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Morphometric Study of the Testis of Adult Sudanese Chicken (Gallus domesticus)
and Duck (Anas platyrhynchos)

Salwa Ismail Abdelgader Elbajory
 Faculty of Medical Basic Sciences, Omdurman Islamic University, Sudan

Abstract: The aim of the work to show the morphomtery of the testes of the Sudanese Chicken (Gallus
domesticus) and  Duck (Anas platyrhynchos) .The testis was active during cold weather with the mean diameter
of the seminiferous tubules being 164 and 146 :m in the chicken and duck respectively. It was less active
during the hot season with the mean diameter of the seminiferous tubules being 135 and 134 :m in the chicken
and duck respectively. The non-breeding season seemed to be characterized by a decline in the spermatogenic
activity only and not by complete aspermatogenesis. The mean volume of left testis in the adult chicken and
duck was 11.38 and 9.12 cm³, respectively. They exceeded that of the right testes by 6.16 and 8%, respectively;
The relative volumes of the components remained essentially the same in both testes. The seminiferous tubules
formed 90% of the volume of the testis in both chicken and duck.
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INTRODUCTION

Morphometric studies on the testicular parenchyma
were carried out in mouse (Mori et al., 1982) and camel
(Tingari et al., 1984). The ratio of areas occupied by
seminiferous tubules and interstitial tissue of camel
revealed that the interstitial tissue occupied a large area
than the seminiferous tubules, particularly during the
Winter months. Conversely, a reduction in the relative
amount of interstitial tissue was demonstrated during
summer and when the testicular weight was minimal. It
was concluded that the increase in the testicular weight
was largely attributed to an increase in the amount of
interstitial tissue and was not due to the seminiferous
tubules. According to Mori et al. (1982), the seminiferous
tubules of mouse occupied 89.3%, while the interstitial
tissue make up to 10.7% of the volume of the testicular
parenchyma and according to Bull (2007), the maximum
weight of testes made us infer this species sexual maturity
in this period. There are differences in spermatogenic
activity between the right and left testes in breeder cocks.

Search in the literature has shown no morphometric
data on testis of any of the avian species in Sudan. 

MATERIALS AND METHODS

In the Sudan, the weights of the Sudanese five mature
male Hisex brown chicken and five mature male ducks
were determined during Winter season after the birds
were killed by the dislocation of the neck. The volume of
the right and left testes of the above species were used for
the morphometric studies by the water displacement
method of Scherile (1970). The absolute volumes (Vv) of

the right and left testes was taken as the mean of these
measurements. Testes were fixed in Bouin’s solution.

The primary samples were obtained by cutting each
testis into 7 slices about 5 mm thick. Since the slices were
more or less identified it was not necessary to analysed all
of them and so every third slice was taken for histological
processing. This procedure yielded 3 slices for tests
giving a total of 15 slices for the right and 15 for the left
testis in the five chickens and the same number for the
five duck. All slices were fixed in Bouin’s solution and
processed for histology. Serial paraffin sections were cut
at 7 :m thick from each of the 30 slices for the five birds.
The section were stained with haematoxylin and eosin (H
and E). Sections with artefacts were discarded and one
section from each slice was selected on the basis of its
technical quality (Weibel, 1963). Thus 15 sectios from
each testis were used for morphometric analysis giving a
total of 30 sections per 5 birds.

All section was analysed morphometrically to
determine the volume densities (Vv) of the components of
the testes. Analysis was divided into two stages. Stage 1
consisted of determination of the volume densities of the
seminiferous tubules on one hand and connective tissue,
leyding cells and blood vessels on the other hand. Stage
2 comprised the analysis of the seminiferous tubules to
resolve the volume densities of spermatogonia, primary
spermatocytes, secondary spermatocyte,spermatids,
spermatozoa, sustentacular cells of sertoli and lumen.

Zeiss integrating disc (with 100 points) fitted to a
O12.5 eye piece was used to analysis the sections for the
determination of the volume densities by the point-
counting technique. This technique was described in
details by Weibel (1963) and Aherne and Dunnill (1982).
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The objective of O40 was used in analysis of sections in
all stages.

In order to determine the optimum number of points
to be count each components of the testis, one section was
completely analysed field by field and values for the
volume densities of the components were obtained. 

The secondary sample consisted of the field to be
analysed in each section. It was found that when every
third field was analysed the whole section was covered by
30 fields. Thus 30 fields spread evenly throughout the
section, the distance between successive fields being the
same. Since there 100 points on the integrating eye piece
(i.e., 100 points in every field), the number of points
counted were therefore 45000 points (3×15×100) for the
right testis and the same number of points for the left
testis.

The volume densities of the components of the testis
were taken as volumes of the components were calculated
from their volume densities (Vv) and from the total
volume of the fresh testis (i.e., absolute volume (Vv.V).

Statistical analysis of the data obtained by point-
counting was restricted to the determination of the means
and standard deviation as suggested by Weibel (1963) and
Aherne and Dunnill (1982).

RESULTS

As in Table 1 and 6, the measurements of weight of
birds and right and left testes gave mean values of
2210.32, 11.24 and 11.92 g, respectively in the chicken in
Winter season and 2913.30, 8.88 and 9.60 g, respectively
in duck in Winter season. In the chicken the ratio of the
mean weight of birds to the mean weight of right testis
was 197:1 and to the left testis was 194:1. The ratio of the
mean weight of left testis to the right one was 1.1:1 and in
the duck the ratio of the mean weight of birds to the mean
weight of right testis was 328:1 and to the left testis was
303:1. The ratio of the mean weight of testis to the right
one was 1.1:1. Measurement of the volume of right  and
 left  testis  of  five  adult Hisex brown chicken

Table 1: Showing age in months and weight in gm of birds and weight in gm and volume in cm³ of right (Rt) and left (L) testes of five adult Hisex
brown chickens. Means±standard deviation are also shown (Winter season)

Weight of testis in air (g) Volume of testis (cm³)
------------------------------------------------- -----------------------------------------------

Bird no. Weight of birds in g Rt L Rt L
1 1935 10.00 12.00 9.50 11.40
2 2200 17.00 15.00 16.20 14.30
3 2669.3 13.00 13.70 12.40 13.10
4 2161.1 7.80 8.30 7.50 8.00
5 2086.2 8.40 10.60 8.00 10.10
Mean ± SD 2210.32 ±275.86 11.24 ±3.80 11.92±2.62 10.72 ±3.61 11.38±2.48

Table 2: Morphometric analysis of right testis (stage 1) , showing the points counted (P), volume densities (Vv), as percentage volumes and absolute
volume (V) of the main component of the right testis of five adult Hisex brown chicken. Mean±standard deviation are also shown (Winter
season)

Capsule and supporting framework Seminiferous tubules Leyding cells Blood vessels
------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------

Bird no. P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³
1 577 6.41 0.61 8047 89.41 8.49 200 2.22 0.21 176 1.96 0.19
2 542 6.02 0.98 8034 89.27 14.46 198 2.20 0.36 226 2.51 0.41
3 465 5.17 0.64 8191 91.01 11.29 181 2.01 0.25 163 1.81 0.22
4 560 6.22 0.47 8075 89.72 6.73 193 2.14 0.16 172 1.91 0.14
5 524 5.82 0.47 8108 90.09 7.21 192 2.13 0.17 176 1.96 0.16
Total no. ------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------
of points 2668  40455 964 913
Mean ± SD 5.93 0.63 89.90 9.64 2.14 0.23 2.03 0.22

±0.48 ±0.21  ±0.70 ±3.23 ±0.08 ±0.08 ±0.28 ±0.11

Table 3: Morphometric analysis of left testis (stage 1), showing the number of points counted (P) volume densities (Vv), as percentage volume and
absolute volume (V) of the main components of left testis of five adult Hisex brown chicken. Mean±standard deviation are also shown
(Winter season)

Capsule and supporting framework Seminiferous tubules Leyding cells Blood vessels
------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------

Bird no. P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³
1 568 6.31 0.72 8077 89.74 10.23 186 2.07 0.24 169 1.88 0.21
2 438 4.87 0.70 8215 91.28 13.05 197 2.19 0.31 150 1.67 0.24
3 391 4.34 0.57 8262 91.80 12.03 170 1.89 0.25 177 1.97 0.26
4 514 5.71 0.46 8169 90.77 7.26 173 1.92 0.15 144 1.60 0.13
5 508 5.64 0.57 8159 90.66 9.16 183 2.03 0.21 150 1.67 0.17
Total no. ------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------
of points 2419  40882 909 790
Mean 5.37 0.60 90.85 10.35 2.02 0.23 1.76 0.20
± SD ±0.77  ±0.11  ±0.77 ±2.30 ±0.12 ±0.06 ±0.16 ±0.05
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Table 4: Morphometric analysis of seminiferous tubules and all other components of the right testis (stage 2), showing the volume densities (Vv), as percentage and
absolute volume (V) of the main components of seminiferous tubules and all other components of five adult Hisex brown chicken. Mean±Standard deviation
are also shown (Winter season)

Primary Secondary Sustentacular All other
Spermatog-onia spermatocyte spermatocytes Spermatid Spermatzoa cells of sertoli Lumen Component
--------------------- --------------------- ---------------------- ---------------------- -------------------- ------------------ ------------------- -------------------

Bird no. Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv%  cm³
1 10.61 1.01 20.31 1.93 0.90 0.09 27.96 2.66 9.38 0.89 5.74 0.55 14.51 1.38 10.59 1.01
2 12.30 1.99 19.87 3.22 0.87 0.14 27.21 4.41 9.13 1.48 5.50 0.89 14.39 2.33 10.73 1.74
3 11.72 1.45 20.61 2.56 0.91 0.11 28.37 3.52 9.61 1.19 5.73 0.71 14.06 1.74 8.99 1.11
4 10.56  0.79 20.96 1.57 0.92 0.07 28.84 2.16 9.68 0.73 5.93 0.44 12.83 0.96 10.28 0.77
5 10.98  0.88 20.70 1.66 1.01 0.08 28.49 2.28 9.56 0.76 5.76 0.46 13.60 1.09 9.91 0.79
Mean 11.23 1.22  20.49 2.19 0.92 0.10 28.17 3.01 9.47 1.01 5.73 0.61 13.88 1.50 10.10 1.08
 ± SD ±0.76 ±0.50 ±0.42 ±0.69 ±0.05 ±0.03 ±0.62 ±0.95 ±0.22 ±0.32 ±0.15 ±0.19 ±0.68 ±0.55 ±0.70 ±0.39

Table 5: Morphometric analysis of seminiferous tubules and all other components of left testis (stage 2), showing the volume densities (Vv), as percentage volume and
absolute volume (V) of the main components of seminiferous tubules and all other components of left testis of five adult Hisex brown chicken. Mean ± standard
deviation are also shown (Winter season)

Primary Secondary Sustentacular All other
Spermatog-onia spermatocyte spermatocytes Spermatid Spermatzoa cells of sertoli Lumen Component
--------------------- --------------------- ---------------------- ---------------------- -------------------- ------------------ ------------------- -------------------

Bird no. Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv%  cm³
1 9.67 1.10 19.81 2.26 0.88 0.10 27.27 3.11 9.23 1.05 5.51 0.63 17.38 1.98 10.26 1.17
2 10.29 1.47 20.68 2.96 0.93 0.13 28.48 4.07 9.62 1.38 5.76 0.82 15.52 2.22 8.72 1.25
3 10.38 1.36 20.46 2.68 0.90 0.12 28.27 3.70 9.44 1.24 5.69 0.75 16.67 2.18 8.20 1.07
4 11.17  0.89 20.71 1.66 0.91 0.07 28.40 2.27 9.52 0.76 5.74 0.46 14.31 1.14 9.23 0.74
5 10.71 1.082 0.57 2.08 0.84 0.09 28.41 2.87 9.57 0.97 5.72 0.58 14.83 1.50 9.34 0.94
Mean 10.44 1.18 20.45 2.33 0.89 0.10 28.17 3.20 9.48 1.08 5.68 0.65 15.74 1.80 9.15 1.03
 ± SD ±0.55 ±0.23 ±0.37 ±0.51 ±0.03 ±0.02 ±0.51 ±0.71 ±0.15 ±0.24 ±0.10 ±0.14 ±1.27 ±0.47 ±0.77 ±0.20

Table 6:Showing weight in gm of birds and weight in gm and volume in cm³ of right (Rt) and left (L) testis of five mature duck. Mean±standard
deviation are also shown (Winter season)

Weight of testis in air (g) Volume of testis (cm³)
------------------------------------------------- -----------------------------------------------

Bird no. Weight of birds in g Rt L Rt L
1 2817 5.10 9.20 5.00 8.80
2 2818.20 8.50 5.30 8.10 5.00
3 2955.10 9.10 9.00 8.60 8.50
4 2999.10 11.40 3.30 10.80 12.70
5 2977.10 10.30 11.20 9.70 10.60
Mean±SD 2913.30±88.74 8.88±2.39 9.60±2.97 8.44±2.19 9.12±2.85

Table 7: Morphometric analysis of right testis (stage 1), showing the number of points counted (P), volume densities (Vv), as percentage volumes
and absolute Volume (V) in cm³ of the main components of the right testis of five adult ducks. Mean±standard deviation are also shown
(Winter season)

Capsule and supporting framework Seminiferous tubules Leyding cells Blood vessels
------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------

Bird no. P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³
1 569 6.32 0.32 8024 89.16 4.46 207 2.30 0.12 200 2.22 0.11
2 568 6.31 0.51 8047 89.41 7.24 202 2.24 0.18 183 2.03 0.16
3 532 5.91 0.51 8093 89.92 7.73 193 2.14 0.18 182 2.02 0.17
4 593 6.59 0.71 8031 89.23 9.64 188 2.09 0.23 188 2.09 0.23
5 572 6.36 0.62 8037 89.30 8.66 195 2.17 0.21 196 2.18 0.21
Total no. ------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------
of points 2834 40232 985 949
Mean 6.30 0.53 89.40 7.55 2.19 0.18 2.11 0.18
± SD ±0.25 ±0.15 ±0.30 ±1.95 ±0.08 ±0.04 ±0.09 ±0.05

Table 8: Morphometric analysis of left testis (stage 1), showing the number of points counted (P), volume densities (Vv), as percentage volumes and
absolute Volume (V) in cm³ of the main components of the left testis of five adult ducks. Mean±standard deviation are also shown (Winter
season)

Capsule and supporting framework Seminiferous tubules Leyding cells Blood vessels
------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------

Bird no. P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³ P Vv% Vcm³
1 581 6.46 0.57 7999 88.88 7.82 203 2.26 0.20 217 2.41 0.21
2 452 5.02 0.25 8216 91.29 4.56 175 1.94 0.10 157 1.74 0.09
3 469 5.21 0.44 8199 91.10 7.74 179 1.99 0.17 153 1.70 0.14
4 484 5.38 0.68 8192 91.02 11.56 169 1.88 0.24 155 1.72 0.22
5 562 6.24 0.66 8049 89.43 9.48 207 2.30 0.24 182 2.02 0.21
Total no. ------------------------------------------- -------------------------------- -------------------------------- ----------------------------------------
of points 2548 40655 933 864
Mean 5.68 0.52 90.34 8.23 2.07 0.19 1.92 0.17
± SD ±0.65 ±0.18 ±1.11 ±2.58 ±0.19 ±0.06 ±0.30 ±0.06
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Table 9: Morphometric analysis of seminiferous tubules and all other components of right testis (stage 2), showing the volume densities (Vv), as percentage volumes
and absolute Volume (V) in cm³ of the main components of seminiferous tubules and all other components of the right testis of five adult ducks. Mean±standard
deviation are also shown (Winter season)

Primary Secondary Sustentacular All other
Spermatog-onia spermatocyte spermatocytes Spermatid Spermatzoa cells of sertoli Lumen Component
--------------------- --------------------- ---------------------- ---------------------- -------------------- ------------------ ------------------- -------------------

Bird no. Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv%  cm³
1 11.11 0.56 20.01 1.00 0.88 0.04 27.54 1.38 9.34 0.47 5.57 0.28 14.70 1.38 10.84 0.54
2 11.20 0.91 20.02 1.62 0.88 0.07 27.67 2.24 9.24 0.75 5.57 0.45 14.83 1.20 10.59 0.86
3 11.56 0.99 20.49 1.76 0.99 0.09 28.21 2.43 9.47 0.81 5.70 0.49 13.51 1.16 10.08 0.87
4 11.30 1.22 20.09 2.17 0.82 0.09 27.66 2.99 9.34 0.01 5.67 0.61 14.36 1.55 10.77 1.16
5 11.78 1.14 19.90 1.93 0.88 0.09 27.49 2.67 9.19 0.89 5.53 0.54 14.39 1.41 10.71 1.04
Mean 11.39 0.96 20.10 1.70 0.89 0.08 27.71 2.34 9.32 0.79 5.61 0.47 14.39 1.34 10.60 0.89
 ± SD ±0.28 ±0.26 ±0.23 ±0.44 ±0.06 ±0.06 ±0.29 ±0.61 ±0.11 ±0.20 ±0.07 ±0.12 ±0.52 ±0.16 ±0.36 ±0.23
 
Table 10:Morphometric analysis of seminiferous tubules and all other components of the left testis (stage 2), showing the volume densities (Vv), as percentage volumes

and absolute Volume (V) in cm³ of the main components of seminiferous tubules and all other components of the left testis of five adult ducks. Mean ± standard
deviation are also shown (Winter season)

Primary Secondary Sustentacular All other
Spermatog-onia spermatocyte spermatocytes Spermatid Spermatzoa cells of sertoli Lumen Component
--------------------- --------------------- ---------------------- ---------------------- -------------------- ------------------ ------------------- -------------------

Bird no. Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv% cm³ Vv%  cm³
1 12.38 1.09 19.24 1.69 0.84 0.07 26.49 2.33 8.89 0.78 5.44 0.48 15.59 1.37 11.12 0.98
2 10.44 0.52 20.66 1.03 0.90 0.05 28.30 1.42 9.50 0.48 5.62 0.29 15.77 0.79 8.71 0.44
3 9.39 0.80 20.94 1.78 0.92 0.08 28.83 2.45 9.77 0.83 5.83 0.50 15.41 1.31 8.90 0.76
4 10.47 1.33 20.70 2.63 0.91 0.12 28.37 3.60 9.52 1.21 5.73 0.73 15.32 1.95 8.98 11.14
5 11.24 1.19 19.83 2.10 0.97 0.10 27.30 2.89 9.16 0.97 5.52 0.59 15.41 1.63 10.57 1.12
Mean 10.68 0.99 20.27 1.85 0.91 0.08 27.86 2.54 9.37 0.85 5.65 0.52 15.50 1.41 9.66 0.89
±SD ±1.11 ±0.33 ±0.71 ±0.59 ±0.05 ±0.03 ±0.95 ±0.80 ±0.34 ±0.27 ±0.16 ±0.16 ±0.18 ±0.43 ±1.11 ±0.29

gaves of 10.72 cm³ for the right and 11.38 cm³ for the left.
Measurement of the volume of right and left testis of five
adult ducks gave mean values of 8.44 cm³ for right and
9.12 cm³ for the left.

Table 2, 3, 7 and 8 shows data and results obtained
by the analysis of histological sections of the right and left
testes using the point-counting technique.

Volume densities and absolutes volumes of the
connective    tissue    of    the   capsule   and   supporting
framework, seminiferous tubules, leyding cells and blood
vessels were shown in Table 2, 3, 7 and 8.

Although the mean volumes of the left testis in five
adult chickens studied exceeded that of the right one by
6.16%, the relative volume of the components remained
essentially the same in both testes (Table 2 and 3). The
greater volume of the testes was occupied by seminiferous
tubules in both right and left testes (89.9 and 90.85%,
respectively). It was evident from Table 3 and 5 that the
ratio of the volume of seminiferous tubules to that of the
leyding cells was about 42:1 in the right testis and 45:1 in
the left testis. And the mean volumes of the left testis in
five adult duck studied exceeded that of the right one by
8%, the relative volume of the components remained
essentially the same in both testes (Table 7 and 8). The
greater volume of the testes was occupied by seminiferous
tubules in both right and left testes (89.40 and 90.34%,
respectively). It was evident from Table 2 and 3 that the
ratio of the volume of seminiferous tubules to that of the
leyding cells was about 42:1 in the right testis and 43:1 in
the left testis.

The volume densities of the components of the right
and left seminiferous tubules are presented in Table 4, 5,
9 and 10. The spermatids occupied the largest volume of
the seminiferous tubules followed by primary

spermatocytes, lumen, spermatogonia, spermatozoa,
leyding cells and lastely, the secondary spermatocytes.

DISCUSSION

It is assumed that the cellular components of the
testis undergo shrinkage to the same degree since they
were subjected to the same kind of treatment during
processing. The relative reduction in volume densities of
the components would therefore be the same. Their
volume densities were used to calculate the absolute
volumes of the components. The latter should therefore be
closer to the real values since they were based on the
volume of the fresh testis.

Morphometric data on the testis of different species
including birds are scarce. In the normal adult mice, for
example, the seminiferous tubules occupied about 89.3%
and the interstitial tissue make up 10.7% of the volume of
the testicular parenchyma (Mori et al., 1982). In the camel
however, the ratio of area occupied by seminiferous
tubules and interstitial tissue revealed that the latter
occupied a larger area than that of the seminiferous
tubules during Winter, while a reverse relationship
occurred in summer and when the testicular weight was
minimal. It was concluded then, that the increase in the
testicular weight was largely attributed to an increase in
the amount of interstitial tissue and not due to the
seminiferous tubules (Tingari et al., 1984). In the present
study, the seminiferous tubules of the chicken and duck
occupied about 90% of the Winter testis, a ratio which is
not unlike that reported in mice.

It has been shown in this study that the spermatids
occupied the largest volume of the seminiferous tubules
followed       by      primary      spermatocytes,      lumen,
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spermatogonia, spermatozoa, sertoli cells and lastely, the
secondary spermatocytes in both adult chicken and duck.
The relatively smaller volume of secondary spermatocytes
is to be expected as they normally undergo an immediate
division (second meiotic division) to form spermatids.
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