2007; Azawi and Ismaeel, 2012a). Data 
about seasonal changes in main sperm parameters of rams 
from the Synthetic Population Bulgarian Milk sheep breed 
(SPBM) were not found in the available scientific literature. 
It is actually to study the male reproductive properties of this 
widespread and new Bulgarian breed certificated in year 
2005 (Nikolov et al., 2008).

The aim of this work was to study the effect of breeding 
season on the kinematic and main spermatological param-
eters of the rams from SPBM breed.

Materials and Methods

Experimental Design
The experiment was carried out in the animal facility 

of  the Institute of Animal Science - Kostinbrod with seven 
sexually matured, clinically healthy rams from Synthetic 
Population Bulgarian Milk sheep breed. The average live 
weight of rams was 95 kg. They were under uniform nutri-
tional conditions. The water was provided ad libitum.

The ejaculates (n = 28) were collected by using ar-
tificial vagina. The experiment has been done in two 
replications. The samples were divided in 4 groups ac-
cording to the period of collection of sperm and the se-
quence number of the ejaculate as follows: 1stgroup- the 
first ejaculates, obtained from rams 1 month before the 
breeding campaign (n1=7), 2nd- the second ejaculates ob-
tained from rams 1 month before the breeding campaign 
(n2=7), 3th- the first ejaculates, obtained from rams dur-
ing the breeding campaign (n3=7), 4th- the second ejacu-
lates obtained from rams, during the breeding campaign 
(n4=7). The ejaculates were initially diluted (1:3, vol/vol) 
in 6A ram semen extender and shipped to the laboratory 
of IBIR-BAS within 1 hour. 

Sperm Analysis
The assessment of semen quality parameters and various 

kinematic parameters of motile spermatozoa were carried 
out by  Sperm Class Analyzer (SCA, Microptic, Spain). Af-
ter delivering to the laboratory, the ejaculates were diluted 
additionally with 6A extender to reach appropriate concen-
tration for performing the analysis. The extended semen was 
loaded into a Leja 20 chambers (Leja Products B.V., Nieuw-
Vennep, The Netherlands) and examined using a microscope 
with warmed stage (Nikon, Tokyo, Japan). The analyses of 
sperm motility patterns were performed with SCA operat-
ing system. In addition to the overall percentage of motile 
spermatozoa, the software of SCA also measured the con-
centration, velocity of movement, the width of the sperm 
head’s trajectory, the frequency of the change in direction of 
the sperm head and the kinematic values for each analyzed 
spermatozoon.

The following velocity values were recorded:
- the curvilinear velocity (VCL, mm/s - the average path 

velocity of the sperm head along its actual trajectory);
- the straight-line velocity (VSL, mm/s - the average path 

velocity of the sperm head along a straight line from its first 
to its last position);

- the average path velocity (VAP, mm/s - the average ve-
locity of the sperm head along its average trajectory);

- the percentage of linearity (LIN, % - the ratio between 
VSL and VCL);

- the percentage of straightness (STR, % - the ratio be-
tween VSL and VAP).

The width of the sperm head’s trajectory was recorded 
as the mean amplitude of lateral head displacement (ALH, 
mm) reflected the average value of the extreme side-to-side 
movement of the sperm head in each beat cycle. Finally, the 
frequency of the change in direction of the sperm head was 
recorded by means of the beat cross frequency (BCF, Hz), 
and the wobble (WOB, %), which reflects the measure of os-
cillation of the actual path about the average path. 

For analyzing of sperm morphology were prepared sever-
al smears from each ejaculate. The smears were air-dried and 
stained with Sperm Blue (Microptic, Barcelona, Spain), ac-
cording to the description of the manufacturer, and observed 
using the light microscope. The presence of abnormal cells 
out of at least 100 sperm cells from several fields on the slide 
was counted and their total percentage calculated.

Statistical Analysis
The data were calculated by statistical program SPSS 13.0 

for Windows. The significance of the differences between the 
groups was evaluated by t-criterion of Student. Findings are 
considered statistically significant if P<0.05.
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Results

Determination of movement characteristics is important for 
a prediction of sperm fertilization capacity. The kinematic pa-
rameters of the SPBM ram spermatozoa from two consecutive 
ejaculates before and during the breeding campaign are present-
ed in Тable 1 (mean ± SE).

The main velocity parameters of spermatozoa have higher 
value in ejaculates (Ist and IInd), obtained during the breeding 
season. Especially, for the second ejaculates was established the 
statistically significant difference in all kinematic parameters in 
comparison with the non-breeding season (P< 0.01; P< 0.05; P< 
0.01; P< 0.01; P< 0.05; P< 0.05; P< 0.05; P< 0.05). This data indi-
cates a high sperm motility. It has to be noticed that the values of 
VCL are much higher than those of VAP and correspond to lower 
LIN percentage. These results show a high degree of lateral devi-
ation of the spermatozoa head from the direction of movement.

Significant differences in sperm parameters between first 
and second ejaculates in both seasons were not established. 
However, the spermatozoa in the second ejaculate during breed-
ing campaign show a tendency to be more active than sperma-
tozoa in the first ejaculates (Table 1). The higher means of VCL, 
ALH, and BCF in second ejaculates show about higher ener-
getic value of sperms. 

In the present study we found higher levels of total motili-
ty in the ejaculates obtained during the breeding season (Fig-

ure 1). The difference between first ejaculates in the seasons 
is significant (P< 0.05). Also the effect of breeding season on 
the sperm concentration was observed. The both groups of 
ejaculates (Ist and IInd) from the breeding season have higher 
(P< 0.01) concentration of spermatozoa. 

The analysis with SCA is characterized by high sensitiv-
ity to the motility of the sperm cells and effectively distin-
guishes between the velocity of their motion, dividing them 
into fast, medium, slow-moving and static (Table 2). In accor-
dance with our results, during the breeding season increas-

Тable 1
Velocity parameters of ram spermatozoa from SPBM breed in nonbreeding and breeding seasons

Samples Non-breeding season Breeding season
Paramet. Istejacul. (n1=7) IIndejacul. (n2=7) Istejacul. (n3=7) IInd ejacul. (n4=7)
VAP, µm/s 39.59 ± 3.95 b 46.90 ± 5.09 b1 58.1 ± 3.46 b 66.08 ± 0.98 b1
VSL, µm/s 25.43 ± 2.03 26.5 ± 3.29 a 30.68 ± 1.61 34.14 ± 0.42 a
VCL, µm/s 65.16 ± 8.25 b2 64.04 ± 11.60 b3 106.22 ± 9.06 b2 122.54 ± 2.94 b3
ALH, µm 3.1 ± 0.37 a1 3.2 ± 0.34 b4 4.38 ± 0.38 a1 4.8 ± 0.19 b4
BCF, Hz 6.06 ± 0.37 6.04 ± 0.20 6.20 ± 0.09 a2 6.54 ± 0.08 a2
STR, % 65.93 ± 4.44 a3 64.26 ± 4.22 a4 52.92 ± 1.02 a3 51.68 ± 0.35 a4
LIN, % 45.16 ± 6.32 42.90 ± 5.26 29.32 ± 1.44 a5 27.92 ± 0.45 a5
WOB, % 66.59 ± 4.15 65.66 ± 3.45 55.24 ± 1.70 a6 54.0 ± 0.55 a6

Significance: a1…n= P<0.05, b1…n= P<0.01;
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Fig. 1. Dynamic of concentration and motility parameters 
of spermatozoa in non-breeding and breeding seasons

Table 2
Distribution of the ram spermatozoa from SPBM breed by motility speed in nonbreeding and breeding seasons

Samples Non-breeding season  Breeding season
Parameters Istejacul. (n1=7) IIndejacul. (n2=7) Istejacul. (n3=7) IInd ejacul. (n4=7)
Rapid, % 30.54 ±10.00 b 42.62 ± 11.60 b1 77.88 ± 6.23 a1, b 94.0 ± 1.15 a1,b1
Medium,% 27.49 ±3.38 31.70 ± 3.90 c 17.24 ± 4.52 a2 5.1 ± 0.95 a2, c
Slow, % 37.07 ±7.47 b2 23.48 ± 8.34 a3 4.72 ± 1.71 b2 0.8 ±0.26 a3
Static, % 4.9 ±1.96 2.20 ±1.44 0.16 ± 0.05 0.1 ± 0

Significance: a1…n = P< 0.05, b1…n = P< 0.01, c =P< 0.001
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es the percentage of the fast motile sperms in both groups 
ejaculates (P< 0.01) and decreases the percentage of medium 
and slow moving spermatozoa (P < 0.05; P < 0.01) while  the 
static spermatozoa are approaching the zero value.

The values of the sperms with normal morphology and 
those with defects in the head, the midpiece, the tail or with 
cytoplasmic droplets are presented in Table 3. There were no 
significant differences between samples in non- and breed-
ing seasons. It was observed a tendency (P > 0.05) to lightly 
increase of the spermatozoa with the tail and head defects in 
the second ejaculates in both seasons that lead to the decrease 
of the total percent of normal spermatozoa.

Morphological status of the ram sperms from the SPBM  
breed are visually presented on Figure 2.

Discussion

Motility is considered as one of the most important 
features for assessment of fertilizing ability of the sperms 
A close relationship between fertilizing capacity and the 
kinematic parameters, describing the path of the gametes, has 
been established by Farrell et al. (1998). The measurement 
of sperm velocity is accepted as an indirect indicator of 
mitochondrial function in spermatozoa (Peris et al., 2004). 
The lower level of the sperm total motility in the ejaculates 

before the breeding season should be explained by changes in 
mitochondrial structure of the still immature spermatozoa. 
This suggestion is confirmed by the results of Piomboni et al. 
(2012) in human sperm. Also the lower values of VCL in these 
ejaculates have an impact on the sperm’s overall curvilinear 
motion. This determines the decreasing of the motility, as it 
is confirmed by our results. 

It is known that the quality of the ejaculate depend on the 
sequence of obtaining. Some authors have observed higher 
motility in the second ejaculates compared to the first one 
(Kistanova et al., 2007). The same trend toward increasing 
sperm motility from first to second ejaculate was found in 
this study during the non-breeding, but not in breeding sea-
son. Yotov et al. (2011) reported that sperm volume and con-
centration in semen samples decreased gradually with in-
crease of ejaculation frequency, but the survival rate of sperm 
was the highest in the second ejaculate. Our results show the 
effect of breeding season on the sperm concentration but not 
on the sequence of the ejaculates obtaining.

High rates of rapid and morphologically normal spermato-
zoa correspond with high BCF value in the second ejaculates 
obtained in breeding season without a dramatic change in 
ALH. These parameters determine faster and more frequent 
movements of the tail, and thus ensure the ability of these 
cells to travel far to reach the oocyte (Murray, 2007). 

Table 3
Morphological characteristics of spermatozoa from rams of SPBM breed in nonbreeding and breeding seasons

Samples Non-breeding season  Breeding season 
Parameters Istejacul. (n1=7) IIndejacul. (n2=7) Istejacul. (n3=7) IInd ejacul. (n4=7)
Normal, % 90.00 ± 2.31 71.80 ± 14.17 90.80 ± 2.93 88.60 ± 2.14
Head, % 2.29 ± 0.56 3.20 ± 1.37 1.60 ± 0.46 1.4 ± 0.22
Midpiece, % 0.43 ± 0.19 1.40 ± 1.04 0.80 ± 0.52 0.60 ± 0.36
Tail, % 7.14 ± 2.00 7.20 ± 1.37 6.60 ± 3.13 8.60 ± 1.93
Citoplasmic droplets, % 0.29 ± 0.17 0.20 ± 0.18 0.20 ± 0.18 0.80 ± 0.52

Significance: all differences are non-significant

A  B  C  D  E  

Fig. 2. Spermatozoa with various morphology: A – normal morphology; B – abnormal head shape;  
C – defects in the midpiece and tail; D – defect in the tail; E – cytoplasmic droplet
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Evaluation of spermatozoa morphology is one of the 
methods for estimating semen quality. Positive correlation 
was found between the fertilization rate and the percentage 
of spermatozoa with normal morphology in humans. Sperm 
midpiece and tail abnormalities also can be indicators of 
possible infertility (El-Ghobashy and West, 2003). Our re-
sults are correspondnt with the data of D’alessandro et 
al. (2001), who found the decreased number of abnormal 
sperms in semen collected during the breeding campaign in 
other sheep breeds. It is described that small defects such 
as abnormal shape of the head, bending in the midpiece, 
curved or broken tails, presence of cytoplasmic droplets 
are caused by environmental factors and higher percent of 
defects in semen are received outside the breeding season 
(Ahangari and Hamedani, 2010), which coincides with our 
results. In the ejaculates obtained before breeding campaign, 
the lightly higher percentage of spermatozoa with abnormal 
morphologie were accompanied with decline of sperm 
motility. Hamidi et al. (2012) reported that the semen vol-
ume, sperm motility, percent of live sperm, the percentage 
of abnormal sperm and sperm concentration determined in 
breeding and non breeding seasons had significant differ-
ences. We declare the same findings for the sperm of rams 
from SPBM breed.

Based on the literature summaries and the obtained 
results, it should be underlined that the ejaculates obtained 
during the breeding season from rams of SPBM breed have 
better reproductive performance compared to those collected 
in nonbreeding season. The changes in the studied parameters 
mainly refer to the seasonality, but not to the sequence of 
ejaculates obtaining.

Conclusion

In the present work for first time have been studied the 
dynamic of the kinematic and main spermatological param-
eters of the rams from Synthetic Population Bulgarian Milk 
sheep breed in dependence on ejaculate sequence as well 
as on seasonality of breeding. The results of the performed 
analyses have great importance because they allow to define 
the ranges for these parameters in the target breed.

It was found that the ejaculates obtained from SPBM 
rams during the breeding season had better features of sperm 
motion kinetics. The values of the velocity parameters (P< 
0.05), motility (P< 0.05), and percentages of spermatozoa 
with rapid (P< 0.01) and medium (P< 0.001) speed were 
higher than those from the ejaculates collected before the 
breeding season Minor and not significant changes in the 
kinematic parameters of motile spermatozoa in consecu-
tive ejaculates were observed. No significant difference was 

established in morphological status of spermatozoa in non-
breeding and breeding season. It seems that the better sperm 
motility kinematic parameters during the breeding season 
ensure the higher sperm fertility and success on the future 
insemination.
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