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  INTRODUCTION 
 

Intensive poultry production has been identified as one of 
the means of attaining sufficiency in the supply of animal 
protein in the diet of an average Nigerian. This had led to 
importation of commercial birds bred in developed coun-
tries of Europe and America by international breeding 
companies to enfranchised companies locally from whom 
many farmers purchase their chicks (Oluyemi, 1978). With 
changes in the taste and commercialization of the poultry 
industry in Nigeria, there has been mass raising of exotic 

chicken breeds (Orheruata et al. 2004). However, genotype 
× environment interaction, which tends to lower perform-
ance of these birds in a tropical environment calls for the 
need to continuously evaluate the performance of these 
birds with a view to recommending appropriate breed or 
strain to our local farmers (Ojedapo et al. 2006). 

Poor reproductive performance is an important problem 
in poultry and certain types of infertility found in various 
animal populations may be due to genetic causes. This type 
of lowered reproduction becomes increasingly important in 
the male as the use of artificial insemination extends to 

 

A study was carried out to evaluate the secondary sexual characteristics of four strains of cocks, comprising 
of two (2) exotics; Bovan Nera Black (BNB) and Isa Brown (ISB), one (1) improved local strain, Shika 
Brown (SB) and one (1) unimproved local strain, normal feathered cock (NFC). A total of 64 birds (16 for 
each strain) at 36, 38, 40 and 42 weeks were used for the study. The result indicated that shank length, 
comb length, comb width, wattle length and wattle width were all significantly (P<0.001) affected by 
strains, with the exotic strains being superior to the local cocks. Age × strain interactions were also found to 
be significant. Phenotypic correlations between the secondary sexual characters were found to be signifi-
cantly high and positive. The correlation between the secondary sexual characters and semen characteristics 
showed that shank length, wattle length and width, comb length and width had a positive correlation with 
semen volume (r=0.123, 0.335, 0.195 and 0.408 and 0.348 P<0.01), total sperm count (r=0.202, 0.300, 
0.188, 0.403 and 0.320 P<0.05) and normal sperm (r=0.175, 0.143, 0.026, 0.155 and 0.065 P<0.05) respec-
tively. Shank length has a positive correlation with sperm motility (0.010) and dead sperm (0.026), but a 
negative correlation with live spermatozoa. The result of this study shows a considerable similarity among 
the strains of cocks with respect to secondary sexual traits. Therefore, it may be inferred from this study that 
length of shank, comb and wattle are good predictors of semen attributes in male chickens. Selecting cocks 
with larger shank length, comb and wattle size can improve the semen quality and subsequently, results to 
higher fertility. 
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more species. Any information either genetic or physiologi-
cal in nature, which might help correct this problem, should 
be met with prompt attention. 

Phenotypic variability is the observable physical varia-
tion present in a population and includes both genotypic 
and environmental components (Ogah et al. 2011), while 
genetic variability is the component of variation that is due 
to the genetic differences among individuals within a popu-
lation (Pakzadeh et al. 2007). El Sahn (2007b) reported that 
ornamental traits such as comb and wattle length were good 
indicators of semen quality in males. The secondary sexual 
traits, namely comb and wattle measurements, showed posi-
tive phenotypic correlations with most semen physical 
traits. Whereas, the genetic correlations between comb and 
wattle measurements with semen traits were mostly posi-
tive, which can be used as indicators for high semen physi-
cal traits in cocks (Gebriel et al. 2009), which indicates the 
importance of relationship between phenotype traits and 
fertility, and that can be a reliable indicator to facilitate the 
identification and removal of sub fertile males from the 
breeder flock (McGary et al. 2002). 

However, the assessment of semen quality characteristics 
of poultry birds gives an excellent indicator of their repro-
ductive potential and has been reported to be a major de-
terminant of fertility and subsequent hatchability of eggs 
(Peters et al. 2004). This experiment was therefore de-
signed to determine the secondary sexual characters, physi-
cal semen characteristics of cocks and phenotypic correla-
tions between each secondary sexual character and semen 
physical characteristics in order to predict cocks fertility. 

 

  MATERIALS AND METHODS 
Experimental site  
The study was conducted at the Kano university of science 
and technology, teaching and research farm, Wudil, Nige-

ria. This site is situated on latitude 12◦ 58’N, longitude 8◦ 
25’E and altitude 457 m above sea level (Olofin, 2007). The 
range of annual temperature and relative humidity is about 
38-43 ˚C and 40-51% respectively. It has a mean annual 
rainfall range of 850-870 mm from May-October with a 
peak in August.  
 
Experimental stock and management  
A total of sixty four (64) cocks made up of 16 each of in-
digenous cocks (normal feathered), Shika Brown (improved 
local), Bovan Nera Black and Isa Brown strains were used 
for the study. The normal feathered cocks were purchased 
from local households at first week of hatching, the Shika 
Brown were purchased from NAPRI while the Bovan Nera 
Black and Isa Brown strains were purchased from reputable 
hatcheries. The birds were all certified free of diseases and 

quarantined in an isolation unit of the university poultry 
farm for a period of two weeks of adaptation. During this 
period, the cocks were dewormed using piperazine dihy-
drochloride 100%, vaccinated against Newcastle disease 
and preventive doses of anticocidiostat (amprolium) was 
also given. 

At the end of the adaptation period, cocks were logged 
individually in battery cages. They were maintained on 
commercial breeders mash containing 18% crude protein 
and 2800 kcal ME/kg of feed. Feed and water were pro-
vided ad libitum and a standard poultry husbandry practice 
as obtained in the university farm was observed. 

 
Data collection 
Secondary sexual characters determination 
The secondary sexual characters measured individually 
were shank length, comb length, comb width, wattle length 
and wattle width. Comb length and wattle length were 
measured as the maximum horizontal distance between the 
front and the rear of the comb or wattle. Comb width was 
measured as the maximum vertical distance from the higher 
peak of the comb to the base and the wattle width as maxi-
mum vertical distance from the base to the distal end of 
wattle. All these measures were obtained in cm, using calli-
per/tape and recorded individually for cocks at 36, 38, 40 
and 42 weeks of age.  
 
Semen collection 
During semen collection, cocks were pulled out of cage and 
allowed to rest calmly before the semen collection begins. 
Semen collection was performed by abdominal massage 
(Hafez, 1987). Briefly, semen was obtained by gently mas-
saging (stroking) the back with the palm of the hand. The 
abdomen was massaged towards the tail with the other 
hand. Two people were involved in performing the semen 
collection, one holding the cock by the thigh and the other 
massaging and collecting the semen. Semen was collected 
with aid of a sterile test tube and labelled according to gen-
otype and age. Immediately after collection, each ejaculate 
was evaluated for colour, volume, motility, concentration, 
pH, live-dead ratio and sperm morphological abnormalities. 

Semen volume from each of the sire strain was measured 
in mL, using graduated centrifuge tubes. The pH of the se-
men was determined using a pH meter. For semen motility, 
a sample of semen was dropped on a microscope slide un-
der a cover slip foe estimating the fraction of the population 
that was motile (Zemjanis, 1970). Sperm concentrations 
were determined under a microscope with a haemocytom-
eter after dilution to 1:1000 with 2% NaCl (Hafez, 1987). 
The fresh semen sample was diluted and stored in 10% 
buffered formal saline for morphological studies of the 
acrosome, mid-piece, and sperm tail. Routine cytological 
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specimens were obtained from the preserved samples, 
stained with eosin-nigrosin and observed under a phase 
microscope at a magnification of x 1000 to evaluate sperm 
abnormalities (Sekoni et al. 1981), and to estimate live / 
dead and abnormal/normal cell count. The total sperm 
counts (TSC) were determined by multiplying the sperm 
concentration by semen volume (Hafez, 1987). 

 
Statistical analysis  
Data collected were subjected to analysis of variance 
(ANOVA) using the general linear model (GLM) and cor-
relation analysis (Steel and Torrie, 1980). The treatment 
means were tested for significant differences by Duncan’s 
multiple rang test (Duncan, 1955). The model used was: 
 
Yijk= µ + Si + Gj + (GA)ij + eijk 

 
Where: 
Yijk: observation of individual with ith genotype of jth age. 
µ: overall mean. 
Gj: effect due to genotype (i=1,...,4). 
Si: effect due to age.  
(GA)ij: the effect of interaction between ith genotype of jth 
age. 
eijk: experimental error. 

 

  RESULTS AND DISCUSSION 
The results of the secondary sexual characters of cocks as 
affected by strain, age and their interaction are presented in 
Table 1. The results revealed that there were highly signifi-
cant differences (P<0.001) in shank length between the four 
strains of cocks. Though the shank length of Bovan Nera 
Black, Isa Brown and Shika Brown (11.62±0.14 cm, 
11.36±0.15 cm and 11.53±0.26 cm respectively) were simi-
lar, they were longer than the local cock (10.44±0.16 cm). 
The differences in shank length among the strains could be 
due to differences in their body weight, since Missou et al. 
(2003) reported that there were relationship between shank 
length and live weight. Similarly, Yeasmin et al. (1998) and 
Yeasmin et al. (2003) reported that birds with shank length 
of 6 cm or below were considered as dwarf while those 
with shank length above 6 cm were considered as normal 
size. Shank length did not differ significantly among the 
age groups but there existed a significant interaction of age 
and strain effect. A particular attention should therefore be 
paid to age differences while establishing differences in 
shank length among different strains of cocks. 

The two exotics presented similar comb length with the 
Shika brown which was significantly longer (P<0.001) than 
that of the local cocks. The strain effect on comb length 
found in this study is contrary to the report of Galal (2007). 

The significantly longer comb length in the exotic strains 
in the present study is an indication of better fertility, since 
according to the report of Mc Gary et al. (2003), males with 
larger comb tend to have higher fertility. Mc Gary et al. 
(2003) also provided evidence that secondary sexual char-
acters such as comb length and wattle length might be use-
ful to predict fertility and semen quality in broiler cock. 
Age had a significant (P<0.01) effect on comb length. The 
highest value was recorded at the age of 42 weeks 
(12.69±0.44 cm), indicating that comb length increases 
with age. The combined effect of age and strain was also 
significant. Strain differences in comb lengths are therefore 
related to age. 

Highly significant differences (P<0.001) between strains 
were observed for the comb width. The two exotics and the 
Shika Brown were similar but significantly higher than the 
local cocks. The highest comb width was recorded in the 
Bovan Nera Black (7.69±0.17 cm), closely followed by Isa 
Brown (7.63±0.23 cm) and Shika Brown (7.12±0.09 cm) 
while local cocks showed the lowest values (4.77±0.21 cm). 
The increased comb width in exotic strain and Shika Brown 
suggest the existence of better sperm characteristics since 
comb width is associated with semen production (Burrows 
and Titus, 1939).  

Zeller (1971) reported that comb and wattle growth were 
androgen-dependent and McGary et al. (2003) described a 
relationship between the secondary sexual characters and 
fertility in domestic fowls. Within a given strain, male 
roosters with larger combs may therefore likely have higher 
fertility.  

Moreover, Galal (2007) referred that breeding females 
crouch more frequently and subsequently mate more fre-
quently with males possessing- larger comb and wattle, 
suggesting also that they may have higher fertility. These 
research findings establish better fertility potentials of ex-
otic and Shika Brown cocks compared with the locals. Al-
though, comb length did not differ significantly among the 
age groups, the age × strain interaction effect was signifi-
cant. Therefore, the cocks’ age must be taken into account 
when strains are evaluated for differences in comb width. 

From Table 1, it is clear that all the secondary sexual 
characters followed similar pattern. A highly significant 
variation (P<0.001) among the strains with respect to wattle 
length existed, with the exotic strain being superior to the 
local cock. The differences in average values in wattle 
length for Bovan Nera Black, Isa brown, Shika Brown and 
the local cocks (7.03±0.14 cm, 6.91±0.22 cm, 6.46±0.11 
cm and 5.26±0.09 cm respectively), suggest breed differ-
ences.  

More so, Anderson (1994) reported that the degree of de-
velopment of the secondary sexual characters could affect 
the reproductive potentials of an individual cock.  



www.SID.ir

Arc
hive

 of
 S

ID

Relationship of Sexual Characters and Semen Traits  
  
  

 608-603, )3(4) 4201(Animal Science Applied  ofIranian Journal   606 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
However it was evident that there were no statistical dif-

ferences in wattle length of cocks among different age 
groups, but there was significant age strain interaction ef-
fect with the highest wattle length of (7.75±0.09 cm) ob-
tained at the age 38 weeks in Isa Brown cock and the low-
est (5.17±0.29 cm) at 42 weeks in local cock. This may be 
as a result of differences in body weights since Orheruata et 
al. (2004) reported that wattle size is related to body weight 
and body measurements in exotic chickens. 

Regarding wattle width, a highly significant difference 
(P<0.001) was observed among the strains. Although, all 
the exotic strains and the improved local were similar, they 
had higher values compared to the local strains. The aver-
age mean values recorded for wattle width for the four 
strains (Bovan Nera Black, Isa Brown, Shika Brown and 
local cocks) were 6.23 ± 0.15 cm, 6.47 ± 0.15 cm, 6.13 ± 
0.11 cm and 4.87 ± 0.13 cm respectively. These values are 
higher than the values reported by El Sahn (2007a) in Ban-
darah cocks and Gebriel et al. (2009) in Norfa cocks. The 
exotic and the improved local excelled the local due to the 
fact that they represent improved cock flocks and are supe-
rior in body weight (Orheruata et al. 2004) and sperm pro-
duction characteristics (McGary et al. 2003). Age effect did 
not have any significant effect on the wattle width though  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
age and the strain interaction effect was significant; an indi-
cation that the strain differences depend on age. The result 
presented in Table 2 showed that secondary sexual charac-
ters were found to have high and positive correlations 
among themselves. Significantly high positive correlation 
was recorded between the performance traits. Shank length 
had high positive correlations with wattle length (r=0.541, 
P<0.001), wattle width (r=0.486, P<0.001), comb length 
(r=0.543, P<0.001) and comb width (r=0.510, P<0.001). 
Wattle length was positively correlated with width 
(r=0.789, P<0.001), comb length (r=0.847, P<0.001) and 
comb width (r=0.789, P<0.001). Similarly, wattle width 
was positively correlated with comb length (r=0.743, 
P<0.001) and comb width (r=0.732, P<0.001). Also, there 
was a significant positive correlation between comb length 
and comb width (r=0.890, P<0.001).  

The positive and significant correlation between the live 
performance traits implies that improvement in one trait 
would have a positive influence on the others. Wattle and 
comb have therefore been recommended as selection traits 
for quantitative traits in chickens, Abdellatif, (1999). More 
so, Galal (2007) reported that any selection for the impor-
tant economic trait that alters secondary sexual characters 
(comb, wattle and shank sizes) may result in lower fertility 

Table 1 Least squares means (LSM±SE) of secondary sexual characters of cocks 

Main effects Body weight Shank L (cm) Wattle L (cm) Wattle W (cm) Comb L (cm) Comb W(cm) 

Overall mean 2.21±0.45 12.14±2.09 6.41±0.91 5.92±0.84 12.14±2.09 6.80±1.40 

Stain *** *** *** *** *** *** 

BNB 2.40±0.06b 11.62±0.14a 7.03±0.14a 6.23±0.15a 13.82±0.24a 7.69±0.17a 

ISB 2.58±0.04a 11.36±0.15a 6.91±0.22a 6.47±0.15a 13.14±0.36ab 7.63±0.23a 

SB 2.32±0.05b 11.53±0.26a 6.46±0.11a 6.13±0.11a 12.47±0.20b 7.12±0.09a 

NFC 1.55±0.07c 10.44±0.16b 5.26±0.09b 4.87±0.13b 9.12±0.22c 4.77±0.21b 

Age (weeks) NS NS NS NS ** NS 

36 2.19±0.13 11.09±0.22 6.37±0.20 5.84±0.20 12.05±0.54b 6.59±0.34 

38 2.27±0.13 11.25±0.21 6.54±0.27 6.00±0.21 11.87±0.57b 6.74±0.41 

40 2.19±0.10 11.22±0.24 6.33±0.18 5.74±0.21 11.94±0.55b 6.77±0.35 

42 2.18±0.09 11.39±0.21 6.42±0.26 6.11±0.23 12.69±0.44a 7.09±0.32 

Age × strain NS * * * * * 

36 × BNB 2.26±0.11abc 11.75±0.32ab 7.27±0.29a 6.23±0.31abcd 14.67±0.42a 7.60±0.37a 

ISB 2.75±0.11a 11.50±0.32ab 6.55±0.29ab 5.97±0.31abcd 11.75±0.42de 6.85±0.37ab 

SB 2.35±0.11ab 10.75±0.32ab 6.37±0.29ab 6.33±0.31abc 12.83±0.42abcd 7.13±0.37ab 

NFC 1.40±0.11e 10.37±0.32b 5.27±0.29b 4.83±0.31cd 8.95±0.42f 4.55±0.37c 

38 × BNB 2.54±0.11ab 11.50±0.32ab 6.57±0.29ab 6.10±0.31abcd 12.75±0.42abcd 7.30±0.37a 

ISB 2.65±0.11ab 11.87±0.32ab 7.75±0.29ab 7.00±0.31a 14.00±0.42abc 8.25±0.37a 

SB 2.49±0.11ab 11.37±0.32ab 6.55±0.29b 6.07±0.31abcd 12.13±0.42bcde 6.80±0.37ab 

NFC 1.40±0.11e 10.25±0.32b 5.30±0.29a 4.83±0.31cd 8.63±0.42f 4.63±0.37c 

40 × BNB 2.48±0.10ab 11.51±0.30ab 7.11±0.27ab 6.03±0.28abcd 14.15±0.38ab 7.91±0.37a 

ISB 2.45±0.11ab 11.00±0.32ab 6.47±0.29ab 6.33±0.31abc 12.93±0.42abcd 7.50±0.37a 

SB 2.28±0.11abc 12.13±0.32a 6.47±0.29ab 6.05±0.31abcd 11.90±0.42cde 7.17±0.37ab 

NFC 2.16±0.11de 10.25±0.32b 5.27±0.29b 4.63±0.31d 8.73±0.42f 4.63±0.37c 

42 × BNB 2.28±0.13abc 12.00±0.40ab 7.13±0.37a 6.55±0.31abc 13.48±0.52abcd 7.62±0.46a 

ISB 2.44±0.11ab 11.05±0.32ab 6.87±0.29a 6.57±0.31ab 13.90±0.42abcd 7.90±0.37a 

SB 2.17±0.11bcd 11.87±0.32ab 6.43±0.29ab 6.05±0.31abcd 13.05±0.42abcd 7.38±0.37a 

NFC 1.78±0.11cde 10.87±0.32ab 5.17±0.29b 5.20±0.31bcd 10.18±0.42ef 5.27±0.37bc 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
BNB: Bovan Nera black; ISB: Isa Brown; SB: Shika Brown and NFC: normal feathered cock. 
*: (P<0.05); **: (P<0.01) and ***: (P<0.001). 
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and reduced libido as they are considered as means of heat 
dissipation. The correlations between the secondary sexual 
characters and semen characteristics are shown in Table 3. 
It was observed that shank length, wattle length and width, 
comb length and width had positive correlation with semen 
volume (r=0.123, 0.335, 0.195 and 0.408 and 0.348 
P<0.01), total sperm count (r=0.202, 0.300, 0.188, 0.403 
and 0.320 P<0.05) and normal sperm (r=0.175, 0.143, 
0.026, 0.155 and 0.065 P<0.05). Shank length has a posi-
tive correlation with sperm motility (0.010) and dead sperm 
(0.026), but a negative correlation with live sperm. Wattle 
width shows a positive correlation with motility (0.078) and 
live sperm (0.035) but a negative correlation with dead 
sperm. Also, wattle length shows a positive correlation with 
live sperm (r=0.064) and a negatively with dead sperm. 
Comb length and width were positively correlated with live 
sperm (r=0.087 and 0.109) but negatively with motility (r=-
0.118 and -0.171) and dead sperm (r=-0.087 and -0.109). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
sexual characters and semen characteristics in chickens 
have been established by different authors. McGary et al. 
(2003) found that male broiler breeders with larger comb 
within specific strain were likely to have higher fertility as 
a significant positive correlation was found between strains 
and their individual fertility level.  

Chickens with larger combs may reliably indicate roost-
ers with greater semen production (Burrows and Titus, 
1939), higher androgen levels, increased mating activity 
(Ligon et al. 1990) and good semen quality (Gebriel et al. 
2009).  

McGary et al. (2003) also provided evidence that secon-
dary sexual characters namely, comb length and wattle 
length might be useful to predict fertility and semen quality 
in cocks. However, Galal et al. (2002) indicated that genes 
that govern length of shank tends to be linked with genes 
controlling ejaculate volume and sperm concentration but 

independently of those controlling sperm motility, while 
long legs enhanced the releasing of additional heat along 
with main pathways of comb and wattles.  

The results of this study however indicated that improv-
ing these secondary sexual characteristics may have a nega-
tive effect on semen pH and concentration. According to 
Zeller (1971) comb and wattle growth depends on the an-
drogen (male reproductive hormone) levels, which have 
been shown to correlate with a male health status in Red 
Jungle fowl. Generally, it was reported (Dourgham, 1980; 
Hossari, 1980; Andersson, 1994; El sayiad et al. 1994; Ab-
dellatif, 1999) that the degree of development of the secon-
dary sexual characters could affect the reproductive poten-
tials of an individual cock. Therefore, according to Galal 
(2007) any selection for important economic traits such as 
growth, fertility, hatchability and egg production that alters 
secondary sexual characters (comb, wattle and the posi-
tive and significant correlations between some secondary 
 
 
 

Table 2 Phenotypic correlation coefficients between the secondary sexual characters  

Traits 

 
Shank length Wattle length Wattle width Comb length Comb width 

Shank length  - - - - 

Wattle length 0.541***  - - - - 

 
 
 
 
 
 
 
 
 

 
 

 
 

shank sizes) may result in lower fertility and reduced libido. 
 

  CONCLUSION 
The outcome results of the present study showed the simi-
larity of the exotic strains and the local cocks. Although it 
compares favourably with that of the Shika Brown, the lo-
cal cocks may can compete favourably in any genetic im-
provement and breed development programme. When eval-
uating strains of cocks for fertility study, there is a need to 
take cognisance of age, because of the strain age interaction 
effect on some of the fertility traits. It may be inferred from 
this study that length of shank, comb, and wattle are good 
predictors of semen attributes in male chickens. Selecting 
cocks with larger shank length, comb and wattle size can 
improve the semen quality and subsequently, results to 
higher fertility. 

Wattle width 0.486*** 0.789***   - 

Comb length 0.543*** 0.847*** 0.743***  - 

Comb width 0.510*** 0.789*** 0.732*** 0.890*** - 
*** (P<0.001). 

Table 3 Phenotypic correlation coefficients between secondary sexual characters and semen characteristics of four (4) strains of cocks 

Traits Volume pH Motility Conc. MNS MAS TSC Live ratio Dead ratio Colour 

Shank length (cm) 0.123 -0.017 0.010 -0.097 0.175 -0.191 0.202 -0.026 0.026 0.049 

Wattle length (cm) 0.335** -0.121 -0.078 -0.299* 0.143 -0.228 0.300* 0.064 -0.064 0.222 

Wattle width (cm) 0.195 -0.120 0.078 -0.319* 0.126 -0.084 0.188 0.035 -0.035 0.246* 

Comb length (cm) 0.408** -0.150 -0.118 -0.264* 0.155 -0.209 0.403** 0.087 -0.087 0.265* 

Comb width (cm) 0.348** -0.182 -0.171 -0.330 0.065 -0.122 0.320* 0.109 -0.109 0.316** 
Volume: semen volume; pH: semen pH; motility: semen motility; Conc: semen concentration; MNS: morphologically normal sperm; MAS: morphologically abnormal sperm; 
TSC: Total sperm count and Colour: semen colour. 
* (P<0.05) and ** (P<0.01). 
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