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Ducks occur in all continents of the world except 
Antarctica (24). Duck populations have been depleted 
due to habitat loss and pollution (17). Presently duck 
conservation is a priority for governments and private 
agencies. Although ducks are known worldwide, their 
economic importance and contribution to food security 
varies between countries. It has been reported that 
meats and eggs of duck have a high nutritional value, as 
they contain an optimal composition of essential amino 
acids and a high percentage of polyunsaturated fatty 
acids with a favorable ratio of omega-6 to omega-3 
fatty acids (8). Despite the superior quality of duck 
eggs and meat, interest in duck production in Nigeria is 
negligible. Most probably, the reduced interest in duck 
production forced researchers to shift their attention 
to studies involving other avian species. To stimulate 
interest in duck production, extensive knowledge of 
the duck’s reproductive potential is required. It is 
therefore essential to search for baseline information 
on the anatomy and physiology of the reproductive 

organs of ducks. In temperate regions, the duck has 
been described as a seasonal breeder, breeding only 
during the spring (8). In evaluating the spermatogenic 
efficiency of males reared under varying environmental 
conditions, it is essential to determine their sperm pro-
duction potential (19). The environment, encompassing 
climatic, nutritional, and biotic factors, plays a major 
role in synchronizing reproductive rhythms (27).

Quantitative histology has been used in determining 
daily sperm production in boars (10), rabbits (3), rats 
(13), goats (6), and domestic fowl (19). Information 
on possible seasonal variation in the breeding poten-
tial of ducks in the tropical environment is lacking. 
The present study is aimed at investigating the effects 
of different seasons on the reproductive potential of 
drakes with the use of both descriptive and quan-
titative histology in the Nigerian tropical environ-
ment. Information from such a study may be helpful 
in the proper and profitable management of duck  
production.
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Summary

Seasonal effects on the structural features of drake testes and daily spermatozoa production were investigated 
by a light microscopy technique, as well as morphometric and quantitative histological procedures. The present 
study is aimed at understanding the effects of different seasons on the reproductive potential of drakes. The 
results showed that the volume of the testes occupied by seminiferous tubules was similar (P > 0.05) in all the 
seasons studied. However, the relative percentage of the primary spermatocytes, spermatids, spermatozoa, 
epithelial height, lumen diameter, and Leydig cells were significantly higher (p < 0.05) during the early and late 
rainy seasons compared to the early and late dry seasons. The daily sperm production per testis in the early 
rainy season, late rainy season, early dry season, and late dry season were 0.86 × 109 ± 1.30, 0.84 × 109 ± 1.20,  
0.54 × 109 ± 1.13 and 0.52 × 109 ± 1.17, respectively. The daily sperm productions per testis and per gram of 
testes were significantly higher (p < 0.05) during the early rainy season compared to the early and late dry 
seasons, respectively. All the micrographs examined, showed evidence of normal spermatogenesis throughout 
the year. The findings in the present study indicate that drakes in the tropical environment (south-eastern 
Nigeria) are capable of breeding throughout the year; however, sperm production efficiency is optimal during 
the early rainy season.
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Material and methods
Animals. Twenty adult (four-month-old) male ducks 

were used for this study. The study was carried out in 
Nsukka, south-eastern Nigeria. Nsukka is located on lati-
tude 6.85783N and longitude 7.39577 E. The period of the 
study covered the two main seasons of the year, the rainy 
season (April to September) and the dry season (October 
to March). The study period was subdivided into the early 
rainy season (April, May and June), the late rainy season 
(July, August, September), the early dry season (October, 
November, December) and the late dry season (January, 
February, March). The ducks were reared freely in the poul-
try house of a veterinary teaching farm, Faculty of Veteri-
nary Medicine, University of Nigeria, Nsukka. They were 
fed a standard broiler ration and given water ad-libitum. At 
the onset of the study, the birds were individually weighed 
with a Metler balance. Each duck was then killed with an 
overdose of chloroform anaesthesia (Sigma, USA). Immedi-
ately after slaughter, both testes were dissected out, trimmed 
of adhering tissues, and weighed. The length, width, and 
thickness of the testes were measured with a Vernier cali-
per. The volume of each testis was determined by the water 
displacement (flotation) method (21).

Histological procedures. Small pieces of testis samples 
were taken from the right and left testes of each duck and 
fixed in Bouin’s fluid for 24 hours, then dehydrated in 
ascending concentrations of ethanol, cleared in xylene, and 
embedded in paraffin. The samples were cut with a rotatory 
microtome into 6 µm thick sections, which were stained with 
haematoxylin and eosin (H&E). The sections were exam-
ined with a Leica light microscope, and findings were cap-
tured with a digital opticam camera attached to a computer.

Tubular measurements and histological evaluation. The 
tubular diameter, luminal diameter, and heights of the semi-
niferous epithelium of the seminiferous tubules, as well as 
the diameter of round spermatid nuclei were measured with 
a standardized ocular micrometer. The tubular and luminal 
diameters of the tubules were measured randomly by choos-
ing 30 round or nearly round tubular profiles per animal, 
irrespective of the cycle of the seminiferous epithelium. The 
height of the seminiferous epithelium was obtained using 
the same tubules that were used to determine the tubular 
diameter (22).

Determination of volume densities of testes components. 
The volume percentages of the testes components such as 
the capsule, seminiferous tubule, blood vessel, lymphatic 
vessel, spermatogonia, primary spermatocyte, secondary 
spermatocytes, spermatids, spermatozoa, Sertoli cells, and 
Leydig cells were determined as described by Leal et al., 
using a 25-point ocular graticule (16). All structures under 
each cross section (hit) were recorded.

The length of the seminiferous tubules was determined 
by the formula
	 Testis vol. × vol. density  
	 of the seminiferous tubule

Tubular length per testis = 			               ,
	 πr2

where r = radius of the seminiferous tubule (26).

Determination of daily sperm production (DSP)
Daily sperm production (DSP) per testis was determined 

by the quantitative histology (histometric) method (21).
Corrected testis volume  

× Volume% round spermatid nuclei  
in the testisDSP per testis = Average volume per round spermatid  

nucleus × Life-span of round  
spermatids in days

Corrected testes volume (CTV) is determined by the 
formula

Gross testes weight  
– Tunica albuginea weightCTV = 				    × Shrinkage

		      Testes density

The volume of round spermatids was obtained by the 
method of Swierstra, whereas tissue shrinkage was deter-
mined using Abercrombie’s correction factor (1, 23).

The efficiency of sperm production was determined by 
dividing the daily sperm production by the testis paren-
chyma weight.

Statistical analysis. Data were subjected to one-way 
analyses of variance (ANOVA). Differences among groups 
were determined by Tukey’s multiple comparison tests. 
Differences among means were considered statistically 
significant at P < 0.05.

Results and discussion
The mean body weights of the drakes were not 

significantly different during the periods studied. The 
gross dimensions of the testes are shown in Tab. 1. 
There were no significant (p > 0.05) seasonal varia-
tions in the paired tunica albuginea weights, length, 
width and density of the testes. However, the paired 
testes weight, parenchymal weights, and testes volume 
were significantly higher (p < 0.05) during the early 
and late rainy seasons compared to the early and late 
dry seasons, respectively. Although the absolute val-
ues of these parameters were higher during the early 
rainy season, statistically significant differences were 
not observed between the early and late rainy seasons. 
Similarly, significant differences were not found be-
tween the values for the early dry season and those for 
the late dry season. The volume densities of the com-
ponents of the testes are shown in Tab. 2. The volume 
of the testes occupied by seminiferous tubules was 
similar (P > 0.05) in all the seasons studied. Similarly, 
the volume densities of blood vessels, lymphatics, 
spermatogonia, and Sertoli cells were not significantly 
(p > 0.05) different across the seasons. However, the 
relative percentage of primary spermatocytes, sperma-
tids, spermatozoa, epithelia height, lumen diameter, 
and Leydig cells were significantly higher (p < 0.05) 
during the early and late rainy seasons compared to the 
early and late dry seasons, respectively. The volume 
densities of these components of the testes were similar 
(p > 0.05) during the two rainy seasons. Similarities of 
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these values were also observed during the early and 
late dry seasons. The dimensions of the components of 
the seminiferous tubules and daily sperm production 
are presented in Tab. 3. The height of the seminifer-
ous epithelium, as well as the diameter and length 
of the seminiferous tubules, was significantly higher 
(p < 0.05) during the early and late rainy seasons com-
pared to the early and late dry seasons, respectively. 
Similarly, the daily sperm production per testis and 
daily sperm production per gram of testes were signifi-

cantly higher during the early rainy season compared 
to the early and late dry seasons, respectively. There 
was no significant difference in daily sperm production 
during the early and late dry seasons.

Histologically, the seminiferous tubules were loosely 
surrounded by a compact layer of myofibroblasts and 
connective tissue. Adjacent to this layer was a loose 
connective tissue, the interstitium, which contained 
Leydig cells arranged singly or in a  few scattered 
clusters of 2 to 3 cells per cluster (Fig. 1). Blood 

Tab. 1. Biometric data for the testes of adult drakes collected during different annual seasons (Mean ± SEM)

Dimensions Early rainy season  
(April-June)

Late rainy season  
(July-September)

Early dry season  
(October-December)

Late dry season  
(January-March)

Body weight (kg)   1.72 ± 1.24a   1.74 ± 0.74a 1.69 ± 0.44b 1.73 ± 0.52b

Paired testes weight (g) 10.10 ± 0.34a 10.05 ± 0.17a 7.32 ± 0.19b 7.25 ± 0.25b

Paired tunica albuginea weight (g)   0.80 ± 0.41a   0.76 ± 1.00a 0.85 ± 0.37a 0.82 ± 0.16a

Paired parenchyma weight (g)   9.30 ± 0.41a   9.29 ± 0.23a 6.37 ± 0.12b 6.43 ± 0.67b

Gonado-somatic index (%)   0.58 ± 3.12a   0.57 ± 2.12a 0.43 ± 0.73b 0.41 ± 0.16b

Testes length (cm)   1.92 ± 0.12a   1.87 ± 0.73a 1.84 ± 0.47a 1.86 ± 0.10a

Testes width (cm)   0.98 ± 0.31a   0.94 ± 0.08a 0.95 ± 0.32a 0.93 ± 0.77a

Paired testes volume (cm3) 10.05 ± 0.42a   9.68 ± 0.21a 7.03 ± 0.19b 7.00 ± 0.78b

Density of testes g/cm3   1.00 ± 0.23a   1.03 ± 0.06a 0.95 ± 0.13a 0.92 ± 0.45a

Explanation: a, b – different superscripts (a, b) within a row indicate statistically significant differences at p ≤ 0.05.

Tab. 2. Morphometric data for testes showing volume densities (%) of testes components in adult drakes collected during 
different annual seasons

Components of testes Early rainy season  
(April-June)

Late rainy season  
(July-September)

Early dry season  
(October-December)

Late dry season  
(January-March)

Capsule   4.30 ± 0.11a   4.45 ± 0.20a   4.35 ± 0.33a   4.67 ± 0.67a

Seminiferous tubules 87.31 ± 0.16a 86.00 ± 0.27a 85.92 ± 0.97a 85.00 ± 0.34a

Blood vessels   1.30 ± 0.24a   1.19 ± 0.14a   1.22 ± 0.63a   1.14 ± 0.75a

Lymphatics   0.50 ± 0.13   0.62 ± 0.09   0.32 ± 0.23   0.43 ± 0.29

Spermatogonia   8.73 ± 0.77a   8.94 ± 0.74a   8.30 ± 0.45a   8.75 ± 0.81a

Primary spermatocytes 20.67 ± 1.22a 21.23 ± 0.89a 13.12 ± 0.61b 12.90 ± 0.66b

Spermatids 22.34 ± 1.34a 21.89 ± 0.87a 10.05 ± 0.91b   9.80 ± 0.27b

Spermatozoa 10.32 ± 0.74a 11.51 ± 0.92a   6.20 ± 0.27b   6.00 ± 0.73b

Sertoli cells   4.38 ± 1.44a   4.27 ± 2.10a   4.21 ± 0.84a   4.23 ± 0.42a

Lumen 13.26 ± 0.67a 12.74 ± 0.77a   8.76 ± 0.05b   8.84 ± 0.45b

Leydig cells   1.32 ± 0.56a   1.25 ± 0.42a   0.85 ± 0.21b   0.91 ± 0.34b

Explanation: a, b – as in Tab. 1.

Tab. 3. Morphometric data for the seminiferous tubules and daily sperm production in the testes of adult drakes collected 
during different annual seasons (Mean ± SEM)

Seminiferous tubule components Early rainy season  
(April-June)

Late rainy season  
(July-September)

Early dry season  
(October-December)

Late dry season  
(January-March)

Epithelium height (µm) 100 ± 2.90a 98.50 ± 0.16a 72.91 ± 0.43b 71.23 ± 0.13b

Tubule diameter (µm) 230 ± 1.87a 229 ± 3.80a 165.82 ± 1.83b 162.46 ± 1.03b

Lumen diameter (µm) 34.01 ± 0.97a 32.45 ± 0.86a 20.31 ± 0.19b 20.03 ± 0.25b

Tubule length (m) 142.05 ± 2.73a 139.80 ± 3.56a 101.09 ± 1.11b 100.91 ± 1.73b

Daily sperm production/testis (109) 0.86 ± 1.30a 0.84 ± 1.20a 0.54 ± 1.13b 0.52 ± 1.17b

Daily sperm production/g of testis (106) 85.57 ± 0.11a 84.84 ± 0.21a 73.97 ± 0.67b 71.72 ± 0.27b

Explanation: a, b – as in Tab. 1.
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vessels and lymphatics were sparsely distributed in 
the interstitium (Fig. 2). The stratified seminiferous 
epithelium consisted of 5 to 6 cell layers. These cell 
layers were composed of germ cells, such as spermato-
gonia, primary and secondary spermatocytes, round 
spermatids, elongated spermatids, mature spermatozoa, 
and Sertoli cells (Figs. 1, 2 and 3). The seminiferous 
epithelium was in different stages of the seminiferous 
epithelial cycle. Two types of cellular associations 
were often observed in one seminiferous tubule sec-
tion. Cytoplasmic processes of Sertoli cells divided the 
seminiferous epithelium into two compartments, the 
basal and luminal compartments (Fig. 3). The basal 
compartment housed the spermatogonia, most of the 
primary spermatocytes and the nuclei of Sertoli cells, 

while the luminal compartment contained the more 
advanced spermatocytes, secondary spermatocytes, 
round and elongated spermatids, and mature sperma-
tozoa. Numerous residual bodies were observed in the 
seminiferous tubule lumen.

In the present study, the gonadosomatic indices 
recorded during the rainy seasons were significantly 
higher than those of the dry seasons. It is most probable 
that drakes posses superior spermatogenic efficiency 
during the rainy season, especially in the early rainy 
season. In comparison with those of other avian spe-
cies, the gonadosomatic indices of drakes appear to be 
low. A gonadosomatic index of 1.1% was reported in 
chicken (18), 3.68% in Japanese quail (15), and 1.58% 
in red billed quelea (7). The low gonadosomatic index 
suggests that drakes have a comparatively small poten-
tial for sperm production. This proposition is based on 
earlier reports that a positive correlation exists between 
testicular weight and sperm production (7, 16).

The dimensions of drake testes (length and width) 
were similar across the different annual seasons stud-
ied. These dimensions were similar to those of guinea 
fowl testes (2) but different from the values reported 
earlier for domestic chicken (5, 14, 18). The differences 
most probably resulted from possible size differences 
and genotypic traits.

The dimensions and volume densities of seminifer-
ous tubule tissues were higher during the rainy season 
compared to the dry season values. These values were 
highest during the early rainy season, and lowest during 
the late dry season. These findings suggest that drakes 
possess the highest potential for sperm production 
during the early rainy season and the lowest potential 
during the late dry season. The proposition is based on 
earlier reports that the relative mass of seminiferous 
tubule tissues determines the quantum of space devoted 
to sperm production, and thus there is a positive cor-
relation between the proportion of seminiferous tubular 

Fig. 1. A testis of an adult drake during the early dry season, 
showing a  cluster of Leydig’s cells (white arrow) in the 
interstitium (I), myofibroblasts (black arrows), and active 
seminiferous epithelium H&E stain, × 400

Fig. 2. A testis of an adult drake during the late rainy season 
showing blood vessels (asterisks) and a lymphatic (arrow) in 
the interstitium. H&E stain, × 400

Fig. 3. The profile of a seminiferous tubule of an adult drake 
during the early rainy season showing spermatogonia (black 
arrow), spermatocytes (white arrow), round spermatids 
(curved arrow), elongated spermatids (arrow head), and 
the tubular lumen (L). Note the Sertoli cell nuclei (1), lying 
close to the basal lamina. A layer of myoid cells (segmented 
arrow) is located in a loose connective tissue surrounding the 
seminiferous tubule. H&E stain, × 400
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tissues and sperm production (11, 12). This proposi-
tion is further supported by the findings in the present 
study that the daily sperm production was highest in 
the early rainy season and lowest in the late dry season. 
The increase in the parameters of the seminiferous 
tubule tissues and daily sperm production probably 
resulted from enhanced testosterone secretion and 
Sertoli cell efficiency due to increases observed in the 
relative volume densities of Leydig cells and lumen 
diameter, respectively. Testosterone plays a vital role 
in the maintenance of spermatogenesis by enhancing 
cell division and minimizing apoptosis. Similarly, the 
size of the seminiferous tubule lumen is determined 
by the volume of seminiferous tubule fluid and the 
effectiveness of blood-testis barrier (25).

The dimensions of the seminiferous tubule tissues 
in all the seasons studied were similar to the values 
reported for guinea fowl (2), chicken (9, 18), and par-
tridge (4). However, these values were smaller than 
those for white leghorn (20). The differences could be 
ascribed to the breed and sizes of birds used for the 
study and to climatic factors.

All the micrographs examined, showed evidence 
of normal spermatogenesis during different annual 
seasons. This finding demonstrates that drakes in 
a tropical environment such as south-eastern Nigeria 
are capable of breeding throughout the year. However, 
the peak sperm production probably takes place during 
the early rainy season. This is unlike drakes found in 
temperate regions, which are seasonal breeders and 
can breed only during the spring.
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