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ABSTRACT

The objective of this study was to examine the relationship between sperm morphometry and 
sperm competition in local goats. Forty bucks were used in this study, consisted of 4 breeds namely 
Ettawa Grade Goat (EGG), Kejobong Goat (KJG), Kacang Goat (KCG), and Jawarandu Goat (JWG), 
each breeds consisted of 10 bucks. GLM, REG and DISRCRIM procedures of SAS were used to com-
pute all data observed. UPGMA of MEGA 5 was used to illustrate the genetic distance among breeds. 
The result showed that there were differences in the sperm morphometry among 4 breeds of goats 
(P<0.05). Sperm length positively related to the level of sperm competition in all local goats (P<0.05) 
although the value of coefficient of determinant was low (r2= 0.0043). Within breed analysis showed 
that there was no positive relationship between sperm length and level of sperm competition in EGG 
and JWG goats. Midpiece area positively related to the principal piece (P<0.05). Sperm morphometry 
had a significant positive relation to sperm competition in local goats of Central Java.
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ABSTRAK

Penelitian ini bertujuan untuk mengkaji hubungan antara morfometri spermatozoa dengan 
kompetisi spermatozoa pada kambing lokal. Empat puluh pejantan kambing digunakan dalam pene-
litian ini yang terdiri atas 4 bangsa, yaitu: Peranakan Ettawa (PE), Kejobong (KJ), Kacang (KC) dan 
Jawarandu (JR), masing-masing bangsa terdiri atas 10 ekor. Analisis data dilakukan menggunakan 
SAS melalui prosedur GLM, REG dan DISCRIM. UPGMA dari MEGA 5 digunakan untuk meng-
gambarkan jarak antar bangsa. Hasil penelitian menunjukkan bahwa terdapat perbedaan morfometri 
spermatozoa diantara 4 bangsa kambing (P<0,05). Panjang spermatozoa berhubungan positif dengan 
level kompetisi spermatozoa pada seluruh bangsa kambing (P<0,05) meskipun koefisien determinan 
rendah (r2= 0,0043). Analisis dalam bangsa menunjukkan bahwa tidak terdapat hubungan positif 
antara panjang sperma dengan level kompetisi sperma pada PE dan JR. Luas area midpiece berhubun-
gan positif dengan principle piece (P<0,05). Morfometri spermatozoa berhubungan dengan kompetisi 
spermatozoa pada kambing lokal Jawa Tengah.

Kata kunci: kambing lokal, kompetisi spermatozoa, morfometri spermatozoa

INTRODUCTION

Sperm competition that was identified in 1970, is an 
event where two or more males mate with a female in 
any given receptive period. Sperm from each ejaculate 
compete to fertilize ovum (Parker & Pizzari, 2010). The 
study about sperm competition have been reported 

in mammals (Tourmente et al., 2011), amphibia (frog) 
(Byrne et al., 2003), and red deer (Malo et al., 2005).

Sperm morphometry is defined as a measure of the 
sperm dimensions (head area, midpiece area, principal 
piece length, flagella length and sperm length (µm)). An 
automated sperm morphometry analysis system (ASMA) 
is a method that used for sperm morphometry analysis 
(Marco-Jiménez et al., 2006). The experimental study of 
Hosken & Ward (2001) showed that there was positive 
relation between level of sperm competition and relative 
testis mass. Increasing in testis mass will increase in the 
amount of sperm-producing tissue, so it can be assumed 
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that large testis will produce more sperm in ejaculate 
(Lüpold et al., 2009). Therefore, testis mass was often 
used as measure of the level sperm competition.

There are two component of sperm relating to sperm 
competition is still debated in evolutionary biology. 
Firstly, increasing of midpiece will generate in greater 
energy due to increasing mitochondrial area (Gomendio 
& Roldan, 2008). Secondly, increasing of flagella length 
is expected to increase swimming velocity, therefore 
it can be assumed there will be increasing in motility 
percentage. The both of components were important 
due to the need of velocity to arrive early in the site of 
fertilization within female reproductive tract.

Longer flagella will increase in sperm swimming 
velocity. In other hand, sperm energy is produced by 
mitochondrial within midpiece area. Greater energy is 
needed for sperm velocity. Positive correlation between 
longer flagella and midpiece area may give a good 
impact on sperm longevity. Firman & Simmons (2010) 
stated that size of midpiece is a predictor of swimming 
velocity of Mus musculus domesticus sperm. Different 
results shown by Malo et al. (2006) who found a negative 
relationship between midpiece length and swimming 
velocity in red deer (cervus elaphus).

The evidence of a positive relationship between 
sperm size and testis mass (proxy sperm competition) 
has been supported by several studies on various taxa 
(Tourmente et al., 2011). Inter-specific studies suggest 
that sperm competition was positively relating with 
greater number of sperm. The larger testes produce 
more sperm. Increasing on sperm size increasing in the 
sperm competition, however different results shown by 
Immler & Birkhead (2007) who found inconsistent re-
sults on passerine birds. The results indicated that there 
was positive relationship among midpiece and flagella 
length to sperm competition in Fringillidae, therefore 
a positive relationship between sperm size and sperm 
competition was found in Sylviidae.

Sperm competition is a controversial issue during 
in the last 20 yr and unresolved in mammals. However, 
the results were still doubt. Several studies indicate 
inconsistent results and tend to vary among researchers. 
The study on sperm competition in Indonesian local 
goats is still rarely reported.

The objective of this study was to examine the 
relationship between sperm morphometry and sperm 
competition in local goats of Indonesia. In addition, to 
examine the relationship between midpiece area and 
principal piece length closely relating to the sperm ve-
locity and viability. 

MATERIALS AND METHODS

Materials

Semen of forty bucks (n) were used as materials in 
this study, consisted of 4 breeds, namely Ettawa Grade 
Goat (EGG), Kejobong Goat (KJG), Kacang Goat (KCG), 
and Jawarandu Goat (JWG), in which each breeds 
consisted of 10 buck. Data were taken from sperm 
morphometry, testis mass and body mass. 

Methods

Testis and body mass measurements.   Semen was col-
lected using an artificial vagina (AV). Data of testis mass 
were obtained by measuring testicular volume (liters) 
from live buck. Volume measurements were measured  
by dipping testicles into a measuring cup scale contain-
ing water, then water wasted was assumed as a measure 
testicular volume measured. Testicular volume measure-
ments were based on the archimedes principle, in which 
the volume of the object that placed in water, equal to the 
volume of the water displaced (Sears & Zemansky, 1994). 
Testis mass measurements based on formula m= ρ x v, 
where ρ testis= 1.40 g/cm3 (ICRU Report 44, 1989). Body 
mass data was obtained by weighing the goats body 
weight (kg).

Sperm morhometry measurements.  Semen was collect-
ed by artificial vagina and then dissolved in 0.9% physi-
ological saline (1:6) on the object glass and air dried. The 
object glass were fixed by Bunsen flame and after that 
washed in alcohol absolute (cat. no. 100983 by MERCK) 
for 4 minutes then air dried. Put inside Cloramin 0.5% 
for 2 min. After that the object glass were washed with 
distilled water, then placed in 95% alcohol, then stained 
with Williams solution for 8-10 min. The object glass 
were washed in running water and dried (Arifiantini et 
al., 2006). The sperm were photographed using a Nikon 
phase-contrast microscope with a magnification of 400 
times.

Sperm morphometry measurements were made 
using “ImageJ software” to 80 sperm cells in each 
buck. It was about 3200 sperm cell were observed. 
Micrometer was used to determine the unit of measure-
ment. Flagella length was measured using “Segmented 
Line”. Head area and midpiece measurements were 
using “Threshold” to make adjustments the image. After 
that, the part of sperm tail that are not measured may 
removed (F and G in Figure 1). “Fill holes” was used to 
enhance sperm head shape. “Filters” was used to refine 
the part to be measured. 

Statistical Analysis

General Linear Model (GLM) procedure (SAS, 
2004) was used to analyze multivariate and univariate 
analysis. REG procedure (SAS, 2004) was used  to 
perform multiple regression analysis to investigate the 
relationship between sperm morphometry and relative 
testis mass. UPGMA (Unweighted Pair-Group Method 
with Arithmetic Mean) of MEGA 5 (Tamura et al., 2011) 
was used to perform distance among goat breeds based 
on sperm morphometry. 

RESULTS AND DISCUSSION

Sperm Morphometry

Sperm morphometry data were taken from 3200 
sperm cells with the distribution of 800 cells in each 
breeds of local goats. The result of measurements of 
sperm is presented in Table 1.

WIBOWO ET AL. Media Peternakan
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Sperm morphometry
Breed

EGG KJG JWG KCG

Head area (µm) 37.27 ± 3.72c 34.93 ± 3.56d 41.42 ± 4.27a 37.69 ± 3.91b

Head length (µm)   9.50 ± 0.52c   9.30 ± 0.56d   9.95 ± 0.55a   9.65 ± 0.53b

Head width (µm)   5.07 ± 0.36b   4.85 ± 0.33c   5.36 ± 0.38a   5.05 ± 0.36b

Midpiece area (µm) 16.95 ± 2.23b 16.43 ± 2.55c 17.46 ± 2.72a 16.71 ± 2.44b

Midpiece length (µm) 12.66 ± 0.91b 12.86 ± 1.18a 12.85 ± 1.12a 12.83 ± 1.20a

Midpiece width (µm)   2.07 ± 0.44c   2.00 ± 0.48d   2.34 ± 0.56a   2.12 ± 0.55b

Principal piece length (µm) 37.81 ± 2.26a 37.56 ± 1.78b 37.48 ± 2.05b 37.84 ± 2.05a

Flagella length (µm) 50.47 ± 2.06b 50.42 ± 1.47b 50.33 ± 1.83b 50.67 ± 1.64a

Sperm length (µm) 59.96 ± 2.13b 59.72 ± 1.63c 60.28 ± 1.99a 60.31 ± 1.72a

Note: Means in the same row with different superscript differ significantly (P<0.05). EGG= Ettawa Grade Goat, KJG= Kejobong Goat, JWG= Jawarandu 
Goat, KCG= Kacang Goat.

Table 1. Comparison of goats sperm morphometry

Figure 1. Sperm morphometry of Jawarandu goat, (A) midpiece width, (B) head width, (C) principal piece length, (D) head length, (E) 
midpiece length, (F) midpiece area, (G) head area (phase contrast microscope, stained with Williams solution).

The results showed that there were differences 
in sperm morphometry of 4 local breed goat (P<0.05). 
The differences were found in any part of the sperm. 
Sperm length of KCG and JWG goats were 60.31±1.72; 
60.28±1.99 µm, in which this value was longer than EGG 
and KJG sperm (59.96±2.13; 59.72±1.63 µm). The sperm 
of JWG goats had the widest head size compared to the 
other 3 breeds. Goats sperm morphometry was reported 
that length of sperm head was 7.69 µm, width of sperm 
head was 3.80 µm and width/length ratio was 0.5 µm 
(Gravance et al., 1995). The result of this study showed 
that sperm head size of Central Java Goats is larger than 
before finding. Head width among Central Java goats 
were 4.85–5.36 µm, and head length were 9.30–9.95 µm. 

The sperm of JWG goats has widest midpiece area 
(17.46±2.72 µm), the smellers midpiece was found in 
KJG (16.43±2.55 µm), while longer flagella was obtained 
in KCG goats (50.67±1.64 µm). The flagella length of 
the EGG, KJG and JWG was 50.47±2.06, 50.42±1.47, 
50.33±1.83 µm (P>0.05), respectively. This results were 
consistent with the previous finding which stated that 

sperm length and sperm width of the sheep, pig and 
bull were 8.0–10.0 x 4.0–4.5 µm with head thickness head 
was 0.5–1.5 µm (Garner & Hafez, 2000). The sperm body 
was about twice of the length of the sperm. Length of 
the sperm tails were 35–45 µm. Generally length of the 
sperm was 50–70 µm. The staining technique used may 
affect the sperm head length and principal piece length 
(Arifiantini et al., 2006).

Relationship between Midpiece Area and Principal 
Piece Length

There was a significant positive relation between 
midpiece area and principal piece length at all breeds, 
although correlation was low (r= 0.46; r2= 0.1316; P<0.05; 
n= 40 buck (3200 sperm). Significant relationships within 
breeds, included in EGG (r= 0.30; r2= 0.0909; P<0.05; n= 10 
buck), KJG (r= 0.43; r2= 0.1820; P<0.05; n= 10 buck), KJG 
(r= 0.42; r2= 0.1794; P<0.05; n= 10 buck), JWG (r= 0.33; r2= 
0.1087; P<0.05; n= 10 buck). Relationships between mid-
piece area and flagella length (include principal piece) 
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was also exists in passerine birds (Immler & Birkhead, 
2007). A significant relationship between midpiece area 
and flagella length was used as a possible indicator of 
the metabolic regulation of sperm.

Relationships between two sperm components 
(midpiece area and principal piece length) are important 
due mitochondrial contain of midpiece which resulting 
energy for sperm movement. All sperm components 
(head, midpiece and flagella) in an integrative manner, 
and each component have a functionally important and 
contribute to enhance sperm velocity (Gomendio & 
Roldan, 2008). Longer flagella without larger midpiece 
area may impact on sperm longevity, because longer 
flagella may resulting greater velocity and surely need 
greater energy. Thus, the sperm velocity and longevity 
may depend on it components. 

Relationship between Sperm Morphometry and 
Sperm Competition

There were significant positive relationships 
between testis mass and sperm length at all of local 
goat breeds. Although the result showed a significant, 
however the value of coefficient of determinant was low 
(Table 2).

Figure 2 shows that there were two major groups 
sperm category from 4 local goat breeds based on sperm 
morphometry. The first group consisted of KCG, EGG 
and KJG, and the second group was JWG. This result 
was different from categorize group based on morpho-
metrical measurements showing two groups where the 
first group consisted of KJG, JWG, and EGG and the sec-
ond group was KCG (Kurnianto et al., 2013). This result 

indicated that large or longer body size does not always 
produces the large or longer sperm size.

There were a positive relationships between 
midpiece area and principal piece length of local goats 
sperm at all breeds although the value of coefficient of 
correlation was low. The increasing in sperm swim-
ming velocity was output from length of the flagella 
and supported by greater energy supply. This will be 
beneficial in reaching the site of fertilization and give a 
better sperm penetration to the ovum (Byrne et al., 2003). 
However, an increasing flagella length without followed 
by an increasing midpiece may impact on sperm viabil-
ity due to the sperm midpiece contain of mitochondrial 
producing sperm energy.

Relative mass of testis was believed to be used for 
measure the level of sperm competition in several spe-
cies including mammals (Gage & Frenckleton, 2003). 
There were significant positive relationships between 
sperm length and testis mass (proxy sperm competition) 
(P<0.05), although no significant relationship was found 
in the principal piece flagella length (P>0.05). The regres-
sion analysis showed that coefficient of determinant be-
tween sperm morphometry and sperm competition was 
low (r2). It means that there was a dominance of other 
factors beyond the sperm morphometry in the sperm 
competition (Table 2).  

Although the value of r2 was low, there was an 
evidence of a positive relationship between sperm mor-
phometry and sperm competition. It was consistent with 
the previous finding, in which there was a close relation-
ship between sperm size and sperm competition level 
in 226 species of mammals (Tourmente et al., 2011). In 
contrast, Gage & Freckleton (2003) found no evidence of 

Sperm morphometry Intercept
Slope

r2 CV P 
Body mass Testis mass

Head length (µm) 9.563 -0.0154 0.0017 0.0552 5.97 < 0.0001
Head width (µm) 4.971 -0.0081 0.0012 0.0404 7.72 < 0.0001
Midpiece area (µm) 16.154 -0.1076 0.0031 0.0089 14.85 < 0.0001
Midpiece length (µm) 12.94 0.0027 -0.0007 0.0018 8.69    0.0533
Midpiece width (µm) 2.080 -0.0035 0.0005 0.0046 24.53    0.0006
Principal piece length (µm) 37.541 -0.0011 0.0005 0.0004 5.42    0.5608ns

Flagella length (µm) 50.481 0.0016 -0.0002 0.0001 3.50    0.8954ns

Sperm length (µm) 60.042 -0.0138 0.0015 0.0043 3.15    0.0010

Note: * NS (Non Significant), CV (Coefficient of Variance).

Table 2. Relationships between sperm morphometry and sperm competition in four breeds of local goat

Figure 2. Phylogeny on sperm morphometry

WIBOWO ET AL. Media Peternakan
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relationship between sperm length and sperm competi-
tion level in 83 species of mammals.

Sperm competition is a matter, which still de-
bated among related researchers, especially in mammals 
showing differences results. Exploration about research 
regarding to local goats are still rarely reported in 
Indonesia. Related studies have been reported in mam-
mals (Anderson et al., 2005; Malo et al., 2005; Tourmente 
et al., 2011), snake (Tourmente et al., 2009), amphibia 

(frogs) (Byrne et al., 2003), and sea urchin (Fitzpatrick et 
al., 2010).

Analysis results within breeds showed that there 
were significant positive relationships between sperm 
length and sperm competition level in KJG and KCG 
(P<0.05), however there was no significant relationship 
in EGG and JWG (Table 3). There was no significant 
relationship between principal piece and sperm compe-
tition level in three breeds (EGG, KJG and JWG), how-

Note: NS= non significant, EGG= Ettawa Grade Goat, KJG= Kejobong Goat, JWG= Jawarandu Goat, KCG= Kacang Goat.

Sperm morphometry Intercept
Slope

r2 r P 
Body mass Testis mass

EGG  (n=10)
Head length (µm) 9.128 -0.0097 0.0018 0.026 0.16 < 0.0001
Head width (µm) 4.758 -0.0076 0.0015 0.026 0.16 < 0.0001
Midpiece area (µm) 15.233 -0.0373 0.0077 0.026 0.16 < 0.0001
Midpiece length (µm) 13.267 0.0042 -0.0017 0.013 0.11    0.0053
Midpiece width (µm) 1.436 -0.0044 0.0018 0.061 0.25 < 0.0001
Principal piece length (µm) 38.455 0.0148 -0.0030 0.004 0.06    0.2218ns

Flagella length (µm) 51.723 0.0191 -0.0047 0.013 0.11    0.0065
Sperm length (µm) 60.849 0.0094 -0.0029 0.005 0.07    0.1218ns

KJG  (n=10) 
Head length (µm) 8.466 -0.0241 0.0050 0.189 0.44 < 0.0001
Head width (µm) 4.404 -0.0131 0.0027 0.160 0.40 < 0.0001
Midpiece area (µm) 15.671 -0.0742 0.0102 0.042 0.21 < 0.0001
Midpiece length (µm) 11.309 -0.007 0.0051 0.052 0.23 < 0.0001
Midpiece width (µm) 2.049 -0.0059 0.0005 0.005 0.07    0.1546ns

Principal piece length (µm) 36.69 0.0119 0.0011 0.004 0.06    0.1883ns

Flagella length (µm) 47.997 0.0049 0.0063 0.062 0.25 < 0.0001
Sperm length (µm) 56.263 -0.0193 0.0113 0.129 0.36 < 0.0001

KCG (n=10)
Head length (µm) 9.843 -0.012 0.0005 0.018 0.13    0.0007
Head width (µm) 5.295 -0.0091 0.0000 0.023 0.15 < 0.0001
Midpiece area (µm) 15.422 0.0235 0.0025 0.014 0.12    0.0045
Midpiece length (µm) 12.382 0.0157 0.0001 0.007 0.08    0.0721
Midpiece width (µm) 1.914 0.0024 0.0006 0.009 0.09    0.0298
Principal piece length (µm) 36.597 0.024 0.0023 0.017 0.13    0.0010
Flagella length (µm) 48.979 0.0397 0.0023 0.046 0.21 < 0.0001
Sperm length (µm) 58.821 0.0277 0.0028 0.036 0.19 < 0.0001

JWG (n=10)
Head length (µm) 9.838 -0.0051 0.0008 0.011 0.11    0.0108
Head width (µm) 5.232 -0.0001 0.0003 0.002 0.05    0.4322ns

Midpiece area (µm) 16.75 0.0415 -0.0021 0.022 0.15    0.0001
Midpiece length (µm) 13.318 0.0199 -0.0031 0.043 0.21 < 0.0001
Midpiece width (µm) 2.544 0.0030 -0.0008 0.007 0.09    0.0521
Principal piece length (µm) 37.887 -0.0126 0.0001 0.004 0.06    0.2313ns

Flagella length (µm) 51.207 0.0073 -0.0030 0.008 0.09    0.0474
Sperm length (µm) 61.043 0.0022 -0.0023 0.003 0.06    0.2731ns

Table 3. Relationship between sperm morphometry and sperm competition within breeds

Vol. 36 No. 3 SPERM MORPHOMETRY AND COMPETITION IN LOCAL GOAT
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ever there was a significant positive relationship in KCG 
(P<0.05). The inconsistent result was found in Passerinde 
birds (Immler & Birkhead, 2007).

Sperm size has an important role in sperm competi-
tion, while the sperm length is known related to sperm 
velocity (Tourmente et al., 2011). The high motility was 
described as sperm swimming velocity. A success-
ful of fertilization is a complex event, one of which is 
determined by individual of sperm to keep the fertilize 
ability and arrive in site of fertilization. Longer flagella 
can produce higher velocity and provides a power boost 
to early arrives in oviduct, so it can be predicted that 
longer sperm able to swim faster to reach the site of 
fertilization (Gomendio & Roldan, 2008).

Sperm competition is a complex event that occurs 
in the female reproductive organs. The female repro-
ductive organs may have a stronger impact than sperm 
morphometry in the sperm competition, this assump-
tion may cause value of r2 was low (Minder et al., 2005; 
Immler & Birkhead, 2007). 

CONCLUSION

There are differences in sperm morphometry 
among 4 breeds of local goats. Sperm morphometry has 
a significant positive relation to sperm competition level 
in local goats of Central Java. The next experimental 
study is needed to demonstrate this finding. 
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