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black arrow head) X1000 (H & E) 
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8.3 Photomicrographs of interstitium and seminiferous tubules 
of testis of one-humped camel during summer season (A) 
Interstitium (note decreased numbers and size of Leydig 
cells indicated by black arrows) X400 (B) Interstitium 
(Leydig cells pointed by black arrows) X1000 (C) 
Seminiferous tubule (Sertoli cell indicated by black arrow) 
X400 (D) Seminiferous tubule (Sertoli cell indicated by 
black arrow; primary spermatocyte pointed by white arrow 
head) X1000 (H & E) 
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8.4 Photomicrographs of interstitium and seminiferous tubules 
of testis of one-humped camel during autumn season (A) 
Interstitium (Note minimum numbers and small size of 
Leydig cells indicated by black arrows) X400 (B) 
Interstitium (Leydig cells pointed by black arrows) X1000 
(C) Seminiferous tubule (Sertoli cell indicated by black 
arrow) X400 (D) Seminiferous tubule (Sertoli cell pointed by 
black arrow; primary spermatocyte indicated by black arrow 
head) X1000 (H & E) 
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8.5 Ultrastructure of Interstitium of the testis of one-humped 
camel (Camelus dromedarius) during breeding season. Cells 
are closely packed and larger in size, showing nucleus (N), 
nucleoli (arrow),  highly developed smooth endoplasmic 
reticulum, small lipid droplets (L)  in the cytoplasm, and 
developing Leydig cells in the peritubular position (stubby 
arrow). X2500 

141 
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8.6 Ultrastructure of Leydig cell of one-humped camel during 
breeding season showing well developed smooth 
endoplasmic reticulum (SER) in Leydig cell cytoplasm 
having characteristic circular cisterna structure and randomly 
oriented tubules (arrow),  basal membrane (BM), lysosomal 
bodies (stubby arrow) X15,000 
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8.7 Ultrastructure of Leydig cell of one-humped camel during 
breeding season showing large nucleus (N) having 
heterochromatin with nucleoli (arrow), while lysosomal body 
(B), lipid droplet (L) and smooth endoplasmic reticulum 
(SER) are obvious in the cytoplasm X8000 
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8.8 Ultrastructure of seminiferous tubule of one-humped camel 
during breeding season showing two indented nuclei (N) of 
Sertoli cells having prominent nucleoli (arrow), present on 
the basal portion of cell near basal membrane (BM) of 
tubule, organized primary spermatocytes (PS), 
spermatogonia (Spg) and elongated spermatids (stubby 
arrow) , abundant smooth endoplasmic reticulum (SER) 
prominent X2500 
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8.9 Ultrastructure of Sertoli cell of one-humped camel during 
breeding season  showing highly irregular nucleus (N) of 
Sertoli cell with a prominent nucleolus (arrow), while 
cytoplasm having tubules of smooth endoplasmic reticulum 
(SER), lysosomal bodies (stubby arrow), free ribosomes (R), 
and mitochondria (Mt) X10000 
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8.10 Ultrastructure of interstitium of testis of one-humped camel 
during non-breeding season. Reduced number of Leydig 
cells, loosely arranged and smaller in size, showing nucleus 
(N), nucleoli (arrow),  reduced smooth endoplasmic 
reticulum (SER), increased rough endoplasmic reticulum 
(RER) lipid droplets (L)  in the cytoplasm X3000 
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8.11 Ultrastructure of Leydig cell of one-humped camel during 
non-breeding season showing large nucleus (N) having less 
chromatin with nucleoli (arrow), increased (RER) in the 
cytoplasm X8000 
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8.12 Ultrastructure of Seminiferous tubule of one-humped camel 
during non-breeding season  showing nuclei (N) of Sertoli 
cells having nucleoli (arrow), Spermatogenic cells (Spg), 
Lysosomal bodies (B), while increased rough endoplasmic 
reticulum (RER), dense bodies (Db), reduced smooth 
endoplasmic reticulum, and mitochondria (Mt) in the 
cytoplasm X3000 

144 

8.13 Ultrastructure of Sertoli cell of one-humped camel during 
non-breeding season showing highly irregular nucleus (N) 
with heterochromatin nucleolus (arrow), while cytoplasm 
having less smooth endoplasmic reticulum and mitochondria 
X8000 

145 

 
 
 



Chapter 2: Review of literature 
 

24

                                       LIST OF APPENDICES 
 

Appendix                                    Title Page
   
     I 

 
Questionnaire Survey Formate 

 
208 

    II Performa for experimental data 
 

214 

   III Correlation between different parameters 
 

220 

    IV Correspondence analysis and percentage extent of behavioral 
signs  

225 

    V Correlation between different variables of survey 245 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 2: Review of literature 
 

25

                                           LIST OF ABBREVIATIONS 
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ABSTRACT 
 

Present study was conducted during four seasons of the year, 2008 namely winter 

(December to February), spring (March to April), summer (May to September) and 

autumn (October to November). The study was divided into two phases; in first phase a 

questionnaire survey was conducted on traditional management system of camels and 

climatic data was collected from three ecological zones under study (Faisalabad, Bhakkar 

and Attock). In second phase, total 24 mature healthy male camels were used for 

recording seasonal and ecological changes in the behavior, ultrasonographic structure and 

biometry of testis and serum biochemistry (steroid hormones and some minerals) at all 

the zones. Biopsy sampling was done from the camels kept at Faisalabad zone (n=12; 6 in 

each breeding and non-breeding season) for ultastructural investigations, and 

slaughterhouse sampling (n=24; 6 sample in each season of the year) was done for 

morphometrical studies. 

 The period of sexual activity started earlier in November and extended 

more even up to April at Attk as compared to other zones. Male camels used for breeding 

even up to 20 years of age at Attk zone. Duration of copulation was up to even 35 min at 

Attk zone, so it can be derived that the males of Attk zone are more efficient in 

reproduction as compared to FSD and Bkkr. The degree of most of rutting behavioral 

signs varies among different seasons and climate of the location. Some behavioral signs 

were observed as more extensive at Attk and then Bkkr zone as compared to the FSD, in 

the autumn (October, November) and spring seasons of the year, which revealed that the 

rutting season started earlier at these locations (Attk and Bkkr) and extended even up to 

the start of the summer at Attk zone. Biometric studies showed significantly (P<0.01) 

higher scrotal length and width of the testis during winter and spring season as compared 

to summer and autumn. Ultrasonographic imaging showed, the parenchyma of the testis 

as homogenous and moderate echogenic, the testicular capsule was appeared as thick 

hyper-echoic structure and tunics were identified as hyperechoic lines in both longitudinal 

and transverse planes, covering the parenchyma. A thin intratunical anechoic linear area 

was identified, because of fluid between the connective tissue coverings. Mediastinum 

was visualized as hyperechoic central line in the longitudinal section and a central 

hyperechoic circular area in transverse plane of the testis. Season had a prominent 

noticeable effect on the ultrasonic picture of the testis and epididymis at all the 

experimental zones. Serum testosterone was higher (P<0.01) during the winter season at 
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all ecological zones under study, it started decreasing during spring and reached baseline 

during summer, maintained almost same during autumn at FSD zone however increased 

again in autumn at Attk and Bkkr zones. This increased level in autumn season was more 

at Attk as compared to Bkkr zone. Serum estradiol 17- β was higher (P<0.01) during the 

cooler months including January, February at all the ecological zones, it started declining 

in the month of March, April and May, little increased level was observed in the month of 

June but again sloped down in July and remained on baseline in the months of August, 

September, October and November. Serum concentrations of calcium, iron, sodium and 

chloride were higher (P<0.01) during the winter and spring as compared to other seasons 

of the year, while vice versa was true for the serum potassium, as it was recorded as 

significantly higher during the summer season. Serum testosterone, estradiol, calcium, 

iron, sodium and chloride were negatively correlated with the average environmental 

temperature and rainfall while positively correlated with the relative humidity and vice 

versa for serum potassium levels with some regional variations among different zones. 

Morphometrical studies showed that the volume, weight of the testis, average 

diameter of Sertoli cells, volume of intertubular compartment, relative volume of Leydig 

cells (VLc %), total volume of Leydig cells (TVLc × 1012µm3), numbers of Leydig cells 

×109 per testis and % intertubular tissue in the parenchyma of testis, were significantly 

(P<0.01) higher during the winter and spring seasons as compared to summer and 

autumn. However, % area occupied by the seminiferous tubules, % seminiferous tubule / 

interstitium, and the volume occupied by the seminiferous tubules and diameter of 

seminiferous tubules were recorded as significantly (P<0.01) higher during summer and 

autumn as compared to winter and spring seasons. Ultrastructural studies showed highly 

active Leydig and Sertoli cells during breeding season of camels (cytoplasm was having 

abundant and developed smooth endoplasmic reticulum (SER), more oval to elongate 

mitochondria and few fat droplets) and vice versa during the non-breeding season. 
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One-humped camels were formerly domesticated in Central and Southern Arabic 

countries (Zeuner, 1963). From these areas they gradually dispersed to North Africa, 

Middle East, some parts of Europe and Asia (Ripinsky, 1983). There are about 19.3 

million camels world-wide of which the dromedary camel accounts for 95%; the 

remaining 5% are the two-humped. Pakistan with one million heads possesses about 23% 

camel population of Asian countries and it rates fourth in the world after Somalia, Sudan 

and Mauritania (FAOSTAT, 2005). There are about 0.328 million households linked in 

one way or other with camel production in Pakistan. Majority of these households (0.114 

million) are found in Punjab province followed by Sindh province (0.092 million), 

Balochistan province (0.0794 million) and Khyber Pakhtonkhwa (0.0419 million) 

(Anonymous, 2008-09). 

 

The camel occupies a special significance due to its physiological and anatomical 

makeup to sustain the intense harsh climatic conditions and paltry vegetation especially in 

the hot arid and semi arid regions (Williamson and Payne, 1978). It is considered to be 

the back bone of rural economy for the poor and marginal farmers by performing various 

day to day activities of draught, transportation, agricultural operations, riding, producing 

milk, meat and hair (Bhakat and sahani, 2001). Camel is the most efficient domestic 

animal that can transform poor quality pasture into meat, milk and animal power with 

minimal negative effect on its environment. They have already proved to be food security 

animals and contribute to the economies of the pastoralist (Tegegn, 1989). Full 

exploitation of the camel’s production of milk and meat will only be possible when the 

reproductive performance is improved (Al-Eknah, 2000). 

 

The primary problem confronting the camel habitant areas of Pakistan today is 

mal-nourishment, many people die due to hunger and famine each year. Because of high 

population growth and subsistence form of economic life, the need for utilization of arid 

zones as an optional resource is becoming obvious. Growing and raising foodstuffs is 

vulnerable in these places - the very areas where camel production makes an integral part 

of social and agricultural system. Hence, an optimal utilization of arid zones through 

appropriate livestock production is essential (Jasra and Isani, 2000). Compared to 

population and the importance of camel in arid and semi-arid areas, the camel production 

system is not well developed. The poor reproductive efficiency has made camel enterprise 

unattractive. Camel being a seasonal breeder with a long gestation period and reaching to 
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puberty at a very late stage is likely to produce a few offspring during its breeding life 

(Sghiri and Driancourt, 1999). Low reproductive performance has remained a major 

obstacle to the growth of populations of camels. High fertility levels in the camel are 

essential, not only for profitable production, but also to provide opportunities for selection 

and genetic improvements. So to increase the number of offspring from genetically 

prestigious female camel in a relatively short breeding period, a sensible use of advanced 

reproductive technologies is required.  

 

The geographical diversity of the breeding season in these animals suggests that 

local events play a role in the temporal pattern of reproduction. However, the exact 

factors, whether climatic, nutritional, management or intrinsic and how strong are the 

relative effects is not clear. The involvement of climatic and seasonal conditions in the 

regulation of reproductive function need to be evaluated (Tibary et al., 2007).  

Improvement in camel production requires better knowledge of the physiology of 

reproduction at the molecular and cellular levels. The knowledge of reproductive 

physiology will contribute to the application of a more efficient, environmentally optimal 

and economically reliable camel production by speeding up genetic evaluation and 

facilitating the use of breeding technologies like AI and embryo transfer. So far, no 

research has been carried out on camel reproduction under field conditions using modern 

technologies to study the patterns of sex steroids, how they are influenced by the seasonal 

changes and how they can be related to gonadal gross microscopic and ultra-structural 

changes.  

 

In this study we would investigate the influences of locally fluctuating climate and 

micro-ecology on reproduction particularly, with respect to their relationship to the 

patterns of sex steroid hormone secretion and the structural response of the gonads. We 

also would like to investigate the sexual behavioral response associated with the external 

influences. The specific objectives were;  
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Objectives  

 

 To describe the natural ecology and the pattern of traditional herding of Pakistani 

camels. 

 

 To describe the reproductive physiology of camels kept in traditional management 

system. 

 

 To study the reproductive events of male camel in traditional management system 

and delineate those are amenable to intervention. 

 

 To study the relationship between local environmental factors and male camel 

reproduction. 

 

 To make recommendations on improved methods of production based on 

manipulations of reproductive physiology. 
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2.1. Population and Distribution of Camelids 
 
 There are about 19.3 million camels in the world, of which 15 million are found in 

Africa and 4 million in Asia. Of this estimated world camel population, 17 million are 

one-humped (Camelus dromedarius) and 2 million two-humped camels (Camelus 

bactrianus). Out of African camel population, 70% are found in Somalia and Sudan, 

while Ethiopia, Chad and Kenya contain 12% camels. Pakistan with one million heads 

possesses about 23% camel population of Asian countries and rates fourth in the world 

following Somalia (6.2 millions), Sudan (3.3 millions), and Mauritania (1.3 millions) 

(FAOSTAT, 2005). Balochistan province has the largest camel population with 379528 

heads, followed by Sindh (278424), Punjab (198964) and Khyber Pakhtonkhwa (63952) 

(Anonymous, 2008-09). 

 

2.2. Camel Breeds 

 

 There are a total of 50 camel breeds in the world. Out of which 27 breeds are in 

East, West and North Africa, Pakistan and Arabic Countries Viz. Manga, Somalie, 

Gabbra, Benodir, Berabiche, Nord, Azmiyah, Deshi, Dera Ismail Khan, Ait, Khebbach, 

Ajjer, Steppe, Mekrani, khiva, Arab, Soudani, Chami, Targui, Adrar, Tibesi, Ouled Sidi, 

Cheikh, Chumbi, Mowallad and Khawar; 20 breeds in West and North Africa, India and 

Arab Cape viz. Riverine, Pellahi, Gandiol, Fleuve, Azaouak, Bekaneri, Urfilla, Reguibi, 

Sahel, Umaniyah, Rashaidi, Grain, Guban, Maghreb, Indi, Donkali, Mudugh, Turkana 

and Arabi. Three camel breeds including Bishari, Anafi and Air are found in Sudan and 

West Africa (Blanc and Ennesser, 1989). 

 

  20 camel breeds have been documented in Pakistan, out of which 7 breeds are 

found in Balochistan viz. Brahvi, Kachhi, Kharani, Lassi, Makrani, Pishin and Rodbari; 4 

breeds in Khyber Pakhtonkhwa viz. Gaddi, Ghulmani, Khader and Maya; 5 breeds in 

Punjab namely, Bagri, Brela or Thalocha, Campbelpuri, Kala-Chitta and Marecha and 4 

breeds in Sindh Province including, Dhatti, Kharai, Larri or Sindhi and Sakrai (Isani and 

Baloch, 2000).  
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2.3. Socio-economic Importance of Camel 

 

 Camel is the most proficient and important livestock species which could survive 

and produce under harsh, hot and arid environmental conditions (Abbas and Tilley, 1990; 

Schwartz, 1992). Many pastoral families in arid and semi-arid regions of the world are 

depending on camels for their livelihood. Camels are utilized for milk, meat, wool, hair 

and hide production, serving as draft, pack, riding and sport (racing, dancing) animal 

(Snow et al., 1992; Kohler-Rollefson, 1992).   

  

 In Pakistan, mainly camels are kept by the migratory pastoralists in subsistence 

production system except some farmers of the irrigated plains and a small number used 

for transportation in the cities. The camel contribution to the agriculture economy of 

Pakistan is not well documented or assessed. In addition to the pack and draft animal, 

camel is an economical and good source of milk, meat and hides for the people residing 

in the far-flung desert areas. Their hides are used for making leather goods. Lactating 

camels are milked three times a day, producing about nine litres per day in the wet season 

and six litres in the dry season. The duration of lactation is 12 months, but if the camel 

does not conceive it will give milk for a second year. Camel milk is sold in small 

quantities and is also given away or shared with neighbors. The major importance of 

camel milk is its availability in dry seasons and during times of drought when milk from 

other livestock is scarce. The dairy potential of camel appeared higher than that of cow 

reared under the same climatic and feeding conditions (Faye, 2005). The physical and 

chemical properties of camel milk depend on the quality of fodder and daily water intake. 

Camel milk is rich in vitamins B1 and B2. The amount of vitamin C is high which is 

immensely important for human health in dry lands where availability of vegetable and 

fruits are insufficient (Khodaie, 2002). The milk yield ranges between 900 and 4000 litres 

in a lactation period (250-500 days) of a camel. The camel meat largely consumed by the 

people of rural and remote areas of Pakistan, as most of the people of cities have not 

developed the taste for it. According to an estimate over 5000 tons of it is being annually 

produced in Pakistan. The trend of slaughtering camels on Eid-ul-Azha is increasing day 

by day. Camel also used as a power for ploughing land, drawing water from wells, oil 

extraction, grinding of wheat, corn, gram and sugarcane crushing (Khan et al., 2003). 
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2.4. Reproduction in the Male One-humped Camel  

 
One-humped camel is a seasonal breeder and show sexual activity during specific 

period of year known as rut or musth. Rut is characterized by a vivid increase in the 

androgen levels of the blood, which directly affect the male behavior and its sexual 

desire. Spermatogenesis continuous throughout year but this process becomes very much 

active during the rut season (Elwishy, 1988). 

 

2.4.1. Puberty 
 

Puberty is the age at which an animal first becomes capable of reproduction, while 

at sexual maturity this capability is increased to the optimum level. Unfortunately the 

camel has a slow growth rate and this genetic handicap, as well as the general lack of feed 

supplementation under pastoral management systems, results in advanced ages at puberty 

for the camel. Male one-humped camels become sexually active and can be used for 

service at the age of 3-4 years but are not used for breeding purpose until 5-6 years of age 

(Hafez and Hafez, 2001; Arthur et al., 1985a; Yasin and Wahid, 1957). The major 

elements of testicular tissue (Na, Ca and Cu) epididymides (P and Fe), Prostate (Zn) and 

bulbourethral glands (K and Mg), which effect sperm motility and metabolic activity are 

secreted and achieved peak values at around 6 years of age in camel (Al-Qarawi et al., 

2000). At this age male can serve up to 50 females in a breeding season, and if he is given 

well feed along with nutritional supplements he can serve up to 70 females (Leese, 1927).   

The male may continue mating up to 20 years of age (Yasin and Wahid, 1957). 

 

2.4.2. Breeding Season and Rutting Signs 

 

Male camel is a seasonal breeder, which shows libido, aggressive behavior and 

sexual activity during specific days of the year called as breeding season. In the other 

days of year (non-breeding season), he remained sexually quiescent, however some 

authors believed that a mature male is capable of mating an estrous female at any time of 

the year, as spermatogenesis continuous throughout year (Arthur et al., 1985a). The 

rutting season varies in different areas of the world, depicted in table 2.1. 
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These differences in the initiation and duration of the rutting season amongst 

different countries demonstrate that the environmental factors affect sexual activity in 

seasonal breeders. In one-humped camels located near the equator, different factors like 

rain fall (Bono et al., 1985) nutritional status and pasture conditions (Skidmore, 2003) are 

also important in seasonal activity of camel. The fluctuations in blood and testis 

testosterone levels, which increased during the rutting season (17.03.5 to 35.01.5 

ng/ml) above basal level (1.31.1 to 3.81.8 ng/ml) and decline during the non-breeding 

season could be one of the main reasons responsible for failure of male to copulate and 

fertilize a female during non-breeding season (Al-Qarawi et al., 2001; Azouz et al., 1992; 

Yagil and Etzion, 1980).  

 

The rutting of male camel characterized by extreme changes in behavior, he 

becomes so restless and aggressive that it seems to be out of control. Frequent urination, 

urine spraying, increased pacing and anxiety, frothing from mouth, increased poll glands 

secretion, frequent diarrhea, off feed, decrease in body weight and herd chasing are the 

apparent rutting signs (Tingari et al., 1984; Wilson, 1984). The secretory and anatomical 

activities of poll glands with profuse watery, brown secretion having foetid smell, are 

correlated with testicular activity and rutting behavior. Protrusion of soft palate, the dulaa 

(gulla) from the mouth as a reddish sac or balloon accompanying with gurgling and 

roaring sounds is also obvious rutting sign in the camel (Yagil and Etzion, 1980; Novoa, 

1970). As the season advances bulls lose condition, because they tend to go off feed 

during rut period (Wilson, 1984).  
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Table 2.1: Geographical variations in the rutting season of male camels. 

Rut season Country/ 
Region 

Day length Nutritional 
data 

      Source 

Oct to Mar 

 

India decreasing then 
increasing 

Not specified Rai et al., 1988;  
Khan and Kohli, 
1973  

Dec to Mar Pakistan Increasing  Not specified Yasin and Abdul 
Wahid, 1957 

Mar to May Egypt Increasing  
 

Not specified Abdel-Raouf et 
al., 1975 

Jan to Apr Israel Increasing,  
cool to warm 

Rising plane of 
nutrition 

Yagil and 
Etzion, 1980 

Nov to Apr Tunisia decreasing then 
increasing,  
rain, cool to 
warm 

Fairly good Burgermeister, 
1974 

Nov to Apr Morocco decreasing then 
increasing,  
rain, cool to hot 

Fairly good Charnot, 1965 

Apr to May Somalia Stable 

mildly 
decreasing 

Good Mares, 1954 

Nov to Feb Kenya, Marsabit stable Good, Acacia 
fruiting 

Schwartz, 1992 

Nov to Feb Saudi Arabia     -    - Tingari et al., 
1984 

Nov to Feb       UAE    - - Tibary and 
Anouassi, 1997 

Aug to Sept Mali Day length 
decreasing 

Good Swift, 1979 

Jun to Sept Australia Day length 
increasing 

Good McKnight, 1969 

 

2.5. Anatomy of the Testis of Camel 
 

2.5.1. Gross Anatomy of the Testis 

 

The testes of one-humped camel are ovoid, lie obliquely to the vertical axis and 

surrounded by a tough tunica albugenia. These are located in a scrotum close to the body 
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in the perineal region. The parenchyma of mature camels is brown and a longitudinal 

strand of mediastinum testes extending lengthwise through the center of the testis, and 

lobule of seminiferous tubules are arranged radially around it (Masood, 2007; Degen and 

Lee, 1982). The size and weight of right and left testis are not significantly different 

(Ismail, 1982; Abdel-Raouf and Owaida, 1974). Testicular weight and dimensions 

(length, width, and circumference) increase with the age reach their maximum values at 

10-15 years of age and then start decreasing slightly (Singh and Bharadwaj, 1978). 

During rutting season due to extensive development of interstitial tissue, the weight and 

size of the testis increased significantly (Ismail, 1982; Hussein, 1980). The testicular size 

and weight varies among different breeds of camels, the mean weights of Pakistani, 

Indian, Israeli, and Egyptian camels are depicted in table 2.2. 

The epididymis is situated on the dorsal border of testis with the head curving on 

the cranial pole of the testis. The ductus deference is coiled initially but it becomes 

enlarged at the terminal portion where it enters the urethra ventral to the prostate body. 

The length (mm) of head, body and tail of one-humped camel epididymis ranges from 

(21-43), (59-94), and (19-36 mm) respectively (Masood, 2007). 

 

 

 

Table 2.2: Testes weight of one-humped camels reported at different locations. 

   Age (Years)       Location      Testes weight (g)             Authors 

 

3 years 

 

Israel 

Right Left  

Degen and Lee (1982) 2.4 2.3 

5 years 

 

 

4-7 years 

Israel 

Egypt 

 

Pakistan 

43.1 

22 

 

110.59 

38.7 

25 

 

118.28 

Degen and Lee (1982) 

Abdel-Raouf and Owaida 

(1974) 

Masood (2007) 

8 years Israel 

 

Egypt 

129.2 

 

78.0 

114.2 

 

79.4 

Degen and Lee (1982) 

Abdel-Raouf and Owaida 

(1974) 

9 years Egypt 56.0 59.7 Abdel-Raouf and Owaida 

(1974) 

10 years Egypt 86.2 82.6 Abdel-Raouf and Owaida 
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(1974) 

2.5.2. Histology of the Testis 

 

Histologically testes are covered by the tunic comprises of dense irregular 

connective tissue with a deeply located tunica vasculosa and delicate septula testis. Lobuli 

testes are radially arranged around the mediastinum. In immature male camels, the 

seminiferous tubules are lined by peripheral spermatogonia, and contained many tall 

columnar Sertoli cells. Many clusters of small, inactive Leydig cells of 4-6 m are 

present in the interstitial connective tissue among seminiferous tubules. While in mature 

dromedaries, large clusters of active, polyhedral, Leydig cells (9-14m) with prominent 

nucleolus, are found in the interstitial tissue. The tubuli recti and the rete testis are lined 

by a low cuboidal epithelium (Degen and Lee, 1982). While the ductuli efferentes are 

lined by an epithelium of varying height with tall ciliated and shorter non- ciliated cells. 

Like other animals, the seminiferous tubule of camel can be divided into three parts; 

major portion of tubule is highly coiled and is the site of sperm production, which is lined 

by many layers of spermatogenic cells and a single layer of Sertoli cells (Singh and 

Bharadwaj, 1980). The convoluted ends of seminiferous tubules transit into tapering 

terminal segments, which join the straight tubules and leads to rete testis (Figure 2.1). The 

straight tubules are divided into three portions; a recepticle, a narrow main part and a 

wide distal part which are lined by simple cuboidal to columnar cells (Osman and Ploen, 

1986b; Singh and Bharadwaj, 1980). The extratesticular rete testis joins to form a sac, 

from which 6-7 convoluted ductuli efferentes originate. Later on these join to form ductus 

epididymides. The epithelium of ductuli efferentes changes from simple cuboidal to 

columnar cells with alternating groups of high columnar ciliated and low columnar non-

ciliated cells. The ductus epididymis is lined by pseudostratified epithelium, with taller 

cells having stereocilia, which gradually decrease in height from head towards the tail. 

There are five different types of cell in the epithelium of epididymis of camel, principal, 

basal, halo, apical and dark cells. The principal cells are the main components of the 

epithelial lining with ultrastructural features characteristics of absorption in the proximal 

and intermediate parts of the middle segment, and secretion in the terminal segment. 

Basal cells are relatively simple in structure, being characterized by a general paucity of 

organelles. Halo cells are with a large nucleus and scanty cytoplasm. Apical cells are not 

mitochondrion-rich and possessed a small Golgi complex. Dark cells are similar to the 
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adjacent principal cells. They are considered as dying principal cells with the variation in 

their cytoplasmic density interpreted as intermediate stages prior to death (Tingari, 1989). 

Morphometric and cellular changes in the testes of the Camelus dromedarius around the 

time of puberty are presented in table 2.3. 

 

 

 

Figure 2.1: Schematic diagram of anatomical structure of camel testis elaborating; 

Sc=Spermatic cord, ET=Epididymal tail, EB= Epididymal body, EH= Epididymal head, 

ED= Efferent ductules, RT= Rete testis, ST= Straight tubules, SET= Seminiferous 

tubules, S= Septula, TA= Tunica albugenia, TV= Tunica vaginalis, SS= Scrotal skin 
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2.5.3. Ultrastructure of the Testis 

 

 The testis of camel has three functional compartments like other mammals, 

including the interstitium (Mainly Leydig cells, blood vessels, lymph vessels), the other 

two compartments are within the seminiferous tubules, namely basal and adluminal made 

up as a result of tight junctions between the adjacent Sertoli cells (Osman and Ploen, 1986 

a). The interstitium comprised of blood, lymph vessels, nerves, fibroblasts, collagen 

fibers, free cells and mainly Leydig cells (Zayed et al., 1995; Singh and Bharadwaj, 

1978). Leydig cells of camel are polygonal in shape having abundant tubular smooth 

endoplasmic reticulum (SER), well developed Golgi complex in many parts of cytoplasm, 

modest number of mitochondria, occasional lipid droplets, lysosomal bodies, 

microfilaments, peroxisomes and few patches of rough endoplasmic reticulum and 

glycogen particles, being  the principal source of testicular androgens (Tingari and 

Moniem., 1979; Bedrak et al., 1983). Delicate septa originated from tunica albugenia 

divide the testicular parenchyma into a number of lobules which are radially arranged 

around the mediastinum of the testis. The boundary tissue of seminiferous tubule is 

comprised of three layers; inner fibrous, inner cellular and outer cellular. The 

seminiferous tubule of camel can be divided into three zones; the major highly coiled 

portion is the site of sperm production comprised of Spermatogenic cells layers and single 

basal layer of the Sertoli cells, this coiled portion ends in straight tubules which leads to 

the rete testis. The camel Sertoli cells are irregular tall columnar extending from the basal 

lamina to the lumen of the seminiferous tubules. The nuclei are very irregular in outline 

having deep indentations, located in the basal portion of the cell with prominent 

nucleolus. The chromatin material is uniform fibro-granular with low electron density. 

The Sertoli cells are conjoined by occluding junctions which divide the seminiferous 

tubule into basal and adluminal compartments (Osman and Ploen, 1986b). 

 

 

2.6. Spermatogenesis in Camels 

 

 In one-humped camel, the cycle of germinal epithelium is divided into eight 

stages having different cellular characteristics. The spermatogonia are located towards the 

basal lamina of seminiferous tubules which are classified as typical spermatogonia type 

A, type B and intermediate spermatogonia. Spermatogonia type A are large, flattened 
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cells with oval nuclei, having large area of contact with the basal surface and conjoined 

with the neighboring Sertoli cells. Nucleolus is an occasional characteristic of these cells. 

Cytoplasm has few organelles including mitochondria, ribosomes and polyribosomes.  

The spermatogonia type B are smaller than type A, round in shape, having spherical 

nucleus with less uniform chromatin material. The intermediate type of spermatogonia is 

having variable size and shape of cell as well as nucleus. The primary spermatocytes are 

round in shape and found away from the basal lamina during Leptotene stage of the cell 

division. During Zygotene stage the primary spermatocytes have more cisternae of 

endoplasmic reticulum; the cristae of mitochondria start to dilate. The synaptonemal 

complexes appear between the pair of chromosomes in the nucleus. In pachytene stage, 

the mitochondria become grouped with dilated cristae. The quantity of endoplasmic 

reticulum increases which is found in the form of long cisternae. The first and second 

meiotic divisions can not be distinguished morphologically. During final phase of 

meiosis, ungrouped mitochondria are distributed throughout the cell.  The secondary 

spermatocytes are smaller in size with homogenous nucleus. Abundant endoplasmic 

reticulum found in the cytoplasm of secondary cells. Spermiogenesis is the process by 

which newly formed spermatids differentiate into individual testicular spermatozoa, 

which is divided into Golgi, Cap, early acrosome, mid acrosome, late acrosome, transition 

and maturation phase (Osman and Ploen, 1986; Singh and Bharadwaj, 1978).  

 

2.6.1. Effect of Season on the Spermatogenesis  

 

Spermatogenesis in the camel is a continuous process throughout the year but with 

distinctive seasonal variations, the period of utmost activity reported earlier; February to 

April in Israel (Volcani, 1957); March to May in Egypt (Abdel-Raouf et al., 1975); and 

November to February in Saudi Arabia (Tingari et al., 1984). The spermatogenic activity 

markedly increases during the months of November, December and January, while it 

become moderate from the month of April to onwards. Cytoplasmic vacuoles and 

exfoliated cells become more numerous and larger in the lumina of seminiferous tubules 

during the months of June, July and August. In September, spermatogenesis again 

appeared to be activated. The Sertoli cells appear normal throughout the year (Tingari et 

al., 1984). These Seasonal changes in the spermatogenic activity may probably be related 

to environmental ecological variations, age, breed and management system of the specific 

area under investigation.   
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Table 2.3: Morphometric and cellular changes in the testes of Camelus dromedarius around the time of puberty. 

Differences amongst various age groups are significant at 5 %(*) and 1 %(**) levels (Al-Qarawi et al., 2001) 

 

 

    Parameter                                                                  Age group (years) 

3 (n=8) 4.5 (n=8) 5 (n=7) 5.5 (n=5) 6 (n=6) 6.5 (n=6) 7 (n=5) 

Testicular weight (g) 11.91.2 53.85.6** 61.56.3 70.87.2 81.28.3 92.39.5 93.49.3 

Diameter of seminiferous 

tubules () 

136.213.3 183.418.4** 245.825.0 272.328.1 296.530.1 295.129.2 301.330.2 

Area occupied by the 

interstitial tissue in 

relation to seminiferous 

tubule (%) 

31.83.1 32.13.3 33.93.2 23.43.3 31.83.2 31.93.2 32.53.4 

Size of Leydig cells 

(length m  width m) 

22.42.2* 

9.80.9* 

23.52.3 

10.21.1 

22.92.9 

10.11.0 

24.72.8 

10.31.3 

25.12.5 

10.21.1 

24.82.4 

10.31.2 

23.62.2 

10.41.3 

Number of Sertoli cells 

in 100 seminiferous 

tubules  

58.93.2 84.84.9 185.28.9** 359.526.3 598.358.2 595.458.5 596.660.3 

Size of Sertoli cells 

(length m  width m) 

26.82.4 

6.80.7 

36.53.8* 

10.21.1* 

38.73.9 

10.61.7 

38.63.8 

10.51.6 

37.93.6 

10.31.2 

38.23.7 

10.00.9 

38.53.9 

10.21.3 



2.7. Effect of Climate and Season on the Morphology of the Testis 
 

Male one-humped camels have well distinct and constrained breeding season 

varies with the geographic location and genetic makeup. Spermatogenesis is recorded as 

highest during the breeding season. Earlier investigations agree that season has an evident 

effect on the morphology of the testicular tissue and the activity of Leydig cells in camel 

(Tingari et al., 1984; Friedlander et al., 1984). These seasonal changes are further 

influenced by ecological location, management and climatic conditions (Lodge and 

Salisbury, 1970). Male camels have low mating efficiency throughout their reproductive 

life. Puberty is dependent on the capacity of the testicular endocrine cells to produce 

sufficient levels of androgens to ensure the maturation of the reproductive system, 

development of libido and the production of required viable number of sperms from the 

tubules. Timing of puberty could be assessed by evaluating testicular weights and 

histological changes associated with spermatogenesis in the testis (Abdel-Rahim, 1997; 

El-Agawany et al., 1998).   

 

The testicular weight and size increase significantly (P<0.01) during the breeding 

season of the camel (Masood, 2007; Zeidan et al., 2001; Zaghloul et al., 1988; Arthur et 

al., 1985b). The testicular weight tend to be heavier and diameter of seminiferous tubule 

to be smaller in the period of cooler months or rutting season (November to March) than 

in the summer months or non-breeding season (May to September) (Tingari et al., 1984). 

The tunica albuginea of the camel testes is composed of collagenous and a few elastic 

fibers. Isolated bundles of the smooth muscle fibers are present in the capsule. The 

mediastinum testes and its radiating septula into the parenchyma also consist of mainly 

collagenous and a few elastic fibers. The interstitial tissue is composed of Leydig cells 

and a network of reticular fibers. These cells increase in volume in the rutting period from 

December to March, and reduce in volume in non-rutting period from April to November. 

The seminiferous tubules are 113-250 μm in diameter, and are lined by many layers of 

spermatogenic cells and a single layer of Sertoli cells. The spermatogenesis is a 

continuous process throughout the year, particularly in the camels between 4-15 years of 

age (Singh and Bharadwaj, 1978). The mean weight of the paired testes increased 

significantly with age, in particular during the interval between 4.5 (53.8±5.6 g) and 6.5 

(92.3±9.5 g) years. The outer diameter of the seminiferous tubules increases markedly 

from 98.5±8.4 µm at 1 year to 301.3±29.8 µm at ≥7 years of age (Al-Qarawi et al., 2001). 
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The mean diameter of seminiferous tubules in adult camels ranges from 131-183 µm 

(Volcani, 1957), 180-215µm (Abdel-Raouf et al., 1975), 113-250 µm (Singh and 

Bharadwaj, 1978) and 150-234 µm (Masood, 2007).The seasonal month wise variations 

in the testis weight, diameter of seminiferous tubules and the ratio of seminiferous tubule 

area to interstitial tissue area of sexually mature Arabian camels is depicted in table 2.4.    

 

The size of Leydig cells increase linearly throughout the first three years of camel 

life and two and a half and five years of age for Sertoli cells. The intertubular tissue 

occupied a comparatively large portion of the camel testis ranging from about 24% in 

autumn to about 39% in spring. The volume percentages of the different intertubular 

tissue constituents, namely Leydig cells, blood vessels, lymph vessels and various 

connective tissue components, also displayed clear seasonal changes. Early in winter, the 

intertubular tissue is richly vascularized by blood vessels (18% of intertubular volume), 

whereas lymph vessels constitute only about 3%. In spring, an immense expansion of 

lymph vessels is observed (Up to 10% of intertubular tissue), but no change was seen in 

the blood vessels. While the Leydig cells constituted only about 19% of total in the 

spring. In summer, the vascular compartment occupied nearly the same volume as in 

early winter, but with less blood and more lymph vessels. The Leydig cells volume 

percentage markedly increase (39.3%) as compared to spring. In autumn, blood and 

lymph vessels occupy lowest volume percentages (12% and 2.5% respectively) and 

Leydig cell volume also decreases as compared to summer (Zayed et al., 1995). During 

non-breeding season the Leydig cells become inactive which is obvious with the 

ultrastructural studies, they become smaller and separated by abundant matrix comprised 

mainly of collagen fibers and fibroblasts (Friedlander et al., 1984; Tingari et al., 1984). 

These ultrastructural changes are correlated with the level of testosterone in the blood of 

camels (Yagil and Etzion, 1980).  

 

The volume of interstitial tissue and the rate of testosterone synthesis are 

correlated since both increase during the mating season and both diminish during the non-

mating season. During mating season reduction of the tubular smooth endoplasmic 

reticulum (SER) and proliferation of condensed SER corresponds to the relative high rate 

of testosterone synthesis. During the non-mating season there is drastic reduction of the 

smooth endoplasmic reticulum and proliferation of myelin figures within the Leydig cells, 
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which disrupt at the end of their differentiation (Friedlander et al., 1984).  The interstitial 

cells of the camel testis are polygonal in shape with abundant smooth endoplasmic 

reticulum occurring as a network of tubules. There are a moderate number of 

mitochondria with predominantly lamellar cristae, and dense intramitochondrial granules. 

Lipid droplets vary in number from cell to cell. During non-breeding season these cells 

possesses abundant lipid droplets, large lysosomal bodies together with narrow cisternae 

of SER, i.e. the features of inactivity. Maximal activity is seen during the rutting season 

correlated with the seminiferous epithelium and the accessory sex glands (Tingari and 

Moniem., 1979). 
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Table 2.4: Mean weight of testis, diameter of seminiferous tubules and the ratio of 
seminiferous tubule area to interstitial tissue area of sexually mature camels in Saudi 
Arabia. 

Months Testis weight (g) 
Diameter of 

seminiferous tubules 
(µm) 

Ratio of area of 
seminiferous 

tubule/interstitial 
tissue 

January 98.1±29.8 155.6±11.8 0.807±0.043 

February 85.6±15.8 163.1±7.0 0.875±0.141 

March 95.3±16.6 152.8±11.2 0.929±0.087 

April 82.1±36.7 152.6±12.0 1.555±0.034 

May 63.1±1.1 171.5±12.8 1.575±0.244 

June 57.1±16.7 162.7±11.4 1.364±0.286 

July 77.0±11.7 179.1±15.4 1.395±0.185 

August 74.2±26.9 177.6±6.6 1.174±0.055 

September 85.5±32.4 202.3±7.9 1.058±0.02 

October 92.5±29.8 170.1±2.0 1.216±0.200 

November 95.7±36.6 170.2±8.4 0.616±0.199 

December 109.2±34.3 162.9±7.1 0.757±0.135 

(Tingari et al., 1984) 
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Figure 2.2: Testicular biometry of mature camels in Saudi Arabia 

                (Adopted from Tingari et al., 1984) 
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2.8. Ultrasonography of the Testis and Epididymis 

 
Ultrasound is a non-invasive and safe technique, which has been used for the 

diagnosis of several types of testicular neoplasms, cystic lesions, orchitis and abscesses in 

the human medicine. The ultrasonic characteristics of a tissue depend upon its ability to 

reflect sound waves. The sound waves reflected back to the transducer is converted to 

electric energy, which displayed as an echo on the ultrasound screen. Most frequently 

utilized ultrasound scanners in the reproductive research now a days are B-mode 

(brightness mode), real time scanners. In B-mode scanning, the image appear as two 

dimensional display of bright and dark dots, the brightness of dots is proportional to the 

amplitude of reflected echoes returning to the transducer. While Real-time scanning refers 

to the ability to display the movement of the scanned object, as it occurs naturally.         

Ultrasonography was established in 1990 as a practical tool for animal production. In 

Veterinary medicine it has been used mostly for the pregnancy diagnosis and for 

monitoring the ovarian lesions and morphological changes in the female reproductive 

tract. The ultrasound technique has been declared as a revolutionary research tool in 

reproductive biology (Pierson and Ginther, 1988). This technique provides the 

opportunity for sequential study of the individual structure with the potential to correlate 

changing morphology with the hormonal and other physiological changes. Transrectal 

scanning is the most common approach for ultrasonic examination of the female 

reproductive tract in large animals. Transducers of different frequencies (3.5, 5.0, 7.5 

MHz) are available and selected on the basis of size, consistency and location of the 

structures under investigation. The higher the frequency of the transmitted sound waves, 

the better the image resolution but lesser the depth of penetration. The transabdominal 

approach is used for imaging of the organs in the small animals thought to be too small 

for transrectal examination. Transvaginal approach is used extensively in women for 

imaging reproductive organs and pregnancy diagnosis. Transcutaneous ultrasonography 

has been used to demonstrate the ultrasonic morphology of testes of bulls (Pechman and 

Eilts, 1987; Eilts and Pechman, 1988) and boars (Cartee et al., 1986). Cartee et al., 1989 

correlated the ultrasonic measurements of testicles in bulls with the testicular 

circumference, weight and volume but not with the scrotal circumference. The research 

prospective of this technique and its compliance for computer assisted assessment go far 
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beyond the basic examination of the ovarian dynamics and pregnancy diagnosis. For the 

use of ultrasonography as a reliable diagnostic tool for the male reproductive problems, it 

is required to establish the normal ultrasonographic manifestation of the testis and the 

epididymis. Some workers have reported research applications of ultrasonography in 

different species of animals (Female camel: Skidmore, 2000; equine: Pierson et al., 1988; 

Fontijne and Hennis, 1989; bovine: Kastelic et al., 1988; Pierson and Ginther, 1988; 

Caprine and ovine: Ahmad et al, 1991; Buckrell, 1988), but no such information is 

available on the male camel. 

 

In ultrasound imaging, the parenchyma of testes appear homogenous and 

moderately echogenic with a coarse medium echo-pattern, independently of the axis or 

surface used during scanning in the ram (Gouletsou et al., 2003) rabbits (Aksoy et al., 

2009) dolphins (Brook et al., 2000) goats (Ahmad et al., 1991) boars (Clark et al., 2003) 

and human (Leopold et al., 1979). The mediastinum testes emerge as centrally located 

hyperechoic line in rams, goats (Ahmad et al., 1991), dolphins (Brook et al., 2000), and 

boars (Clark et al., 2003). Of the three segments of epididymis, head of the epididymis 

could not be imaged regularly while the tail is the only part which could be consistently 

scanned in the goats and rams (Ahmad et al., 1991), but tail could not be defined 

ultrasonically in human (Leopold et al., 1979), this may be due to the anatomical 

topographic orientation of the testicles. The tail of the epididymis appears as less echoic 

than parenchyma with a heterogeneous structure. The scrotal septum appear as a highly 

echogenic line between the testicles when testes scanned laterally. It also contained 

numerous un-echoic rounded or loop like areas, representing the small spermatic veins. 

The tunica albugenia appear as a hyperechoic line which surrounds the parenchyma, thin 

anechoic line representing fluid in the cavity found between the tunica albugenia and 

surrounding vaginal tunics, fascia and scrotal skin (Clark et al., 2003).  

 

 2.9. Serum Steroid Hormones  
 
 
2.9.1. Effect of Season and Climate on the Serum Testosterone Level 
 

One-humped camel has sexual behavior patterns influenced by the season (Novoa, 

1970; Bono, 1986). Pakistan lies in the temperate zone. The climate is generally arid, 

characterized by hot summers and cool or cold winters, and wide variations between 
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extremes of temperature. Pakistan has four seasons: a cool, dry winter from December 

through February; a hot, dry spring from March through April; the summer rainy season, 

or southwest monsoon period, from May through September; and the retreating monsoon 

period of October and November. The onset and duration of these seasons vary somewhat 

according to location. Male sexual activity (rut) and female heat occur during the winter 

season (December to March) in Pakistan (Yasin and Wahid, 1957). The variations in both 

the initiation and duration of the breeding season amongst different regions of the world 

demonstrate that the local seasonal factors must instigate the sexual activity. Clearly some 

factors like rainfall (Bono et al., 1985), management, pasture condition and nutrition 

(Skidmore, 2003) are important in dromedaries found near the equator. The androgen 

level is highest during the cooler months (Yagil and Etzion, 1980), a significant 

correlation found between testosterone secretion and the environmental temperature 

(Gombe and Odour-Okelo, 1977). It has been establish that temperature has a negative 

effect on testicular function especially during the high level of relative humidity. 

However some workers (Curasson, 1947; Arthur et al., 1985b) suggested that one-

humped camel can reproduce throughout the year, provided food supply abundant along 

with good management. Agarwal and Khanna (1998) claimed successful off-season 

breeding in the one-humped camel but Zhao (2000) contradicts year round breeding 

because male camel lose libido and do not like to copulate during off-season. The 

seasonal reproductivity in the camel is also obvious in the form of endocrine surge of 

gonadotropins and steroids (Azouz et al., 1992; Tibary and Annouassi, 1997).  

 

There is a dramatic increase in the testosterone level of blood (Azouz et al., 1992) 

and the testicular tissue (Friedlander et al., 1984; Al-Qarawi et al., 2001), during the 

rutting season of the male camel. The average month-wise testosterone concentration of 

Jaisalmeri camels (4-12 years old) ranged from 616.80±47.49 pg/ml to 8658.2±485.45 

pg/ml of plasma. Testosterone level remains low during hot months of April to September 

while this increase during October and November continue to increase during December 

and attain peak in the January and February (winter). It starts decreasing in March and 

reached to low level in subsequent months. Testosterone concentration becomes low 

during hot months of May, June, July, August and September because of decline in 

endocrine surge. Peak testosterone concentrations reported as 7457±271.9, 7624.5±666.9, 

14644.6±936.4 and 15204.2±954.3 pg/ml of plasma in dromedaries (Deen, 2008b).  
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The testosterone concentration in plasma is low during the pre-rut period 

(342.93±43.90 ng /ml). Onset of rut activity is associated with significant rise in 

testosterone concentration (4213.94±278 ng /ml), which is maintained for 11-18 weeks 

followed by decline to basal levels. Libido subsides in some males in March, in few more 

in April. Cessation of libido and ability to copulate appears to be associated with decline 

in testosterone concentration (Deen et al., 2005). 

 

Serum FSH and LH concentrations in Egyptian camels increase significantly in 

rutting season (4.62±0.47 i-u/ml) and (2.98±0.26 i-u/ml) as compared to non-breeding 

season (2.07±0.26 i-u/ml) and (0.72±0.12 i-u/ml) respectively. Similarly, serum 

testosterone (2.99±0.91 ng/ml) concentrations significantly increase in rutting season 

compared to non-breeding season (0.60±0.09 ng/ml) and (0.96±0.09 ng/ml) respectively. 

The hyperprolactinaemia along with low serum concentrations of FSH, LH, testosterone 

and cortisol, is likely to be the main cause of low fertility during non-breeding season 

(Azouz et al., 1992). 

 

The male and female camel, both have estrus behavior influenced by 

environmental conditions. The camel’s pituitary sensitivity to GnRH treatment is 

influenced by the season (Bono et al., 1988). Male reproductive activity is considerably 

influenced by rainfall. The average plasma levels of androgens range from 42.6±97.4 to 

1072±500.1 pg /ml, with the lowest levels during the dry season and the highest during 

the reproductive or rainy season in Somalia. LH levels range from 0.5±0.3 to 1.1±0.4 ng 

/ml in males and 0.2±0.1 to 1.2±0.8 ng /ml in females. Plasma estradiol levels range from 

10.2±9.4 to 37.1±11.3 pg /ml in females with constant and consistent fluctuations 

throughout the year but with no obvious relation to the reproductive season. Corticoid 

plasma concentrations varied considerably and range from 5.4±3.0 to 62.0±37.0 ng /ml in 

males and 7.5±5.4 to 62.2±21.3 ng /ml in females (Bono et al., 1989). 
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2.9.2. Effect of Season and climate on Serum Estradiol 17-β 

 

Estradiol 17-β (E2) is a steroid hormone mainly present in the female but also 

important in regulating male reproductive behavior and spermatogenesis. In males, 

estrogen derives from circulating androgens. Although testosterone is the primary sex 

steroid in male, estrogen is also produced in considerable quantities in the testis and brain 

(Roselli et al., 1997). Estrogen is synthesized by three different types of cells; Sertoli, 

Leydig and germ cells (Hess et al., 2001). In mature adult man, Leydig cells express 

P450arom and actively synthesize estradiol (Levallet et al., 1998; Carreau et al., 1999). 

The presence of P450arom in male germ cells and spermatozoa has also been 

demonstrated in many species (Hess et al., 2001; Janulis et al., 1998; Hess et al., 1995). 

Testosterone and androstenedione convert into estradiol and estrone respectively, under 

the effect of aromatase enzyme. Sertoli cells convert testosterone to estradiol (E2), which 

moves to the compartments of the seminiferous tubules and also into blood stream 

(Reece, 2005). Sertoli cells are the major source of blood and seminal estradiol in one-

humped camels (Al-Qarawi et al., 2001). Its functional significance in males is not yet 

clearly known (Sobti, 2008). Some workers have reported the significance of the estradiol 

in males, Hull et al.  (2002) documented that general estrogenic metabolites play an 

important role in mating behavior of adult males in all the mammalian species. Estradiol 

also prevents apoptosis of the male sperm cells (Pentikainen et al., 2006). It works 

together with the testosterone to exhibit the sexual behavior and accomplishment of 

successful copulation in adult male green anoles (Latham and Wade, 2010).Estrogen 

appears to play a more important role in regulating efferent ductule function (Hess et al., 

1997), so it appears that estrogen is required for normal fertility and efficiency in male. 

Only one report is available in literature on the estradiol concentration in one-humped 

male camels (Deen, 2008b), who documented that hormonal profile (Testosterone and 

estradiol) is positively correlated with the sexual libido (Copulation time and volume of 

semen ejaculate) in male camels. Estradiol concentration is reported as significantly 

higher during February (241.13±12.27 pg/ml) followed by March (238.93±29.21 pg/ml) 

and lowest during December (57.05±1.91 pg/ml) and January (86.69±2.69 pg/ml). 

Estradiol concentration declined during April (137.45±14.98 pg/ml) and May 

(114.27±22.04 pg/ml) and increase again during the month of June (190.59±49.21 pg/ml) 

(Deen, 2008b). 
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2.10. Effect of Nutrition on Camel Reproduction 

 

 Nutrition plays an important role in reproductive activity of both male and female. 

In addition to a balanced diet, supplementation with specific nutrients (Vitamins and 

minerals) can contribute to reproductive efficiency and fertility, which include semen 

quality and reproductive function in males. The quality of semen plays a major role in 

fertility and reproduction and is dependent on the quality of diet and nutrients. Camel 

blossom in areas where there is sparse and unreliable rainfall resulting in seasonal 

availability of fodder of poor quality. The camel is a browser by nature and therefore does 

not destroy its food sources as do the grazers (Newman, 1975). In case of dearth of food 

availability the camel can decrease its feed intake and reduce its metabolic rate also. To 

improve overall camel productivity, it is of utmost importance to establish the minimum 

nutritional requirements of camel to keep the animal body in stable energetic state 

(Guerouali and Filali, 1992). Body condition score (BCS) provide a sound information 

about the health status of animal especially during the breeding bull selection, it should 

range from 4.5-6.0 out of 10 (1=extremely thin; 10=extremely fat). In arid conditions, 

body fat mobilization strategies are of substantial importance in determining reproductive 

performance of camels (Faye et al., 2001). The reproductive performance of camel is 

affected by many factors, including under nutrition which result in low body condition 

(Abdel-Rahim and Nazier, 1990). High energy dietary intake could be the main factor in 

enhancing the early onset of puberty and efficient reproductive performance (Nolan et al., 

1991). In young camels the food denial result in the retarded growth and delayed maturity 

while in mature animals it results in the less productivity, loss of weight, and 

consequently the fertility will be affected.  Nutrition has a significant role in the camel 

reproduction. It has been reported in Saudi Arabia (Bakkar and Basmail, 1988) and 

Jordan (Al-Ain, 2002) that the one-humped camels supplemented with barley and lucerne 

has better body condition score and fertility levels as compared to the grazing camels. 

Obese and excessively thin camel bulls suffer from low libido so appropriate nutrition 

throughout the year is of extreme importance to ensure the optimal reproductive 

efficiency (Arthur, 1992; Wilson, 1992). General severe nutritional deficiencies in camel 

bulls are associated with the delay in age of puberty, testicular atrophy and reduced 

spermatogenesis (Tibary and Anouassi, 1997). Deficiencies in vitamin A (Ismail et al., 
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1988), iodine and selenium (Barsham et al., 2002) are also cause reduction in the 

ejaculate volume and sperms. 

2.11. Serum Minerals and Electrolytes 

 

The minerals are inorganic chemical elements which are essential for the normal 

growth and reproduction of animals. These are active participants in enzymatic reactions 

and are critical to life. There are two categories of minerals; Macro-minerals (Calcium, 

Magnesium, Sodium, Potassium, Chloride, Phosphorus and Sulfur) are required by the 

body in greater quantity, and micro-minerals or trace elements (Cobalt, Chromium, Iron, 

Copper, Selenium, Zinc, Iodine, Fluoride, Manganese and Molybdenum) required in 

smaller quantity. Serum minerals dissolved in body fluids fulfill vital roles in virtually all 

of life processes. Transmembrane movements of electrolytes are responsible for the 

electrical events that result in nerve conduction, muscular contraction and serve as 

essential co-factors in many enzymatically mediated metabolic reactions. Serum 

biochemical analysis can provide valuable information about the health, nutritional and 

physiological status of the animal (Osman and Al-Busadah, 2003). The incidence and 

severity of mineral deficiency in livestock may be further influenced by the climatic 

factors (Sunlight, rainfall etc).  

 

Calcium (Ca) is an important component of skeleton, having essential role in the 

enzyme activity and hormonal secretions (Kaneko et al., 1997; El-Khasmi et al., 2004). 

Sodium (Na) is the most abundant cation in the extracellular fluid and is major regulating 

factor for fluid balance of the body. Potassium (K) is the major cation in the intracellular 

space. The major physiological role of potassium is in the regulation of muscle and nerve 

excitability. Neuro-transmitters are having significant role in regulation of sexual desire 

in the laboratory animals (Hull et al., 1999). Potassium also plays an important role in 

control of intracellular volume, protein synthesis, growth and enzymatic reactions. 

Chloride (Cl) is the most abundant extracellular anion, primarily regulated by the renal 

proximal tubules and having significant role in the water balance of the body. Iron (Fe) 

required for formation of many enzymes in the body and is an important component of 

muscle cells and hemoglobin (Hb) (Reece, 2005). Normal iron levels in camel are 

analogous to the other ruminants and horses. There is deficient information about the 

effect of minerals on male reproductive functions. But some electrolytes and minerals 
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have an imperative role in controlling reproductive functions of both male and female 

animals (Hafez and Hafez, 2008). 

 

 The plasma testosterone concentration is significantly correlated with the content 

of Na, K, Ca and Mg in the genital organs of male one-humped camels (Al-Qarawi et al., 

2000). The serum Ca level is reported as higher during winter season as compared to 

other seasons in Egyptian camels (Abd-El-Salam et al., 2008). Some workers have been 

reported the normal values of serum biochemical constituents of healthy mature one-

humped camel from different ecological zones of the world (Haroun, 1994; Rezakhanki et 

al., 1997; Al-Busadah and Homeida, 2004). Seasonal, nutritional, climatic factors have 

significant role in the variations of reported values from different climatic zones. Season 

significantly effect the blood metabolites and minerals concentrations in one-humped 

camels (Amin et al., 2007). Only limited information is available on the seasonal changes 

in the serum biochemistry of one-humped camel in the local ecology of Pakistan (Zia et 

al., 2007), who documented the serum hormonal, electrolytes and trace element values 

during rutting and non-breeding season in the male one-humped camel. 
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3.1. Animals and Study Design  
 

A total of 24 adult sexually mature male one-humped camels from three districts 

located in three different ecological zones of Punjab, Pakistan, namely Faisalabad (n=12), 

Bhakkar (n=6) and Attock (n=6), reared at the Government farms and neighboring 

localities, were used as depicted in Fig. 3.2. Morphometrical studies were conducted on 

slaughter house material collected from 24 adult, healthy camels (6 samples during each 

season of the year) while testicular biopsy of 12 mature healthy camels (6 samples during 

breeding and non-breeding season) was done to collect testicular parenchymal tissue of 

camels kept at Faisalabad zone to evaluate seasonal ultrastructural changes in the testis. 

These camels were reasonably representative of the camel population in these zones. The 

study was conducted during four seasons of the year, 2008 namely winter (December to 

February), spring (March to April), summer (May to September) and autumn (October to 

November). The study was divided into two phases. The first attempts to draw both 

retrospective and current information on traditional camel reproduction and ecological 

aspects. The second deals with the events occurring in the animals. 

 

3.2. Description of Study Area 

 

3.2.1. Faisalabad (Irrigated Plain) 

 

Faisalabad is the third largest city in Pakistan after Karachi and Lahore. The city 

district of Faisalabad bound on North by the districts of Gujranwala and Sheikhupura, on 

the East by Sahiwal, on the East by Toba Tek Singh and on the West by Jhang. It is 1,135 

km from Karachi, 128 km from Lahore, 350 km from Islamabad. The area is irrigated by 

lower Chenab River, has expanded production of wheat, cotton, sugar cane, fruits and 

vegetables. The city is also industrial centre with railways repair yards, textile, oil seed, 

sugar and flour processing units. The city stands in the flat plains of northeast Punjab, 

between longitude 73° 74 East, latitude 30°31.5 North, with an elevation of 184 meters 

above sea level. The Chenab river flows about 30 km to the north-west while the Ravi 

River meanders about 40 km south-east of city. The main source of irrigation water is 

Chenab canal which meets the requirements of 80% of cultivated land. The mean 

maximum and minimum temperature in summer are 39 °C and 27 °C respectively. In 

winter it could reach peak up to 21 °C and 6 °C respectively. The summer season starts 
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from end of April till October, June, July are the hottest months. The winter starts from 

end of November till March. December, January and February are the coldest months. 

The average yearly rainfall lies only at about 400mm and is highly seasonal with 

approximately half of the yearly rainfall in the two months July and August (Faisalabad 

District Government Website). 

 

3.2.2. Attock (Pothohar) 

 

 Attock district city is located on the northern border of the Punjab province of 

Pakistan. Its old name, before 1985, was Campbellpur. It is just 80 km from Rawalpindi, 

100 km from Peshawar, and 10 km from the Kamra. Attock is located at 33° 46’20 North 

Latitude and 72° 22’ 6 East Longitude. It has an altitude of 384 meters above sea level. 

The average annual rainfall is 783 mm. Attock district climate characterized by very hot 

summer of short duration and very cold winters. The river Indus flows on the western and 

northern sides of the district; the Haro River comes from Haripur and passes through the 

Attock tehsil on the north of the Kala Chitta Range. The land consists mainly of hills, 

plateaus and dissected plains. The Attock district is bordered by the Haripur and Swabi 

districts of North-West Frontier Province districts of Kohat and Nowshera to the west and 

northwest (Falling rain Genomics- Attock city Website). 

 

3.2.3. Bhakkar (Thal desert) 

 

 Bhakkar district is located between 31° 10’ and 32° 22’ North Latitude and 70° 47’ 

and 72° East Longitude, with an area of 3,314 square miles, most of it lies in the deserted 

plain of the Thal. Its area consists of riverine tract along the Indus called Kacha and the 

Thal called Chol-e-Jalali. Most of its area comprises of Thal desert (Bhakkar district-

Govt. Website). 

 

 
3.3. Ecological Data 

 
Data on climatic conditions (rainfall, diurnal temperature and relative humidity) of 

all three zones were collected from Regional Meteorological Centre Lahore (RMC LHR) 

and the Climatology laboratory, University of Agriculture, Faisalabad. The data of 
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meteorological conditions of all the experimental zones during the entire period of study 

(year-2008) have been presented in Fig 3.1. 
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Figure 3.1. Summary of the ecological conditions at all experimental zones during year 

2008; A. average temperature (°C), B. relative humidity (%)  C. total rainfall (mm) 
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     Figure 3.2: Locations of different experimental zones under study in Punjab, Pakistan. 
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OBSERVATIONS ON RUTTING BEHAVIOR OF MALE CAMEL 
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4.1. INTRODUCTION 
 

It is well established that one-humped camel has seasonal sexual behavior, 

characterized by sexual exhilaration in the specific period of the year known as “rut” or 

“musth” (Elwishy, 1988). During the rutting season, the male camel become aggressive 

and may attack other animals as well as the care taker people of the herd (Arthur et al., 

1985). Male camels become off-feed as a result lose weight and body conditions. 

Frothing and loud gurgling sounds accompanied by the protrusion of soft palate are the 

prominent features of the rutting behavior of camels. Other important signs include the 

secretion of poll glands with fetid smell, micturation, urine spraying and movement of 

tail. The breeding male does not allow other mature males to stay in the herd. It does not 

copulate if other males are on site. The rutting male aggressively keeps its herd isolated 

from other herds, it frequently moves back and forth show restlessness (Khan and Kohli, 

1973; and Arthur et al., 1985).  

Male camel detects the female in heat by sniffing and smelling the genetilia 

during the rutting season. When female is in heat, the male perform Flehmen reaction by 

lifting his head and curling back his upper lip (Schwartz and Dioli, 1992; Yagil and 

Etzion, 1980). Along with smelling, male may also bite on the vulvular lips, at posterior 

part of hump, which even sometime result into bleeding. After courtship and chasing 

female, the male tries to force the female to the ground by pressing his neck on the hump 

and neck of female. Male may bites her on the stifle joint to keep him away from 

walking. When she sit down in the sternal recumbancy, eventually he mounts on the 

female, his front legs closely holding her and his hind limbs on each side of her pelvis. 

The male now sit down on the back of female with full weight on her with his chest pad 

rests on the rear portion of her hump. Now the penis is pulled forward and inserted into 

the female reproductive tract. Male starts pelvic thrusting and push in further. Female 

starts bellowing and bites his neck. Total copulation time ranges from 10-40 min, during 

this time male ejaculates 3-4 times. After copulation male either falls to one side or stands 

up, depending on degree of exhaustion (Khan and Kohli, 1973; Abdel-Raouf and El-

Naggar, 1964). 

The low reproductive efficiency of camels is a major obstacle to the growth of 

dromedary population due to delay in the onset of puberty, long gestation period, long 

calving interval, low fertilization rate and early embryonic death (Skidmore, 2003; Al-

Eknah, 2000). The reasons of low productivity is blamed on the female however half of 
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the responsibility lies on the bull, as both of them act as partner for the next progeny and 

its success (Al-Qarawi, 2005). And for the successful mating and hence fertilization, the 

detection of male sexual behavior is of utmost importance, therefore the present study 

was designed to quantify the male sexual behavior during different seasons of the year in 

the natural ecology of Punjab, Pakistan. 

 

4.2. MATERIALS AND METHODS 

 

4.2.1. Animals and study design 

 

Total 24 sexually mature, healthy one-humped camels from three districts of 

Punjab, Pakistan, namely Faisalabad (n=12), Bhakkar (n=6) and Attock (n=6), reared at 

the Government farms and neighboring localities, were used. These camels were kept 

under traditional managemental conditions. 

 

4.2.2. Observations on Rutting Behavior 
 

The behavioral and physical observations were made for at least two hours on 

each experimental animal for a week during the beginning, mid and end of each season. 

The rutting behavior was recorded by increased pacing and anxiety, reduction in food 

intake, frequent diarrhea, herd chasing, fighting, extrusion of soft palate, gurgling and 

roaring sounds, increased secretion of salivary glands, urine spraying, smudging of poll 

gland secretions and female seeking. 

 

4.2.3. Statistical Analysis 

 

Computer software package Microsoft Excel (Microsoft Office 2003) was used 

for the data compilation. Descriptive statistics (Frequencies, percentages) and factorial 

correspondence analysis of rutting behavioral signs were derived using STATISICA 6.0 

for windows with its sub program. 
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4.3. RESULTS 

  
4.3.1. Docile / Aggressive 
 
 All the animals under study were observed as aggressive during winter and spring, 

docile during summer. However, during autumn half number of animals were aggressive 

and other half docile at FSD and Attk while 33.3% were aggressive and 66.7% were 

docile at Bkkr zone (Table 4.1-4 & I-IV). 

 

4.3.2. Increased Pacing and Anxiety 
 
 Most of the camels showed high and moderate degree of pacing and anxiety 

during winter and spring seasons at all zones. It was absolutely absent or low in all the 

animals under study during summer season which continued till the end of autumn  

however a small proportion of animals (16.7%) exhibited moderate anxiety at Attk and 

Bkkr (Table 4.1- 4 & I-IV). 

 

4.3.3. Reduction in food intake 
 
 Reduction in food intake was observed as moderate or high at all the zones during 

winter season. During spring the extent of this sign was absent or low in majority of 

animals at FSD zone, however it was moderate or high at other two zones under study. It 

was totally absent in majority of camels in summer season at all the zones. This sign was 

largely either absent or low at all zones except about 33.3% animals which exhibited 

moderate reduction in food intake located at Attk zone during autumn season (Table 4.1- 

4 & I- IV). 

 

4.3.4. Micturation 
 
 The micturation was recorded as high to moderate at all the zones during winter 

and spring season. This sign was totally absent or low during summer at all the zones, in 

autumn micturation was absent or low at FSD zone however this sign was observed as 

moderate in 50% and 33.3% at Attk and Bkkr and with high extent in 16.7% animals at 

Attk zone (Table 4.1- 4 & I-IV, Figure 4.2). 
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4.3.5. Frequent Diarrhea 

 

 Frequent diarrhea was observed as high or moderate in all the animals under study 

during winter season. It was moderate or high in extent at Attk and Bkkr zones during 

spring, however it was absent (16.7%) or low (50%) and moderate in (33.3%) camels at 

FSD zone. None of the animal showed diarrhea during summer at all the zones, this trend 

continued even in the autumn season except one and two animals which showed low to 

moderate diarrhea towards the end of autumn season in Attk and Bkkr, respectively 

(Table 4.1-4 & I-IV). 

 

4.3.6. Herd Chasing 

 

 Herd chasing was recorded as high in majority of camels at Attk and Bkkr 

however it was high in 50% animals and moderate in remaining at FSD zone during 

winter season. It was moderate and high in mainstream of animals at all the zones in 

spring season however it was absent in 33.3% and 16.7% animals at FSD and Bkkr zone 

respectively. This was absent in majority of camels during summer, which gradually 

appeared in autumn at all zones particularly in Attk (Table 4.1- 4 & I- IV). 

 

4.3.7. Fighting 

 

 Fighting was observed as high in bulk of animals (100% and 83.3%) at Attk and 

Bkkr however merely 50% exhibited this trend of moderate level at FSD zone during 

winter and spring seasons. Fighting episodes diminished completely in summer and found 

low to moderate in extent during autumn at all the zones under study (Table 4.1- 4 & IV). 

 

4.3.8. Extrusion of soft palate 

 

 All animals without any exception at all zones exhibited extrusion of  soft palate 

of high degree in winter which became high to moderate in spring and gradually 

diminished with start of summer and only few cases recorded in Attk during autumn 

(Table 4.1- 4 & I-IV). It was probably the most prominent sign which portrayed a rutting 

male camel.  
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4.3.9. Gurgling and roaring sounds 

 

 Gurgling and roaring sounds were observed with high degree at all zones during 

winter which declined to moderate in most of animals during spring except few animals at 

FSD. This sign was completely absent camels located at all the zones during summer 

season however a minor population of animals started gurgling sounds towards mid to 

end of autumn at Attk and Bkkr (Table 4.1-4 & I-IV). 

 

4.3.10. Increased secretion of salivary glands 

 

 Majority of animals showed high extent of this sign during winter at all three 

zones under study. Degree of this sign was high in 33.3%, 66.7% and 50% and moderate 

in remaining animals at FSD, Attk and Bkkr zones respectively, during spring season. It 

was totally absent in all animals at all zones in summer. This was absent of low in 

majority of animals in all the zones under study during autumn season (Table 4.1- 4 & I-

IV). 

 

4.3.11. Urine spraying 

 

 This sign was recorded as high to moderate in all animals during winter and spring 

seasons and totally absent during summer and autumn at all zones with an minor 

exception at Attk (Table 4.1- 4 & I-IV, Figure 4.1). 

 

4.3.12. Poll gland secretion 

 Poll gland secretion was observed as high amongst 66.7% and moderate in rest of 

33.3% animals in winter, moderate in 66.7% animals in spring, low in 50%, absent in 

25% in autumn while  it was absent in majority of animals forming 83.3% in summer at 

FSD zone. By and large the similar trend was followed at other two zones under study 

(Table 4.1- 4 & I-IV). 
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4.3.13. Female seeking 

 

 During winter season, female seeking was recorded as high in 50%, 83.3% and 

66.7% animals at FSD, Attk and Bkkr zones, respectively whereas remaining animals 

showed a moderate degree. A moderate to low degree of expression was recorded in 

spring at all zones. None of the animal showed this sign in summer at any location. 

However during autumn, this character was manifested in 50% camels at low extent and 

absent in remaining animals at FSD zone, 33.3% animals showed low, 50% moderate and 

16.7% high extent of this sign at Attk, 66.7% showed moderate, 16.7% showed high and 

low degree of sign at Bkkr zone (Table 4.1- 4 & I-IV).  
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Table 4.1: Behavioral signs of male one-humped camels as recorded during different seasons of the year 2008, in the Faisalabad zone. 
 

                                                                                                                                                                                                          Contd…… 
 

Camel 
#  

Season D/A 
  

IPA RFI M FD HC F ESP GRS ISSG US PGS FS 

1 Winter 2 2 2 2 1 2 1 1 1 1 2 1 2 
2 2 2 2 2 1 2 2 1 1 2 1 2 2 
3 2 2 2 2 1 2 1 1 1 1 2 1 1 
4 2 2 2 2 1 1 2 2 1 1 1 1 2 
5 2 1 2 2 1 1 2 1 1 1 2 2 1 
6 2 1 2 2 1 1 1 1 1 2 2 1 2 
7 2 1 2 1 2 2 2 1 1 1 2 2 1 
8 2 1 2 1 2 1 1 1 1 1 1 1 2 
9 2 1 1 1 2 2 1 2 1 1 2 2 1 
10 2 1 1 1 2 2 1 1 1 2 2 1 2 
11 2 1 1 1 2 1 2 1 1 2 1 2 1 
12 2 1 1 1 2 1 2 2 1 2 1 1 1 
1 Spring 2 2 4 2 3 1 2 1 1 1 2 2 1 
2 2 2 4 2 3 3 2 1 1 2 2 2 1 
3 2 2 4 2 2 3 3 2 1 1 1 2 2 
4 2 2 4 2 2 1 2 2 2 2 2 3 2 
5 2 2 4 1 3 3 2 4 3 1 2 2 1 
6 2 1 3 1 4 2 3 4 2 3 2 3 1 
7 2 1 3 2 3 1 2 2 2 1 2 2 3 
8 2 2 4 1 2 1 2 1 1 2 1 3 1 
9 2 2 3 2 3 2 3 1 3 3 1 2 1 
10 2 2 3 2 3 1 2 3 3 3 2 2 3 
11 2 1 2 2 2 1 2 3 3 2 2 2 3 
12 2 1 2 1 4 3 2 2 2 3 1 3 3 
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Camel 
# 

Season D/A 
  

IPA RFI M FD HC F ESP GRS ISSG US PGS FS 

1 Summer 1 4 4 3 4 4 4 3 4 4 4 3 4 
2 1 4 4 3 4 4 4 3 4 4 4 3 4 
3 1 4 4 3 4 3 4 3 4 4 4 3 4 
4 1 4 4 3 4 3 3 4 3 4 4 3 3 
5 1 4 4 3 3 3 4 4 4 3 4 4 3 
6 1 4 4 4 4 4 4 4 4 3 3 3 4 
7 1 4 4 4 4 4 3 3 3 4 4 3 4 
8 1 4 4 3 4 4 4 3 4 4 3 4 4 
9 1 4 4 3 4 4 3 4 3 3 4 3 3 
10 1 4 4 4 4 3 3 3 3 4 4 3 3 
11 1 4 4 4 3 3 3 3 4 3 4 3 4 
12 1 4 4 4 3 3 3 4 4 3 3 4 3 
1 Autumn 1 4 4 3 4 3 3 4 4 4 3 3 4 
2 1 4 4 3 4 4 3 4 4 4 3 3 4 
3 1 4 4 3 3 3 2 4 4 3 3 4 4 
4 1 3 3 4 3 4 2 2 3 4 3 4 3 
5 2 3 4 4 4 4 3 2 4 4 3 3 3 
6 2 4 3 3 3 3 3 4 3 3 4 3 4 
7 2 4 4 4 4 4 3 4 3 4 4 3 4 
8 1 4 4 3 4 3 3 4 2 4 3 3 3 
9 1 4 4 3 3 3 2 3 2 3 3 4 4 
10 2 4 4 3 4 3 2 3 3 2 3 2 3 
11 2 4 3 4 4 3 2 3 2 2 4 2 3 
12 2 3 3 3 3 4 2 3 2 3 4 2 3 
 
D/A=Docile or aggressive (1=docile, 2=aggressive), IPA= Increased passing and anxiety, RFI= Reduction in food intake, M= Micturation, FD= Frequent     
diarrhea, HC= Herd chasing, F= Fighting, ESP= Extrusion of soft palate, GRS= Gurgling and roaring sounds, ISSG= Increased secretion of salivary 
glands, US= Urine spraying, PGS= Poll gland secretion, FS= Female seeking, 1= high, 2=moderate, 3= low, 4= absent 
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Table 4.2: Behavioral signs of male one-humped camels as recorded during different seasons of the year 2008, in the Attock zone. 
 
Camel 
# 

Season D/A 
  

IPA RFI M FD HC F ESP GRS ISSG US PGS FS 

1 Winter 2 1 1 2 1 1 1 1 1 1 2 1 1 
2 2 1 1 2 1 2 1 1 1 2 2 1 1 
3 2 1 1 1 1 2 1 2 1 1 1 2 1 
4 2 1 2 2 1 1 1 1 1 1 2 1 2 
5 2 1 2 1 2 1 1 1 2 1 2 1 1 
6 2 1 2 1 2 1 1 1 1 1 1 2 1 
1 Spring 2 2 2 2 1 1 1 2 1 1 1 1 1 
2 2 2 2 2 1 1 1 1 1 2 2 2 2 
3 2 2 2 2 2 2 2 2 2 1 2 1 1 
4 2 2 1 2 1 1 1 2 1 2 1 1 2 
5 2 1 1 1 1 2 1 1 2 1 2 1 1 
6 2 1 3 1 2 2 2 2 2 1 2 1 3 
1 Summer 1 4 4 3 4 4 4 4 4 4 4 4 3 
2 1 4 4 3 4 4 4 4 3 4 4 3 4 
3 1 4 4 4 3 3 4 4 4 4 4 4 3 
4 1 4 4 3 4 3 3 3 4 4 4 4 3 
5 1 3 3 3 3 3 4 4 4 4 4 4 4 
6 1 3 3 4 3 4 3 3 3 4 4 3 3 
1 Autumn 1 3 3 2 3 3 3 3 3 3 2 2 2 
2 1 3 3 2 2 2 3 3 1 3 2 3 3 
3 1 3 2 3 3 3 2 1 3 2 3 2 2 
4 2 3 3 2 3 2 3 2 3 3 2 2 2 
5 2 2 2 3 2 3 2 4 1 3 3 3 3 
6 2 1 3 1 1 2 2 2 2 2 1 1 1 
D/A=Docile or aggressive (1=docile, 2=aggressive)   IPA= Increased passing and anxiety, RFI= Reduction in food intake, M= Micturation, FD= Frequent     diarrhea, HC= Herd chasing, F= 
Fighting, ESP= Extrusion of soft palate, GRS= Gurgling and roaring sounds, ISSG= Increased secretion of salivary glands, US= Urine spraying, PGS= Poll gland secretion, FS= Female 
seeking, 1= high, 2=moderate, 3= low, 4= absent 
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Table 4.3: Behavioral signs of male one-humped camels as recorded during different seasons of the year 2008, in the Bhakkar zone. 
 
Camel 
#  

Season D/A 
  

IPA RFI M FD HC F ESP GRS ISSG US PGS FS 

1 Winter 2 1 1 1 1 1 2 1 1 1 1 1 1 
2 2 2 1 2 2 2 1 2 2 1 2 1 2 
3 2 1 2 1 1 1 1 1 1 1 2 2 1 
4 2 1 1 2 1 1 1 1 1 1 1 1 1 
5 2 1 2 1 2 1 1 2 2 1 1 1 1 
6 2 1 2 1 2 2 1 1 1 2 2 1 2 
1 Spring 2 1 2 1 2 2 2 2 1 1 2 2 1 
2 2 1 1 2 1 1 1 1 2 2 1 2 1 
3 2 2 2 1 2 2 2 2 1 1 2 2 2 
4 2 1 2 1 1 2 2 1 1 2 2 1 1 
5 2 2 1 1 2 1 2 2 2 1 1 2 2 
6 2 2 3 2 3 3 2 3 2 2 2 2 2 
1 Summer 1 4 4 4 4 4 4 4 4 4 4 4 4 
2 1 4 3 4 3 3 3 3 3 4 3 4 3 
3 1 3 4 4 4 3 4 4 4 4 4 4 4 
4 1 4 4 3 4 4 4 4 4 4 4 4 4 
5 1 3 4 4 4 4 4 4 3 4 4 4 3 
6 1 3 4 4 4 4 3 3 4 4 4 3 3 
1 Autumn 1 3 4 3 3 4 3 4 4 3 4 2 3 
2 1 2 4 2 4 2 4 3 3 2 3 3 4 
3 1 4 3 3 3 4 3 2 4 3 3 2 3 
4 2 3 4 3 4 4 3 4 4 3 4 3 3 
5 1 3 3 2 2 2 3 3 2 4 4 2 3 
6 2 3 3 4 3 3 2 2 1 3 2 4 2 
 
D/A=Docile or aggressive (1=docile, 2=aggressive)   IPA= Increased passing and anxiety, RFI= Reduction in food intake, M= Micturation, FD= Frequent     diarrhea, HC= Herd chasing, F= 
Fighting, ESP= Extrusion of soft palate, GRS= Gurgling and roaring sounds, ISSG= Increased secretion of salivary glands, US= Urine spraying, PGS= Poll gland secretion, FS= Female 
seeking, 1= high, 2=moderate, 3= low, 4= absent 
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Table 4.4: Chi-square values of different behavioral signs from the correspondence analysis. 
 
 RFI M FD HC F ESP GRS ISSG US PGS FS 
IPA 51.12** 

0.000 
63.48** 
0.000 

50.24** 
0.000 

48.81** 
0.000 

60.64** 
0.000 

61.94** 
0.000 

62.70** 
0.000 

60.27** 
0.000 

66.42** 
0.000 

54.59** 
0.000 

57.28** 
0.000 

RFI  49.36** 
0.000 

80.96** 
0.000 

52.00** 
0.000 

57.65** 
0.000 

50.33** 
0.000 

52.46** 
0.000 

65.51** 
0.000 

59.48** 
0.000 

55.82** 
0.000 

48.26** 
0.000 

M   49.38** 
0.000 

54.30** 
0.000 

47.48** 
0.000 

43.71** 
0.000 

47.68** 
0.000 

57.50** 
0.000 

53.11** 
0.000 

69.09** 
0.000 

71.31** 
0.000 

FD    51.50** 
0.000 

56.77** 
0.000 

54.97** 
0.000 

59.05** 
0.000 

67.00** 
0.000 

66.07** 
0.000 

68.95** 
0.000 

51.29** 
0.000 

HC     69.42** 
0.000 

50.99** 
0.000 

50.35** 
0.000 

69.46** 
0.000 

49.12** 
0.000 

46.30** 
0.000 

58.31** 
0.000 

F      53.61** 
0.000 

55.23** 
0.000 

74.24** 
0.000 

62.02** 
0.000 

56.29** 
0.000 

49.24** 
0.000 

ESP       81.10** 
0.000 

67.88** 
0.000 

74.74** 
0.000 

59.78** 
0.000 

60.00** 
0.000 

GRS        77.04** 
0.000 

67.20** 
0.000 

56.36** 
0.000 

60.35** 
0.000 

ISSG         77.00** 
0.000 

65.44** 
0.000 

63.86** 
0.000 

US          54.88** 
0.000 

63.86** 
0.000 

PGS           60.69** 
0.000 

** = Significant (P<0.01) 
IPA = Increased passing and Anxiety                   RFI = Reduction in food intake 
M = Micturation        FD = Frequent diarrhea 
HC = Herd Chasing         F = Fighting 
ESP = Extrusion of soft palate                    GRS = Gurgling and roaring sounds 
ISSG = Increased secretion of salivary glands                  US = Urine spraying 
PGS = Poll gland secretion        FS = Female seeking 



Chapter 4: Observations on rutting behavior of male camel 47

 Faisalabad

33%

67%

0%0%

Absent low moderate high

 Attock

0%

33%

50%

17%

Absent low moderate high

 Bhakkar

50%

33%

17% 0%

Absent low moderate high

 
 
 

Figure 4.1: Percentage extent of urine spraying during autumn season. 
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Faisalabad

33.30%

66.70%

0%0%

Absent low moderate high

Attock

0%

33.30%

50%

16.70%

Absent low moderate high

 

Bhakkar

16.70%

50%

33.30%

0%

Absent low moderate high

 
Figure 4.2: Percentage extent of Micturation during autumn season.  
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Plate 4.1: Photographs of male camels showing different behavioral signs 
                                                                       A= Extrusion of soft palate   B= Poll glands secretion  
                                                                       C= Urine spraying                 D= Salivary glands secretion 

A 

B 

C 

D 



4.4. DISCUSSION 
 
 Present study was conducted to record the extent of rutting behavioral signs in 

male one-humped camels in three different ecological zones of Punjab, Pakistan including 

Faisalabad (n=12), Bhakkar (n=6) and Attock (n=6). The findings of the present study 

revealed that the degree of most of rutting behavioral signs vary among different seasons 

and climate of the location. All the animals under study showed aggressiveness during 

winter and spring season and docility in summer season at all the ecological zones, 

however during autumn half of the animals were aggressive at FSD and Attk while 33.3% 

camels were aggressive at Bkkr zone. Most of the camels (66.7% at FSD, 100% at Attk 

and 83.3% at Bkkr), (33.3% at FSD and Attk, 50% at Bkkr) were in the condition of 

restlessness and anxiety during winter and spring seasons.  This sign was totally absent 

(83.3% at FSD, 16.7% at Bkkr) or very low (66.7% at Bkkr, 66.7% at Attk, 16.7% at 

FSD) during autumn season. The majority of camels remained off feed (with moderate or 

high extent) during the winter and spring season while it was totally absent or very low 

during summer and autumn seasons of the year. The percentage of degree of micturation 

was more at Bkkr zones (66.7% camels), frequent diarrhea and fighting behavior was 

observed in more camels (66.7% and 100%) at Attk, extrusion of soft palate was more at 

Attk and FSD (83.3%), the percentage of extent of gurgling and roaring sounds was high 

(100%) at FSD, salivary glands secretions were more copious (83.3%) at Attk and Bkkr, 

urine spraying character was high at Bkkr, high percentage (83.3%) of camels showed 

poll gland secretion at Bkkr followed by Attk and FSD, during winter and spring seasons. 

These behavioral differences might be attributed to the climatic condition or nutritional 

status of the camels at different locations. Some behavioral signs like micturation, 

frequent diarrhea, fighting, extrusion of soft palate, secretion of salivary glands and poll 

glands secretion were observed as more extensive at Attk and then Bkkr zone as 

compared to the FSD, in the autumn (October, November) and spring season of the year, 

which revealed that the rutting season started earlier at these locations (Attk and Bkkr) 

and extended even up to the start of the summer at Attk zone. No report is available on 

the rutting behavior of male camels in the natural ecology of Pakistan to compare these 

findings; however Abdel-Rahim and Nazier (1992) studied the courtship and mating 

behavior and reaction of male to the urine of pregnant and non-pregnant female. 
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5.1. INTRODUCTION 
 
 Livestock sector is an imperative part of agriculture in Pakistan. It plays an 

important role in the agriculture sector and in the national economy of Pakistan. 

Livestock accounts for 37% of the agriculture Gross Domestic Product (GDP) and 8% of 

the national GDP. Among livestock, camel farming contributes a major part of total 

livestock population in certain geographic location of the country. Pakistan possesses 

about 23% camel population of Asian countries and rates fourth in the world following 

Somalia, Sudan and Mauritania (FAOSTAT, 2005). There are about 0.328 million 

households linked one or other way with camel production in Pakistan. (Anonymous, 

2008-09). Camel is capable of surviving under harsh and arid environmental condition. It 

can survive and reproduce under a management system with low inputs, insensitive 

environmental condition and difficult landscape in arid and semi-arid regions where 

survival of other animals is intricate. Camel is an important multi-purpose animal for 

socio-economic needs of inhabitant of desert, mountainous region and even irrigated 

plains of Pakistan.  

In Pakistan, mainly camels are kept by the migratory pastoralists in subsistence 

production system in the arid and semi-arid regions. However, camel contribution to the 

agriculture economy of Pakistan is not well assessed. In addition to the pack and draft 

animal, camel is a good source of milk, meat and hides for the residents of the extreme 

desert areas. Camel milk is sold in small quantities and is also given away or shared with 

neighbors. The major importance of camel milk is its availability in dry seasons and 

during times of drought when milk from other livestock is inadequate. The dairy potential 

of camel appeared to be higher than that of cow reared under the same climatic and 

managemental conditions (Faye, 2005). The milk yield ranges between 900 and 4000 

litres in a lactation period (250-500 days) of a camel. The camel meat largely consumed 

by the people of rural and remote areas of Pakistan, as most of the people of cities have 

not developed the taste for it. However this trend is going to be changed with the time due 

to awareness of the people living in the cities about the medicinal importance of camel 

milk.  According to an estimate over 5000 tons of is being annually produced in Pakistan. 

The trend of slaughtering camels on Eid-ul-Azha is increasing day by day. Camel also 

used as a power for ploughing land, drawing water from wells, oil extraction, grinding of 

wheat, corn, gram and sugarcane crushing (Khodaie, 2002; Khan et al., 2003). Some 

workers; Khan et al. (2003) and Jasra and Isani (2000) discussed and documented the 



Chapter 5: Questionnaire survey 54

production, management and socio-economic importance of camel in Pakistan. However, 

this study was designed to conduct survey in the three ecological zones under study to 

collect data and understand the status of the production and traditional management 

system of the camels in these regions of Punjab, Pakistan. 

 

5.2. MATERIALS AND METHODS 

 

A questionnaire survey was conducted in all three zones to collect data on the 

comprehensive production system and breeding history variables. The sample units were 

individual households and the format was prepared for 20-25 households in the three 

districts including Faisalabad (73° 74 East, 30°31.5 North), Bhakkar (31° 10’ and 32° 22’ 

North, 70° 47’ and 72° East) and Attock (33° 46’20 North, 72° 22’ 6 East). The variable 

on the production system included general management, housing, feeding, breeding, 

disease control and production constraints as perceived by the owner and solutions 

sought. Special emphasis was given for reproductive parameters such as age of puberty, 

selection of bull camel, and breeding season. 

 

5.2.1. STATISTICAL ANALYSIS 

 

Computer software package Microsoft Excel (Microsoft Office 2003) was used 

for the data compilation. Descriptive statistics (Frequencies, percentages) and correlation 

among different parameters of traditional husbandry practices and reproductive 

performance were derived using STATISICA 6.0 for windows with its sub program. 
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5.3. RESULTS 

 

5.3.1. The Socio-Economic Importance of Camel 

 

Camels played an important role in the local economy of the zones under study. 

Family living status of the respondents / camel herders at all locations, had improved as 

compare to 20 years back (Table 5.2). Most of the respondents were having Marecha 

(Mahra), Campbelpuri and Brela camel breeds at FSD, Attk and Bkkr zones respectively 

(Table 5.1).  According to camel herders, mainly male camels used for draft purpose 

(60%), (65%) and (70%) at FSD, Attk and Bkkr zones (Figure 5.2). Studies revealed that 

female animals constitute more than 70% of a camel herd. The high number of female 

camels is required to fulfill the milk requirements of the herders (Figure 5.3). The number 

of male camels remained low because a majority of male camel calves slaughtered in the 

early age, others allowed to grow up to 4-5 years of age, at this age most of them 

castrated, sold and slaughtered. Main season of camel sale was monsoon and then Eid 

festival at all the zones. Most of the respondent used to sale camels to the beopari and the 

price depending upon the animal condition and demand (Table 5.3). Major sources of 

income of the camel herders were sale of milk, meat and animals and to some extent crop 

cultivation (Figure 5.1). 

 

 

Table 5.1: Survey data (%) on the breeds of the camels in three ecological zones of 

Punjab Pakistan. 

 

 

 

 

 

Parameters Zones under study 
Faisalabad Attock Bhakkar 

Camel breeds 
Brela (Thalocha) 0.0 0.0 53.3 
Marecha (Mahra) 86.7 0.0 6.7 
Desi  13.3 0.0 40.0 
Cambelpuri 0.0 100.0 0.0 
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Table 5.2: Survey data (%) on the family livings of people in three ecological zones of 
Punjab Pakistan. 
 
Parameters                                      Zones under study 

Faisalabad Attock Bhakkar 
Family living today as compare to 20 yrs back 
No difference  6.7 53.3 26.7 
Better  93.3 46.7 73.3 
 

 
 
 
 
 
Table 5.3: Survey data (%) on the camel sale in three ecological zones of Punjab Pakistan 
 
Parameters                                       Zones under study 

Faisalabad Attock Bhakkar 
Main season of camel sale 
Winter  0.0 0.0 0.0 
Dry  0.0 0.0 0.0 
Monsoon  33.3 60.0 86.7 
Eid  66.7 40.0 13.3 
Purpose of sale
Cash  73.3 26.7 53.3 
Animal purchase  13.3 20.0 46.7 
Home occasions  0.0 26.7 0.0 
Animal purchase & 
cash  

13.3 6.7 0.0 

Others  0.0 20.0 0.0 
Sale to? 
Beopari  60.0 40.0 80.0 
Market  40.0 40.0 20.0 
Others  0.0 20.0 0.0 
Price depending on? 
Animal condition  80.0 73.3 93.3 
Demand  33.3 33.3 46.7 
Trade competition  0.0 33.3 53.3 
Do you purchase camels & why 
Yes for draft  40.0 46.7 53.3 
Yes for business  60.0 53.3 33.3 
No  0.0 0.0 13.3 
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Faisalabad

66.70%

33.30%33.30%
0.00%

46.70%

33.30%

Sale of milk & meat Crop cultivation
Sale of animals Side business
Rent of draft animals Others (job)

 

Attock

40.0%

6.70%

46.70%

6.70%

20.00%

26.70%

Sale of milk & meat Crop cultivation
Sale of animals Side business
Rent of draft animals Others (job)

 
Bhakkar

6.7%

80.00%

13.30%
0.00%0.00%13.30%

Sale of milk & meat Crop cultivation
Sale of animals Side business
Rent of draft animals Others (job)

 
 

Figure 5.1: Major income source of camel herders at three zones under study. 
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Faisalabad
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Attock

65%
12%

15%
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Draft Pack Breeding Meat

 
Bhakkar

70%

6%

20%
4%

Draft Pack Breeding Meat

 
                                                            Figure 5.2: Work performed by male camels at three zones under study. 
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Figure 5.3: Number of domestic animals per camel herder family in three ecological zones under study. 
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Faisalabad

33.30%

66.70%

0.00%

Grazing only Grazing pasture & suplementation Others

Attock

46.70%

40.00%

13.30%

Grazing only Grazing pasture & suplementation Others

 
Bhakkar

33.30%

40.00%

26.70%

Grazing only Grazing pasture & suplementation Others

 
 

Figure 5.4: Feeding system of camels at three zones under study.
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5.3.2. Traditional Management System of Camels 

5.3.2.1. Camel Housing 

 

 Most of the camel herders (100% at FSD, 73.3% at Attk and 93.3% at Bkkr), kept 

their camels in open air at all the ecological zones under study (Table 5.4). 

 

5.3.2.2. Watering of Camels 

 

 According to respondents the major sources of water for camel herders were rivers 

and pumps at FSD, wells and pumps at Attk and wells at Bkkr zone (Table 5.5). During 

winter season, watering interval for camels was week at FSD, 3-7 days at Attk and Bkkr 

zones, however this interval was 12 hrs during summer season at all the localities. 

 

5.3.2.3. Feeding of Camels 

 

 Most of the camel herders adopted the grazing system at Attk, grazing and 

supplementation system at FSD and Bkkr regions (Figure 5.4). 

 

 

 
 
 
 
Table 5.4: Survey data (%) on the camel housing and feeding system in three ecological 
zones of Punjab Pakistan. 
 
Parameters                                       Zones under study 

Faisalabad Attock Bhakkar 
 Camel housing 
In stable yard  0.0 26.7 6.7 
In open air  100.0 73.3 93.3 
Supplements or special feed 
Wheat straw  66.7 73.3 73.3 
Guwara husk  26.7 46.7 46.7 
Linseed cake  26.7 6.7 53.3 
Gram bhoosa  0.0 0.0 33.3 
Butter  0.0 0.0 20.0 
Taramera oil  0.0 26.7 0.0 
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Table 5.5: Survey data (%) on the watering system of camels in three ecological zones of 
Punjab Pakistan. 
 
Parameters                                     Zones under study 

Faisalabad Attock Bhakkar 
 Major Source of water 
Wells  0.0 60.0 93.3 
Rivers  33.3 0.0 0.0 
Seasonal water 
spots 

0.0 6.7 6.7 

Others (Pumps) 66.7 33.3 0.0 
 Watering timing of camels 
 (winter) 
Everyday  0.0 13.3 0.0 
Third day  0.0 53.3 20.0 
Weekly  100.0 33.3 80.0 
Summer  
Everyday   100.0 100.0 100 
Second day  0.0 0.0 0.0 
Third day  0.0 0.0 0.0 
Weekly  0.0 0.0 0.0 
 

5.3.3. Camel Productivity and Reproductive Performance 

 

5.3.3.1. Milk, Meat and Hair Production 

  

 Most of the husbandry and management practices of the camel herders are geared 

towards the improvement of milk production and the continuous supply of milk for the 

family’s needs throughout the year. The average daily milk yield varied from 3-8 liters. 

This production depends on the breed of the camel, its age, the lactation period, the 

season of the year and the availability of browse and water. According to camel herders, 

meat production was (175.3 kg, 232 kg, 210 kg) and hair production was (2.67, 2.13 and 

1.47 kg), at FSD, Attk and Bkkr zones respectively (Table 5.6).  

 

5.3.3.2. Work Performance of the Camels 

 

The load carrying capacity was more in the camels of Attk zone (439.7 kg), then 

Bkkr (383 kg) and FSD (341 kg) zones. Riding speed was more at FSD zones (6.8 

km/hr), then Attk (5.2 km/hr) and Bkkr (4.67 km/hr). Herders used their camels for 6.27 
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hr/day, 6.93 hr/day and 7.73 hr/day at FSD, Attk and Bkkr zones respectively. Camels 

traveled about 24.93 km at FSD, 29.53 km at Attk and 35.53 km at Bkkr zone (Table 5.6).   

 

 
 
Table 5.6: Survey data on the work performance and production traits of male camels 
(Mean ± SEM) in three ecological zones of Punjab Pakistan. 
 
Parameters                                       Zones under study 

Faisalabad Attock Bhakkar 
Hair production (kg) 2.67±0.16A 2.13±0.13B 1.47±0.13C 

Meat production 
(kg) 

175.3±11.0B 232.0±3.93A 210.6±7.34A 

Riding speed 
(km/hr) 

6.80±0.28A 5.20±0.17B 4.67±0.21B 

Load carrying 
capacity (kg) 

341.5±22.45B 439.7±7.47A 383.1±12.20B 

How often use 
camels (hrs/day) 

6.27±0.51 6.93±0.56 7.73±0.25NS 

Average distance 
traveled by camels 
(km) 

24.93±1.25C 29.53±1.34B 35.53±1.41A 

Peak rutting vigor 
(days) 

124.5±2.22B 135.6±2.85A 123.2±1.24B 

Mount per day 
(number) 

3.60±0.29B 5.07±0.21A 4.53±0.19A 

Duration of 
copulation (min) 

27.67±1.75B 35.00±1.20A 18.53±0.84C 

 
NS = non-significant; * = Significant (P<0.05); ** = highly significant (P<0.01) 
Means sharing similar letters in a cell are statistically non-significant (P>0.05) 

  

 

5.3.3.3. Reproductive Performance of the Camels 

 

The age of puberty of male camels was 4.5-5 years at FSD zone, 4-5 years at Attk 

and 4 years at Bkkr zone. According to camel herder the season of sexual activity of male 

camels ranged from December to March at FSD, November to April at Attk and 

November to March at Bkkr zone. Herders assessed the male fertility from the body 

condition and genitalia conformation of the camels. Camel herders used their male up to 

15 years at FSD, 20 years at Attk and 10 years at Bkkr zone. Most of the respondents 

assisted their male camels during the act of copulation. Peak rutting vigor was 124 days, 
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135 days, and 132 days in the male camels of FSD, Attk and Bkkr zone. Mount per day 

was recorded as 3, 5 and 4 times at FSD, Attk and Bkkr. The duration of copulation was 

more at Attk (35 min), then FSD (27 min) and Bkkr (18 min) (Table 5.7). 

 

5.3.4. Breeding Management of Camels 

 

 46% respondents practiced culling at FSD, 73.3% at Attk and 86.7% at Bkkr zone 

due to low productivity (33.3%) and old age (33.3%) at FSD, low productivity (33.3%) 

and reproductive problems (46.7%) at Attk while low productivity (53.3%) and old age 

(46.7%) at Bkkr zone. All the camel herders were interested to breed more camel. 

Productivity of camels mainly influenced by calving period at FSD zone whoever 

mortality was the major cause of low productivity at Attk and Bkkr (Table 5.8).  
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Table 5.7: Survey data (%) on the reproductive management of male camels in three 
ecological zones of Punjab Pakistan. 
 
Parameters                                       Zones under study 

Faisalabad Attock Bhakkar 
Age of puberty of male camel
4 years  0.0 40.0 80.0 
4.5 years  26.7 20.0 20.0 
5 years  73.3 40.0 0.0 
Should we reduce age of puberty
Yes  100.0 100.0 100.0 
No  0.0 0.0 0.0 
Season of sexual activity 
Nov-March  46.7 46.7 73.3 
Dec-March  53.3 0.0 20.0 
Nov- April  0.0 53.3 6.7 
Signs of rut 
Smell of poll glands 
secretions  

40.0 86.7 100.0 

Soft palate extrusion  26.7 20.0 86.7 
Gurgling sounds  46.7 33.3 20.0 
Others  0.0 13.3 0.0 
How assess the fertility of male camel
Body condition  80 55 65 
Genitalia 
conformation  

8 35 20 

Fertility history  12 10 15 
How long use breeding bull 
10 years  0.0 0.0 53.3 
15 years  40.0 46.7 40.0 
20 years  33.3 53.3 6.7 
30 years  26.7 0.0 0.0 
Do you assist bull during mating
Yes  66.7 46.7 60.0 
Occasionally  33.3 53.3 40.0 
No  0.0 0.0 0.0 
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Table 5.8: Survey data (%) on the breeding management of camels in three ecological 
zones of Punjab Pakistan. 
 
Parameters                                      Zones under study 

Faisalabad Attock Bhakkar 
Practice culling  
Yes  46.7 73.3 86.7 
No  53.3 26.7 13.3 
Why practice culling 
Low productivity 33.3 33.3 53.3 
Reproductive 
problems  

6.7 46.7 13.3 

Old age  33.3 13.3 46.7 
Do you want to breed more camels
Yes  100.0 100.0 100.0 
No  0.0 0.0 0.0 
Advantages of rearing camels over other livestock 
Input minimum  13.3 53.3 46.3 
Useful  86.7 46.7 53.3 
How to increase production 
Better feed  0.0 26.7 26.7 
Breeds  20.0 53.3 20.0 
Both  80.0 20.0 53.3 
Productivity of camels influenced by?
Mortality  20.0 66.7 40.0 
Calving period  80.0 33.3 26.7 
Both  0.0 0.0 33.3 
 

5.3.5. Health Management of Camels 

 

 The camel is more prone to diseases as compared to other animals. However most 

of the respondent 66.7%, 40% and 60.0% at FSD, Attk and Bkkr zones did not vaccinate 

their animals. 46% at FSD, 40% at Attk and more than 80% at Bkkr did not or 

occasionally seek Veterinary assistance for the treatment of the health problems of 

camels. According to camel herders common diseases of camel were Pox followed by 

Surra at FSD, Mange followed by Pox at Attk zone and Surra followed by Mange at Bkkr 

zone (Table 5.9). 
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Table 5.9: Survey data (%) on the health management of camels in three ecological zones 
of Punjab Pakistan. 
 
 
Parameters                                       Zones under study 

Faisalabad Attock Bhakkar 
Vaccination 
Yes  0.0 26.7 0.0 
Sometimes  33.3 33.3 40.0 
No  66.7 40.0 60.0 
Common diseases 
Surra   18 20 55 
Mange 14 45 25 
Digestive problems 10 11 10 
Pox 58 24 10 
Seek Veterinary assistance 
Yes  53.3 60.0 13.3 
No  20.0 6.7 6.7 
Occasionally 26.7 33.3 80.0 
How handle reproductive problems
Sell them  66.7 40.0 60.0 
Treat them  33.3 60.0 39.8 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5.4. DISCUSSION 

 

 Present study was designed to conduct a questionnaire survey to collect data on 

the production and traditional management system in the three ecological zones of 

Punjab, Pakistan. This study revealed that the family living status of the camel herders 

has improved as compared to 20 years back at all the locations however the improvement 

was more at FSD and Attk zones. Most of the camel herders were keeping Marecha, 

Cambelpuri and Brela camel breeds at FSD, Attk and Bkkr zones respectively. These 

findings are comparable with the Isani and Baloch (2000) and Khan et al. (2003) who 

reported Campbelpuri, Brela and Marecha as main breeds of Attk, Bkkr and FSD 

respectively. At all the locations male camels were mainly used for draft purpose and 

females primarily for milk and secondarily for draft purpose along with other utilities like 

pack, game, meat, hair, hide production and agriculture use. Main season of camel sale 

was monsoon and then Eid occasion at all the zones. Major source of income for most of 

the camel herders at all zones were sale of milk and meat, sale of animals and crop 

cultivation. 

 

 High percentage of camel herders kept their camel in open air at all the studied 

areas. The major sources of water for camels were river and pumps in FSD, wells and 

pumps at Attk and mainly wells at Bkkr zone.  The watering interval was round about one 

week during winter season at all the locations however herders offered water to the 

camels, everyday during the summer season. Most of the camel herders used to take their 

camels for grazing from morning till evening at all the zones, however trend of 

supplementation was found at Attk and Bkkr zones. Meat production was more at Attk 

followed by Bkkr and FSD zones; however hair production was more at FSD zone. The 

load carrying capacity was more in the camels of Attk zone, riding speed was more of the 

camels of FSD, and herders used camels for more time per day at Bkkr zone. Puberty 

became earlier in the camels of Bkkr zone. The period of sexual activity started earlier in 

November and extended more even up to April at Attk as compared to other zones. This 

variation may be attributed to the climatic conditions, as cool weather at Attk zone as 

compared to others. These results confirmed the findings of Jasra and Isani (2000) who 

reported that breeding season of camel in irrigated plains of Sindh and Punjab starts in 

December and extend up to March while in cooler areas it may continue even up to April. 

Male camels used for breeding even up to 20 years of age at Attk zone. Duration of 



Chapter 6: B-mode ultrasonographic evaluation of the testis and epididymis of one-
humped camel 

70

copulation was up to even 35 min at Attk zone, so it can be derived that the males of Attk 

zone are more efficient in reproduction as compared to FSD and Bkkr. Most common 

disease was Pox at FSD, Mange at Attk and Surra at Bkkr zone, so it is obvious that Pox, 

Mange and Surra are the more common diseases of camels at these localities of Punjab. 
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B-MODE ULTRASONOGRAPHIC EVALUATION OF THE TESTIS AND 
EPIDIDYMIS OF ONE-HUMPED CAMEL 
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6.1. INTRODUCTION 

 
One-humped camel is a seasonal breeder and show sexual activity during specific 

period of year known as rut or musth. Rut is characterized by a vivid increase in the 

androgen levels of the blood, which directly affect the male behavior and its sexual 

desire. Seasonal changes have evident effect on the morphology of the testicular tissue 

and activity of Leydig cells in dromedary (Tingari et al., 1984; Friedlander et al., 1984). 

The testes of dromedary are ovoid, lie obliquely to the vertical axis and surrounded by a 

tough tunica albugenia. These are located in a scrotum close to the body in the perineal 

region. A longitudinal strand of mediastinum testes extending lengthwise through the 

center of the testis, and lobule of seminiferous tubules are arranged radially around it 

(Degen and Lee, 1982). Histologically testes are covered by the tunic comprises of dense 

irregular connective tissue with a deeply located tunica vasculosa and delicate septula 

testis. Lobuli testes are radially arranged around the mediastinum. The epididymis is 

comprised of head, body and tail, located on the dorsal border of the testis with head 

curving on the cranial pole while tail attached to the caudal pole of the testicles 

(Skidmore and Adams, 2000). The testicular weight and size (Length, width and 

circumference) significantly (P<0.01) increase during the breeding season of the camel 

(Masood, 2007; Zaghloul et al., 1988; Arthur et al., 1985a).   

 

Ultrasound is a non-invasive and harmless technique, which has been used for the 

diagnosis of several types of testicular abnormalities in the human medicine. This 

technique was established in 1990 as a practical tool for animal production. In Veterinary 

medicine it has been used mostly for the pregnancy diagnosis and for monitoring the 

ovarian lesions and morphological changes in the female reproductive tract. The 

ultrasound technique has been declared as a revolutionary research tool in reproductive 

biology in late eighties (Pierson and Ginther, 1988). This technique provides the 

opportunity for sequential study of the individual structure with the potential to correlate 

changing morphology with the hormonal and other physiological changes. 

Transcutaneous ultrasonography has been used to demonstrate the ultrasonic morphology 

of testes of bulls (Pechman and Eilts, 1987; Eilts and Pechman, 1988) and boars (Cartee 

et al., 1986). The research prospective of this technique and its compliance for computer 

assisted assessment go far beyond the basic examination of the ovarian dynamics and 

pregnancy diagnosis. For the use of ultrasonography as a reliable diagnostic tool for male 
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reproductive problems, it is must to establish the normal ultrasonographic manifestation 

of the testis. Some workers have reported research applications of ultrasonography in 

different species of animals (Female dromedary: Skidmore and Adams, 2000; Tibary and 

Anouassi, 2000; equine: Pierson et al., 1988; Fontijne and Hennis, 1989; bovine: Kastelic 

et al., 1988; Pierson and Ginther, 1988; Caprine and ovine: Gouletsou et al., 2003; 

Ahmad et al, 1991; Buckrell, 1988). Nevertheless, to the best of our knowledge, there is 

no report on the ultrasonographic appearance of the testis of male camel (Camelus 

dromedarius), thus the objective of the present work was to establish scanning technique 

for ultrasound, to describe the normal ultrasonographic structure of camel testes and to 

scan the seasonal changes in the testicular parenchyma of dromedary camel.  
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6.2. MATERIALS AND METHODS 

 

6.2.1. Animals 

 

A total of 24 adult sexually mature male camels, aged 5 to 9 years with clinically 

normal testes, from three districts located in the Punjab, Pakistan, namely Faisalabad 

(n=12), Attock (n=6) and Bhakhar (n=6), reared at the Government farms and 

neighboring localities, were used in the present study. To compare the seasonal structural 

ultrasonographic changes in the testes, the study was conducted during four seasons of the 

year 2008, namely winter (December to February), spring (March to April), summer 

(May to September) and autumn (October to November).  

 

6.2.2. Clinical Examination 

 

All the experimental animals were examined for general health status and the 

appearance of genetalia. The testes were palpated and compared for their size, shape, free 

movement and position in the scrotum. The scrotal skin was observed for any kind of 

lesions. As the epididymis is present on dorsum of testes in camel, only tail of 

epididymides were palpated for the size and flexibility.  

 

6.2.3. Scrotal Biometry of the Testis 

 

Scrotal length and width of the testis of all experimental camels were measured by 

measuring tape and recorded during each season of the year at all the experimental zones 

under study. 

 

6.2.4. Ultrasound Imaging of the Testis and Epididymis 

 

All the camels under study were examined three times (beginning, mid and end) 

during all four seasons of the year at each experimental zone. The testes of each male 

camel were scanned while restrained in the sitting position without using any sedative, by 

B-mode real time ultrasound scanner (Picker CS 9100-Model EUB-405 Tokyo, Japan) 

equipped with a 7.5-MHz linear-array transducer. The scrotal skin was washed before the 

application of ultrasound gel to improve the penetration of sound waves through the skin. 
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As camel has non-pendulous scrotum, prior to scanning, the testes were pulled down very 

gently within scrotum and maintained there by the left hand of examiner. Each testis was 

scanned, by placing transducer directly on the scrotal skin. For transverse view, the 

transducer was placed perpendicularly to its long axis while moving it from dorsum to the 

ventral edge of the testis, which produced a round image of the testicular parenchyma. 

For longitudinal view, the transducer was placed vertically parallel to the long axis of the 

testis (Figure 6.1, 6.2 & 6.3). To establish the normal ultrasonographic appearance and 

seasonal changes of the camel testes and epididymides, longitudinal and transverse 

images of the normal testicular parenchyma, mediastinum testes and tail of epididymides, 

were videotaped and printed.  

 

6.2.5. Statistical analysis 
 

Data was analyzed using General Linear Model (GLM) procedures. The means, 

standard error means (± SEM) and ranges of biometric parameters were worked out using 

the computer software package Microsoft Excel (Microsoft Office 2003). Means were 

compared by One-way Analysis of Variance (ANOVA) for morphological studies and 

two-way ANOVA. Significance among different parameters was calculated at P>0.05 by 

Duncan’S multiple range (DMR) test. All computations were made by STATISICA 6.0 

for windows with its sub program. 
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Figure 6.1. Diagram of the camel testes demonstrating the placement (   ) and 

movement (   ) of transducer to get the longitudinal section of the testis, where Cr 

=Cranial border, Caud =Caudal border, ET =tail of epididymis and P =Parenchyma of 

testis, Pl=Placement of transducer, M=Movement of transducer 

 

 

 

 

 

ET 

P 

Caud 

Cr 

Pl 

M 



Chapter 6: B-mode ultrasonographic evaluation of the testis and epididymis of one-
humped camel 

77

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2. Diagram of the camel testes elaborating the placement (  ) and movement 

(   ) of transducer to obtain cross section of the parenchyma (P), where ET= Tail of 

epididymis, Cr= Cranial border, Caud=Caudal border, Drs=Dorsal Surface, Vrs=Ventral 

surface, Pl=Placement of transducer, M=Movement of transducer  
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Figure 6.3. Diagram of camel testes elaborating the placement (  ) and movement              

(      ) of transducer to obtain cross section of the tail of epididymis, where ET=epididymis 

Tail, Cr= Cranial border of testis, Caud=Caudal border of testis   
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6.3. RESULTS  

 

6.3.1. Clinical Examination 

All the experimental animals were in good health status. No clinical abnormality 

was detected during the clinical examination. The testes were moving freely in the non-

pendulous scrotum, with firm and homogenous consistency, without any deformity, 

lesion or hardness. 

 

6.3.2. Scrotal Biometry of the Testis 
 
 The means (±SEM) of scrotal length (cm) of right and left testis were found to be 

(19.93±0.34) and (21.30±0.38), (22.25±1.09) and (22.99±1.06), (22.01±0.68) and 

(23.06±0.88) in winter, (19.60±0.37) and (21.00±0.33), (20.83±1.19) and (21.21±1.35), 

(19.81±0.54) and (20.42±0.45) during spring, (17.84±0.26) and (18.79±0.25), 

(17.04±0.54) and (17.88±0.63), (16.68±0.28) and (17.45±0.31) during summer and 

(17.91±0.28) and (19.05±0.34), (17.25±1.16) and (17.79±0.97), (19.79±0.76) and 

(20.71±0.79) during autumn season at FSD, Attk and Bkkr ecological zones respectively. 

Statistically, overall means of scrotal length of right (SLRT) and left testis (SLLT) were 

significantly (P<0.01) higher during winter (21.03±0.38), (22.16±0.40) and spring 

seasons (19.96±0.37), (20.91±0.38) as compared to summer (17.35±0.20), (18.23±0.22) 

and autumn (18.21±0.39), (19.15±0.38) at all zones under study, respectively (Table 

6.1and 2, Figure 6.4 and 6.5). Statistical analysis revealed that the overall means of 

scrotal width upper of right (11.60±0.28) and left (12.84±0.28) testis, scrotal width lower 

of right (12.18±0.33) and left (12.96±0.35) testis and scrotal width center of right 

(13.19±0.32) and left (14.08±0.36) testis were recorded as significantly (P<0.01) higher 

during winter season as compared to summer (i-e) scrotal width upper of right 

(8.79±0.19) and left (9.56±0.19) testis, scrotal width lower of right (8.60±0.19) and left 

(9.43±0.18) testis and scrotal width center of right (9.42±0.24) and left (10.30±0.23) testis 

and autumn season (i-e) scrotal width upper of right (8.93±0.29) and left (9.75±0.30) 

testis, scrotal width lower of right (9.85±0.34) and left (9.85±0.34) testis and scrotal 

width center of right (9.41±0.35) and left (10.10±0.37) testis respectively (Table 6.1 

and.2, Figure 6.4 and 6.5). 
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Table 6.1: Comparative means (±SEM) and overall mean of scrotal length and width of right testis of one-humped camel at different zones of 
Punjab, Pakistan during all the seasons of year. 

               
Means sharing similar letter in a row or in a column are statistically non-significant (P<0.05). Small letters represent comparison among 
interaction means and capital letters are used for overall mean. SLRT=Scrotal length of right testis, SWURT= Scrotal width upper of right testis, 
SWLRT= Scrotal width lower of right testis, SWCRT= Scrotal width center of right testis 

Parameter Seasons                                            Zones under study      Overall mean 
 
 
 
SLRT (cm) 

 
Winter 

        Faisalabad           Attock         Bhakkar  
19.93±0.34b 22.25±1.09a 22.01±0.68a 21.03±0.38A 

Spring 19.60±0.37b 20.83±1.19ab 20.81±0.54ab 20.16±0.37B 
Summer 17.84±0.26c 17.04±0.54bc 16.68±0.28bc 17.35±0.20D 
Autumn 17.91±0.28c 17.25±1.16c 18.79±0.76c 18.21±0.39C 
Overall mean 18.67±0.17 19.01±0.52 19.05±0.36  

 
SWURT (cm) 

Winter 11.05±0.24 13.10±0.87 11.21±0.35 11.60±0.28A 
Spring 10.51±0.29 12.13±1.02 10.92±0.57 11.02±0.33A 
Summer 8.23±0.19 10.13±0.58 8.57±0.21 8.79±0.19B 
Autumn 8.25±0.25 10.15±0.86 9.08±0.49 8.93±0.29B 
Overall mean 9.32±0.16B 11.21±0.41A 9.70±0.22B  

 
SWLRT (cm) 
 

Winter 11.39±0.30 13.86±0.92 12.07±0.64 12.18±0.33A 
Spring 10.21±0.38 12.83±1.03 10.71±0.47 10.99±0.37B 
Summer 7.67±0.17 10.25±0.53 8.83±0.17 8.60±0.19C 
Autumn 8.41±0.22 10.33±0.90 9.52±0.33 9.17±0.28C 
Overall mean 9.15±0.18C 11.60±0.43A 10.06±0.25B  

 
SWCRT (cm) 
 

Winter 11.69±0.25 15.67±0.82 13.72±0.39 13.19±0.32A 
Spring 10.16±0.24 15.04±1.03 12.71±0.49 12.02±0.42B 
Summer 7.70±0.19 12.13±0.47 10.17±0.27 9.42±0.24C 
Autumn 7.55±0.26 11.58±0.60 10.96±0.44 9.41±0.35C 
Overall mean 9.08±0.19C 13.41±0.40A 11.61±0.25B  
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Table 6.2: Comparative means (±SEM) and overall mean of scrotal length and width of left testis of one-humped camel at different zones of 
Punjab, Pakistan during all the seasons of year. 

 
Means sharing similar letter in a row or in a column are statistically non-significant (P<0.05). Small letters represent comparison among 
interaction means and capital letters are used for overall mean. SLLT=Scrotal length of left testis, SWULT= Scrotal width upper of left testis, 
SWLLT= Scrotal width lower of left testis, SWCLT= Scrotal width center of left testi s 

Parameter Seasons                                            Zones under study     Overall mean 
 
 
SLLT (cm) 

 
Winter 

        Faisalabad            Attock          Bhakkar  
21.30±0.38b 22.99±1.06a 23.06±0.88a 22.16±0.40A 

Spring 21.00±0.33b 21.21±1.35b 20.42±0.45bc 20.91±0.38B 
Summer 18.79±0.25d 17.88±0.63d 17.45±0.31d 18.23±0.22D 
Autumn 19.05±0.34cd 17.79±0.97d 20.71±0.79b 19.15±0.38C 
Overall mean 19.83±0.19 19.70±0.53 19.89±0.39  

 
 
SWULT (cm) 

Winter 12.23±0.25 13.90±0.87 12.98±0.48 12.84±0.28A 
Spring 10.93±0.21 12.90±1.04 11.44±0.44 11.55±0.31B 
Summer 9.14±0.16 10.74±0.59 9.24±0.23 9.56±0.19C 
Autumn 9.31±0.27 10.63±0.93 9.77±0.55 9.75±0.30C 
Overall mean 10.24±0.15B 11.87±0.43A 10.63±0.26B  

 
 
SWLLT (cm) 

Winter 12.23±0.25 14.81±1.00 12.58±0.72 12.96±0.35A 
Spring 11.26±0.25 13.27±1.12 11.63±0.53 11.85±0.35B 
Summer 8.75±0.16 10.93±0.55 9.30±0.17 9.43±0.18C 
Autumn 9.17±0.24 11.25±1.15 9.81±0.41 9.85±0.34C 
Overall mean 10.11±0.17B 12.34±0.46A 10.59±0.27B  

 
 
SWCLT (cm) 

Winter 12.36±0.22 16.36±0.89 15.24±0.62 14.08±0.36A 
Spring 11.09±0.20 15.38±1.06 13.46±0.41 12.76±0.39B 
Summer 8.67±0.15 12.88±0.49 10.99±0.28 10.30±0.23C 
Autumn 8.29±0.26 12.06±0.68 11.75±0.61 10.10±0.37C 
Overall mean 9.93±0.17C 14.03±0.41A 12.59±0.31B  
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Figure 6.4: Means (±SEM) and ranges of scrotal length and width upper of right and left testis of one-humped camel at different zones of 
Punjab, Pakistan during all the seasons of year. 
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Figure 6.5: Means (±SEM) and ranges of scrotal width lower and width center of right and left testis of one-humped camel at different zones of 
Punjab, Pakistan during all the seasons of year. 



6.3.2. Normal Ultrasonographic Appearance of Testis and Epididymis 

 

6.3.2.1. Longitudinal Section 

 

The one-humped camel testes are surrounded by tough tunics and capsule, which 

were appeared as hyperechoic border lines of the parenchyma. A thin anechoic line was 

found in between the two (parietal and visceral) layers of the tunica vaginalis. The 

mediastinum testis was visualized as a hyperechoic central linear structure in the 

parenchyma. The testicular parenchyma was identified as moderately echogenic and 

homogenous (Plate 6.1 a).  

 

6.3.2.2. Cross Section 

 

The tunics were appeared as hyperechoic borders with central anechoic fluid filled 

thin area. The mediastinum testes was observed as central, nearly circular hyperechoic 

area in the mid of the parenchyma (Plate 6.1 b). 

 

                a) Longitudinal Section                         b)  Transverse Section 

 

Plate 6.1. Longitudinal (a) and transverse (b) sectional ultrasonographs of the camel testes 

showing; Ts =Tunics, C=Capsule P=Parenchyma of testis, Md=Mediastinum, 

Arrow=Thin anechoic area within the tunics 
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Plate 6.1 c. Transverse sectional ultrasonograph of tail of camel epididymis    elaborating;   

ET=Epididymal tail, P=Testicular parenchyma 

 

6.3.2.3. Tail of Epididymis 

 

The tail of epididymis appeared as heterogeneous less echogenic structure as 

compared to the testicular parenchyma (Plate 6.1 c). The epididymal head and body were 

not accessible and could not be imaged due to anatomical topographic location of the 

epididymis on the dorsal or cranial surface of the testes in camels.  

 

6.3.3. Seasonal changes in ultrasonic appearance of the testes and epididymis 

 

Season had a prominent apparent effect on the echogenic appearance of the camel 

testis and epididymis.  

 

6.3.3.1. Winter Season 

 

 During winter, the testicular parenchyma was evident as more echogenic as 

compared to other months of the year which might be due to the increased in interstitial 

contents and more activity of the tubular germ cells. The mediastinum testis visualized as 

a thin hyperechoic line in the centre of the parenchyma (Plate 6.2a and 6.3a). The tail of 
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epididymis identified as more echogenic in this season indicating the presence of more 

sperms as compared to other seasons (Plate. 6.4 a).  

 

6.3.3.2. Spring Season 

 

In spring, the parenchyma was recorded as high to moderate echogenic due to 

relative decrease in intertubular connective tissue contents. The mediastinum appeared as 

thick central echogenic band (Plate 6.2b and 6.3b). While the tail of epididymis imaged as 

moderately echogenic during this season (Plate 6.4b). 

 

6.3.3.3. Summer Season 

 

During summer, the testicular parenchyma was appeared as less echogenic due to 

decrease in the interstitial contents and mediastinum visualized as thicker band with 

scattered texture and less echogenicity (Plate 6.2c and 6.3c).The tail of epididymis was 

evident as less echogenic (Plate 6.4c).   

 

6.3.3.4. Autumn Season 

 

During autumn, as the epithelial cells destroy and their height decreased than the 

breeding season due to inactivity of the germ cells, the testicular parenchyma appeared as 

least echogenic and reduced in size due to decrease in the interstitial contents (Plate 6.2d 

and 6.3d). The tail of epididymis identified as less echoic as compare to other seasons 

(Plate 6.4d). 
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                              Winter Spring 

 

Plate 6.2a. Longitudinal section of testis 
showing; 

 Moe echogenic parenchyma (P) 
 Evident of more activeness of 

germ cells & high interstitial 
contents 

 

 

Plate 6.2b. Longitudinal Section showing; 

 Moderate echogenic parenchyma 
 Show still activeness of the 

tubular germ cells 

Summer Autumn 

 

Plate 6.2 c.Longitudinal section 
elaborating; 

 Less echogenic parenchyma (P)  
 Show less activity of tubular germ 

cells & decreased interstitial 
connective tissue 

 Thicker mediastinum (Md) 
 

 

Plate 6.2d. Longitudinal section showing; 
 Low echogenicity of parenchyma 
 Show inactiveness of the tubular 

germ cells and minimum 
interstitial connective tissue 

 Connective tissue contents (Ct) 
 

 

 

P 

P 

P 

P 
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 Winter Spring 

 

Plate 6.3a. Transverse section of testis 
showing; 

 More echogenic parenchyma 
 Central dot of mediastinum 
 

 

 

Plate 6.3b. Transverse section of testis 
showing; 

 Moderate echogenic parenchyma 
 

Summer Autumn 

 

Plate 6.3c. Transverse section of testis 
showing; 
 

 Less echogenic parenchyma 
 

 

Plate 6.3d. Transverse section of testis 

showing; 

 Less echogenic parenchymal tissue 

with reduced parenchymal contents 

 

P 
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                            Winter                               Spring 

Plate 6.4a. Section of  tail of epididymis 

 More echogenic appearance 

 ET= tail of epididymis,  

             P= parenchyma of testis 

 

Plate 6.4b. Section of tail of epididymis 

 Moderate echogenic appearance 

 ET= tail of epididymis,  

      P= parenchyma of testis 

                            Summer                            Autumn 

Plate 6.4c. Section of tail of epididymis 

 Less echoic emergence 

 

 

Plate 6.4d. Section of tail of epididymis 

 Least echogenic appearance 
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ET 

P 
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6.4. DISCUSSION 

 

Present study was performed to record the seasonal changes in the scrotal size of 

the testis, to document the normal ultrasonic appearance of the testis and epididymis of 

one-humped camel and to evaluate the seasonal changes in the echotexture of the 

testicular parenchyma at three different zones of Punjab, Pakistan. The measured 

dimensions (Scrotal length and width) of the testis were significantly (P<0.01) higher 

during the winter and early spring seasons as compared to summer and autumn. These 

results are inline with the previous studies including Wilson (1984); Tingari et al. (1984); 

Aurthur et al. (1985).  

The parenchyma was appeared as homogenous and moderate echogenic which 

was similar to the other animals reported earlier like bulls (Pechman and Eilts, 1987), 

boars (Cartee et al., 1986), Caprine and ovine (Gouletsou et al., 2003; Ahmad et al, 1991; 

Buckrell, 1988) bottlenose doliphin (Brook et al., 2000), rabbit (Aksoy et al., 2009). The 

testicular capsule was appeared as thick hyper-echoic structure and tunics were identified 

as hyperechoic lines in both longitudinal and transverse planes, covering the parenchyma. 

A thin intratunical anechoic linear area was identified, because of fluid between the 

connective tissue coverings. Similar findings have been recorded in man (Leopold et al., 

1979), rams (Ahmad et al, 1991), bulls (Pechman and Eilts, 1987) and male goats 

(Ahmad and Noakes, 1995). But these tunics are undifferentiated and appear as single 

hyperechoic band surrounding the parenchyma in rabbits (Aksoy et al., 2009). 

Mediastinum, a heap of connective tissue was a consistent ultrasonographic feature in all 

scanned testes. It was visualized as hyperechoic central line in the longitudinal section 

and a central hyperechoic circular area in transverse plane which is inline with the 

findings in bucks and rams (Gouletsou et al., 2003; Ahmad et al, 1991) and bulls (Cartee 

et al., 1989). Because of the anatomical topographic location of epididymis in camels, 

only tail was visible and approachable. It was identified as heterogeneous less echoic than 

the testicular parenchyma which resemble with the findings in rabbits (Aksoy et al., 

2009), and rams (Gouletsou et al., 2003). However in men the head was visualized as 

most clear and visible while tail was not detectable (Lavoipierre, 2000). In the present 

study, the body and head of epididymis and pampiniform plexus were not detectable due 

to the anatomical location of these organs on the dorsal or cranial surface of camel testes. 
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Season had a prominent noticeable effect on the ultrasonic picture of the testis and 

epididymis at all the experimental zones. During breeding season (winter and early 

spring), there is significant increase in the volume of interstitial contents, activity of the 

tubular germ cells and increase in the mature germ cells (Singh and Bharadwaj, 1978; 

Zayed et al., 1995). As echogenicity related to the activity of the germ cells of 

seminiferous tubule and presence of increased number of mature germ cells (Evans et al., 

1996), the testicular parenchyma appeared as more echogenic during breeding season of 

the camel.  

The parenchyma visualized as less echoic in summer and least echogenic in the 

autumn season due to inactivity of the germ cells and reduced number of mature germ 

cells. Interstitial connective tissue content begins to decline in summer and become very 

narrow and reduced in the autumn (Zayed et al., 1995). Though spermatogenesis is a 

continuous process throughout year (Tingari et al., 1984) but the activity of tubular germ 

cells start to turn down in summer and become least dynamic in autumn (Singh and 

Bharadwaj, 1978). These anatomical seasonal changes directly affect the ultrasonic 

picture of the testes in the one-humped camel.  

 

 

 

 

6.5. CONCLUSION 

 

The results of present study indicate that ultrasonography is a proficient tool for 

the examination of camel testes and epididymis. The ultrasonographic structure of camel 

testis resembles other mammals. Season has an apparent effect on the testicular size, 

echogenicity of the testicular parenchyma and epididymis in one-humped camels.  
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 INTRODUCTION 
 
 

One-humped camel is a seasonal breeder, showing sexual activity during winter 

and early spring season in Pakistan (Yasin and Abdul Wahid, 1957). The climate of 

Pakistan is generally arid, characterized by hot summers and cold winters, and wide 

variations between extremes of temperature at given locations. Pakistan has four seasons: 

a cool, dry winter from December through February; a hot, dry spring from March 

through April; the summer rainy season, or southwest monsoon period, from May through 

September; and the diminishing monsoon period of October and November. The onset 

and duration of these seasons vary according to ecological location of different zones.  

The variations in both the initiation and duration of the breeding season amongst 

different regions of the world demonstrate that the local seasonal factors must instigate 

the sexual activity. Changes in the day length stimulate seasonality (Chen and Yuen, 

1979; Williamson and Payne, 1978), but clearly some other factors like rainfall (Bono et 

al., 1985), management, pasture condition and nutrition (Skidmore, 2003) are also 

important in the camels found near the equator. The androgen level is highest during the 

cooler months (Yagil and Etzion, 1980), a significant correlation found between 

testosterone secretion and the environmental temperature. It has been establish that 

temperature has a negative effect on testicular function especially during the high level of 

relative humidity. However Arthur et al. (1985a) suggested that one-humped camel can 

reproduce throughout the year, provided food supply abundant along with good 

management. Agarwal and Khanna (1998) claimed successful off-season breeding in the 

one-humped camel but Zhao (2000) contradicts year round breeding because male camel 

lose libido and do not like to copulate during off-season. The seasonal reproductivity in 

the camel is also obvious in the form of endocrine surge of gonadotropins and steroids 

(Azouz et al., 1992; Tibary and Annouassi, 1997). There is a dramatic increase in the 

blood testosterone (Azouz et al., 1992) and in the testicular tissue (Al-Qarawi et al., 

2001), during the rutting season of the dromedary. The average month wise testosterone 

concentration of Jaisalmeri dromedaries (4-12 years old) ranged from 616.80±47.49 

pg/ml to 8658.2±485.45 pg/ml of plasma. Testosterone level is low during hot months of 
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April to September while this increase during October and November continue to increase 

during December and peaked in the January and February (winter). It starts decreasing in 

March and reached to low level in subsequent months. Testosterone concentration 

becomes low during hot months of May, June, July, August and September because of 

decline in endocrine surge. Peak testosterone concentrations reported as 7457±271.9, 

7624.5±666.9, 14644.6±936.4 and 15204.2±954.3 pg/ml of plasma in dromedaries (Deen, 

2008a). The testosterone concentration in plasma goes to baseline during the pre-rut 

period (342.93±43.90 ng /ml). Initiation of rut activity is allied with significant rise in 

testosterone concentration (4213.94±278 ng /ml), which is maintained for 11-18 weeks 

followed by decline to basal levels. Libido in males subsides in March or April. Cessation 

of libido and capability to copulate appears to be associated with decline in testosterone 

concentration (Deen et al., 2005).  

Estradiol 17-β (E2) is a steroid hormone predominantly present in the female but 

also important in regulating male sexual behavior and process of spermatogenesis. In 

males, estrogen derives from circulating androgens. Sertoli cells convert testosterone to 

estradiol (E2), which moves to the compartments of the seminiferous tubules and also 

into blood stream (Reece, 2005). These cells are the major source of blood and seminal 

estradiol in one-humped camels (Al-Qarawi et al., 2001). Its functional significance in 

males is not yet clearly known (Sobti, 2008). However some workers have reported the 

significance of the estradiol in males, like, Hull et al.  (2002) documented that general 

estrogenic metabolites play a central role in mating behavior of adult males of all the 

mammalian species. Estradiol also prevents apoptosis of the sperm cells (Pentikainen et 

al., 2006). It works together with the testosterone to exhibit the sexual behavior and 

occurrence of successful copulation in adult male green anoles (Latham and Wade, 2010).  

In the literature cited, only one report is available on the estradiol concentration in one-

humped male camels (Deen, 2008b), who recognized that hormonal profile (Testosterone 

and estradiol) is positively correlated with the sexual libido (Copulation time and volume 

of semen ejaculate) and sexual libido is manifested in male camel due to increased level 

of testosterone and estradiol. Estradiol concentration is recorded as significantly higher 

during February (241.13±12.27 pg/ml) followed by March (238.93±29.21 pg/ml) and 

lowest during December (57.05±1.91 pg/ml) and January (86.69±2.69 pg/ml). Estradiol 

concentration declined during April (137.45±14.98 pg/ml) and May (114.27±22.04 

pg/ml) and increase again during the month of June (190.59±49.21 pg/ml) (Deen, 2008b).   
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Only limited information is available on the seasonal changes in the serum steroid 

hormones of one-humped camel in the local ecology of Pakistan (Zia et al., 2007), who 

documented the serum hormonal, electrolytes and trace element values during rutting and 

non-breeding season in the male one-humped camel. To our knowledge, there is no report 

on the serum steroid hormonal status of the one-humped camel throughout the year in the 

natural ecology of Punjab, Pakistan. The objectives of the present study therefore were to 

establish the baseline reference values of steroid hormones during all months of the year 

and to evaluate the relationship between local environmental factors and male camel 

reproduction in Punjab, Pakistan. 
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7.2. MATERIALS AND METHODS 
 
 
7.2.1. Animals and Study Design 
 

A total of 24 adult sexually mature male one-humped camels from three districts 

located in different ecological zones of Punjab, Pakistan, namely Faisalabad (n=12), 

Bhakkar (n=6) and Attock (n=6), reared at the Government farms and neighboring 

localities, were used. The study was conducted during four seasons of the year 2008, 

namely winter (December to February), spring (March to April), summer (May to 

September) and autumn (October to November). 

 

7.2.2. Collection of Meteorological Data 

Meteorological data during the experimental period, related to all the experimental 

zones, was collected from the Regional Meteorological Centre, Lahore and the 

Climatology laboratory, University of Agriculture, Faisalabad. 

 

7.2.3. Collection of Samples 
 

The blood samples were collected at regular monthly intervals from the jugular 

vein of each animal over a period of one year at all the experimental zones. These 

samples were centrifuged at 15000 g for 10 min, thus serum was separated and stored at -

20 °C till biochemical analysis. 

 

7.2.4. Serum Steroid Hormones 
 
 
7.2.4.1. Serum Testosterone 
 
          Serum samples were analyzed for testosterone by using commercially available kit* 

 
7.2.4.1.1. Principle of the Assay: 
 
 Samples or calibrators were incubated with 125l-labeled testosterone in antibody-

coated tubes. After incubation, the liquid content of tubes was aspirated and the bound 

radioactivity was determined in a gamma counter, a standard curve was prepared. 

Unknown values were obtained from the curve by interpolation. 

            * RIA Testosterone, direct IM1119 IMMUNOTECH (A Beckman Coulter Company, France) 
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7.2.4.1.2. Reagents Provided: 

  

i. Anti-testosterone antibody-coated tubes: 2×50 tubes 

ii. 125l-labeled testosterone tracer: one 55 ml vial 

iii. Calibrators: six 0.5 ml vials 

iv. Control serum: 0.5 ml vial 

 

7.2.4.1.3. Material Required But Not Provided: 

 

 In addition to standard laboratory equipment, the following items were required: 

i. Precision micropipette (50 µl) 

ii. Semi-automatic pipette (500µl) 

iii. Vortex type mixer 

iv. Water bath 37°C 

v. Aspiration system 

vi. Gamma counter set for 125 iodine 

7.2.4.1.4. Performance Characteristics: 

 

i. Analytical sensitivity: 0.025 ng/ml 

ii. Specificity: The antibody used in the immunoassay was highly specific for 

testosterone. 

iii. Precision 

- Intra-assay coefficient of variation was equal or below to 14.8% 

- Inter-assay coefficient of variation was below or equal to 15 % 

- Measurement range: 0.025-20 ng/ml 

7.2.4.1.5. Assay Procedure: 

 

According to the kit directions, in first step, 50µl of calibrator, control or sample 

and 500 µl of tracer were added and mixed in antibody coated tubes. 500 µl of tracer was 

also added to two additional tubes. In second step, the tubes were covered and incubated 

in water bath at 37°C for 3 hours. In third step, the content of tubes was aspirated 

carefully except the two additional tubes. Total cpm (T) and bound cpm (B) were counted 

for 1 min. 
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7.2.4.2. Serum Estradiol 17-β (E2) 

  Serum estradiol was determined by using commercially available kit* 

 
7.2.4.2.1. Principle of the Assay: 
 
  
 The radioimmunoassay of estradiol was a competition assay. Samples and 

calibrators were for 3 hours with 125l-labeled estradiol, as tracer, in antibody-coated tubes. 

After incubation, the content of tubes was aspirated and bound radioactivity was 

measured. A calibration curve was established and unknown values were determined by 

interpolation from curve. 

 

7.2.4.2.2. Reagents Provided: 

i. Anti-estradiol antibody-coated tubes: 2×50 tubes 

ii. 125l-labeled estradiol (55X): one 1ml vial 

iii. Tracer buffer: one 54 ml vial 

iv. Calibrators: seven 1ml vials 

v. Control serum: one 1ml vial  

 

7.2.4.2.3. Material Required But Not Provided: 

 

In addition to standard laboratory equipment, the following items were required: 

- Precision micropipette  (100 µl) 

- Repeating micropipette (500 µl) 

- Vortex type mixer 

- Horizontal or orbital shaker 

- Aspiration system 

- Gamma counter set for 125 iodine 

7.2.4.2.4. Performance Characteristics: 

 

i. Analytical sensitivity: <6 pg/ml 

ii. Specificity: The antibody used in the immunoassay was highly specific for 

estradiol. 

                 * RIA Estradiol A21854 kits IMMUNOTECH (A Beckman Coulter Company, France) 
iii. Precision 
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a. Intra-assay coefficient of variation was equal or below to 12.1% 

b. Inter-assay coefficient of variation was below or equal to 11.2 % 

c. Measurement range: 6-5000 pg/ml 

 

 

7.2.4.2.5. Assay Procedure: 

 

According to the kit directions, in first step, 100µl of calibrator, control or sample 

and 500 µl of tracer were added and mixed in antibody coated tubes. 500 µl of tracer was 

also added to two additional tubes. In second step, the tubes were incubated in water bath 

at 18-25°C with shaking for 3 hours. In third step, the content of tubes was aspirated 

carefully except the two additional tubes. Total cpm (T) and bound cpm (B) were counted 

for 1 min. 

 

7.2.5. Statistical analysis 
 

The means, standard error means (± SEM) and ranges were worked out using the 

computer software package Microsoft Excel (Microsoft Office 2003). Means were 

compared by two-way ANOVA. Significance among different parameters was calculated 

at P>0.05 by Duncan’S multiple range (DMR) test. Correlation among different calculated 

parameters was estimated by Pearson Correlation. The correlation between calculated 

parameters and climatic data (ave. temperature, relative humidity and total rainfall) was 

evaluated by linear regression correlation. All computations were made by STATISICA 

6.0 for windows with its sub program. 
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7.3. RESULTS 
 
7.3.1. Serum Steroid Hormones 
 
7.3.1.1. Serum Testosterone 
 

The means (±SEM) of serum testosterone concentration (ng/ml) were recorded as 

(8.29±0.54), (13.49±1.37) and (15.51±1.15) in winter, (2.10±0.28), (6.19±0.65) and 

(6.58±0.74) in spring, (0.66±0.15), (1.58±0.30) and (1.48±0.29) in summer, (0.66±0.05), 

(8.03±1.57) and (4.14±1.03) in autumn at Faisalabad (FSD), Attock (Attk) and Bhakkar 

(Bkkr) zones respectively. Statistical analysis revealed that the overall means of serum 

testosterone concentration were highly significantly (P<0.01) more at Attk (6.40±0.72) 

and Bkkr (6.28±0.76) ecological zones as compared to FSD (2.81±0.31) but showed same 

trend of seasonal changes which was highly significantly (P<0.01) greater in winter 

season (11.40±0.64) and lowest during summer (1.10±0.13) (Table 7.1 & 7.2, Figure 

7.1a). Testosterone concentration was significantly (P<0.01) higher in the months of 

December, January and February, at all three locations; FSD (Dec: 5.40±0.71, Jan: 

8.04±0.59, Feb: 11.43±0.51), Attk (Dec: 11.73±2.41, Jan: 13.67±2.51, Feb: 15.07±2.44), 

and Bkkr (Dec.: 19.01±0.64, Jan.: 10.64±2.24, Feb.: 16.89±0.72), it started to decline 

during the month of March (3.29±0.26), (7.22±0.78), (8.45±0.83) at all the zones 

including FSD, Attk and Bkkr respectively, and fall to baseline (0.91±0.02) in the month 

of April at FSD while it maintained comparatively higher at Attk (5.16±0.92) and Bkkr 

(4.72±0.59) in this month of the year. It turned down to baseline in month of July at Attk 

(0.57±0.05) and Bkkr (0.68±0.11) zones. It maintained to baseline till November 

(0.67±0.07) in FSD, August (0.32±0.05) in Attk and October (0.87±0.07) in Bkkr. Serum 

testosterone level started increasing again in December (5.40±0.71) at FSD, September 

(2.38±0.46) at Attk and November (7.42±0.60) at Bkkr region (Figure 7.1b).  

The serum testosterone concentration (ng/ml) was negatively correlated with the 

average environmental temperature (°C) and rainfall (mm), at all three ecological zones 

including FSD (y1 = -0.3833x + 12.11, R2 = 0.6883) (y1 = -0.575x + 3.85, R2 = 0.0972), 

Attk (y2 = -0.6038x + 19.67, R2 = 0.946) (y2 = -0.557x + 8.52, R2 = 0.336) and Bkkr (y3 

= -0.6254x + 21.44, R2 = 0.7487) (y3 = -1.242x + 8.69, R2 = 0.1742) respectively, while 

it was positively correlated with the relative humidity (%) at ecological zones under study 

viz. FSD (y1 = 0.0818x - 2.08, R2 = 0.0524), Attk (y2 = 0.0683x + 1.85, R2 = 0.0165) 

and Bkkr (y3 = 0.1948x - 4.79, R2 = 0.0457) (Fig. 7.2 ).  
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Table 7.1 : Analysis of Variance (ANOVA) table for the serum testosterone concentration 
of one-humped camel at different zones of Punjab, Pakistan during all the seasons of year. 
 

 
 
Testosterone 
conc.  

 SOV        df           SM MS     F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

1108.95 
5119.57 
 520.76 
2220.64 

554.47 
1706.52 

  86.79 
   8.05 

68.91** 
212.10** 
 10.79** 

** = highly significant (P<0.01), SOV= Source of variance, df= Degree of freedom, SM= 
Sum of squares, MS= Mean squares 

 
 
 
 
 
 
 
 
 
 
Table7. 2: Comparative and overall means (±SEM) of serum testosterone concentration 
(ng/ml) of one-humped camel at different zones of Punjab, Pakistan during all the seasons 
of year. 

 
Parameter Seasons                Zones under study Overall 

mean  
 
Testosterone 
conc. (ng/ml) 

 
Winter 

Faisalabad     Attock Bhakkar 
8.29±0.54c 13.49±1.37b 15.51±1.15a 11.40±0.64A

Spring 2.10±0.28g 6.19±0.65e 6.58±0.74de 4.24±0.42B 
Summer 0.66±0.15g 1.58±0.30g 1.48±0.29g 1.10±0.13C 
Autumn 0.66±0.05g 8.03±1.57cd 4.14±1.03f 3.37±0.64B 
Overall 
mean 

2.81±0.31B 6.40±0.72A 6.28±0.76A  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Mean;  Box: Mean-SE, Mean+SE;  Whisker: Min, Max
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Figure 7.1: Season-wise (a) and monthly (b) means (±SEM) and ranges of serum testosterone concentration (ng/ml) of one-humped camel at 
different zones of Punjab, Pakistan. 
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Figure 7.2: Linear regression correlation of serum testosterone concentration with the climatic parameters at all three ecological zones of Punjab, 

Pakistan.
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7.3.1.2. Serum Estradiol 17- β 
 
 The means (±SEM) of serum estradiol concentration (pg/ml) were 

(156.47±10.24), (137.70±11.75) and (117.65±16.61) during winter, (126.63± 5.63), 

(129.56±15.88) and (127.12±14.42) during spring, (97.47±4.72), (92.23± 5.20), and 

(94.03±4.94) in summer and (61.17± 5.06), (70.29±7.38) and (76.26±11.95) during 

autumn at FSD, Attk and Bkkr zones respectively. Statistically there was no difference of 

serum estradiol concentration among three different zones including FSD (111.03± 4.37), 

Attk (106.16±5.45) and Bkkr (102.49± 5.83), however overall means showed highly 

significantly (P<0.01) more estradiol concentration during winter (142.07±7.37) and 

spring (127.48±5.89) seasons as compared to summer (95.30±2.95) and autumn 

(67.22±4.32) at all the zones (Table 7.3 & 7.4, Figure 7.3a). Month wise serum estradiol 

concentration was recorded as maximum during January and February at FSD 

(183.89±15.24), (184.62 ±16.33), Attk (165.17±14.04), (154.17±19.41) and Bkkr 

(133.00±26.36), (132.12±41.21) respectively. It started decreasing in the months of 

March (136.42±8.35), (150.50±24.80), (141.58±28.01), April (116.83±6.74), 

(108.63±17.86), (112.67±6.80) and May (114.92±4.59), (95.67±12.81), (86.50±5.60) at 

FSD, Attk and Bkkr zones respectively. Little increased serum concentration of estradiol 

was recorded during the month of June at all the zones including FSD (125.83±6.55), 

Attk (116.33±8.77) and Bkkr (113.33±12.66). Again started decreasing in July 

(113.75±9.45), (108.50±4.62), (111.00±13.32) and remained on baseline in the months of 

August (78.33±9.42), (74.00±7.40), (93.33±2.79), September (54.50±5.47), (66.67±9.99), 

(66.00±5.60) and October (61.83±5.53), (77.33±6.74), (56.05±14.72) at three ecological 

zones FSD, Attk and Bkkr respectively. It remained on baseline in month of November, 

at FSD (60.50±8.75) and Attk (63.24±13.21) while it rose up in this month at Bkkr zone 

(96.47±15.76) (Figure 7.3b).  

 The serum estradiol concentration was negatively correlated with the average 

environmental temperature (°C) (y1 = -2.8122x + 179.28, R2 = 0.2565), (y2 = -2.4708x + 

163.58, R2 = 0.3238), (y3 = -0.8141x + 121.01, R2 = 0.0782), relative humidity (%) (y1 

= -0.7784x + 157.48, R2 = 0.0328), (y2 = -0.4966x + 136.84, R2 = 0.0178), (y3 = -

0.211x + 114.26, R2 = 0.0033) and total rainfall (mm) (y1 = -1.0118x + 112.87, R2 = 
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0.0021), (y2 = -0.7063x + 110.60, R2 = 0.011), (y3 = -1.4201x + 104.09, R2 = 0.014) at 

all the ecological zones including FSD, Attk  and, Bkkr respectively (Figure 7. 4). 

  
 
 
Table 7.3 : Analysis of Variance (ANOVA) table for the serum estradiol 17- β (pg/ml) 
concentration of one-humped camel at different zones of Punjab, Pakistan during all the 
seasons of year. 

 
 
 
Estradiol 
17- β 

SOV df SS MS      F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

  1882.39 
156238.77 
 17485.56 
501099.28 

  941.20 
52079.26 
 2914.09 
 1815.58 

0.52 NS 
28.68** 
 1.61 NS 

NS = Non-significant (P>0.05); ** = highly significant (P<0.01), SOV= Source of 
variance, df= Degree of freedom, SM= Sum of squares, MS= Mean squares 
 
 
 
 
 
 
 

 
Table 7.4: Comparative and overall means (± SEM) of serum estradiol 17- β (pg/ml) of 
one-humped camel at different zones of Punjab, Pakistan during all the seasons of year. 

 
Parameter Seasons                 Zones under study Overall     

mean  
 
Estradiol 
17-β Conc. 
(pg/ml) 

 
Winter 

Faisalabad    Attock Bhakkar 
156.47±10.24 137.70±11.75 117.65±16.61 142.07±7.37A

Spring 126.63± 5.63 129.56±15.88 127.12±14.42 127.48±5.89A
Summer 97.47±4.72 92.23± 5.20 94.03±4.94 95.30±2.95B 
Autumn 61.17± 5.06 70.29±7.38 76.26±11.95 67.22±4.32C 
Overall 
mean 

111.03± 4.37 106.16±5.45 102.49± 5.83  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 7.3: Season-wise (a) and monthly (b) means (±SEM) and ranges of serum estradiol 17-β concentration of one-humped camel at different 
zones of Punjab, Pakistan. 
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Figure 7.4: Linear regression correlation of serum estradiol 17-β concentration with the climatic parameters at all three ecological zones of 

Punjab, Pakistan. 



7.3.1.3. Relationship between Camelid reproduction and local environmental factors 
 
 Correlation analysis revealed that overall there was a highly significant (P<0.01) 

positive correlation (r = 0.454**) between the serum testosterone and estradiol 

concentration, same positive correlation (r = 0.796**) was recorded at FSD zone, 

however this correlation was positive but non-significant at Bkkr (r = 0.417) and Attk (r = 

0.485) zones.  

Serum testosterone and estradiol 17-β concentrations were highly significantly 

(P<0.01) positively correlated with the measured dimensions (length and width) of the 

testis and measured minerals and electrolytes including Ca, Fe, Na, and Cl however there 

was a significant negative correlation between the serum steroid hormones and serum 

potassium levels at all the ecological zones under study. Serum testosterone and estradiol 

17-β concentrations were positively correlated with the volume of testis (r = 0.884 and 

0.978*), weight of testis (r = 0.884 and 0.966*), average diameter of Sertoli cell nuclei (r 

= 0.636 and 0.336), volume of intertubular compartment (r = 0.877 and 0.965*), relative 

volume of Leydig cells (r = 0.609 and 0.879), total volume of Leydig cells (r = 0.346 and 

0.631), true number of Sertoli cells (r = 0.671 and 0.725), volume of individual Leydig 

cells (r = 0.758 and 0.574), number of Leydig cells per testis (r = 0.920 and 0.969*), 

numerical density of Leydig cells (r = 0.982* and 0.851), % area occupied by intertubular 

tissue (r = 0.812 and 0.957*), while negatively correlated with the volume occupied by 

seminiferous tubules (r = -0.289 and -0.741), % area occupied by seminiferous tubules (r 

= -0.812 and -0.957*)and % seminiferous tubules / interstitium (r = -0.782 and -0.968*) 

respectively. 
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7.4. DISCUSSION 
 
 Present study was conducted to demonstrate the month wise and seasonal pattern 

of the serum steroid hormones (Testosterone and estradiol) and their correlation with the 

fluctuating climatic parameters (Average temperature, relative humidity and total rainfall) 

in mature one-humped camels at three ecological zones of Punjab, Pakistan, including 

Faisalabad (Irrigated plain), Attock (Pothohar) and Bhakkar (Thal desert).  

 
 
7.4.1. Serum Testosterone 
  
  

Serum testosterone concentration was higher (P<0.01) during the winter season at 

all ecological zones under study, it started decreasing during spring and reached baseline 

during summer, maintained almost same during autumn at FSD zone however increased 

again in autumn at Attk and Bkkr zones. This augmented level in autumn season was 

more at Attk as compared to Bkkr zone, which may be due to the climatic variations 

among the different ecological zones. The testosterone concentration was recorded as 

significantly higher during the rutting season (winter and early spring) of the camel as 

compared to the non-rutting season (summer and autumn); these results are inline with 

the previous findings (Deen, 2008a; Deen, 2008b; Zia et al., 2007; Deen et al., 2005; 

Azouz et al., 1992; Yagil and Etizon, 1980). However, earlier reported (Zia et al., 2007) 

serum testosterone level of adult male camels during rutting season in Pakistan was very 

low (1.92±0.61 ng/ml) as compared to present study and earlier documented level of the 

hormone in the rut season (Deen, 2008b; Yagil and Etizon, 1980). Month wise 

testosterone profiles showed that testosterone levels were at peak in the month of 

February at all the ecological zones, it remained higher during the cooler months of the 

year (December, January), became relatively lower in the month of March and reached its 

baseline in the month of April at FSD zone, while in the month of June at Attk and Bkkr 

zones. The testosterone concentration maintained to the baseline till the month of 

November at FSD, October at Bkkr and August at Attk zone. It started increasing in the 

month of December at FSD, November at Bkkr and September at Attk zone which was 

attributed to the climatic changes in the zones. Overall the testosterone level remained 

higher during the cooler months of the year or during the rutting season of the camel and 

it declined and maintained at the basal level during the hot months of year which 

constitute the non-rutting period of the camel however zonal variations were observed in 
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the duration of the endocrine surge which attribute to the duration of the rutting period in 

different zones. This period was recorded as more lengthy at Attk zone followed by Bkkr 

and short in the FSD zone. Still no study has been conducted in the Pakistan to compare 

the month wise variations in the testosterone level however these monthly fluctuations in 

the testosterone concentrations are in agreement with earlier workers who reported many 

folds increase in the testosterone level during the cooler months of the year (Deen, 2008a; 

Dixit et al., 1987; Yagil and Etzion, 1980). Present study indicated that the rise in 

testosterone concentration is negatively correlated with the environmental temperature 

and rainfall which is in accord with the previous reports in sense of temperature in camels 

(Deen, 2008b; Yagil and Etzion, 1980; Gombe and Odour-Okelo, 1977) and in rams 

(Gomes et al., 1971), however present study contradicted with the earlier report on the 

correlation between testosterone level and humidity (Gombe and Odour-Okelo, 1977), as 

positive correlation has been observed between these two parameters in the present study. 

It might be ascribed to the different ecological conditions in the Pakistan.  Bono et al. 

1990 observed increased testosterone secretions by the testis during rainy season in the 

Somalia; this correlation however could not be verified in the present study as 

testosterone level was negatively correlated with the rainfall in the ecology of Pakistan 

though same correlation was reported earlier in India (Deen, 2008b). 

 

7.4.2. Serum Estradiol 17- β 

   

  Present study revealed that the serum estradiol 17- β was higher (P<0.01) during 

the cooler months including January, February at all the ecological zones, it started 

declining in the month of March, April and May, little increased level was observed in the 

month of June but again sloped down in July and remained on baseline in the months of 

August, September, October and November, it sloped up in December at FSD and Attk 

while estradiol level shoot up one month earlier in November at Bkkr zone. The results of 

present study have same trend of estradiol level like previous study in India (Deen, 

2008a), except few variations during the month of January and March who compare the 

hormonal status with the sexual libido in camels. And concluded that sexual libido is 

manifested in camel due to increased concentration of both testosterone and estradiol. 

Latham and Wade (2010) reported that estradiol works together with the testosterone to 

exhibit the sexual behavior and occurrence of successful copulation in adult male green 

anoles. Hull et al.  (2002) recognized that general estrogenic metabolites play a central 
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role in mating behavior of adult males of all the mammalian species. However, one study 

reported non-significant difference of serum estradiol concentration between rutting and 

non-rutting periods of camel (Zia et al., 2007). Present study exposed positive correlation 

between serum testosterone and estradiol concentration which is inline with previous 

studies in other animals like male mink whales (Suzuki et al., 2001) and in Neophocaena 

phocaenoides asiaeorientalis (Hao et al., 2007) who demonstrated that testosterone level 

is closely correlated with the estradiol concentration, as approximately 70% estradiol in 

circulation in adult males is due to aromatization of the circulating androgens (Kirby, 

1990). 
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SEASONAL CHANGES IN THE MORPHOLOGY OF ONE-HUMPED CAMEL 
TESTIS 
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8.1. INTRODUCTION 
 

Reproductive activity and testicular morphology of one-humped camel appears to 

be influenced by the season of year (Volcani, 1957; Abdel-Raouf et al., 1975; Singh and 

Bharadwaj, 1978; Tingari et al., 1979; Tingari et al., 1984; Friendlander et al., 1984; 

Zayed et al., 1995). These seasonal changes are further influenced by the geographical 

location, pasture availability and climatic conditions (Lodge and Salisbury, 1970). The 

testicular weight and size significantly (P<0.01) increase during the breeding season of 

the camel (Masood, 2007; Zeidan et al., 2001; Zaghloul et al., 1988; Arthur et al., 

1985b). The testicular weight tend to be heavier and diameter of seminiferous tubules to 

be smaller in the period of cooler months or rutting season (November to March) than in 

the summer months or non-breeding season (May to September) (Tingari et al., 1984). 

However some authors reported increase in the diameter of seminiferous tubules during 

the rutting season (Abdel-Raouf et al., 1975; Zaghloul et al., 1988; ) The mean diameter 

of seminiferous tubules in adult camels ranges from 131-183 µm (Volcani, 1957), 180-

215µm (Abdel-Raouf et al., 1975), 113-250 µm (Singh and Bharadwaj, 1978) and 150-

234 µm (Masood, 2007). Zayed et al., (1995), reported seasonal histological and 

ultrastructural changes in the interstitial connective tissue of the slaughterhouse sampled 

testes of camels of Egypt and Tingari et al., (1984) studied seasonal morphological 

variations in the camel testis of Saudi Arabia during different seasons of the year, 

however seasonal changes in the seminiferous tubules are still dubious (Abdel-Raouf et 

al., 1975; Tingari et al., 1984). The seasonal morphological changes further influenced by 

the geographical location and climate of the area (Lodge and Salisbury, 1970). Hence this 

study was designed to investigate the seasonal morphometric and ultrastructural changes 

in the interstitium and seminiferous tubule of testis of the indigenous camel in the natural 

ecology of Punjab, Pakistan. 
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8.2. MATERIALS AND METHODS 

 

8.2.1. Animals and Study Design 

Morphometrical studies were conducted on slaughter house material collected 

from 24 adult, healthy camels (6 samples during each season of the year) as well as on 12 

biopsy samples of testicular tissue of mature male camels (6 in each breeding and non-

breeding season)  kept under traditional management conditions for the study period at 

Faisalabad experimental zone. These camels were reasonably representative of the camel 

population in the zone.  

 

8.2.2. Morophometrical Evaluation of the Testis of Camels 

 

After slaughterhouse sampling, testes were weighed with the electrical balance, 

after removal of the tunica vaginalis and epididymis. Small pieces of the tissue, 

approximately 5mm thick, were taken from middle portion of the testis and fixed in 

Bouin’s fixative solution till processed for paraffin embedding technique as described by 

Bancroft et al. (1990). Tissue sectioning was performed by rotary microtome; 5μm thick 

sections were stained with hematoxylin and eosin for morphometric studies under light 

microscope. Morphometric parameters were worked out with the help of following 

formulae: 

 

Testicular volume was determined dividing testis weight (g) by testis density of 1.052 

g/cm3 as described by Johnson and Neaves, 1981.  

                   Testicular volume (cm3) = Testis weight (g)/ Testis density (1.052) 
                                                                                                        
 

The volume occupied by 10 seminiferous tubules cross sections was calculated by the 

formula;  

Vst= π ×h × (d2/4) 

Where h was the section thickness (5μm) and d was the tubule diameter (µm) as 

described by Moura and Erickson (1997).  
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The percentage of testicular volume occupied by seminiferous tubules (%ST) and 

interstitium was determined by Chalkley, s method which was based on 600 ˝hits˝ taken at 

random within a cross section of testes (Chalkley, 1943).  

Crude number of Sertoli cells per testis was determined by the formula: 

Crude number= (V ×%ST×C) / (Vst × 10) 

 

True number of Sertoli cells per testis was worked out by using crude number of 

Sertoli cells per testis by Abercrombie’s formula:  

 

True number = Crude number × section thickness / (section thickness + average nucleolar 

diameter in microns)  

 

The relative volume of Leydig cells in the intertubular tissue (VLc %) was the 

percentage of 30 hits taken at random in each of 20 fields of view of interstitium space 

(600 ˝hits˝ per animal).  

 

The volume of intertubular compartment was estimated by testis volume × percentage 

of the testis occupied by the interstitium. Total volume of Leydig cells per testis was 

determined by multiplying VLc% times intertubular volume.  

 

The volume of an individual Leydig cell was determined by the formula:  

Lc= (4/3) × π × D3 

Where D is the average diameter (µm) of Leydig cells 

 

Number of Leydig cells per testis was determined by dividing TVLc by the volume of a 

single Leydig cell. Dividing this number by testis mass (g) was given the numerical 

density of Leydig cell population. 

 

8.2.3. Ultrastructural Studies of the Testis 

 

Ultrstructural changes in the Leydig cells, interstitial connective tissue and Sertoli cells 

during breeding and non-breeding season was compared with transmission electron 

microscopy at National Institute for Biotechnology & Genetic Engineering (NIBGE) 

Faisalabad. 
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8.2.3.1. Materials and Reagents Required 

 

8.2.3.2. Pipes Buffer [0.2M] (Piperzine-N, N-bis [2-ethanesulfonic acid]) FW: 302 

Add 6gm Pipes to 50 ml of distilled water. Add 1N NaOH drop wise until solid dissolves 

then adjust ph 6.8. Make up to 100ml and store at 4 0 C  

8.2.3.3. Glutaraldehyde [5 %] 

Add 5 ml of 25% glutaraldeyhde to 10 ml of 0.2M Pipes buffer. Adjust ph 6.8.With 1N 

NaOH and make up to 25 ml with distilled water. 

8.2.3.4. Osmium Tetroxide [0.2%] 

Add 1 ml of 2% aqueous stock solution to 9 ml of Pipes Buffer. Prepare fresh before use. 

8.2.3.5. Uranyl Acetate [5%] 

Dissolve 5 gm of Uranyl Acetate in 100 ml of distilled water (filter sterilize with 0.2m 

Cellulose Acetate filter and store in cuvettes covered with aluminum foil to save from 

direct light) used as stain to enhance electron density. 

8.2.3.6. Ethanol Series 

30%, 50 %, 70 %, 100 % as dehydrating agent 

8.2.3.7. Acetone 

Absolute Acetone as transitional solvent 

8.2.3.8. Spur Resin  

ERL / VCD 4206 (Vinylcyclohexene dioxide)   10 Parts 

DER736 (diglycidyl ether of propylene glycol)               6 

NSA (Nonyl succnic anhydride)                  26 

S1 (Dimethylaminoethanol)     0.4 
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8.2.3.9. Methods  

Testicular biopsies were obtained by surgical procedure over a year during 

breeding and non-breeding season from adult camels after injecting epidural anesthesia (1 

ml of Xylazine and 4 ml of Lignocaine 2%) at sacrococcygeal space, by using 18-G 

needle (Richard, 1989). Samples were fixed into the primary fixative 5% glutaraldehyde 

prepared in 0.2 M pipes buffer, pH 6.8. Small blocks of tissues were cutout and subjected 

to vacuum in order to draw the fixative in to the cells and vessels. Rinsing of samples to 

remove the fixative was performed in 0.2M pipes buffer pH 6.8 for three times with an 

interval of 15 minutes each. Then tissues were post fixed in 1% osmium tetroxide for 

18hrs at room temperature. The tissues were washed with autoclaved distilled water twice 

for 15 min and then shifted to 5% uranyl Acetate solution for 16-18 hrs. The tissue 

washed again with distilled water twice for 15 min and then dehydrated with ethanol 

series comprising of 30%, 50 %, 70 %, 100% dilutions consequently and kept in each 

fraction for 15 min and in 100 % for overnight. Then tissues were left in absolute acetone 

2x15 min as transitional solvent because the ethanol doesn’t mix well with spur resin. 

Tissues were then infiltrated with a mixture of Spur embedding media. The ratio of resin 

to acetone was as follows 1:3 for 18 hrs followed by 1:1 & 3:1 for 18 hrs each. A 100% 

resin mixture was added to the samples and vacuum infiltration was carried out over night 

.The samples were oriented in moulds and resin cured at 70 0C for 48 hrs. 

The polymerized resin blocks were trimmed and faced with fine scalpel blade and 

glass knife before ultra thin serial sections of approx. 120nm, cut with RMC MT 7000 

Ultramicrotome and placed on 200 mesh nickel grid, these sections were stained with 5% 

uranyl acetate for 30 minutes and then washed twice with distilled water and again 

stained with lead citrate for 10 minutes in NaOH chamber and examined under JEOL 

JEM1010 Transmission Electron Microscope. 

8.2.4. STATISTICAL ANALYSIS 

Data was analyzed using General Linear Model (GLM) procedures. The means, 

standard error means (±SEM) and ranges were worked out using the computer software 

package Microsoft Excel (Microsoft Office 2003). Means were compared by one-way 

analysis of variance (ANAOVA) to study the effect of season. All computations were 

made by STATISICA 6.0 for windows with its sub program. 
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8.3. RESULTS 

8.3.1. Morphometric Studies 

8.3.1.1. Volume and weight of the testis 

The Means (±SEM) of volume (cm3) of right and left testis were recorded as 

(135.48±1.48) and (137.00±1.28) for winter season, (116.15±0.82) and (117.37±1.01) 

during spring, (87.91±1.14) and (88.60±1.26) during summer, (77.52±0.55) and 

(81.50±1.06) during autumn, respectively. Statistical analysis showed highly significant 

(P<0.01) greater volume of both right and left testis during winter season and lowest 

during the autumn (Table 8.1 & 8.2, Figure 8.1 & 8.2). The Means (±SEM) of weight (g) 

of right and left testis were found to be (142.53±1.56) and (144.13±1.35) during winter, 

(122.19±0.87) and (123.47±1.07) during spring, (92.48±1.20) and (93.21±1.33) during 

summer, (81.55±0.58) and (85.73±1.12) during autumn season. Statistically showed same 

trend like volume of the testis, significantly (P<0.01) higher weight of both testis was 

recorded during winter season, declined in spring and summer and lowest in the autumn 

season (Table 8.3 & 8. 4, Figure 8.3 & 8.4). 
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Table 8.1: Analysis of Variance (ANOVA) table for the volume of right and left testis 
(cm3) of one-humped camel at Faisalabad zone during all the seasons of year. 
 
 SOV 
 

         df Right testis 
volume (MS) 

     F-value Left testis 
volume 
(MS) 

      F-value 

Season 
 
Error 

  3 

20 

4197.23 

   6.70 

626.23** 3987.03 

   8.07 

494.24**

 ** = Highly significant (P<0.01), MS= Mean square values, df= Degree of freedom, 
SOV= Source of variance 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8.2: Comparative means (±SEM) of volume of right and left testis (cm3) of one-
humped camel at Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

      Winter       Spring      Summer       Autumn 
Right testis 
volume ( cm3) 

135.48±1.48A 

 

116.15±0.82B 

 

87.91±1.14C 

 
77.52±0.55D 

Left testis 
volume (cm3) 

137.00±1.28A 

 

117.37±1.01B 

 

88.60±1.26C 

 
  81.50±1.06D 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.1: Means (±SEM) and ranges of volume of right testis (cm3) of one-humped 
camel at Faisalabad zone during all the seasons of year. 
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Figure 8.2: Means (±SEM) and ranges of volume of left testis (cm3) of one-humped 
camel at Faisalabad zone during all the seasons of year. 
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Table 8.3: Analysis of Variance (ANOVA) table for the weight of right and left testis (g) 
of one-humped camel at Faisalabad zone during all the seasons of year. 
 
 SOV 
 

      df Right testis 
weight (MS) 

     F-value Left testis 
weight 
(MS) 

      F-value 

Season 
 
Error 

  3 

20 

4645.09 

   7.42 

626.23** 4412.46 

   8.93 

494.24**

** = Highly significant (P<0.01), MS=Means square values, df= degree of freedom, 
SOV= Source of variance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8.4: Comparative means (±SEM) of weight of right and left testis (cm3) of one-
humped camel at Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

     Winter      Spring      Summer       Autumn 
Right testis 
weight (g) 

 
142.53±1.56A 

 
122.19±0.87B 

 
92.48±1.20C 

 
81.55±0.58D 

Left testis 
weight (g) 

144.13±1.35A 

 

123.47±1.07B 

 

93.21±1.33C 

 

85.73±1.12D 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.3: Means (±SEM) and ranges of right testis weight (g) of one-humped camel at 
Faisalabad zone during all the seasons of year. 
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Figure 8.4: Means (±SEM) and ranges of left testis weight (g) of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 

8.3.1.2. Volume occupied by seminiferous tubules and diameter of seminiferous 

tubules 
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The Means (±SEM) of volume occupied by seminiferous tubules (cm3) were 

found as (1307.5±12.45), (1221.2±12.25), (1336.9±22.82) and (1428.7±17.47) during 

winter, spring, summer and autumn season respectively. Statistically, this parameter was 

recorded same during winter and summer, lower in spring and higher during autumn 

(Table 8.5 & 8.6, Figure 8.5). The Means (±SEM) of diameter of seminiferous tubules 

(µm) were measured as (166.50±1.59), (155.17±1.62), (169.83±2.88) and (181.50±2.26) 

during winter, spring, summer and autumn respectively. Statistical analysis revealed 

significantly (P<0.01) higher values of diameter during autumn, almost same during 

winter and summer while lowest during the spring season (Table 8.5 & 8.6, Figure 8.6). 

Table 8.5: Analysis of Variance (ANOVA) table for the volume occupied by 
seminiferous tubules and seminiferous tubule diameter of the testis of one-humped camel 
at Faisalabad zone during all the seasons of year. 
SOV 
 

     df Volume 
occupied by 
seminiferous 
tubules (MS) 

     F-value Seminiferous 
tubules 
diameter (MS) 

        F-value

Season 
 
Error 

  3 

20 

43931.0 

 1697.0 

25.89** 704.6 

 27.8 

25.32**

** = Highly significant (P<0.01), MS=Means square value, df= Degree of freedom, 
SOV= Source of variance 
 
 
Table 8.6: Comparative means (±SEM) of volume occupied by seminiferous tubules 
(cm3) and seminiferous tubule diameter (µm) of the testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

     Winter       Spring     Summer       Autumn 
Volume 
occupied by 
seminiferous 
tubules (cm3) 

 

1307.5±12.45B 

 

 

1221.2±12.25C 

 

 

1336.9±22.82B 

 

1428.7±17.47A 

Seminiferous 
tubules 
diameter 
(µm) 

 

166.50±1.59B 

 

 

155.17±1.62C 

 

 

169.83±2.88B 

 

 
181.50±2.26A 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.5: Means (±SEM) and ranges of volume occupied by seminiferous tubules in the 
testis of one-humped camel at Faisalabad zone during all the seasons of year. 
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Figure 8.6: Means (±SEM) and ranges of seminiferous tubules diameter of the testis of 
one-humped camel at Faisalabad zone during all the seasons of the year. 
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8.3.1.3. Average diameter of Sertoli cell nuclei and volume of intertubular 
compartment  
 

The Means (±SEM) of average diameter of Sertoli cell nuclei (µm) were measured 

as (11.17±0.48), (6.67±0.61), (9.67±0.42) and (8.50±0.56) during winter, spring, summer 

and autumn. Statistically, highly significantly (P<0.01) more diameter was recorded 

during winter, same during summer and autumn while lowest in the spring season (Table 

8.7 & 8.8, Figure 8.7, Plate 8.1D, 8.2D, 8.3D & 8.4D). The Means (±SEM) of volume of 

intertubular compartment (cm3) was found to be (71.37±2.37), (56.53±1.94), 

(30.32±0.70) and (24.18±1.09) during winter, spring, summer and autumn season, 

respectively. Statistical analysis revealed highly significantly (P<0.01) more volume of 

intertubular compartment during the winter season as compared to other seasons of year 

(Table 8.7 & 8.8, Figure 8.8).  

 
Table 8.7: Analysis of Variance (ANOVA) table for the average diameter of Sertoli cell 
nuclei and volume of intertubular compartment in the testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 
 SOV        df Average 

diameter of 
Sertoli cell 
nuclei (MS) 

      F-value Volume of 
intertubular 
compartment 

(MS) 

      F-value 

Season 
 
Error 

  3 

20 

21.67 

 1.65 

13.13**        2951.0 

  16.6 

177.93**

** = Highly significant (P<0.01), MS=Means square value, df= Degree of freedom, 
SOV= Source of variance 
 
Table 8.8: Comparative means (±SEM) of average diameter of Sertoli cell nuclei (µm) 
and volume of intertubular compartment (cm3) in the testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

     Winter         Spring       Summer        Autumn 
Average 
diameter of 
Sertoli cell 
nuclei (µm) 

 

11.17±0.48A 

 

 

6.67±0.61C 

 

 

9.67±0.42AB 

 

 
8.50±0.56B 

Volume of 
intertubular 
compartment 
(cm3) 

71.37±2.37A 

 

56.53±1.94B 

 

30.32±0.70C 

 
24.18±1.09D 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.7: Means (±SEM) and ranges of average diameter of Sertoli cell nuclei in the 
testis of one-humped camel at Faisalabad zone during all the seasons of the year. 

 
 
 
 
 

 

 
 

Figure 8.8: Means (±SEM) and ranges of volume of intertubular compartment (cm3) in 
the testis of one-humped camel at Faisalabad zone during all the seasons of the year. 
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8.3.1.4. Relative volume of Leydig cells (VLc %) and total volume of Leydig cells per 

testis (TVLc) 

The Means (±SEM) of relative volume of Leydig cells (VLc %) were recorded as 

(24.67±0.49), (19.83±0.60), (21.50±0.43) and (7.33±1.05) during winter, spring, summer 

and autumn respectively. Statistical analysis showed significantly (P<0.01) higher value 

of relative volume of Leydig cells during winter, relatively low but same during spring 

and summer while lowest during autumn (Table 8.9 & 8.10, Figure 8.9). The Means 

(±SEM) of total volume of Leydig cells per testis (TVLc) × 1012µm3 were found as 

(13.20±1.00), (9.71±0.68), (15.69±3.29) and (2.21±0.57), during the winter, spring, 

summer and autumn, respectively. Statistically, total volume of Leydig cells per testis 

was significantly (P<0.01) higher during winter and summer, low in spring and lowest 

during autumn season (Table 8.9 & 8.10, Figure 8.10). 

Table 8.9: Analysis of Variance (ANOVA) table for the relative volume of Leydig cells 
in interstitial tissue and total volume of Leydig cells per testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 
SOV      df Relative 

volume of 
Leydig cells   

(MS) 

     F-value Total volume 
of Leydig 
cells per 

testis (MS) 

        F-value 

Season 
 
Error 

  3 

20 

346.78 

   2.85 

121.68** 206.5 

 18.9 

10.90**

** = Highly significant (P<0.01), MS=Means square value, df= Degree of freedom, 
SOV= Source of variance 
 
Table 8.10: Comparative means (±SEM) of relative volume of Leydig cells in interstitial 
tissue (VLc%) and total volume of Leydig cells per testis (TVLc) × 1012µm3 of one-
humped camel at Faisalabad zone during all the seasons of year. 
Parameters                                            Seasons 

     Winter       Spring     Summer      Autumn 
Relative 
volume of 
Leydig cells in 
interstitial 
tissue (VLc%) 

24.67±0.49A 

 

19.83±0.60B 

 

21.50±0.43B 

 
7.33±1.05C 

Total volume 
of Leydig cells 
per testis 
(TVLc) × 
1012µm3 

13.20±1.00AB 

 

9.71±0.68B 

 

15.69±3.29A 

 
2.21±0.57C 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.9: Means (±SEM) and ranges of volume of relative volume of Leydig cells in 
interstitial tissue (VLc %) of the testis of one-humped camel at Faisalabad zone during all 
the seasons of the year. 

 
 
 
 
 

 
 

 
 

Figure 8.10: Means (±SEM) and ranges of total volume of Leydig cells per testis (TVLc) 
× 1012µm3of one-humped camel at Faisalabad zone during all the seasons of the year. 
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Plate 8.1: Photomicrographs of interstitium and seminiferous tubules of testis of one-humped camel during winter season (A) Interstitium (Note 
increased number of Leydig cells indicted by black arrows; blood vessel pointed by black arrow head) X400 (B) Interstitium (Leydig cells 
indicated by black arrow) X1000 (C) Seminiferous tubule (Sertoli cell pointed by white arrow) X400 (D) Seminiferous tubule (Sertoli cell 
indicated by black arrow; primary spermatocyte pointed by black arrow head; spermatids indicated by white arrow head)X1000 (H & E) 

D B 

A C 
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Plate 8.2: Photomicrographs of interstitium and seminiferous tubules of testis of one-humped camel during spring season (A) Interstitium 
(Leydig cells indicated by black arrows) X400 (B) Interstitium (Leydig cells pointed by black arrows) X1000 (C) Seminiferous tubule (Sertoli 
cell indicated by black arrow) X400 (D) Seminiferous tubule (Sertoli cell pointed by black arrow; primary spermatocyte indicated by black 
arrow head) X1000 (H & E) 

D B 

A C 
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Plate 8.3: Photomicrographs of interstitium and seminiferous tubules of testis of one-humped camel during summer season (A) Interstitium (note 
decreased numbers and size of Leydig cells indicated by black arrows) X400 (B) Interstitium (Leydig cells pointed by black arrows) X1000 (C) 
Seminiferous tubule (Sertoli cell indicated by black arrow) X400 (D) Seminiferous tubule (Sertoli cell indicated by black arrow; primary 
spermatocyte pointed by white arrow head) X1000 (H & E) 

A 

B 

C 

D 
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Plate 8.4: Photomicrographs of interstitium and seminiferous tubules of testis of one-humped camel during autumn season (A) Interstitium (Note 
minimum numbers and small size of Leydig cells indicated by black arrows) X400 (B) Interstitium (Leydig cells pointed by black arrows) 
X1000 (C) Seminiferous tubule (Sertoli cell indicated by black arrow) X400 (D) Seminiferous tubule (Sertoli cell pointed by black arrow; 
primary spermatocyte indicated by black arrow head) X1000 (H & E) 

A 

B 

C 

D 
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8.3.1.5. Crude and true number of Sertoli cells per testis 

  The Means (±SEM) of crude number of Sertoli cells per testis were found to 

be (449.37±27.08), (454.70±25.16), (431.39±19.23) and (439.90±18.15) during 

winter, spring, summer and autumn respectively. Statistically non-significant change 

was observed during different seasons of the year (Table 8.11 & 8.12, Figure 8.11). 

The Means (±SEM) of true number of Sertoli cells were recorded as (460.87±26.99), 

(461.36±24.84), (441.06±18.90) and (448.40±18.38) during winter, spring, summer 

and autumn respectively. Statistical analysis revealed no difference of Sertoli cell 

numbers among different seasons of the year (Table 8.11 & 8.12, Figure 8.12). 

 
Table 8.11: Analysis of Variance (ANOVA) table for the crude number of Sertoli 
cells per testis and true number of Sertoli cells per 100 tubules cross sections of the 
testis of one-humped camel at Faisalabad zone during all the seasons of year. 
 
SOV 
 

        df Crude 
number of 
Sertoli cells 

per testis    
(MS) 

   F-value True 
number of 
Sertoli cells 

per testis 
(MS) 

     F-value 

Season 
 
Error 

  3 

20 

  638.0 

 3099.0 

0.21 NS   591.0 

 3061.0 

0.19 NS

NS = Non-significant, MS=Means square value, df = Degree of freedom, SOV= 
Source of variance 
 
 
Table 8.12: Comparative means (±SEM) of crude number of Sertoli cells per testis 
and true number of Sertoli cells per 100 tubules cross sections of the testis of one-
humped camel at Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

     Winter       Spring      Summer      Autumn 
Crude 
number of 
Sertoli cells 
per testis 

449.37±27.08 

 

454.70±25.16 

 

431.39±19.23 

 
439.90±18.15 

True number 
of Sertoli 
cells per 
testis per 100 
tubules cross 
sections 

460.87±26.99 

 

461.36±24.84 

 

441.06±18.90 

 
448.40±18.38 
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Figure 8.11: Means (±SEM) and ranges of crude number of Sertoli cells per testis of 
one-humped camel at Faisalabad zone during all the seasons of year. 
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Figure 8.12: Means (±SEM) and ranges of true number of Sertoli cells per 100 tubules 
cross sections of the testis of one-humped camel at Faisalabad zone during all the 
seasons of year. 
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8.3.1.6. Volume of individual Leydig cell and number of Leydig cells per testis 

  The Means (±SEM) of volume of individual Leydig cells per testis were 

recorded as (1696.8±334.1), (901.4±204.8), (1358.0±228.4) and (1011.7±270.6) 

during winter, spring, summer and autumn season, respectively. Statistically, non-

significant change was found for this parameter among different seasons of year 

(Table 8.13 & 8.14, Figure 8.13). The Means (±SEM) of number of Leydig cells per 

testis were found to be (9.84±2.23), (5.53±1.52), (4.68±0.63) and (1.73±0.68) during 

winter, spring, summer and autumn respectively. Statistical analysis revealed that the 

number of Leydig cells per testis were significantly (P<0.01) more during winter 

season as compared to other seasons of the year (Table 8.13 & 8.14, Figure 8.14, 

Plates 8.1A, 8.1B, 8.2A, 8.2B, 8.3A, 8.3B, 8.4A, & 8.4B).  

 

Table 8.13: Analysis of Variance (ANOVA) table for the volume of individual Leydig 
cell and number of Leydig cells per testis of one-humped camel at Faisalabad zone 
during all the seasons of year. 
 
 SOV 
 

 df Volume of 
individual 
Leydig cell 

(MS) 

           F-value No. of        
Leydig cells 

per testis 
(MS) 

               F-value 

Season 
 
Error 

  3 

20 

778828.0 

418418.0 

1.86 NS 67.5 

12.3 

5.51**

NS = Non-significant; ** = highly significant (P<0.01), df= Degree of freedom, 
MS=Means square value, SOV= Source of variance 
 
 
Table 8.14: Comparative means (±SEM) of volume of individual Leydig cell (µm3) 
and number of Leydig cells ×109 per testis of one-humped camel at Faisalabad zone 
during all the seasons of year. 
 
Parameters                                            Seasons 

      Winter         Spring      Summer     Autumn 
Volume of 
individual 
Leydig cell 
(µm3) 

1696.8±334.1 

 

901.4±204.8 

 

1358.0±228.4 

 
1011.7±270.6 

Number of 
Leydig cells 
×109 per 
testis 

9.84±2.23A 

 

5.53±1.52B 

 

4.68±0.63B 

 
1.73±0.68C 
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Figure 8.13: Means (± SEM) and ranges of volume of individual Leydig cell (µm3) of 
the testis of one-humped camel at Faisalabad zone during all the seasons of year. 
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Figure 8.14: Means (±SEM) and ranges of number of Leydig cells ×109 per testis of 
one-humped camel at Faisalabad zone during all the seasons of year. 
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8.3.1.7. Numerical density of Leydig cell population×107 per gram of 
parenchyma and % intertubular tissue 
 

  The Means (±SEM) of numerical density of Leydig cell population ×107 per 

gram of testicular parenchyma were recorded as (6.88±1.59), (5.73±1.11), (5.03±0.72) 

and (5.25±0.98) during winter, spring, summer and autumn respectively. Statistically, 

non-significant difference was observed during different seasons of year (Table 8.15 

& 8.16, Figure 8.15). The Means (±SEM) of % intertubular tissue were found to be 

(52.67±1.58), (48.67±1.63), (34.50±0.76) and (31.17±1.25) during winter, spring, 

summer and autumn respectively. Statistical analysis showed highly significantly 

(P<0.01) more % intertubular tissue during winter season, decreased during spring 

and recorded as lowest during summer and autumn (Table 8.15 & 8.16, Figure 8.16). 

Table 8.15: Analysis of Variance (ANOVA) table for the numerical density of Leydig 
cell population per gram of testicular parenchyma and % intertubular tissue of the 
testis of one-humped camel at Faisalabad zone during all the seasons of year. 
 
SOV 
 

 df Numerical 
density of 
Leydig cell 
population 

(MS) 

           F-value % 
Intertubular 
tissue (MS) 

               F-value 

Season 
 
Error 

  3 

20 

4.09 

7.85 

0.52 NS 663.2 

  11.0 

60.59**

NS = Non-significant (P>0.05); ** = highly significant (P<0.01); MS=Means square 
value, SOV= Source of variance, df= Degree of freedom 
 
Table 8.16: Comparative means (±SEM) of numerical density of Leydig cell 
population ×107 per gram of testicular parenchyma and % intertubular tissue of the 
testis of one-humped camel at Faisalabad zone during all the seasons of year. 
Parameters                                            Seasons 

        Winter          Spring         Summer     Autumn 
Numerical 
density of 
Leydig cell 
population 
×107  per 
gram of 
testicular 
parenchyma 

6.88±1.59 

 

5.73±1.11 

 

5.03±0.72 

 
5.25±0.98 

% 
intertubular 
tissue 

52.67±1.58A 

 

48.67±1.63B 

 

34.50±0.76C 

 
31.17±1.25C 

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.15: Means (±SEM) and ranges of numerical density of Leydig cell 
population ×107 per gram of testicular parenchyma of testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
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Figure 8.16: Means (±SEM) and ranges of % intertubular tissue of the testis of one-
humped camel at Faisalabad zone during all the seasons of year. 
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8.3.1.8. % Area occupied by seminiferous tubules and % seminiferous tubule / 
interstitium 
 

The Means (±SEM) of % area occupied by seminiferous tubule were found as 

(47.33±1.58), (51.33±1.63), (65.50±0.76) and (68.83±1.25) during winter, spring, 

summer and autumn season respectively. Statistically, % area occupied by 

seminiferous tubules was highly significantly (P<0.01) more during summer and 

autumn while less during winter season (Table 8.17 & 8.18, Figure 8.17). The Means 

(±SEM) of % seminiferous tubule / interstitium were recorded as (0.88±0.056), 

(1.07±0.070), (1.90±0.065) and (2.23±0.131) during winter, spring, summer and 

autumn season respectively. Statistical analysis showed that the % seminiferous 

tubule/interstitium was significantly (P<0.01) more during autumn and summer while 

less during winter and spring seasons (Table 8.17 & 8.18, Figure 8.18). 

 
 
Table 8.17: Analysis of Variance (ANOVA) table for the % area occupied by 
seminiferous tubule and % seminiferous tubule/interstitium of the testis of one-
humped camel at Faisalabad zone during all the seasons of year. 
 
SOV 
 

 df % area 
occupied by 
seminiferous 
tubule (MS) 

        F-value % Seminiferous 
tubule/interstitium 

(MS) 

         F-value

Season 
 
Error 

  3 

20 

663.2 

  11.0 

60.59** 2.5165 

0.0442 

56.88**

 ** = Highly significant (P<0.01); MS=Means square value, SOV= Source of 
variance, df= Degree of freedom 
 
 
 
Table 8.18: Comparative means (±SEM) of % area occupied by seminiferous tubule 
and % seminiferous tubule/interstitium of the testis of one-humped camel at 
Faisalabad zone during all the seasons of year. 
 
Parameters                                            Seasons 

         Winter           Spring        Summer     Autumn 
% area occupied 
by seminiferous 
tubule 

47.33±1.58C 

 

51.33±1.63B 

 

65.50±0.76A 

 
68.83±1.25A

% seminiferous 
tubule/interstitium 

0.88±0.056C 

 

1.07±0.070C 

 

1.90±0.065B 

 
2.23±0.131A

Means sharing similar letters in a column are statistically non-significant (P>0.05) 
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Figure 8.17: Means (±SEM) and ranges of % area occupied by seminiferous tubule of 
the testis of one-humped camel at Faisalabad zone during all the seasons of year. 
 
 
 
 
 

 Mean 
 ±SE 
 Min-Max 

Winter Spring Summer Autumn

Season

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

%
S

T
/in

te
rs

tit
iu

m

 
Figure 8.18: Means (±SEM) and ranges of % seminiferous tubule/interstitium of the 
testis of one-humped camel at Faisalabad zone during all the seasons of year. 
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8.3.2. Ultrastructural studies of the testis 

 

8.3.2.1. Breeding season 

 

During breeding season the interstitium was mainly comprised of Leydig cells, 

cells were large in size and closely packed having very scanty intercellular spaces 

(Plate 8.5). The Leydig cells of camels were polygonal in shape, having round to oval 

central nucleus. The nucleus was located centrally with small heterochromatin evenly 

granular areas and prominent nucleolus (Plate 8.7). The cytoplasm of cells were 

having abundant and highly developed smooth endoplasmic reticulum (SER) in the 

circular cisternal structure and randomly oriented tubular form. High to moderate 

mitochondria, spherical or oval to elongate in shape having tubular cristae, few lipid 

droplets and aggregates of free ribosomes were obvious in the cytoplasm (Plate 8.6). 

The rough endoplasmic reticulum (RER) was poorly developed having petite tubular 

form. The Golgi apparatus and lysosomal bodies were feebly developed. The rough 

endoplasmic reticulum and lysosomal bodies started to increase in number towards 

the end of spring season or start of non-breeding season of camel.  

 

`The seminiferous tubule comprised of basal layer of tall columnar Sertoli 

cells extending from the basal membrane to the lumen of the tubule, and many layers 

of spermatogenic cells in different stages of cell division including Spermatogonia, 

Primary spermatocytes  and spermatids near lumen (Plate 8.8).  The nuclei of Sertoli 

cells were irregular in shape, located in the basal part of the cells having deep 

indentations and prominent nucleolus (Plate 8.9). During breeding season of camel, 

the diameter or size of Sertoli cell nuclei was larger, with comparatively less deep 

indentations. The smooth endoplasmic reticulum (SER) and ovoid or elongated 

mitochondrion were highly developed and abundant in the cytoplasm showing the 

activeness of the cell (Plate 8.8). The smooth endoplasmic reticulum appeared as 

numerous cisternae; these were greatly developed and arranged in concentric vortex 

form.  There were many scattered free ribosomes in the cytoplasm. The lipid droplets 

were very less during this season. The intermediate filaments were distributed just 

around the nucleus while the less abundant lysosomal bodies were found mainly in 

the basal region of the cell. 
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8.3.2.2. Non-breeding season 

 

The volume, size and numbers of the Leydig cells decreased and cells were 

arranged in clusters. The nucleus of the cells was oval in shape with less chromatin 

material (Plate 8.11). The quantity of smooth endoplasmic reticulum (SER) decreased 

while lipid droplets, rough endoplasmic reticulum (RER) and electron dense bodies 

increased in the cytoplasm (Plate 8.10). The smooth endoplasmic reticulum was 

observed as meandering tubules and narrow cisternae, instead of parallel or concentric 

form as recorded in the breeding season of the camel. The free ribosomes, lysosomal 

bodies and vacuoles also increased during inactive phase of the cell, which were 

obvious in the cytoplasm. The lipid droplets were observed as medium sized to large 

in the cytoplasm, sometimes the droplets were surrounded by the tubules of smooth 

endoplasmic reticulum. While few number of mitochondria were randomly scattered 

in the cytoplasm showing wide discrepancy in size.  Dense bodies either homogenous 

electron dense or heterogenous shaded in appearance were also scattered in the 

cytoplasm.  

During non-breeding season, the nuclei of the Sertoli cells were same in 

location but comparatively reduced in size having deep indentations (Plate 8.12 & 

8.13). The cytoplasmic organelles including cisterna of smooth endoplasmic 

reticulum, mitochondria and free ribosomes were less developed and less abundant 

during the non-breeding season, showing inactivity of the cell (Plate 8.12). The oval 

to elongated mitochondria were found mainly in the basal region of the cell, 

sometimes found in the middle or apical area of the cell. The dense bodies and rough 

endoplasmic reticulum (RER) were observed as more abundant in the cytoplasm. The 

Golgi apparatus appeared in the upper region of the cell and microfilaments were 

dispersed near the nuclear region. Dense accumulations of pigments and lipid droplets 

were common feature of the basal portion of the cytoplasm during inactive phase of 

the cell. Lysosomes were present mainly in the basal portion of the cell, which 

increased during this season.  
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Plate 8.5: Ultrastructure of Interstitium of the testis of one-humped camel (Camelus 
dromedarius) during breeding season. Cells are closely packed and larger in size, 
showing nucleus (N), nucleoli (arrow),  highly developed smooth endoplasmic 
reticulum (SER), small lipid droplets (L)  in the cytoplasm, and developing Leydig 
cells in the peritubular position (stubby arrow). X2500 

 
Plate 8.6: Ultrastructure of Leydig cell of one-humped camel during breeding season 
showing well developed smooth endoplasmic reticulum (SER) in Leydig cell 
cytoplasm having characteristic circular cisterna structure and randomly oriented 
tubules (arrow),  basal membrane (BM), lysosomal bodies (stubby arrow) X15,000 
 

N 

L 

L 

SER 

BM 
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Plate 8.7: Ultrastructure of Leydig cell of one-humped camel during breeding season 
showing large nucleus (N) having heterochromatin with nucleoli (arrow), while 
lysosomal body (B), lipid droplet (L) and smooth endoplasmic reticulum (SER) are 
obvious in the cytoplasm X8000 

 
Plate 8.8: Ultrastructure of seminiferous tubule of one-humped camel during breeding 
season showing two indented nuclei (N) of Sertoli cells having prominent nucleoli 
(arrow), present on the basal portion of cell near basal membrane (BM) of tubule, 
organized primary spermatocytes (PS), spermatogonia (Spg) and elongated 
spermatids (stubby arrow) , abundant smooth endoplasmic reticulum (SER) prominent 
X2500 
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Plate 8.9: Ultrastructure of Sertoli cell of one-humped camel during breeding season  
showing highly irregular nucleus (N) of Sertoli cell with a prominent nucleolus 
(arrow), while cytoplasm having tubules of smooth endoplasmic reticulum (SER), 
lysosomal bodies (stubby arrow), free ribosomes (R), and mitochondria (Mt) X10000 
 

 
Plate 8.10: Ultrastructure of interstitium of testis of one-humped camel during non-
breeding season. Reduced number of Leydig cells, loosely arranged and smaller in 
size, showing nucleus (N), nucleoli (arrow),  reduced smooth endoplasmic reticulum 
(SER), increased rough endoplasmic reticulum (RER) lipid droplets (L)  in the 
cytoplasm X3000 
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Plate 8.11: Ultrastructure of Leydig cell of one-humped camel during non-breeding 
season showing large nucleus (N) having less chromatin with nucleoli (arrow), 
increased (RER) in the cytoplasm X8000 

 

 
Plate 8.12: Ultrastructure of Seminiferous tubule of one-humped camel during non-
breeding season  showing nuclei (N) of Sertoli cells having nucleoli (arrow), 
Spermatogenic cells (Spg), Lysosomal bodies (B), while increased rough endoplasmic 
reticulum (RER), dense bodies (Db), reduced smooth endoplasmic reticulum, and 
mitochondria (Mt) in the cytoplasm X3000 
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Plate 8.13: Ultrastructure of Sertoli cell of one-humped camel during non-breeding 
season showing highly irregular nucleus (N) with heterochromatin nucleolus (arrow), 
while cytoplasm having less smooth endoplasmic reticulum and mitochondria X8000 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N 



8.4. DISCUSSION 
 
8.4.1. Morphometric studies of the testis 
 
 

Present study revealed that the volume and weight of the testis were significantly 

(P<0.01) higher during the winter and spring seasons as compared to summer and 

autumn. Similar seasonal changes were previously reported by Wilson (1984); Tingari et 

al. (1984); Aurthur et al. (1985), Zayed (1994), Zeidan et al., 2001 and Masood (2007). 

The volume occupied by the seminiferous tubules and diameter of seminiferous tubules 

were recorded as significantly (P<0.01) higher during autumn (1428.7±17.47 cm3), 

(181.50±2.26 µm), then summer and winter and lowest in the spring season 

(1221.2±12.25 cm3), (155.17±1.62 µm) respectively.  The diameter of seminiferous 

tubules was reported earlier in the range 131-250 µm (Volcani, 1957), 180-215 µm 

(Abdel-Raouf et al., 1975), 113-250 µm (Singh and Bharadwaj, 1978), while present 

study revealed diameter 155.17-181.50 µm which is in range of earlier reports. Abde-

Raouf et al, (1975), documented that the diameter is greatest during the breeding season 

(cooler months) and lowest in the hot or non-breeding season of the camel. However, 

present study exposed that the diameter of seminiferous tubules was maximum during the 

summer and autumn seasons and reduced during the winter which confirmed the results 

of Tingari et al., 1984 who reported maximum diameter during the cooler months 

(December, January and February) and minimum during the hot months (June, July and 

August). The divergence noted above from the values reported by Abdel-Raouf may be 

accredited to the geographic, individual or breed variations. The average diameter of 

Sertoli cells was found to be significantly (P<0.01) more during the winter season 

(11.17±0.48 µm) followed by summer and autumn while it was minimum in the spring 

season (6.67±0.61 µm). It shows the maximum activity of the cells during winter season. 

No report is available in the literature to compare this parameter in the camel. However 

these results are in accord with Elsayed (2000), who correlated the size of Sertoli cell 

nuclei with the activity of the cell, and reported that the size of nuclei increased during 

the breeding season of the bucks. The volume of intertubular compartment was measured 

as significantly (P<0.01) maximum during the winter (71.37±2.37 cm3) and spring 

(56.53±1.94 cm3) as compared to summer (30.32±0.70 cm3) and autumn (24.18±1.09 

cm3). These results are in accord with the Singh and Bharadwaj (1978) and Zayed et al. 

(1995) who reported maximum volume in spring and winter while minimum in the 
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autumn season. However, Volcani, et al. (1957) documented the distorted and reduced 

amount of interstitial tissue in the testis of camel during the cooler months of year 

(December to March). 

 

The relative volume of Leydig cells (VLc %) was found significantly (P<0.01) 

maximum during winter (24.67±0.49), low but same during spring (19.83±0.60) and 

summer (21.50±0.43) and minimum in the autumn season (7.33±1.05). The total volume 

of Leydig cells (TVLc × 1012µm3) was recorded as maximum during the winter and 

summer seasons (13.20±1.00) and (15.69±3.29) while declined in spring (9.71±0.68) and 

minimum in the autumn season (2.21±0.57). These findings are in agreement with the 

Zayed et al. (1995) who reported same trend of the seasonal changes in the volume of 

Leydig cells per testis in camels. The numbers of Sertoli cells were counted as 

statistically same during different seasons of the year including winter (460.87±26.99), 

spring (461.36±24.84), summer (441.06±18.90) and autumn (448.40±18.38). The 

numbers of Leydig cells ×109 per testis were found to be significantly (P<0.01) more 

during the winter (9.84±2.23) as compared to spring (5.53±1.52) and summer (4.68±0.63) 

while lowest during the autumn season (1.73±0.68). These findings are aligned with the 

Zayed et al. (1995), who reported maximum numbers of Leydig cells per testis during 

winter (6.28×109), followed by spring (5.80×109) and summer (5.72×109) while lowest 

during autumn (3.68×109). The % intertubular tissue in the parenchyma of testis was 

found to be significantly (P<0.01) higher during winter season (52.67±1.58), followed by 

spring (48.67±1.63) and minimum during summer (34.50±0.76) and autumn 

(31.17±1.25). Singh and Bharadwaj (1978) documented 34% intertubular tissue during 

hot months (April to November), and 57% during cooler months of year (December to 

March), which is in accord with the present findings. Tingari et al. (1984) reported 42% 

intertubular tissue in summer season and 56% in the winter, showing same trend like the 

present findings. However Zayed et al. (1995) documented slightly lower values of % of 

intertubular tissue, 24% in autumn (minimum), and maximum during spring (39%). The 

discrepancy between these results and our findings may be attributed to the different 

methodology of processing the tissue for microscopy. The % area occupied by the 

seminiferous tubules was measured as significantly (P<0.01) high during summer 

(65.50±0.76) and autumn (68.83±1.25) while low during winter (47.33±1.58) and spring 

(51.33±1.63). The % seminiferous tubule / interstitium was also recorded as significantly 
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(P<0.01) more during summer (1.90±0.065) and autumn (2.23±0.131) while less during 

winter (0.88±0.056) and spring seasons (1.07±0.070). It is obvious from these findings 

that interstitial tissue occupies larger area as compared to seminiferous tubules especially 

during the winter season. And this ratio decreased during the hot months or non-breeding 

season of the camel. Same trend is evident in the testicular volume and weight during 

different seasons of the year. These results confirm the findings of Tingari et al. (1984) 

who reported same trend in these parameters during different seasons of year. 

 
  
8.4.2. Ultrastructural studies of the testis 
 
  

The ultrastructure of camel Leydig cells and Sertoli cells was earlier described by 

Zayed et al. (1995), Friedlander et al. (1984), Singh and Bharadwaj (1978), Tingari et al. 

(1979), and Osman and Ploen (1986) respectively, former authors also discussed some 

seasonal variations in the interstitium and Leydig cells of camel. Present study revealed 

that during breeding season of camel, the interstitial connective tissue was mainly 

comprised of large, polygonal, closely packed Leydig cells with round to oval central 

nucleus, having very less intercellular spaces. The nuclei were having granular evenly 

distributed heterochromatin material with prominent nucleolus. These observations 

corroborated the findings of Friedlander et al. (1984) and Zayed et al. (1995). The 

cytoplasm of Leydig cells was having abundant and developed smooth endoplasmic 

reticulum (SER) in the circular cisternae and tubular form. Spherical or oval to elongate 

mitochondria with tubular cristae, few lipid droplets and aggregates of free ribosomes 

were obvious in the cytoplasm. Large amount of smooth endoplasmic reticulum (SER) in 

the interstitial cells also reported earlier during breeding season of camel (Singh and 

Bharadwaj, 1978; Friedlander et al., 1984; Tingari et al., 1984 and Zayed et al., 1995). 

The presence of smooth endoplasmic reticulum and mitochondria is closely associated 

with the steroid hormonal biosynthesis, as these are the most important organelles for 

testosterone production in the cell. The smooth endoplasmic reticulum provides binding 

sites on the surface for enzymes which are necessary for steroidogenic activity 

(Christensen, 1975). The cytoplasmic lipid droplets reduced during the breeding season, 

which indicate the activeness of the Leydig cells in utilizing the lipid for steroid hormonal 

synthesis (Christensen, 1975). During non-breeding season the size, volume and numbers 

of Leydig cells decreased, nucleus was observed as oval having less chromatin material. 
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The amount of smooth endoplasmic reticulum (SER) and mitochondria became less 

abundant as compared to breeding season while rough endoplasmic reticulum (RER), 

lysosomal bodies, lipid droplets and dense bodies increased in the cell cytoplasm, which 

indicates the inactivity of the cell. These changes might be related to the serum 

testosterone concentration of the camel.  

The present study elucidated the enhanced activity of the Sertoli cells during 

breeding season of camel however the number of cells remained almost same during 

different seasons but ultrastructural features changed during increased activity of the cell. 

During breeding season, the size of the nucleus increased with less deep indentations 

located on the basal portion of the cell. Abundant smooth endoplasmic reticulum, free 

ribosomes, increased number and size of mitochondria was obvious in the cytoplasm of 

active cell. No report is available to compare these changes in the camel however almost 

same changes were reported during the breeding season of buck (Jurado et al., 1994). 

During non-breeding season the smooth endoplasmic reticulum, mitochondria and free 

ribosomes declined and lipid droplets increased in the cell cytoplasm. Accumulation of 

the lipid cells might be related and contributed to the degeneration process of germ cells 

during non-breeding season (Zamboni et al., 1974). These ultrastructural changes might 

be also related to the hormonal profile of the camel especially FSH and testosterone as 

these cells are under effect of FSH and secrete different factors and hormones (Androgen 

binding proteins, Inhibin) (Hafez and Hafez, 2008). 

 

Conclusions 
 

Testicular weight and volume, volume of intertubular compartment, number of 

Leydig cells per testis and % intertubular tissue have been recorded as significantly 

(P<0.01) higher during winter season and lowest in the autumn season. Volume of Leydig 

cells per testis and nuclear diameter of Sertoli cells have been recorded as maximum in 

winter season, reduced in spring, increased slightly again in summer and decreased in 

autumn. In winter season, the volume of Leydig cells increased significantly (P<0.01) due 

to immense increase in the SER in tubular or circular cisternal form, which is the most 

important organelle with mitochondria for testosterone synthesis. 

The ratio of area occupied by interstitial tissue and seminiferous tubule is 

correlated with the weight and volume of the testis, both increased during the rutting 

season (winter and early spring) and decreased during the non-rutting period (summer and 
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autumn) which shows that the increase in testicular weight and volume is attributed to an 

increase in the interstitial tissue of the testis. 
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9.1. INTRODUCTION 
 
 

Some electrolytes and minerals have an imperative role in controlling 

reproductive functions of both male and female animals (Hafez and Hafez, 2008).  There 

is scarce information about the effect of minerals and electrolytes on male reproductive 

functions. Some workers have reported the normal values of serum minerals and 

electrolytes of healthy mature one-humped camels from different ecological zones of the 

world (Sarwar et al., 1992; Sarwar and Majeed, 1997; Haroun, 1994; Nazifi and Maleki, 

1998; Rezakhanki et al., 1997; Al-Busadah and Homeida, 2004). It has been noted that 

season significantly effect the blood metabolites and minerals concentrations in one-

humped camels (Amin et al., 2007). Recently, Zia et al., 2007 have documented the 

values of serum electrolytes and minerals in camels in the breeding and non-breeding 

seasons.  

  The aim of this study was therefore to establish the month-wise pattern of serum 

minerals and electrolytes namely, sodium (Na), potassium (K), calcium (Ca), Chloride 

(Cl) and Iron (Fe) around the year and asses the influence of different seasons, local 

ecology and reproductive status on the serum minerals and electrolytes of male one-

humped camels (Camelus dromedarius) in Punjab province of Pakistan.  

 
9.2. MATERIALS AND METHODS 
 
 
9.2.1. Animals and Study Design 
 

A total of 24 adult sexually mature male one-humped camels from three districts 

located in different ecological zones of Punjab, Pakistan, namely Faisalabad (n=12), 

Bhakkar (n=6) and Attock (n=6), reared at the Government farms and neighboring 

localities, were used. The study was conducted during four seasons of the year 2008, 

namely, winter (December to February), spring (March to April), summer (May to 

September) and autumn (October to November). 
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9.2.2. Collection of Meteorological Data 

Meteorological data during the experimental period, related to all the experimental 

zones, was collected from the Regional Meteorological Centre, Lahore and the 

Climatology laboratory, University of Agriculture, Faisalabad. 

 

9.2.3. Collection of Samples 
 

The blood samples were collected at regular monthly intervals from the jugular 

vein of each animal over a period of one year at all the experimental zones. These 

samples were centrifuged at 15000 g for 10 min, thus serum was separated and stored at -

20°C till biochemical analysis. 

 
9.2.4. Serum Minerals and Electrolytes  
 
 
9.2.4.1. Calcium 
  
 Calcium was determined by the Merck Microlab 300 Spectrophotometer (Vital 

Scientific, Netherlands) by using commercially available kit*. 

9.2.4.1.1. Principle 

 
 Spectrophotometric assay with endpoint determination and sample blank 

  -Sample and addition of R1 (buffer) 

  - Addition of R2 (chromogen) and start of reaction  

     alkaline solution     

Calcium + o-cresolphtalein complexone      Calcium-o-cresolphthalein-complex 
 
The color intensity of the purple complex formed was directly proportional to the calcium 

concentration and was measured photometrically. 

9.2.4.1.2. Reagent Concentration: 

R1:  
 
AMP buffer, pH 10.7                                                                 350 mmol/l 
 
R2:  
 
O-cresolphthalein complexone          0.16 mmol/l 
 
                 *Fluitest ® Ca-CPC (Biocon® Diagnosemittel GmbH & Co. Productions KG, Germany 
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8-hydroxychinoline                                                                       6.9 mmol/l 
 
Hydrochloric acid                                                                         0.06 mmol/l 
 
R4: 
 
Calcium                                                                                          10mg/dl (2.5 mmol/l) 
 
 
9.2.4.1.3. Additional Material Required: 
 

i. Calibrators and controls  
ii. 0.9% NaCl 
iii. Chimneys 

 
9.2.4.1.4. Procedure 
 
 According to the kit directions, 2000µl of working solution was added in blank, 

calibrator and sample test tubes of spectrophotometer. 50µl of distilled water was added 

to blank, 50µl of calibrator / R4 to calibrator and 50µl of sample to sample test tubes of 

the spectrophotometer. Mixed and incubated for 5 minutes. Then the absorbance of 

sample and calibrator against reagent was read and recorded. 

9.2.4.2. Iron 
 
 Iron levels in serum samples were measured with the Merck Microlab 300 

Spectrophotometer (Vital Scientific, Netherlands) by using commercially available kit*. 

 

9.2.4.2.1. Principle 

 Serum iron is released from its specific carrier protein, transferring, in pH 3.7 

succinate buffer in the presence of a reducing agent, mercaptoacetic acid. Then it reacts 

with the color reagent, pyridyl bis-phenyl-triazine sulphonate (PBTS) producing a colored 

complex, which was measured at 560 nm. 

 

9.2.4.2.2. Provided Reagents 

 
i. PBTS Reagents: 50 mmol/l pyridyl bis-phenyl triazine sulphonate 

stabilized solution. 

ii. Standard: Ferric ions solution equivalent to 100 µg/dl 

iii. Succinate buffer: 0.25 mmol/l succinate buffer for pH 3.7 
                          *Fer-color (Wiener Lab, Argentina) 
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iv. Reducing agent: Self break ampoule containing 70% mercaptoacetic acid. 

 
 
9.2.4.2.3. Non-provided Reagents and Materials  
 

- Distilled water 

- Spectrophotometer and photocolorimeter 

- Micropipettes and pipettes  

- Photocolorimeter tubes 

 
 
9.2.4.2.4. Assay Conditions 
 
 

- wave length: 560 nm in spectrophotometer 

- reaction time: 10 minutes 

- reaction temperature: room temperature 

- sample volume: 500µl 

- total reaction volume: 2.5 ml 

 
9.2.4.2.5. Assay Procedure 
 
 According to kit directions, 500 µl distilled water was added to B (Reagent blank), 

500 µl of standard S (Standard), 500 µl of serum in U (Unknown) and 2ml of buffer or 

reducing agent in all three tubes of spectrophotometer. Mixed them and read U tube 

absorbance in spectrophotometer at 560 nm setting the instrument to zero with distilled 

water. One drop of PBTS reagent was added to every tube holding the dropper bottle in 

vertical position. Mixed immediately each tube and read all tubes at 560 nm between 6 

and 20 minutes. 

 

9.2.5. Serum Electrolytes  

 
Serum electrolytes including Sodium (Na), Potassium (K) and Chloride (Cl) were 

determined by EasyLyte Na/K/Cl Analyzers (MEDICA, Germany).   
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9.2.5.1. Specifications 

 

 Sample size: 100µl 

 Detection range: Serum/blood (20-200 mmol/l) 

 Resolution: Na: 0.1 mmol/l         K: 0.01 mmol/l        Cl: 0.1 mmol/l 

 Accuracy (typical) 

            Correlation coefficient: Na: 0.99   K: 1.00     Cl: 0.97  

            Slope:                             Na: 0.99   K: 1.07    Cl: 0.95 

 Analysis time:            55 Sec (blood/serum) 

 Calibration:                 Automatic or on demand 

 Ambient conditions:    15-32 °C, <85% humidity 

 

 

 9.2.5.2. Procedure 

 

 After calibration, when EasyLyte displayed ANALYZE BLOOD? Now after 

pressing YES button, the sample probe lowered and 100µl of serum sample was aspirated 

into Easylyte. As a result of aspiration, the sample was automatically positioned inside 

the electrodes, analysis start and display was read ANALYZING. When analysis was 

completed, results of Na, K, Cl levels appeared on the display. 

 

9.2.6. Statistical analysis 
 

The means, standard error means (± SEM) and ranges were worked out using the 

computer software package Microsoft Excel (Microsoft Office 2003). Means were 

compared by two-way ANOVA. Significance among different parameters was calculated 

at P>0.05 by Duncan, S multiple range (DMR) test. Correlation among different 

calculated parameters was estimated by Pearson Correlation. The correlation between 

calculated parameters and climatic data (ave. temperature, relative humidity and total 

rainfall) was evaluated by linear regression correlation. All computations were made by 

STATISICA 6.0 for windows with its subprogram. 
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9.3. RESULTS 
 

9.3.1. Serum Minerals and Electrolytes 
 
9.3.1.1. Serum Calcium 
 

 The overall and group means (±SEM) of serum calcium (mg/dl) of one-

humped camel in various seasons of the year at different ecological zones are presented in 

Table 9.2.  

Statistically serum calcium concentration (mg/dl) was recorded as highly 

significantly (P<0.01) higher at Attk (6.00±0.21) and Bkkr (6.25±0.25) as compared to 

FSD zone (5.61±0.17). Overall means showed highly significantly (P<0.01) more calcium 

concentration (mg/dl) during winter (7.74±0.17), as compared to spring (6.95±0.19), 

summer (4.49±0.10) and autumn (5.40±0.30) (Table 9.1 & 9.2, Figure 9.1). Serum 

calcium concentration (mg/dl) was recorded as highly significantly (P<0.01) higher in the 

month of January at three ecological zones viz. FSD (8.63±0.30), Attk (7.48±0.65) and 

Bkkr (9.28±0.32). It declined during February (6.51±0.33), (7.37±0.25), (7.18±0.51) and 

again increased during March (7.13±0.40), (7.70±0.24), (7.42±0.50). Again sloped down 

in April (6.15±0.43), (6.60±0.44), (7.37±0.54) and remained on baseline in the months of 

May (4.86±0.23), (4.70±0.39), (4.87±0.28), June (3.60±0.18), (3.47±0.24), (5.02±0.59), 

July (4.11±0.43), (5.58±0.86), (4.63±0.47), August (4.58±0.30), (4.42±0.25), (4.83±0.17), 

September (4.28±0.24), (5.17±0.24), (4.33±0.33), till October (3.10±0.21), (4.83±0.41), 

(3.60±0.31) at FSD, Attk and Bkkr zones respectively.  Calcium concentrations shoot up 

in November (7.17±0.38), (7.22±0.40), (7.02±0.39) and December (7.19±0.32), 

(7.50±0.58), (9.43±0.33) at FSD, Attk and Bkkr zones respectively (Figure 9.1). 

 Serum calcium concentration was negatively correlated with the average 

environmental temperature (°C) (y1 = -0.189x + 10.194, R2 = 0.7277), (y2 = -0.1484x + 

9.2467, R2 = 0.7202), (y3 = -0.1808x + 10.607, R2 = 0.6884) and rainfall (mm) (y1 = -

0.371x + 6.28, R2 = 0.1756), (y2 = -0.088x + 6.28, R2 = 0.1049), (y3 = -0.310x + 6.84, 

R2 = 0.1194) at all ecological zones including FSD, Attk and Bkkr respectively. While it 

was positively correlated with the relative humidity (%) (y1 = 0.0179x + 4.54, R2 = 

0.0109), (y2 = 0.0244x + 4.41, R2 = 0.0266), (y3 = 0.057x + 2.99, R2 = 0.043) at FSD, 

Attk and Bkkr zones respectively (Figure 9.2). 
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Table 9.1: Analysis of Variance (ANOVA) showing mean square of serum calcium 
concentration (mg/dl) in healthy adult male one-humped camels.  

 
 
 
Serum 
Calcium  

SOV df SS MS      F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

19.891 
502.151 
 14.518 
536.184 

  9.945 
167.384 
  2.420 
  1.943 

5.12** 
86.16** 
 1.25 NS 

NS = Non-significant (P>0.05); ** = highly significant (P<0.01); SOV= Source of 
variance, df= Degree of freedom, SM= Sum of squares, MS= Mean squares 
 
 
 
 
 
 
 
  

 
Table 9.2: Overall and interaction means (±SEM) values of serum calcium conc. (mg/dl) 
in healthy adult one-humped camel during four distinct seasons at different ecological 
zones of Punjab, Pakistan. 
 
Parameter Seasons                  Zones under study Overall 

mean  
 
Serum 
calcium  
(mg/dl) 

 
Winter 

Faisalabad   Attock Bhakkar 
7.44±0.23 7.45±0.28 8.63±0.33 7.74±0.17A 

Spring 6.64±0.30 7.15±0.29 7.39±0.35 6.95±0.19B 
Summer 4.28±0.14 4.67±0.23 4.74±0.17 4.49±0.10D 
Autumn 5.13±0.47 6.03±0.45 5.31±0.57 5.40±0.30C 
Overall 
mean 

5.61±0.17B 6.00±0.21A 6.25±0.25A  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 9.1 Season-wise (a) and monthly (b) means (±SEM) and ranges of serum calcium (Ca) concentration of one-humped camel in three 
distinct ecological zones of Punjab, Pakistan. 
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Figure 9.2. Linear regression correlation of serum calcium concentration with the climatic parameters at all three distinct ecological zones of 

Punjab, Pakistan. 
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9.3.1.2. Serum Iron 
 

The overall and group means (±SEM) of serum iron concentration (µg/dl) of one-

humped camel in various seasons at different ecological zones are presented in table 9.4.  

 Statistical analysis revealed that there was no difference of the overall means of 

serum iron concentration (µg/dl) among different zones however it was observed as 

highly significantly (P<0.01) more during winter (83.43±2.28) and spring season 

(85.73±3.03) as compared to the other seasons including summer (70.08±1.87) and 

autumn (73.13±2.60) (Table 9.3 & 9.4, Figure 9.3). Serum iron concentration (µg/dl) was 

found to be significantly (P<0.01) higher in the months of March (103.50±3.05), 

(86.00±9.70) at FSD and Bkkr zones respectively while in the month of August 

(85.00±5.14) at Attk experimental zone. It remained higher in the months of January 

(94.67±2.73), (92.50±4.62), (83.17±3.48), February (87.58±5.50), (83.17±10.5), 

(73.00±8.54), November (83.25±2.98), (84.00±5.89), (74.17±9.18) and December 

(72.50±6.12), (74.17±9.46), (85.67±9.16) at all the zones including FSD, Attk and Bkkr. 

The serum iron concentration remained lower during the months of June (59.42±4.24), 

July (62.83±4.44), September (59.50±4.87) and October (56.83±2.15) at FSD zone, while 

June (73.17±7.38), July (73.00±9.35), September (74.33±6.65) and October (70.33±9.21) 

at Attk and June (68.67±10.7) and September (69.17±10.7) at Bkkr zone. There was 

increase in the iron concentration in the month of August (67.75±7.64), (85.00±5.14), and 

(77.50±7.76) at all the zones under study viz. FSD, Attk and Bkkr (Figure 9.3). 

 

Serum iron concentration was negatively correlated with the average 

environmental temperature (°C) (y1 = -1.2619x + 105.50, R2 = 0.4431), (y2 = -0.601x + 

92.72, R2 = 0.5312), (y3 = -0.1965x + 82.13, R2 = 0.085) and rainfall (mm) (y1 = -

2.9993x + 80.325, R2 = 0.1571), (y2 = -0.3668x + 80.749, R2 = 0.0826), (y3 = -0.0722x 

+ 77.616, R2 = 0.0007), at FSD, Attk and Bkkr zones respectively. However, it was 

positively correlated with the relative humidity (%) at Attk (y2 = 0.2317x + 65.24, R2 = 

0.1074) and Bkkr (y3 = 0.0147x + 76.63, R2 = 0.0003) while negatively correlated at 

FSD (y1 = -0.2365x + 88.98, R2 = 0.026) (Figure 9.4).  
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Table 9.3: Analysis of Variance (ANOVA) showing mean square of serum iron 
concentration (µg/dl) in healthy adult male one-humped camels.  
 

 
 
Serum iron 

SOV df SS MS F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

   151.0 
  8017.9 
  3876.7 

107553.0 

  75.5 
2672.6 
 646.1 
 389.7 

0.19 NS 
6.86** 
1.66 NS 

 NS = Non-significant (P>0.05) ** = highly significant (P<0.01), SOV= Source of 
variance, df= Degree of freedom, SM= Sum of squares, MS= Mean squares 
 

 
 
 
 
 
 

Table 9.4: Overall and interaction means (±SEM) values of serum iron conc. (µg/dl) in 
healthy adult one-humped camel during four distinct seasons at different ecological zones 
of Punjab, Pakistan. 
 
Parameter Seasons                   Zones under study Overall 

mean  
 
Serum 
iron 
(µg/dl) 

 
Winter 

Faisalabad   Attock Bhakkar 
84.92±3.21 83.28±5.01 80.61±4.28 83.43±2.28A 

Spring 89.33±4.63 79.25±5.68 85.00±5.34 85.73±3.03A 
Summer 64.98±2.59 76.17±3.58 74.20±3.69 70.08±1.87B 
Autumn 70.04±3.29 77.17±5.60 75.25±5.95 73.13±2.60B 
Overall 
mean 

74.87±1.84 78.63±2.33 77.78±2.30  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 9.3. Season-wise (a) and monthly (b) means (±SEM) and ranges of serum iron (Fe) concentration of one-humped camel in three distinct 
ecological zones of Punjab, Pakistan. 
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Figure 9.4. Linear regression correlation of serum iron concentration with the climatic parameters at all three distinct ecological zones of Punjab, 

Pakistan. 
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9.3.1.3. Serum Sodium 
 
  
 The overall and group means (±SEM) of serum sodium concentration (mEq/L) of 

one-humped camel in various seasons at different ecological zones are presented in table 

9.6.  

Statistically, overall means of serum sodium concentration (mEq/L) were found to 

be highly significantly (P<0.01) more at FSD (114.87±3.01) and Bkkr (109.24±4.13) 

zones as compared to Attk (105.60±3.46). Season wise serum sodium concentration 

(mEq/L) was found to be highly significantly (P<0.01) more during winter (145.69±2.90) 

and spring season (126.00±3.52) as compared to summer (84.38±1.95) and autumn 

(111.38±3.71) (Table 9.5 & 9.6, Figure 9.5).  Serum sodium concentration (mEq/L) was 

recorded as significantly (P<0.01) higher during the month of January (175.17±1.66), 

(141.33±3.59), (155.67±3.17) at FSD, Attk and Bkkr zones respectively. It declined and 

maintained during the months of February (132.67±5.52), (118.67±4.45), (133.50±15.7), 

March (132.67±6.53), (109.67±3.87), (131.50±7.98), and April (129.92±9.25), 

(114.50±8.92), (127.17±10.0) at FSD, Attk and Bkkr zones respectively. Serum sodium 

concentration reached lowest level in the months of May (98.50±3.21), (92.17±2.74), 

(95.67±6.23), June (70.25±2.03), (57.83±2.36), (93.83±15.0), July (80.42±6.87), 

(89.50±18.7), (68.17±5.70), August (88.50±6.35), (78.83±8.76), (86.83±7.00), September 

(88.42±2.54), (96.67±2.49), (75.83±7.46), October (92.17±2.42), (96.17±4.86), 

(88.17±3.57) and again started increasing in the November (141.75±3.79), (139.83±3.42), 

(99.00±6.11) and December (148.00±7.65), (132.00±5.07), (155.50±5.89) at FSD, Attk 

and Bkkr zones respectively (Figure 9.5). 

 Serum sodium concentration was found to be negatively correlated with the 

average environmental temperature (°C) (y1 = -3.810x + 207.34, R2 = 0.8463), (y2 = -

2.630x + 163.12, R2 = 0.7756), (y3 = -2.814x + 177.32, R2 = 0.6953) and rainfall (mm) 

(y1 = -9.001x + 131.25, R2 = 0.2964), (y2 = -1.999x + 112.57, R2 = 0.187), (y3 = -

5.531x + 119.84, R2 = 0.1585) at FSD, Attk and Bkkr zones respectively. However, it 

was positively correlated with the relative humidity (%), (y1 = 0.3557x + 93.64, R2 = 

0.0123), (y2 = 0.5513x + 70.39, R2 = 0.0464), (y3 = 0.3669x + 89.36, R2 = 0.0074) at 

FSD, Attk and Bkkr zones respectively (Figure 9.6). 
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Table 9.5: Analysis of Variance (ANOVA) showing mean square of serum sodium 
concentration (mEq/L) in healthy adult male one-humped camels.  
  

 
 
Serum 
sodium  

SOV df SS MS     F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

  5309.29 
154446.41 
  9417.82 

142303.47 

2654.65 
51482.14 
 1569.47 
  516.59 

5.15** 
99.85** 
 3.04** 

 ** = highly significant (P<0.01), SOV= Source of variance, df= Degree of freedom, 
SM= Sum of squares, MS= Mean squares 
 

 
 
 

 
 
 
 
Table 9.6: Overall and interaction means (±SEM) values of serum sodium conc. (mEq/L) 
in healthy adult one-humped camel during four distinct seasons at different ecological 
zones of Punjab, Pakistan. 
 

Parameter Seasons                      Zones under study Overall 
mean  

 
Serum 
sodium 
(mEq/L) 

 
Winter 

Faisalabad    Attock Bhakkar 
151.94±4.29a 130.67±3.29b 148.22±5.92a 145.69±2.90A

Spring 131.29±5.54b 112.08±4.69c 129.33±6.15b 126.00±3.52B 
Summer 85.22±2.36d 83.00±4.69d 84.07±4.20d 84.38±1.95D 
Autumn 116.96±5.62bc 118.00±7.17bc 93.58±3.75d 111.38±3.71C 
Overall 
mean 

114.87±3.01A 105.60±3.46B 109.24±4.13AB  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 9.5: Season-wise (a) and monthly (b) means (±SEM) and ranges of serum sodium (Na) concentration of one-humped camel in three 
distinct ecological zones of Punjab, Pakistan. 
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Figure 9.6: Linear regression correlation of serum sodium (Na) concentration with the climatic parameters at all three distinct ecological zones 
of Punjab, Pakistan. 
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9.3.1.4. Serum Potassium 
 
 The overall and group means (±SEM) of serum potassium concentration (mEq/L) 

of one-humped camel in various seasons at different ecological zones are depicted in 

table 9.8.  

  Statistical analysis revealed that there was no difference of overall means of the 

serum potassium concentration (mEq/L) among different zones under study including 

FSD (4.40±0.14), Attk (4.22±0.18) and Bkkr (4.24±0.24). However, overall means were 

highly significantly (P<0.01) greater during summer season (5.36±0.13), as compared to 

winter (2.67±0.13), spring (4.37±0.23) and autumn season (4.12±0.22) (Table 9.7 & 9.8, 

Figure 9.7).  Serum potassium concentration (mEq/L) was recorded as significantly 

higher in the months of May (5.38±0.38), (4.93±0.50), (5.52±0.58), June (5.12±0.47), 

(5.40±0.43), (4.58±0.82), July (5.68±0.38), (5.17±0.43), (6.62±0.26), August 

(4.72±0.54), (5.87±0.49), (5.62±0.55), September (5.38±0.30), (4.27±0.43), (6.62±0.32) 

and October (5.52±0.32), (4.28±0.28), (5.83±0.52) at FSD, Attk and Bkkr zones 

respectively. It was found to be lowest in the months of November (2.90±0.23), 

(2.72±0.28), (3.30±0.35), December (2.63±0.16), (2.08±0.16), (2.95±0.74), January 

(2.76±0.32), (2.65±0.56), (2.32±0.56), February (2.54±0.31), (3.07±0.37), (3.13±0.53) at 

all zones including FSD, Attk and Bkkr respectively. It increased in the month of March 

(5.28±0.28), (4.68±0.24) at FSD and Attk zones but remained lower in March 

(2.08±0.37) till April (2.32±0.35) at Bkkr zone (Figure 9.7). 

 Serum potassium concentration was recorded as positively correlated with the 

average environmental temperature (°C) (y1 = 0.1455x + 0.8686, R2 = 0.8027), (y2 = 

0.1159x + 1.7766, R2 = 0.7165), (y3 = 0.1537x + 0.4515, R2 = 0.5768) and rainfall 

(mm), (y1 = 0.2052x + 4.03, R2 = 0.1003), (y2 = 0.1342x + 3.79, R2 = 0.4006), (y3 = 

0.3706x + 3.48, R2 = 0.1979) at FSD, Attk and Bkkr zones respectively. However, it was 

found to be negatively correlated with the relative humidity (%) (y1 = -0.056x + 7.74, R2 

= 0.1983), (y2 = -0.0315x + 6.29, R2 = 0.0719), at FSD and Attk zones while it was vice 

versa (y3 = 0.0434x + 1.52, R2 = 0.0289) at Bkkr zone, respectively (Figure, 9.8).  
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Table 9.7: Analysis of Variance (ANOVA) showing mean square of serum potassium 
concentration (mEq/L) in healthy adult male one-humped camels.  
 

 
 
Serum 
potassium 

SOV Df    SS       MS      F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

  8.923 
301.126 
 89.001 
459.882 

  4.461 
100.375 
 14.834 
  1.666 

  2.68 NS 
 60.24** 
  8.90** 

 NS = Non-significant (P>0.05) ** = highly significant (P<0.01), SOV= Source of 
variance, df= Degree of freedom, SM= Sum of squares, MS= Mean squares 
 

 
 
 

 
 
 
 
 
 
Table 9.8: Overall and interaction means (±SEM) values of serum potassium conc. 
(mEq/L) in healthy adult one-humped camel during four distinct seasons at different 
ecological zones of Punjab, Pakistan. 
 
Parameter Seasons                         Zones under study Overall 

mean  
 
Serum 
potassium 
(mEq/L) 

 
Winter 

Faisalabad Attock Bhakkar 
2.64±0.15f 2.60±0.24f 2.80±0.35ef 2.67±0.13C 

Spring 5.08±0.24ab 5.13±0.22ab 2.20±0.25f 4.37±0.23B 
Summer 5.25±0.19ab 5.13±0.21ab 5.79±0.27a 5.36±0.13A 
Autumn 4.21±0.33cd 3.50±0.30de 4.57±0.48bc 4.12±0.22B 
Overall 
mean 

4.40±0.14 4.22±0.18 4.24±0.24  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 9.7: Season-wise (a) and monthly (b) means (±SEM) and ranges of serum potassium (K) concentration of one-humped camel in three 
distinct ecological zones of Punjab, Pakistan. 
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Figure 9.8: Linear regression correlation of serum potassium (K) concentration with the climatic parameters at all three distinct ecological zones 
of Punjab, Pakistan. 
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9.3.1.5. Serum Chloride 
 
 The overall and group means (±SEM) of serum chloride concentration (mEq/L) of 

one-humped camel in various seasons at different ecological zones are presented in table 

9.10. 

  Statistically, overall means of serum chloride concentration (mEq/L) were found 

to be highly significantly (P<0.01) greater at Attk (75.99±1.85) and Bkkr (77.63±1.49) as 

compared to FSD zone (68.97±1.21). Season wise, overall means of serum chloride 

concentration (mEq/L) were highly significantly (P<0.01) more during winter 

(79.35±1.58) and spring season (77.25±2.11) as compared to summer (67.35±1.30) and 

autumn (72.67±1.98) (Table 9.9 & 9.10, Figure 9.9).  Serum chloride concentration was 

found to be significantly (P<0.01) higher during the months of January (81.17±2.04), 

(87.17±3.07), (83.67±4.48), February (71.83±5.65), (82.83±5.39), (83.00±1.91), March 

(75.75±4.39), (87.17±4.94), (75.33±7.63), April (69.75±4.28), (82.33±4.38), 

(82.17±3.38), November (80.50±2.23), (75.67±7.67), (79.17±5.62), and December 

(80.08±3.41), (68.83±7.21), (80.50±5.87) at FSD, Attk and Bkkr zones respectively. It 

remained lower during the months of May (63.58±3.54), (76.50±5.36), (76.33±4.90), 

June (60.17±2.41), (77.33±4.14), (79.33±5.40), July (61.75±2.49), (70.50±10.77), 

(74.17±5.66), August (67.75±4.92), (69.33±6.36), (77.67±4.92), September (56.00±2.26), 

(63.67±5.89), (63.67±3.40) and October (59.25±1.82), (70.50±4.99), (76.50±5.72) at 

FSD, Attk and Bkkr zones respectively (Figure 9.9). 

  

 Serum chloride concentration was found to be negatively correlated with the 

average environmental temperature (°C) (y1 = -0.9277x + 91.481, R2 = 0.6634), (y2 = -

0.6047x + 90.413, R2 = 0.4342), (y3 = -0.1542x + 80.582, R2 = 0.0565), and rainfall 

(mm) (y1 = -1.5636x + 71.81, R2 = 0.1182), (y2 = -0.3859x + 78.44, R2 = 0.0738), (y3 = 

-0.0365x + 77.01, R2 = 0.0002) at FSD, Attk and Bkkr zones. However it was positively 

correlated with the relative humidity (%) (y1 = 0.2021x + 56.907, R2 = 0.0525), (y3 = 

0.1255x + 69.551, R2 = 0.0235) at FSD and Bkkr zones, respectively (Figure 9.10). 
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Table 9.9: Analysis of Variance (ANOVA) showing mean square of serum chloride 
concentration (mEq/L) in healthy adult male one-humped camels.  
 

 
 
Serum 
chloride 

SOV Df SS MS F-value 
Zones 
Season 
Zones x Season 
Error 

 2 
  3 
   6 
276   

3301.8 
 5732.0 
 1185.9 
50156.9 

1650.9 
1910.7 
 197.6 
 181.7 

9.08** 
10.51** 
 1.09 NS 

 NS = Non-significant (P>0.05) ** = highly significant (P<0.01), SOV= Source of 
variance, df= Degree of freedom, SM= Sum of squares, MS= Mean squares 
 

 
 
 

 
 
 
  
 
 
 
Table 9.10: Overall and interaction means (±SEM) values of serum chloride conc. 
(mEq/L) in healthy adult one-humped camel during four distinct seasons at different 
ecological zones of Punjab, Pakistan. 

 
Parameter Seasons                   Zones under study Overall mean 
 
 
Serum 
chloride 
(mEq/L) 

 
Winter 

Faisalabad    Attock Bhakkar 
77.69±2.34 79.61±3.53 82.39±2.41 79.35±1.58A 

Spring 72.75±3.06 84.75±3.23 78.75±4.19 77.25±2.11AB
Summer 61.85±1.50 71.47±3.01 74.23±2.29 67.35±1.30C 
Autumn 69.88±2.62 73.08±4.43 77.83±3.84 72.67±1.98B 
Overall 
mean 

68.97±1.21B 75.99±1.85A 77.63±1.49A  

Means sharing similar letter in a row or in a column are statistically non-significant 
(P>0.05). Small letters represent comparison among interaction means and capital letters 
are used for overall mean. 
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Figure 9.9: Season-wise (a) and monthly (b) means (±SEM) and ranges of serum chloride (Cl) concentration of one-humped camel in three 
distinct ecological zones of Punjab, Pakistan. 

 



Chapter 9: Seasonal and ecological variations in selected serum minerals of one-humped male camel 181

y1 = -0.9277x + 91.481

R2 = 0.6634

y2 = -0.6047x + 90.413

R2 = 0.4342

y3 = -0.1542x + 80.582

R2 = 0.0565

50

55

60

65

70

75

80

85

90

5 10 15 20 25 30 35 40

Average temperature (°C)

S
er

u
m

 C
l 
(m

E
q
/L

)

Faisalabad
Attock
Bhakkar
Linear (Faisalabad)
Linear (Attock)
Linear (Bhakkar)

y1 = 0.2021x + 56.907

R2 = 0.0525

y2 = -0.2187x + 89.651

R2 = 0.0773
y3 = 0.1255x + 69.551

R2 = 0.0235

50

55

60

65

70

75

80

85

90

30 40 50 60 70 80

Relative humidity

S
er

u
m

 C
l 
(m

E
q
/L

)

Faisalabad
Attock
Bhakkar
Linear (Faisalabad)
Linear (Attock)
Linear (Bhakkar)

 

y1 = -1.5636x + 71.81

R2 = 0.1182

y2 = -0.3859x + 78.44

R2 = 0.0738

y3 = -0.0365x + 77.01

R2 = 0.0002

50

55

60

65

70

75

80

85

90

0 5 10 15 20

Rainfall (mm)

S
er

u
m

 C
l 

(m
E

q
/L

)

Faisalabad
Attock
Bhakkar
Linear (Faisalabad)
Linear (Attock)
Linear (Bhakkar)

 
 
Figure 9.10: Linear regression correlation of serum chloride (Cl) concentration with the climatic parameters at all three distinct ecological zones 

of Punjab, Pakistan. 



9.3.1.6. Correlation analysis 
 
 Correlation analysis showed that overall there was a highly significant (P<0.01) 

positive correlation between serum Ca and Fe (r = 0.672**), Ca and Na (r = 0.898**), Ca 

and Cl (r = 0.674**), while significant negative correlations was found between serum Ca 

and k (-0.793**), same trend was observed at all the ecological zones. All the measured 

serum minerals and electrolytes were positively correlated with the serum testosterone 

and estradiol concentrations except potassium which was negatively correlated with the 

serum level of these steroid hormones. 
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9.4. DISCUSSION 

 
 Present study was conducted to demonstrate the month-wise and seasonal pattern 

of selective serum minerals (Ca, Fe, Na, K and Cl) and their correlations with the 

fluctuating climatic parameters (average temperature, relative humidity and total rainfall), 

in mature one-humped camels at three ecological zones of Punjab, Pakistan, including 

Faisalabad (Irrigated plain), Attock (Pothohar) and Bhakkar (Thal desert).  

 

9.4.1. Serum Minerals and Electrolytes 
 
 The serum concentrations of sodium, potassium, iron and calcium recorded in the 

present study are comparable with the earlier reports on camels (Mohamed and Hussein, 

1999; Sarwar and Majeed, 1997; Sarwar et al., 1992). This study revealed that serum 

concentrations of calcium, iron, sodium and chloride were higher (P<0.01) during winter 

and spring as compared to other seasons of the year, while vice versa was true for the 

serum potassium, as it was recorded as significantly higher during the summer season. 

These results are in line with the previous findings in camels (Nazifi et al., 1999; Zia et 

al., 2007). Ameen et al. (2007) also documented that season has significant effects on 

blood metabolites and mineral concentrations and calcium increase significantly during 

the green season. Sodium, potassium and chloride contribute to the osmolarity and play 

an important role in the activity of muscular tissue, nervous tissue (neurotransmitters) and 

enzymes. Neuro-transmitters are having significant role in regulation of sexual desire in 

the laboratory animals (Hull et al., 1999). The increase in the concentrations of serum 

sodium and calcium during the cooler months (rutting season), may entail that these 

minerals are required for verve of testis to regulate the process of spermatogenesis (Zia et 

al., 2007). Other workers (Nagpal et al., 1996; Abd-El-Salam et al., 2008) also reported 

higher serum calcium levels in winter season in camels of different localities. Present 

study revealed some regional differences including serum calcium and chloride 

concentration were recorded as significantly (P<0.01) higher at Attk (Pothohar) and Bkkr 

(Thal desert) zones, while serum sodium concentration was found to be higher at FSD 

and Bkkr zones. These differences may be accredited to the different ecological, 

nutritional and managemental conditions. The present results also revealed that the 

increase in serum testosterone concentrations was positively correlated with the serum 

calcium, iron, sodium and chloride while negatively associated with the serum potassium. 

These results are in accord with the previous workers (Zia et al., 2007; Al-Qarawi et al., 
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2000), who reported same association between serum testosterone and minerals in the 

serum and genital organs. In the present study, serum calcium, iron, sodium and chloride 

were negatively correlated with the average environmental temperature and rainfall while 

positively correlated with the relative humidity and vice versa for serum potassium levels 

with some regional variations among different zones. But no such findings are available 

to compare these regional and climatic correlations. 

 
Conclusion 

 

Season has significant effect on the serum level of measured minerals (Ca, Na, Cl, 

and Fe), increased significantly (P<0.01) during winter and spring seasons (breeding) 

while K increased significantly (P<0.01) during summer and autumn (non-breeding 

season). 
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CONCLUSIONS 
 
The conclusions drawn from present study may be affirmed as under 
 

1. Results of present study indicate a distinct seasonality in male camels mainly 

related to fluctuating seasonal and climatic changes. 

2. Sexual behavioral changes manifested in camel due to increased concentration of 

serum steroid hormones 

3. Serum testosterone level positively (P<0.01) correlated with the weight, volume 

and measured dimensions of testes at all zones 

4. Serum testosterone and serum estradiol levels are correlated at all three ecological 

zones.  

5. Due to fluctuating different climatic conditions, data of present study suggest that 

camel rutting period ranges from Dec-Mar at FSD zone, Nov-Mar at Bhakkar and 

Nov-April at Attock zone 

6. The results of present study indicate that ultrasonographic structure of camel testis 

resembles other mammals. Testis echogenicity increased during the active phase 

of seminiferous tubules as more mature cells produced. 

7. Testicular weight and volume, volume of intertubular compartment, No of Leydig 

cells per testis and % intertubular tissue have been recorded as significantly 

(P<0.01) higher during winter season and lowest in the autumn season 

8. Volume of Leydig cells per testis and nuclear diameter of Sertoli cells have been 

recorded as maximum in winter season, reduced in spring, increased slightly again 

in summer and decreased in autumn 

9. In winter season, the volume of Leydig cells increased significantly (P<0.01) due 

to immense increase in the SER in tubular or circular cisternal form, which is the 

most important organelle with mitochondria for testosterone synthesis. 

10. Our data suggest that the seasonal activity of camel Leydig cells reaches its peak 

in winter and early spring which is corroborated by the serum testosterone level. 

11. Seasonal breeding in male camel is associated with the level of serum 

testosterone, which is negatively correlated with the environmental temperature 

and rainfall while positively correlated with the humidity. 

12. Changes in behavioral signs of rut, testicular size, testis echogenicity, testicular 

ultrastructure, serum hormones (testosterone and estradiol) and minerals (Na, Cl, 
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Ca & Fe) were positively correlated throughout the year at all ecological zones 

under study. 

13. Season has significant effect on the serum level of measured minerals (Ca, Na, Cl, 

and Fe), increased significantly (P<0.01) during winter and spring seasons 

(breeding) while K increased significantly (P<0.01) during summer and autumn 

(non-breeding season) 
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 SUGGESTIONS 

 

Keeping in view the above findings, it may be suggested that 

 

1. A more detailed study in the area of camel reproduction regarding intrinsic factors 

involved in the seasonal breeding  using a statistically reliable number of animals 

is essential 

2. A coordinated and collaborated approach involving researches on health, 

management, breeding, utilization and work performance of camels is necessary 

to improve the existing traditional system of camel production 

3. Apart from further studies needed to establish nutritional requirements of breeding 

camels, improvement in the nutritional conditions of animals has to be 

implemented through adequate supplementation during periods of scarcity and 

heavy work 

4. Some of the production constraints arise from lack of knowledge on the sides of 

the farmers and ignorance from side of policy makers, awareness creation about 

management requirements of camels could be introduced through existing 

livestock extension programs to avoid the negative impression and attitudes often 

associated with camels and their use 

5. More organized efforts may be helpful to initiate the onset of breeding activity 

during summer months 
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SUMMARY 
 

 
Present study was divided into two phases. The first attempted to draw both 

retrospective and current information on traditional camel reproduction and ecological 

aspects in the three ecological zones under study (Faisalabad, Bhakkar and Attock). The 

second deals with the events occurring in the animals. In first phase, a questionnaire 

survey was conducted in all three zones to collect data on the comprehensive production 

system and breeding history variables. The variable on the production system included 

general management, housing, feeding, breeding, disease control and reproductive 

parameters such as age of puberty, selection of bull camel, and breeding season. Data on 

climatic conditions (Rainfall, diurnal temperature and relative humidity) of all three zones 

were collected from Regional Meteorological Centre Lahore (RMC LHR) and the 

Climatology laboratory, University of Agriculture, Faisalabad. In second phase,  total of 

24 adult sexually mature male one-humped camels from three districts located in three 

different ecological zones of Punjab, Pakistan, namely Faisalabad (n=12), Bhakkar (n=6) 

and Attock (n=6), reared at the Government farms and neighboring localities, were used 

for the ultrasonogrphic, serum biochemical (steroid hormones and minerals) and rutting 

behavioral studies. Morphometrical studies were conducted on slaughter house material 

collected from 24 adult, healthy camels (6 samples during each season of the year), while 

testicular biopsy of 12 mature camels (6 samples each in breeding and non-breeding 

seasons) was done to collect testicular parenchymal tissue of camels kept at Faisalabad 

zone to evaluate seasonal ultrastructural changes in the testis. The study was conducted 

during four seasons of the year, 2008 namely winter (December to February), spring 

(March to April), summer (May to September) and autumn (October to November). 

According to survey results, the family living status of the camel herders has 

improved as compared to 20 years back at all the locations however the improvement was 

more at FSD zone. Most of the camel herders were keeping Marecha, Campbelpuri and 

Brela camel breeds at FSD, Attk and Bkkr zones, respectively. Male camels were mainly 

used for draft purpose and females primarily for milk and secondarily for draft purpose 

along with other utilities like pack, game, meat, hair, hide production and agriculture use. 

Main season of camel sale was monsoon and then Eid occasion at all the zones. Major 

source of income for most of the camel herders at all zones were sale of milk and meat, 

sale of animals and crop cultivation. Most of the herders kept their camels in open air 

system and take their camels for grazing from morning till evening at all the zones; 
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however trend of supplementation was found at Attk and Bkkr zones. Meat production 

was more at Attk followed by Bkkr and FSD zones; however hair production was more at 

FSD zone. Pox, Mange and Surra were the most common diseases of camels at theses 

locations. The load carrying capacity was more in the camels of Attk zone, riding speed 

was more of the camels of FSD, and herders used camels for more time per day at Bkkr 

zone. Puberty became earlier in the camels of Bkkr zone. The period of sexual activity 

started earlier in November and extended more even up to April at Attk as compared to 

other zones. Male camels used for breeding even up to 20 years of age at Attk zone. 

Duration of copulation was up to even 35 min at Attk zone, so it can be derived that the 

males of Attk zone are more efficient in reproduction as compared to FSD and Bkkr. 

 The findings of the present study revealed that the degree of most of rutting 

behavioral signs vary among different seasons and climate of the location. Some 

behavioral signs like micturation, frequent diarrhea, fighting, extrusion of soft palate, 

secretion of salivary glands and poll glands secretion were observed as more extensive at 

Attk and then Bkkr zone as compared to the FSD, in the autumn (October, November) 

and spring season of the year, which revealed that the rutting season started earlier at 

these locations (Attk and Bkkr) and extended even up to the start of the summer at Attk 

zone. 

Biometrical and ultrasonographic studies revealed that the measured dimensions 

(Scrotal length and width) of the testis were significantly (P<0.01) higher during the 

winter and early spring seasons as compared to summer and autumn. The parenchyma of 

the testis appeared as homogenous and moderate echogenic, the testicular capsule was 

appeared as thick hyper-echoic structure and tunics were identified as hyperechoic lines 

in both longitudinal and transverse planes, covering the parenchyma. A thin intratunical 

anechoic linear area was identified, because of fluid between the connective tissue 

coverings. Mediastinum was visualized as hyperechoic central line in the longitudinal 

section and a central hyperechoic circular area in transverse plane of the testis. The tail of 

the epididymis was identified as heterogeneous less echoic than the testicular 

parenchyma. However, the body and head of epididymis and pampiniform plexus were 

not detectable due to the anatomical location of these organs on the dorsal or cranial 

surface of camel testes. Season had a prominent noticeable effect on the ultrasonic picture 

of the testis and epididymis at all the experimental zones. The testicular parenchyma was 

appeared as more echogenic during winter and early spring as compared to summer and 

autumn. The parenchyma visualized as less echoic in summer and least echogenic in the 
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autumn season due to inactivity of the germ cells and reduced number of mature germ 

cells. 

Serum testosterone concentration was higher (P<0.01) during the winter season at 

all ecological zones under study, it started decreasing during spring and reached baseline 

during summer, maintained almost same during autumn at FSD zone however increased 

again in autumn at Attk and Bkkr zones. This augmented level in autumn season was 

more at Attk as compared to Bkkr zone. The testosterone concentration was recorded as 

significantly higher during the rutting season (winter and early spring) of the camel as 

compared to the non-rutting season (summer and autumn). Month wise testosterone 

profiles showed that testosterone levels were at peak in the month of February at all the 

ecological zones, it remained higher during the cooler months of the year (December, 

January), became relatively lower in the month of March and reached its baseline in the 

month of April at FSD zone, while in the month of June at Attk and Bkkr zones. The 

testosterone concentration maintained to the baseline till the month of November at FSD, 

October at Bkkr and August at Attk zone. It started increasing in the month of December 

at FSD, November at Bkkr and September at Attk zone which was attributed to the 

climatic changes in the zones. Overall the testosterone level remained higher during the 

cooler months of the year or during the rutting season of the camel and it declined and 

maintained at the basal level during the hot months of year which constitute the non-

rutting period of the camel however zonal variations were observed in the duration of the 

endocrine surge which attribute to the duration of the rutting period in different zones. 

This period was recorded as more lengthy at Attk zone followed by Bkkr and short in the 

FSD zone. Present study indicated that the rise in testosterone concentration was 

negatively correlated with the environmental temperature and rainfall; however it was 

positively correlated with the relative humidity. Present study revealed that the serum 

estradiol 17- β was higher (P<0.01) during the cooler months including January, February 

at all the ecological zones, it started declining in the month of March, April and May, 

little increased level was observed in the month of June but again sloped down in July and 

remained on baseline in the months of August, September, October and November, it 

sloped up in December at FSD and Attk while estradiol level shoot up one month earlier 

in November at Bkkr zone. 

Morphometrical studies showed that the volume and weight of the testis were 

significantly (P<0.01) higher during the winter and spring seasons as compared to 

summer and autumn. While the volume occupied by the seminiferous tubules and 
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diameter of seminiferous tubules were recorded as significantly (P<0.01) higher during 

autumn then summer and winter and lowest in the spring season. The average diameter of 

Sertoli cells was found to be significantly (P<0.01) more during the winter season 

followed by summer and autumn while it was minimum in the spring season. The volume 

of intertubular compartment was measured as significantly (P<0.01) maximum during the 

winter and spring as compared to summer and autumn. The relative volume of Leydig 

cells (VLc %) was found significantly (P<0.01) maximum during winter low but same 

during spring and summer and minimum in the autumn season. The total volume of 

Leydig cells (TVLc × 1012µm3) was recorded as maximum during the winter and summer 

seasons while declined in spring and minimum in the autumn season. The numbers of 

Sertoli cells were counted as statistically same during different seasons of the year. The 

numbers of Leydig cells ×109 per testis were found to be significantly (P<0.01) more 

during the winter as compared to spring and summer while lowest during the autumn 

season. The % intertubular tissue in the parenchyma of testis was found to be 

significantly (P<0.01) higher during winter season followed by spring and minimum 

during summer and autumn. The % area occupied by the seminiferous tubules was 

measured as significantly (P<0.01) high during summer and autumn while low during 

winter and spring. The % seminiferous tubule / interstitium was also recorded as 

significantly (P<0.01) more during summer and autumn while less during winter and 

spring seasons. Ultrastructural studies showed that during breeding season of camel, the 

interstitial connective tissue was mainly comprised of large, polygonal, closely packed 

Leydig cells with round to oval central nucleus, having very less intercellular spaces. The 

nuclei were having granular evenly distributed heterochromatin material with prominent 

nucleolus. The cytoplasm of Leydig cells was having abundant and developed smooth 

endoplasmic reticulum (SER) in the circular cisternae and tubular form. Spherical or oval 

to elongate mitochondria with tubular cristae, few lipid droplets and aggregates of free 

ribosomes were obvious in the cytoplasm. During non-breeding season the size, volume 

and numbers of Leydig cells decreased, nucleus was observed as oval having less 

chromatin material. The amount of smooth endoplasmic reticulum (SER) and 

mitochondria became less abundant as compared to breeding season while rough 

endoplasmic reticulum (RER), lysosomal bodies, lipid droplets and dense bodies 

increased in the cell cytoplasm, which indicates the inactivity of the cell. This study 

elucidated the enhanced activity of the Sertoli cells during breeding season of camel 

however the number of cells remained almost same during different seasons but 



Appendices 

                                                                                                                                                                        

219

ultrastructural features changed during increased activity of the cell. During breeding 

season, the size of the nucleus increased with less deep indentations located on the basal 

portion of the cell. Abundant smooth endoplasmic reticulum, free ribosomes, increased 

number and size of mitochondria was obvious in the cytoplasm of active cell. While in 

non-breeding season the smooth endoplasmic reticulum, mitochondria and free ribosomes 

declined and fat droplets increased in the cell cytoplasm.  

This study revealed that serum concentrations of calcium, iron, sodium and 

chloride were higher (P<0.01) during the winter and spring as compared to other seasons 

of the year, while vice versa was true for the serum potassium, as it was recorded as 

significantly higher during the summer season. Some regional differences including 

serum calcium and chloride concentration were recorded as significantly (P<0.01) higher 

at Attk and Bkkr zones, while serum sodium concentration was found to be higher at FSD 

and Bkkr zones. The present results also exposed that the increase in serum testosterone 

concentrations was positively correlated with the serum calcium, iron, sodium and 

chloride while negatively associated with the serum potassium. Serum calcium, iron, 

sodium and chloride were negatively correlated with the average environmental 

temperature and rainfall while positively correlated with the relative humidity and vice 

versa for serum potassium levels with some regional variations among different zones. 
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Appendix I: Questionnaire Survey Formate 

 
Camel Herd Survey Questionnaire 

 
Enumerator                                Date              

District                     Division                     Village  Location           

          

 
1. General Socio-economic Characteristics 
 
1. Address:……………….                           Owners name………………………… 
 
Age……….. Sex…………                           Family status………………………… 
 

What is the acreage of your holding?                                              

What is the land used for?  

Livestock keeping                    Cropping (Specify)      

Which camel breeds do you keep?          

 
 
2. Domestic livestock holdings: 
 
Animal Female Male Young

<1 yr 
New-
born 

Addition 
to the 
herd 

Removal 
from the 
herd 

Total 
B* NB** B NB 

Buffalo          
Cattle          
Sheep          
Goat          
Camel          
Donkey          
Mule          
Horse          
Others          

    *B: breeding (pregnant or with calves) **NB: Non-breeding (Castrated males or open 
females) 
 
3. Which livestock products do you produce?  
 
a) Milk   b) Meat  c) Skin/hide  d) Manure  e) Draft power 

 
4. What do you do with the livestock products? 
 
a) Sell all b) Consume all  c) Sell and consume  d) Other 
 
5. What is your major source of income? 
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 a) Sale of milk or meat   b) Crop cultivation   c) Sale of live animals   
 d) Others (specify)………… 
 
 
6. Other sources of income   
 
a) Sideline business       b) Rent of draft animals    c) Others 
 
7. How is your family living today as compared to 20 years back?  (Socially, 
economically) 
 
 
2. Management System 
 
1. For what purpose (s) do you use your camels? 
  a) For draft         b) For pack      c) For breeding     d) Other  
 
 
2. What are the types of work performed by camels? 
a) Male camels  
b) Female camels  
 
 
3. How often do you use your camels per week during the 

a) Winter  b) Spring   c) Summer   d) Autumn 
 

 
4. What is the average load carried and distance traveled during the different seasons? 

a) Winter   
b) Spring 
c) Summer 
d) Autumn 

 
5. How are your camels housed? 
 
a) In stable yard near the house          b) In barn        
c) In open air near the house        d) Other 
 
6. Which feeding system do you practice? 
 

a) Only grazing at a communal grazing site 
b) Grazing pasture and supplementation during (specify when) 
c) Other ………………………………………………………. 

 
7. What is the routine grazing schedule? 
 
8. Any special feed/ supplements/ treatment, you offer to the breeding male camel? (Give 
detail) 
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9. If you use any medicinal plant to increase the reproductive performance of male 
camel?  Yes/ No 
 
10. If yes, then give the name of plant and when you give to the camel? 
 
11. What are the local names of the forage species available that are most liked by camels 
in your  area?  
 
13. What is the major source of water for your camels? 
a) Wells  b) Rivers    c) Seasonal water spots     d) Others 
 
14. How often do you water your camel? 
Winter:  
a) Everyday   b) Every 2 days   c) Every 3 days   d) Every week or more 
Summer:  
a) Everyday  b) Every 2 days  c) Every 3 days  d) Every week or more 
 
 
15. What are the major camel production constraints in your area? (Rank them) 
 
a) Lack of Livestock development services 
b) Disease 
c) Poor genetic potential of camels  
d) Feed and water  
 
16. Live off-take since last dry season? 
 

i) main season of sale?  
Winter dry  monsoon eid 
ii) Purpose of sale?  
Cash animal purchase home occasions other                    
iii) Sale to?  
Beopari (from) market (which) other  
 

17. How are your sale activities depending on price?  
 
Not  low price low sale/high price high sale other 
 
18. What is the price depending on?  
 
 Animal condition  demand  
 Trader competition  Else  
 
19. Any problem with sale?  
 
Pricing   unfamiliarity  not always traders available 
  
 
20. Do you sometimes  purchase animals? For what purpose?  
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21. Are your herds properly vaccinated? Why (not)? 
 
 
22. Routes of seasonal migration? (name areas, water supply, on foot/road, duration) 
 
 
23. Name the medical plants which are reduced or increases? (how affect you) 
 
 
24. Productivity of camels influenced by these? (Mortality, calving period, yield) 
 
25. How to increase production of your animals (Camels)? (Better feeds or breeds) 
 
 
26. Milk sale?  
     Beopari (from)  market (which)  Company 
 
 
27. Any problem of milk sale? 
 
 
28. Wool production?         
      Shearing season- biannual   or Annual  
      Rupees per animal? Camel  Sheep/Goat  
 
 
29. Problems related to camel keeping and wool sale? 
 
 
30. Where is your main locality for raising camels? 
 
 
3. Selection practices and management 
1. What are the different types of camels you have in this area? 
Name 1. 2. 
Color 1. 2. 
Body weight 1. 2. 
Size 1. 2. 
Other marks 1. 2. 
 
2. Do you practice selection                         a) yes       b) no 
 
3. If yes, which class of animal do you select? 
a) Only females                        b) Only males         
c) Both females and males       d) Foals 
 
4. What is /are the objectives of your selection? 
a) Increased the draft power       b) Increase the longevity     
c) Increase the herd size       d) Increase milk yield 
e) Others 
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5. What are your specific criteria for selecting? 
 Breeding camels 
…………………….            …………………….. 
……………………             ……………………. 
……………………             …………………… 
 
4. Breeding management 
 
1.Do you want to breed more camels?  a) Yes   b) No 
 
 
2. If yes, what are the advantages of camels over other livestock? 
 
 
3. At what age does your camel reach puberty?    Bull  Cow 
 
 
4. How do you recognize puberty (What are the signs)?     

In Male…………………………                 
In Female……………………………… 
 
 

5. Are you interested to reduce the age at puberty?   a) Yes  b) No 
    If no, what are the reasons?  ……………………………………………………….. 
 
 
6. At what age does your camel give birth for the first time? 
a) 3 yrs  b) 4 yrs  c) 5 yrs   d) 6 yrs  e) >6 yrs 

 
 

7. Are you interested to reduce the age at the first calving?  A) Yes  b) No 
If no, what are the reasons? 
………………………………………………………… 
If yes, what are the reasons? 
………………………………………………………... 

 
8. How long is the calving interval? 
a) 1 year     b) 1-1.5 yrs      c) 1.5-2 yrs     d)>2yrs 
 
 
9. Are you interested to reduce the calving interval?        a) Yes    b) No 
 
if no, what is the 
reason?……………………………………………………………………… 
 
 
10. Which season is the highest sexual activity in camels in your area? 
Which ones do you prefer? 
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11. What are/is the reason (s) to prefer the specific season? 
a) availability of nutrition       b) for the ease of management 
c) to avoid disease problems     d) for better fertility 

 
 
12. What are the signs of rut sexual interest? 
a)…………………………………………………………………………………………… 
b)…………………………………………………………………………………………… 
c)…………………………………………………………………………………………… 
 
 
13. How do you assess fertility of the male? 
 
 
14. Do you practice culling? 
 
 
15. If yes, what were the reasons for culling?  
a) low productivity      b) reproductive problems      c) old age      d) others 
 
 
16. If no how do you handle camels reproductive problems? 
a) keep them      b) sell them       c) treat them         d) others 
 
  
17. What are the most common diseases affecting camels in this area? 
a) ………………………………………………..    b) …………………………………… 
c) ………………………………………………..    
 
 
18. What are the diseases that you think specially affect the reproduction? 
(Local names)……………………………………………………………………………… 
 
 
19. Do you seek veterinary assistance for the problems of disease? 
                    a) Yes   b) No c) occasionally  
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Appendix II: Performa for experimental data 
 

Performa for Experimental Data 

 
I. General Information 
 
Worker:       Location: 
Farmer:                                                Age:                            Qualification: 
Camel ID Date Time                               am/pm 

 
Body score 1 2 3 4 5 
 
 
Age at puberty……………      Zone………………………. 
 
Season…………                                                              Breed……………………… 
      
Utility of the animal: Draught/ Riding/ Meat 
 
First mounting………………….                    No. of mounting per day………………… 
 
Nutrition status of camel…………………………………………………………………… 
 
Peculiarities & Treatments ………………………………………………………………… 
 
 
Herd structure 
Age groups (years) Male Female Castrate 
<1 (suckling)    
1 to 2    
2 to 4    
4 to 7    
7 to 10    
10 to 15    
15 to 20    
>20    
 
 
Feed Base 
Feed type Dry season Growing season Purchased feeds 
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Production type 
Type Importance in farm 
Milk  
Meat  
Draft power  
Fiber  
Sale of young  
 
Meteorological data 

 

Health Status 

Respiration Rate-----/min   Pulse Rate-----------/min 

Body Temperature------------------                   Deworming ………………………………. 

 

Nutrition  

Fodder intake……………………….  Type of fodder……………………………  

Water intake………………………..  Any Supplement (diet) …………………. 

Increase/decrease in Body weight…………… 

 

Ecological 
Zone 

Major Town 
Topography 
Altitude 

Topo- 
graphy 

Temp 
[oC] 

RF 
[mm] 

RH 
[%] 

Major   
Crops  
Grown & 
 potential 

Farming 
 system 
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II. Observations on live animal 

a. Scrotal testicular biometry (Live) 

 Right Testis Left Testis 
Length (cm)   
Width (cm) 
               Edge Upper (EU) 

 

                                 Center   
               Edge Lower (EL)   
 
b. Hormonal Studies 

 

Sample No                                                      Season 

Any Treatment                                                 Dose 

Serum ID:  

Testosterone Estradiol 17- 

  

  

  

  

 

c. Behavioral signs 
 
Docile…………….        Aggressive……………………                 Depressed…………… 
 
 
Rutting behavior  

 Present  
(1, 2, 3) 

Absent 

Increased Pacing And Anxiety   
Reduction In Food Intake   
Micturation  
Frequent Diarrhea   
Herd Chasing   
Fighting   
Extrusion of Soft Palate   
Gurgling and Roaring Sounds   
Increased Secretion of Salivary 
Glands 

  

Urine Spraying   
Poll Gland Secretions   
Female Seeking   
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d. Ultrasonographic Observations of Testes  

 
Ecogenicity of the testis parenchyma              Right ………………………………………. 
                                                                         Left………………………………………… 
 
Location and appearance of mediastinum        Right……………………………………… 
                                                                          Left……………………………………….. 
 
Size of the parenchymal tissue                          
 
Appearance of the tail of epididymis…………………………………………………… 
…………………………………………………………………………………………… 
 
 
 
III. Observations on slaughterhouse and biopsy samples 
 
 
A. Light microscopic/ Morphometric observations 
 
 
 
a) Total number of Sertoli cells/testis ………………………. 
 
b) Testicular volume (cm3) = Testis weight (g)/ Testis density (1.052) 
      
     Volume=……………………… cm3 
 
c) Volume occupied by (10) seminiferous tubules cross section: Vst=   h  (d2/4) 
                                Where    h=Section thickness (5m) 
 d= Seminiferous tubule diameter (m)…………………………. 
 
Vst = …………………………….. µm3 

 
d) Percentage of testicular volume occupied by seminiferous tubules (%ST) and 
interstitium (Chalkley, s method) 
 
Interstitium………………………….             %ST……………………………… 
 
e) Crude number of Sertoli cells / testis= (V%STC) / (Vst  10) 
 
C= true number of Sertoli cells with intact nucleus counted in 100 round cross 
sections……………………………………………. 
 
Crude number of Sertoli cells/testis=…………………………………………… 
 
True number of Sertoli cells / testis (Abercrombie’s method) 
 
f) True number= Crude number  Section thickness / Section thickness + Average nuclear 
diameter in microns 
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P=A× M/L+M 
Where P= true number of Sertoli cells/testis    A=crude number               M=section 
thickness   
   
L= Ave. diameter of nuclei ……………………………… µ 
 
P=………………………………………………… 
 
g) Relative volume of Leydig cells in the interstitial tissue (VLc %)………………….. 
 
h) Total volume of the Leydig cells per testis (TVLc) = VLc×%intertubular vol. 
 
 
i) Volume of intertubular compartment= Testis volume  % of testis occupied by interstitium 
                                                                =………………………………………………cm3 

 

j) Volume of an individual Leydig cell = Lc= (4/3)    D3 

 

Where D= Average diameter (µm) taken from 25 Leydig cells 
 

D=………………………………………………….. 
 
 
Lc= …………………………………………………………………………………  (µm3)  
 
 
k) Number of Leydig cells per testis = TVLc/Vol. of single Leydig cell 
 
 
 
L) Numerical density of Leydig cell population= No of Leydig cells per testis/ testis mass (g) 
 
 
B. Electron microscopic observations 
 

i. Ultrastructure of Sertoli cells 

 

Nucleus 

Shape ……………………………………… Heterochromatic / Euchromatic……………. 
 
Number and shape of nucleoli…………………………………………………………….. 
 
Location of nucleus …………………………  Diameter of nucleus …………………… 

Cytoplasm 

 
Mitochondria           
Shape………………………………………….      numbers …………………………….. 
Amount decreased /increased ……………………………………….. 
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Smooth endoplasmic reticulum  
Shape …………………………………….  Amount decreased / increased……………….. 
 
Rough endoplasmic reticulum 
Shape …………………………………….  Amount decreased / increased……………….. 
 
Golgi apparatus  
Shape …………………………………….  Amount decreased / increased……………….. 
 
Fat droplets   (Present /absent)   if present then increased / decreased 
 
Ribosomes     (Present /absent)   if present then increased / decreased 
 

ii. Ultrastructure of Leydig cells 

 

Nucleus 

Shape ……………………………………… Heterochromatic / Euchromatic……………. 
 
Number and shape of nucleoli…………………………………………………………….. 
 
Location of nucleus …………………………  Diameter of nucleus …………………… 
 

Cytoplasm 

 
Mitochondria           
Shape………………………………………….      numbers …………………………….. 
Amount decreased /increased ……………………………………….. 
 
Smooth endoplasmic reticulum  
Shape …………………………………….  Amount decreased / increased……………….. 
 
Rough endoplasmic reticulum 
Shape …………………………………….  Amount decreased / increased……………….. 
 
 
Golgi apparatus  
Shape …………………………………….  Amount decreased / increased……………….. 
 
Fat droplets   (Present /absent)   if present then increased / decreased 
 
Ribosomes     (Present /absent)   if present then increased / decreased 
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Appendix III: Correlation between different parameters 
Table I: Pearson correlation between serum steroid hormones concentration and 

morphometric parameters measured at FSD zone 
 Testosterone Estradiol 
Estradiol 0.842 1.000 
 0.158  
Volume of right testis 0.884 0.978* 
 0.116 0.022 
Volume of left testis 0.895 0.966* 
 0.105 0.034 
Weight of right testis 0.884 0.978* 
 0.116 0.022 
Weight of left testis 0.895 0.966* 
 0.105 0.034 
Volume occupied by Seminiferous 
tubules -0.289 -0.741 
 0.711 0.259 
Diameter of Seminiferous tubules -0.272 -0.729 
 0.728 0.271 
Ave. diameter of Sertoli cell nuclei 0.636 0.336 
 0.364 0.664 
Volume of intertubular compartment 0.877 0.965* 
 0.123 0.035 
Relative volume of Leydig cells 0.609 0.879 
 0.391 0.121 
Total volume of Leydig cells per testis 0.346 0.631 
 0.654 0.369 
Crude number of Sertoli cells per testis 0.513 0.624 
 0.487 0.376 
True number of Sertoli cells per testis 0.671 0.725 
 0.329 0.275 
Volume of individual Leydig cells 0.758 0.574 
 0.242 0.426 
Number of Leydig cells per testis 0.920 0.969* 
 0.080 0.031 
Numerical density of Leydig cell 0.982* 0.851 
 0.018 0.149 
% Area occupied by intertubular tissue 0.812 0.957* 
 0.188 0.043 
% Area occupied by seminiferous 
tubules -0.812 -0.957* 
 0.188 0.043 
%Seminiferous tubules / Interstitium -0.782 -0.968* 
 0.218 0.032 

* Correlation is positive at 0.05 level (2-tailed)
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Correlations

1 .796** .761** .771** .811** .779** .759** .743** .754** .454** .767** .684** -.736** .549** .448**

.000 .000 .000 .000 .000 .000 .000 .000 .005 .000 .000 .000 .001 .006

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.796** 1 .979** .765** .831** .785** .791** .674** .701** .578** .740** .682** -.639** .591** .467**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .004

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.761** .979** 1 .728** .814** .741** .759** .607** .645** .572** .754** .714** -.638** .555** .498**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .002

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.771** .765** .728** 1 .958** .941** .956** .912** .895** .616** .714** .586** -.613** .607** .613**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.811** .831** .814** .958** 1 .954** .968** .885** .901** .641** .785** .675** -.682** .642** .602**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.779** .785** .741** .941** .954** 1 .969** .933** .928** .597** .700** .594** -.598** .662** .601**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.759** .791** .759** .956** .968** .969** 1 .900** .897** .600** .755** .655** -.654** .644** .614**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.743** .674** .607** .912** .885** .933** .900** 1 .988** .507** .650** .455** -.504** .724** .569**

.000 .000 .000 .000 .000 .000 .000 .000 .002 .000 .005 .002 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.754** .701** .645** .895** .901** .928** .897** .988** 1 .541** .672** .467** -.519** .739** .571**

.000 .000 .000 .000 .000 .000 .000 .000 .001 .000 .004 .001 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.454** .578** .572** .616** .641** .597** .600** .507** .541** 1 .473** .410* -.381* .448** .500**

.005 .000 .000 .000 .000 .000 .000 .002 .001 .004 .013 .022 .006 .002

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.767** .740** .754** .714** .785** .700** .755** .650** .672** .473** 1 .898** -.793** .674** .672**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .004 .000 .000 .000 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.684** .682** .714** .586** .675** .594** .655** .455** .467** .410* .898** 1 -.809** .533** .626**

.000 .000 .000 .000 .000 .000 .000 .005 .004 .013 .000 .000 .001 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

-.736** -.639** -.638** -.613** -.682** -.598** -.654** -.504** -.519** -.381* -.793** -.809** 1 -.476** -.429**

.000 .000 .000 .000 .000 .000 .000 .002 .001 .022 .000 .000 .003 .009

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.549** .591** .555** .607** .642** .662** .644** .724** .739** .448** .674** .533** -.476** 1 .639**

.001 .000 .000 .000 .000 .000 .000 .000 .000 .006 .000 .001 .003 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

.448** .467** .498** .613** .602** .601** .614** .569** .571** .500** .672** .626** -.429** .639** 1

.006 .004 .002 .000 .000 .000 .000 .000 .000 .002 .000 .000 .009 .000

36 36 36 36 36 36 36 36 36 36 36 36 36 36 36

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Teststerone

Length_Rt

Length_Lt

WU_Rt

WU_Lt

WL_Rt

WL_Lt

Wc_Rt

Wc_Lt

Estradiol

Ca

Na

K

Cl

Fe

Teststerone Length_Rt Length_Lt WU_Rt WU_Lt WL_Rt WL_Lt Wc_Rt Wc_Lt Estradiol Ca Na K Cl Fe

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 
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Correlationsa

1 .819** .808** .827** .887** .896** .808** .869** .847** .796** .625* .646* -.736** .535 .585*

.001 .001 .001 .000 .000 .001 .000 .001 .002 .030 .023 .006 .073 .046

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.819** 1 .975** .990** .952** .968** .952** .956** .955** .881** .693* .687* -.537 .602* .766**

.001 .000 .000 .000 .000 .000 .000 .000 .000 .013 .014 .072 .038 .004

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.808** .975** 1 .977** .963** .971** .963** .961** .952** .792** .776** .778** -.582* .676* .828**

.001 .000 .000 .000 .000 .000 .000 .000 .002 .003 .003 .047 .016 .001

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.827** .990** .977** 1 .973** .972** .974** .975** .976** .871** .747** .731** -.585* .642* .790**

.001 .000 .000 .000 .000 .000 .000 .000 .000 .005 .007 .046 .024 .002

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.887** .952** .963** .973** 1 .969** .978** .988** .983** .837** .811** .807** -.725** .722** .796**

.000 .000 .000 .000 .000 .000 .000 .000 .001 .001 .002 .008 .008 .002

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.896** .968** .971** .972** .969** 1 .952** .956** .941** .814** .741** .762** -.653* .648* .776**

.000 .000 .000 .000 .000 .000 .000 .000 .001 .006 .004 .021 .023 .003

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.808** .952** .963** .974** .978** .952** 1 .984** .981** .815** .843** .845** -.663* .755** .820**

.001 .000 .000 .000 .000 .000 .000 .000 .001 .001 .001 .019 .004 .001

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.869** .956** .961** .975** .988** .956** .984** 1 .996** .864** .826** .811** -.681* .714** .797**

.000 .000 .000 .000 .000 .000 .000 .000 .000 .001 .001 .015 .009 .002

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.847** .955** .952** .976** .983** .941** .981** .996** 1 .881** .823** .793** -.658* .714** .806**

.001 .000 .000 .000 .000 .000 .000 .000 .000 .001 .002 .020 .009 .002

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.796** .881** .792** .871** .837** .814** .815** .864** .881** 1 .512 .460 -.391 .386 .619*

.002 .000 .002 .000 .001 .001 .001 .000 .000 .089 .132 .208 .215 .032

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.625* .693* .776** .747** .811** .741** .843** .826** .823** .512 1 .961** -.763** .938** .860**

.030 .013 .003 .005 .001 .006 .001 .001 .001 .089 .000 .004 .000 .000

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.646* .687* .778** .731** .807** .762** .845** .811** .793** .460 .961** 1 -.786** .910** .782**

.023 .014 .003 .007 .002 .004 .001 .001 .002 .132 .000 .002 .000 .003

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

-.736** -.537 -.582* -.585* -.725** -.653* -.663* -.681* -.658* -.391 -.763** -.786** 1 -.800** -.490

.006 .072 .047 .046 .008 .021 .019 .015 .020 .208 .004 .002 .002 .106

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.535 .602* .676* .642* .722** .648* .755** .714** .714** .386 .938** .910** -.800** 1 .780**

.073 .038 .016 .024 .008 .023 .004 .009 .009 .215 .000 .000 .002 .003

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.585* .766** .828** .790** .796** .776** .820** .797** .806** .619* .860** .782** -.490 .780** 1

.046 .004 .001 .002 .002 .003 .001 .002 .002 .032 .000 .003 .106 .003

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Teststerone

Length_Rt

Length_Lt

WU_Rt

WU_Lt

WL_Rt

WL_Lt

Wc_Rt

Wc_Lt

Estradiol

Ca

Na

K

Cl

Fe

Teststerone Length_Rt Length_Lt WU_Rt WU_Lt WL_Rt WL_Lt Wc_Rt Wc_Lt Estradiol Ca Na K Cl Fe

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 

District = 1a. 

 Table III: Pearson correlation of different parameters at FSD zone 
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Correlationsa

1 .843** .818** .847** .857** .835** .798** .900** .860** .417 .845** .856** -.711** .551 .419

.001 .001 .001 .000 .001 .002 .000 .000 .177 .001 .000 .009 .063 .175

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.843** 1 .982** .836** .901** .920** .898** .913** .916** .360 .842** .892** -.814** .681* .550

.001 .000 .001 .000 .000 .000 .000 .000 .251 .001 .000 .001 .015 .064

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.818** .982** 1 .805** .892** .894** .889** .869** .890** .300 .851** .881** -.772** .640* .619*

.001 .000 .002 .000 .000 .000 .000 .000 .343 .000 .000 .003 .025 .032

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.847** .836** .805** 1 .917** .817** .886** .952** .892** .497 .886** .872** -.863** .619* .613*

.001 .001 .002 .000 .001 .000 .000 .000 .100 .000 .000 .000 .032 .034

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.857** .901** .892** .917** 1 .954** .981** .957** .989** .601* .924** .924** -.847** .667* .582*

.000 .000 .000 .000 .000 .000 .000 .000 .039 .000 .000 .001 .018 .047

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.835** .920** .894** .817** .954** 1 .956** .940** .979** .622* .864** .941** -.840** .696* .555

.001 .000 .000 .001 .000 .000 .000 .000 .031 .000 .000 .001 .012 .061

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.798** .898** .889** .886** .981** .956** 1 .931** .972** .620* .928** .937** -.874** .668* .642*

.002 .000 .000 .000 .000 .000 .000 .000 .032 .000 .000 .000 .018 .024

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.900** .913** .869** .952** .957** .940** .931** 1 .969** .575 .893** .941** -.885** .698* .569

.000 .000 .000 .000 .000 .000 .000 .000 .051 .000 .000 .000 .012 .053

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.860** .916** .890** .892** .989** .979** .972** .969** 1 .632* .906** .933** -.860** .712** .539

.000 .000 .000 .000 .000 .000 .000 .000 .028 .000 .000 .000 .009 .071

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.417 .360 .300 .497 .601* .622* .620* .575 .632* 1 .573 .533 -.672* .526 .304

.177 .251 .343 .100 .039 .031 .032 .051 .028 .051 .074 .017 .079 .337

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.845** .842** .851** .886** .924** .864** .928** .893** .906** .573 1 .932** -.884** .617* .636*

.001 .001 .000 .000 .000 .000 .000 .000 .000 .051 .000 .000 .033 .026

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.856** .892** .881** .872** .924** .941** .937** .941** .933** .533 .932** 1 -.890** .667* .677*

.000 .000 .000 .000 .000 .000 .000 .000 .000 .074 .000 .000 .018 .016

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

-.711** -.814** -.772** -.863** -.847** -.840** -.874** -.885** -.860** -.672* -.884** -.890** 1 -.691* -.606*

.009 .001 .003 .000 .001 .001 .000 .000 .000 .017 .000 .000 .013 .037

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.551 .681* .640* .619* .667* .696* .668* .698* .712** .526 .617* .667* -.691* 1 .406

.063 .015 .025 .032 .018 .012 .018 .012 .009 .079 .033 .018 .013 .191

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.419 .550 .619* .613* .582* .555 .642* .569 .539 .304 .636* .677* -.606* .406 1

.175 .064 .032 .034 .047 .061 .024 .053 .071 .337 .026 .016 .037 .191

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Teststerone

Length_Rt

Length_Lt

WU_Rt

WU_Lt

WL_Rt

WL_Lt

Wc_Rt

Wc_Lt

Estradiol

Ca

Na

K

Cl

Fe

Teststerone Length_Rt Length_Lt WU_Rt WU_Lt WL_Rt WL_Lt Wc_Rt Wc_Lt Estradiol Ca Na K Cl Fe

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 

District = 3a. 

 Table IV: Pearson correlation of different parameters at Bkkr zone 
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Correlationsa

1 .814** .802** .822** .789** .804** .847** .736** .707* .485 .827** .856** -.874** .502 .533

.001 .002 .001 .002 .002 .001 .006 .010 .110 .001 .000 .000 .096 .074

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.814** 1 .992** .948** .949** .968** .953** .951** .922** .747** .771** .661* -.543 .756** .499

.001 .000 .000 .000 .000 .000 .000 .000 .005 .003 .019 .068 .004 .099

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.802** .992** 1 .960** .963** .970** .955** .955** .940** .791** .736** .615* -.539 .738** .465

.002 .000 .000 .000 .000 .000 .000 .000 .002 .006 .033 .070 .006 .128

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.822** .948** .960** 1 .993** .982** .964** .956** .938** .772** .792** .656* -.581* .678* .523

.001 .000 .000 .000 .000 .000 .000 .000 .003 .002 .021 .048 .015 .081

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.789** .949** .963** .993** 1 .988** .968** .953** .939** .775** .772** .649* -.553 .681* .523

.002 .000 .000 .000 .000 .000 .000 .000 .003 .003 .022 .062 .015 .081

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.804** .968** .970** .982** .988** 1 .984** .942** .911** .728** .807** .697* -.577* .679* .496

.002 .000 .000 .000 .000 .000 .000 .000 .007 .001 .012 .050 .015 .101

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.847** .953** .955** .964** .968** .984** 1 .899** .865** .688* .820** .747** -.685* .631* .479

.001 .000 .000 .000 .000 .000 .000 .000 .013 .001 .005 .014 .028 .115

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.736** .951** .955** .956** .953** .942** .899** 1 .988** .837** .764** .589* -.414 .769** .552

.006 .000 .000 .000 .000 .000 .000 .000 .001 .004 .044 .181 .003 .063

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.707* .922** .940** .938** .939** .911** .865** .988** 1 .887** .692* .517 -.380 .773** .576*

.010 .000 .000 .000 .000 .000 .000 .000 .000 .013 .085 .222 .003 .050

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.485 .747** .791** .772** .775** .728** .688* .837** .887** 1 .466 .231 -.168 .834** .479

.110 .005 .002 .003 .003 .007 .013 .001 .000 .127 .469 .601 .001 .115

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.827** .771** .736** .792** .772** .807** .820** .764** .692* .466 1 .904** -.690* .507 .516

.001 .003 .006 .002 .003 .001 .001 .004 .013 .127 .000 .013 .092 .086

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.856** .661* .615* .656* .649* .697* .747** .589* .517 .231 .904** 1 -.816** .351 .508

.000 .019 .033 .021 .022 .012 .005 .044 .085 .469 .000 .001 .263 .092

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

-.874** -.543 -.539 -.581* -.553 -.577* -.685* -.414 -.380 -.168 -.690* -.816** 1 -.102 -.342

.000 .068 .070 .048 .062 .050 .014 .181 .222 .601 .013 .001 .752 .277

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.502 .756** .738** .678* .681* .679* .631* .769** .773** .834** .507 .351 -.102 1 .573

.096 .004 .006 .015 .015 .015 .028 .003 .003 .001 .092 .263 .752 .051

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

.533 .499 .465 .523 .523 .496 .479 .552 .576* .479 .516 .508 -.342 .573 1

.074 .099 .128 .081 .081 .101 .115 .063 .050 .115 .086 .092 .277 .051

12 12 12 12 12 12 12 12 12 12 12 12 12 12 12

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

Teststerone

Length_Rt

Length_Lt

WU_Rt

WU_Lt

WL_Rt

WL_Lt

Wc_Rt

Wc_Lt

Estradiol

Ca

Na

K

Cl

Fe

Teststerone Length_Rt Length_Lt WU_Rt WU_Lt WL_Rt WL_Lt Wc_Rt Wc_Lt Estradiol Ca Na K Cl Fe

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 

District = 2a. 

 Table V: Pearson correlation of different parameters at Attk zone 
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Appendix IV: Correspondence analysis and percentage extent of behavioral signs  
 
 
Table I: Behavioral signs (%) of male one-humped camels as recorded during different seasons of the year 2008, in the Faisalabad zone.  
 

                  
                                                                                              Contd………. 

 
 

      Zone   Behavioral signs  Seasons 
   Faisalabad  

Docile / Aggressive 
 
2 

Winter Spring Summer Autumn 
100 100 0.0 50.0 

1 0.0 0.0 100 50.0 
Increased passing 
and anxiety 

4 0.0 0.0 100 83.3 
3 0.0 0.0 0.0 16.7 
2 33.3 66.7 0.0 0.0 
1 66.7 33.3 0.0 0.0 

Reduction in food 
intake 

4 0.0 50.0 100 66.7 
3 0.0 33.3 0.0 33.3 
2 66.7 16.7 0.0 0.0 
1 33.3 0.0 0.0 0.0 

Micturation 4 0.0 0.0 33.3 33.3 
3 0.0 0.0 66.7 66.7 
2 50.0 66.7 0.0 0.0 
1 50.0 33.3 0.0 0.0 

Frequent diarrhea 4 0.0 16.7 83.3 66.7 
3 0.0 50.0 16.7 33.3 
2 50.0 33.3 0.0 0.0 
1 50.0 0.0 0.0 0.0 

Herd chasing 4 0.0 0.0 50.0 16.7 
3 0.0 33.3 50.0 66.7 
2 50.0 16.7 0.0 16.7 
1 50.0 50.0 0.0 0.0 
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 Docile/aggressive (1=docile, 2=aggressive), 1= high, 2=moderate, 3= low, 4= absent 

       Zone Behavioral signs  Seasons 
Faisalabad  

 
Extrusion of soft palate 

 
4 

Winter Spring Summer Autumn 
0.0 16.7 33.3 50.0 

3 0.0 16.7 66.7 33.3 
2 16.7 33.3 0.0 16.7 
1 83.3 33.3 0.0 0.0 

Gurgling and roaring sounds 4 0.0 0.0 66.7 33.3 
3 0.0 33.3 33.3 33.3 
2 0.0 33.3 0.0 33.3 
1 100 33.3 0.0 0.0 

Increased secretion of 
salivary glands 

4 0.0 0.0 66.7 50.0 
3 0.0 33.3 33.3 33.3 
2 33.3 33.3 0.0 16.7 
1 66.7 33.3 0.0 0.0 

Urine spraying 4 0.0 0.0 83.3 33.3 
3 0.0 0.0 16.7 66.7 
2 66.7 66.7 0.0 0.0 
1 33.3 33.3 0.0 0.0 

Poll gland secretion 4 0.0 0.0 16.7 33.3 
3 0.0 33.3 83.3 50.0 
2 33.3 66.7 0.0 16.7 
1 66.7 0.0 0.0 0.0 

Female seeking 4 0.0 0.0 66.7 50.0 
3 0.0 33.3 33.3 50.0 
2 50.0 16.7 0.0 0.0 
1 50.0 50.0 0.0 0.0 

Fighting 4 0.0 0.0 50.0 0.0 
3 0.0 16.7 50.0 50.0 
2 50.0 83.3 0.0 50.0 
1 50.0 0.0 0.0 0.0 
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Table II: Behavioral signs (%) of male one-humped camels as recorded during different seasons of the year 2008, in the Attock zone.  

Zone Behavioral signs  Seasons 
Attock  

Docile / Aggressive 
 
2 

Winter Spring Summer Autumn 
100 100 0.0 50.0 

1 0.0 0.0 100 50.0 
Increased passing and anxiety 4 0.0 0.0 66.7 0.0 

3 0.0 0.0 33.3 66.7 
2 0.0 66.7 0.0 16.7 
1 100 33.3 0.0 16.7 

Reduction in food intake 4 0.0 0.0 83.3 0.0 
3 0.0 16.7 16.7 66.7 
2 50.0 50.0 0.0 33.3 
1 50.0 33.3 0.0 0.0 

Micturation 4 0.0 0.0 33.3 0.0 
3 0.0 0.0 66.7 33.3 
2 50.0 66.7 0.0 50.0 
1 50.0 33.3 0.0 16.7 

Frequent diarrhea 4 0.0 0.0 50.0 0.0 
3 0.0 0.0 50.0 50.0 
2 33.3 33.3 0.0 33.3 
1 66.7 66.7 0.0 16.7 

Herd chasing 4 0.0 0.0 50.0 0.0 
3 0.0 0.0 50.0 50.0 
2 33.3 50.0 0.0 50.0 
1 66.7 50.0 0.0 0.0 

Fighting 4 0.0 0.0 83.3 0.0 
3 0.0 0.0 16.7 50.0 
2 0.0 33.3 0.0 50.0 
1 100 66.7 0.0 0.0 
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Docile/aggressive (1=docile, 2=aggressive) 
1= high, 2=moderate, 3= low, 4= absent 
 
 

 
Zone 

Behavioral signs Seasons 

Attock  
 
Extrusion of soft palate 

 
4 

Winter Spring Summer Autumn 
0.0 0.0 83.3 16.7 

3 0.0 0.0 16.7 33.3 
2 16.7 66.7 0.0 33.3 
1 83.3 33.3 0.0 16.7 

Gurgling and roaring sounds 4 0.0 0.0 66.7 0.0 
3 0.0 0.0 33.3 50.0 
2 16.7 50.0 0.0 16.7 
1 83.3 50.0 0.0 33.3 

Increased secretion of salivary 
glands 

4 0.0 0.0 100.0 0.0 
3 0.0 0.0 0.0 66.7 
2 16.7 33.3 0.0 33.3 
1 83.3 66.7 0.0 0.0 

Urine spraying 4 0.0 0.0 100 0.0 
3 0.0 0.0 0.0 33.3 
2 66.7 66.7 0.0 50.0 
1 33.3 33.3 0.0 16.7 

Poll gland secretion 4 0.0 0.0 66.7 0.0 
3 0.0 0.0 33.3 33.3 
2 33.3 16.7 0.0 50.0 
1 66.7 83.3 0.0 16.7 

Female seeking 4 0.0 0.0 33.3 0.0 
3 0.0 16.7 66.7 33.3 
2 16.7 33.3 0.0 50.0 
1 83.3 50.0 0.0 16.7 
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Table III: Behavioral signs (%) of male one-humped camels as recorded during different seasons of the year 2008, in the Bhakkar zone 

Zone Behavioral signs  Seasons 
Bhakkar  

Docile / Aggressive 
 
2 

Winter Spring Summer Autumn 
100 100 0.0 33.3 

1 0.0 0.0 100 66.7 
Increased passing and anxiety 4 0.0 0.0 50.0 16.7 

3 0.0 0.0 50.0 66.7 
2 16.7 50.0 0.0 16.7 
1 83.3 50.0 0.0 0.0 

Reduction in food intake 4 0.0 0.0 83.3 50.0 
3 0.0 16.7 16.7 50.0 
2 50.0 50.0 0.0 0.0 
1 50.0 33.3 0.0 0.0 

Micturation 4 0.0 0.0 83.3 16.7 
3 0.0 0.0 16.7 50.0 
2 33.3 33.3 0.0 33.3 
1 66.7 66.7 0.0 0.0 

Frequent diarrhea 4 0.0 0.0 83.3 33.3 
3 0.0 16.7 16.7 50.0 
2 50.0 50.0 0.0 16.7 
1 50.0 33.3 0.0 0.0 

Herd chasing 4 0.0 0.0 66.7 50.0 
3 0.0 16.7 33.3 16.7 
2 33.3 50.0 0.0 33.3 
1 66.7 33.3 0.0 0.0 

Fighting 4 0.0 0.0 66.7 16.7 
3 0.0 0.0 33.3 66.7 
2 16.7 83.3 0.0 16.7 
1 83.3 16.7 0.0 0.0 
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Zone 

 
Behavioral signs 

                                                                                                           

Seasons 

Bhakkar  
 
Extrusion of soft palate 

 
4 

Winter Spring Summer Autumn 
0.0 0.0 66.7 33.3 

3 0.0 16.7 33.3 33.3 
2 33.3 50.0 0.0 33.3 
1 66.7 33.3 0.0 0.0 

Gurgling and roaring sounds 4 0.0 0.0 66.7 50.0 
3 0.0 0.0 33.3 16.7 
2 33.3 50.0 0.0 16.7 
1 66.7 50.0 0.0 16.7 

Increased secretion of salivary 
glands 

4 0.0 0.0 100 16.7 
3 0.0 0.0 0.0 66.7 
2 16.7 50.0 0.0 16.7 
1 83.3 50.0 0.0 0.0 

Urine spraying 4 0.0 0.0 83.3 50.0 
3 0.0 0.0 16.7 33.3 
2 50.0 66.7 0.0 16.7 
1 50.0 33.3 0.0 0.0 

Poll gland secretion 4 0.0 0.0 83.3 16.7 
3 0.0 0.0 16.7 33.3 
2 16.7 83.3 0.0 50.0 
1 83.3 16.7 0.0 0.0 

Female seeking 4 0.0 0.0 50.0 16.7 
3 0.0 0.0 50.0 66.7 
2 33.3 50.0 0.0 16.7 
1 66.7 50.0 0.0 0.0 

Docile/aggressive (1=docile, 2=aggressive) 
1= high, 2=moderate, 3= low, 4= absent 
 



Table V: Correspondence Analysis of behavioral signs of male camels 

Increased passing and 
Anxiety 

Reduction in food intake 

High Medicine Low Absent 
Active 
Margin 

High 10 10 1 2 23 
Medicine 2 8 5 2 17 
Low 0 1 8 15 24 
Absent 0 0 1 7 8 
Active Margin 12 19 15 26 72 

 

Increased passing and 
Anxiety 

Micturation 

High Medicine Low Absent 
Active 
Margin 

High 14 9 0 0 23 
Medicine 5 10 2 0 17 
Low 0 3 14 7 24 
Absent 0 1 2 5 8 
Active Margin 19 23 18 12 72 

 

Increased passing and 
Anxiety 

Frequent diarrhea 

High Medicine Low Absent 
Active 
Margin 

High 12 10 0 1 23 
Medicine 5 6 5 1 17 
Low 0 2 8 14 24 
Absent 0 0 4 4 8 
Active Margin 17 18 17 20 72 

 

Increased passing and 
Anxiety 

Herd Chasing 

High Medicine Low Absent 
Active 
Margin 

High 14 9 0 0 23 
Medicine 5 6 6 0 17 
Low 0 4 10 10 24 
Absent 0 1 3 4 8 
Active Margin 19 20 19 14 72 

 

Increased passing and 
Anxiety 

Fighting 

High Medicine Low Absent 
Active 
Margin 

High 14 9 0 0 23 
Medicine 5 10 2 0 17 
Low 0 4 12 8 24 
Absent 0 0 3 5 8 
Active Margin 19 23 17 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Increased passing and 
Anxiety 

Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 18 5 0 0 23 
Medicine 3 9 3 2 17 
Low 0 4 9 11 24 
Absent 0 0 3 5 8 
Active Margin 21 18 15 18 72 

 

Increased passing and 
Anxiety 

Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 18 5 0 0 23 
Medicine 7 8 2 0 17 
Low 1 2 8 13 24 
Absent 0 0 4 4 8 
Active Margin 26 15 14 17 72 

 

Increased passing and 
Anxiety 

Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 16 7 0 0 23 
Medicine 7 5 5 0 17 
Low 0 3 8 13 24 
Absent 0 0 1 7 8 
Active Margin 23 15 14 20 72 

 

Increased passing and 
Anxiety 

Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 11 12 0 0 23 
Medicine 2 13 2 0 17 
Low 1 2 7 14 24 
Absent 0 0 1 7 8 
Active Margin 14 27 10 21 72 

 

Increased passing and 
Anxiety 

Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 14 9 0 0 23 
Medicine 6 8 3 0 17 
Low 0 4 12 8 24 
Absent 0 1 2 5 8 
Active Margin 20 22 17 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Increased passing and 
Anxiety 

Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 16 7 0 0 23 
Medicine 6 6 5 0 17 
Low 0 3 13 8 24 
Absent 0 0 3 5 8 
Active Margin 22 16 21 13 72 

 

Reduction in food 
intake 

Micturation 

High Medicine Low Absent 
Active 
Margin 

High 7 5 0 0 12 
Medicine 10 8 1 0 19 
Low 0 7 7 1 15 
Absent 2 3 10 11 26 
Active Margin 19 23 18 12 72 

 

Reduction in food 
intake 

Frequent diarrhea 

High Medicine Low Absent 
Active 
Margin 

High 9 3 0 0 12 
Medicine 7 9 3 0 19 
Low 1 4 10 0 15 
Absent 0 2 4 20 26 
Active Margin 17 18 17 20 72 

 

Reduction in food 
intake 

Herd Chasing 

High Medicine Low Absent 
Active 
Margin 

High 9 3 0 0 12 
Medicine 7 10 2 0 19 
Low 1 6 6 2 15 
Absent 2 1 11 12 26 
Active Margin 19 20 19 14 72 

 

Reduction in food 
intake 

Fighting 

High Medicine Low Absent 
Active 
Margin 

High 7 5 0 0 12 
Medicine 12 6 1 0 19 
Low 0 8 6 1 15 
Absent 0 4 10 12 26 
Active Margin 19 23 17 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Reduction in food 
intake 

Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 6 6 0 0 12 
Medicine 12 4 2 1 19 
Low 1 7 5 2 15 
Absent 2 1 8 15 26 
Active Margin 21 18 15 18 72 

 

Reduction in food 
intake 

Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 6 6 0 0 12 
Medicine 15 2 2 0 19 
Low 3 5 5 2 15 
Absent 2 2 7 15 26 
Active Margin 26 15 14 17 72 

 

Reduction in food 
intake 

Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 8 4 0 0 12 
Medicine 13 4 2 0 19 
Low 0 7 6 2 15 
Absent 2 0 6 18 26 
Active Margin 23 15 14 20 72 

 

Reduction in food 
intake 

Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 4 8 0 0 12 
Medicine 6 13 0 0 19 
Low 2 5 6 2 15 
Absent 2 1 4 19 26 
Active Margin 14 27 10 21 72 

 

Reduction in food 
intake 

Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 8 4 0 0 12 
Medicine 10 8 1 0 19 
Low 2 5 8 0 15 
Absent 0 5 8 13 26 
Active Margin 20 22 17 13 72 

 
 
 
 



 

                                                                                                                                                                        

Contd… 

Reduction in food 
intake 

Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 7 4 1 0 12 
Medicine 11 7 1 0 19 
Low 2 4 8 1 15 
Absent 2 1 11 12 26 
Active Margin 22 16 21 13 72 

 

Micturation 
Frequent diarrhea 

High Medicine Low Absent 
Active 
Margin 

High 10 8 0 1 19 
Medicine 7 8 7 1 23 
Low 0 2 7 9 18 
Absent 0 0 3 9 12 
Active Margin 17 18 17 20 72 

 

Micturation 
Herd Chasing 

High Medicine Low Absent 
Active 
Margin 

High 11 8 0 0 19 
Medicine 8 9 5 1 23 
Low 0 3 10 5 18 
Absent 0 0 4 8 12 
Active Margin 19 20 19 14 72 

 

Micturation 
Fighting 

High Medicine Low Absent 
Active 
Margin 

High 10 9 0 0 19 
Medicine 9 9 5 0 23 
Low 0 5 6 7 18 
Absent 0 0 6 6 12 
Active Margin 19 23 17 13 72 

 

Micturation 
Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 12 6 1 0 19 
Medicine 9 8 3 3 23 
Low 0 4 7 7 18 
Absent 0 0 4 8 12 
Active Margin 21 18 15 18 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Micturation 
Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 13 6 0 0 19 
Medicine 12 6 4 1 23 
Low 1 3 6 8 18 
Absent 0 0 4 8 12 
Active Margin 26 15 14 17 72 

 

Micturation 
Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 13 6 0 0 19 
Medicine 10 7 5 1 23 
Low 0 2 7 9 18 
Absent 0 0 2 10 12 
Active Margin 23 15 14 20 72 

 

Micturation 
Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 7 12 0 0 19 
Medicine 7 12 2 2 23 
Low 0 3 6 9 18 
Absent 0 0 2 10 12 
Active Margin 14 27 10 21 72 

 

Micturation 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 11 8 0 0 19 
Medicine 9 11 3 0 23 
Low 0 3 11 4 18 
Absent 0 0 3 9 12 
Active Margin 20 22 17 13 72 

 

Micturation 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 14 5 0 0 19 
Medicine 8 9 6 0 23 
Low 0 2 12 4 18 
Absent 0 0 3 9 12 
Active Margin 22 16 21 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Frequent diarrhea 
Herd Chasing 

High Medicine Low Absent 
Active 
Margin 

High 8 9 0 0 17 
Medicine 9 6 3 0 18 
Low 1 5 8 3 17 
Absent 1 0 8 11 20 
Active Margin 19 20 19 14 72 

 

Frequent diarrhea 
Fighting 

High Medicine Low Absent 
Active 
Margin 

High 11 6 0 0 17 
Medicine 8 9 1 0 18 
Low 0 6 8 3 17 
Absent 0 2 8 10 20 
Active Margin 19 23 17 13 72 

 

Frequent diarrhea 
Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 10 7 0 0 17 
Medicine 9 8 1 0 18 
Low 1 3 7 6 17 
Absent 1 0 7 12 20 
Active Margin 21 18 15 18 72 

 

Frequent diarrhea 
Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 11 6 0 0 17 
Medicine 13 4 1 0 18 
Low 1 4 8 4 17 
Absent 1 1 5 13 20 
Active Margin 26 15 14 17 72 

 

Frequent diarrhea 
Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 9 8 0 0 17 
Medicine 12 3 3 0 18 
Low 1 4 8 4 17 
Absent 1 0 3 16 20 
Active Margin 23 15 14 20 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Frequent diarrhea 
Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 5 12 0 0 17 
Medicine 7 11 0 0 18 
Low 1 4 7 5 17 
Absent 1 0 3 16 20 
Active Margin 14 27 10 21 72 

 

Frequent diarrhea 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 11 6 0 0 17 
Medicine 9 8 1 0 18 
Low 0 6 10 1 17 
Absent 0 2 6 12 20 
Active Margin 20 22 17 13 72 

 

Frequent diarrhea 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 11 5 1 0 17 
Medicine 9 7 2 0 18 
Low 1 4 9 3 17 
Absent 1 0 9 10 20 
Active Margin 22 16 21 13 72 

 

Herd Chasing 
Fighting 

High Medicine Low Absent 
Active 
Margin 

High 11 8 0 0 19 
Medicine 8 10 2 0 20 
Low 0 5 11 3 19 
Absent 0 0 4 10 14 
Active Margin 19 23 17 13 72 

 

Herd Chasing 
Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 13 6 0 0 19 
Medicine 7 9 2 2 20 
Low 1 3 7 8 19 
Absent 0 0 6 8 14 
Active Margin 21 18 15 18 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Herd Chasing 
Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 14 5 0 0 19 
Medicine 9 7 4 0 20 
Low 3 3 6 7 19 
Absent 0 0 4 10 14 
Active Margin 26 15 14 17 72 

 

Herd Chasing 
Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 15 4 0 0 19 
Medicine 7 9 4 0 20 
Low 1 2 8 8 19 
Absent 0 0 2 12 14 
Active Margin 23 15 14 20 72 

 

Herd Chasing 
Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 7 12 0 0 19 
Medicine 5 11 3 1 20 
Low 2 4 5 8 19 
Absent 0 0 2 12 14 
Active Margin 14 27 10 21 72 

 

Herd Chasing 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 10 9 0 0 19 
Medicine 10 6 4 0 20 
Low 0 6 7 6 19 
Absent 0 1 6 7 14 
Active Margin 20 22 17 13 72 

 

Herd Chasing 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 14 4 1 0 19 
Medicine 8 7 5 0 20 
Low 0 5 10 4 19 
Absent 0 0 5 9 14 
Active Margin 22 16 21 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Fighting 
Extrusion of soft palate 

High Medicine Low Absent 
Active 
Margin 

High 13 6 0 0 19 
Medicine 8 10 2 3 23 
Low 0 2 7 8 17 
Absent 0 0 6 7 13 
Active Margin 21 18 15 18 72 

 

Fighting 
Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 14 5 0 0 19 
Medicine 11 8 4 0 23 
Low 1 2 6 8 17 
Absent 0 0 4 9 13 
Active Margin 26 15 14 17 72 

 

Fighting 
Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 16 3 0 0 19 
Medicine 7 9 7 0 23 
Low 0 3 6 8 17 
Absent 0 0 1 12 13 
Active Margin 23 15 14 20 72 

 

Fighting 
Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 8 11 0 0 19 
Medicine 5 14 4 0 23 
Low 1 2 5 9 17 
Absent 0 0 1 12 13 
Active Margin 14 27 10 21 72 

 

Fighting 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 13 6 0 0 19 
Medicine 7 11 5 0 23 
Low 0 5 7 5 17 
Absent 0 0 5 8 13 
Active Margin 20 22 17 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Fighting 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 12 6 1 0 19 
Medicine 10 6 7 0 23 
Low 0 4 8 5 17 
Absent 0 0 5 8 13 
Active Margin 22 16 21 13 72 

 

Extrusion of soft palate 
Gurgling and roaring sounds 

High Medicine Low Absent 
Active 
Margin 

High 19 2 0 0 21 
Medicine 6 11 1 0 18 
Low 1 1 7 6 15 
Absent 0 1 6 11 18 
Active Margin 26 15 14 17 72 

 

Extrusion of soft palate 
Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 16 5 0 0 21 
Medicine 6 9 3 0 18 
Low 1 1 6 7 15 
Absent 0 0 5 13 18 
Active Margin 23 15 14 20 72 

 

Extrusion of soft palate 
Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 13 8 0 0 21 
Medicine 1 15 2 0 18 
Low 0 3 3 9 15 
Absent 0 1 5 12 18 
Active Margin 14 27 10 21 72 

 

Extrusion of soft palate 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 13 8 0 0 21 
Medicine 7 9 2 0 18 
Low 0 4 8 3 15 
Absent 0 1 7 10 18 
Active Margin 20 22 17 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Extrusion of soft palate 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 15 6 0 0 21 
Medicine 7 7 4 0 18 
Low 0 3 5 7 15 
Absent 0 0 12 6 18 
Active Margin 22 16 21 13 72 

 

Gurgling and roaring 
sounds 

Increased secretion of salivary glands 

High Medicine Low Absent 
Active 
Margin 

High 19 6 1 0 26 
Medicine 4 8 3 0 15 
Low 0 1 7 6 14 
Absent 0 0 3 14 17 
Active Margin 23 15 14 20 72 

 

Gurgling and roaring 
sounds 

Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 12 14 0 0 26 
Medicine 2 9 4 0 15 
Low 0 4 4 6 14 
Absent 0 0 2 15 17 
Active Margin 14 27 10 21 72 

 

Gurgling and roaring 
sounds 

Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 14 12 0 0 26 
Medicine 6 7 2 0 15 
Low 0 2 7 5 14 
Absent 0 1 8 8 17 
Active Margin 20 22 17 13 72 

 

Gurgling and roaring 
sounds 

Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 14 11 1 0 26 
Medicine 8 4 3 0 15 
Low 0 1 9 4 14 
Absent 0 0 8 9 17 
Active Margin 22 16 21 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Increased secretion of 
salivary glands 

Urine spraying 

High Medicine Low Absent 
Active 
Margin 

High 11 12 0 0 23 
Medicine 3 10 2 0 15 
Low 0 5 6 3 14 
Absent 0 0 2 18 20 
Active Margin 14 27 10 21 72 

 

Increased secretion of 
salivary glands 

Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 13 10 0 0 23 
Medicine 7 6 2 0 15 
Low 0 5 8 1 14 
Absent 0 1 7 12 20 
Active Margin 20 22 17 13 72 

 

Increased secretion of 
salivary glands 

Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 15 7 1 0 23 
Medicine 7 6 2 0 15 
Low 0 3 9 2 14 
Absent 0 0 9 11 20 
Active Margin 22 16 21 13 72 

 

Urine spraying 
Poll gland secretion 

High Medicine Low Absent 
Active 
Margin 

High 7 7 0 0 14 
Medicine 13 11 3 0 27 
Low 0 2 6 2 10 
Absent 0 2 8 11 21 
Active Margin 20 22 17 13 72 

 

Increased secretion of 
salivary glands 

Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 15 7 1 0 23 
Medicine 7 6 2 0 15 
Low 0 3 9 2 14 
Absent 0 0 9 11 20 
Active Margin 22 16 21 13 72 

 
 
 

Contd… 



 

                                                                                                                                                                        

 

Poll gland secretion 
Female seeking 

High Medicine Low Absent 
Active 
Margin 

High 14 6 0 0 20 
Medicine 8 9 5 0 22 
Low 0 1 10 6 17 
Absent 0 0 6 7 13 
Active Margin 22 16 21 13 72 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

                                                                                                                                                                        

 
Appendix V: Correlation between different variables of survey  
 
Table I: Comparison of different variables of survey  
 

Variable 
Peak rutting 

vigour 
Mont per day 

Duration of 
Copulation 

Reproduction 
span 

Mean SE Mean SE Mean SE Mean SE 
Feeding system only grazing 130.18A 2.51 4.47A 0.23 27.71A 2.05 14.41A 2.53 

pasture & 
supplement 

124.82A 1.93 4.27A 0.26 26.91A 1.68 13.05A 2.72 

other (open feed) 131.67A 4.59 4.67A 0.33 25.83A 4.73 18.33A 1.67 
grazing schedule 0 138.75A 3.15 5.25A 0.48 31.25A 1.25 25.00A 2.04 

1 126.68B 1.52 4.32A 0.17 26.66A 1.36 13.22B 1.71
grazing schedule2 0 127.69A 1.88 4.22A 0.20 28.19A 1.59 13.41A 2.02 

1 127.92A 2.45 4.85A 0.22 24.31A 1.76 16.38A 2.84 
Feed wheat straw no 123.38A 1.39 4.69A 0.24 27.31A 2.44 12.46A 3.16 

yes 129.53A 1.96 4.28A 0.20 26.97A 1.49 15.00A 1.95 
Feed Guwara 
husk 

no 127.74A 2.11 4.15A 0.23 26.93A 1.50 12.44A 2.16 
yes 127.78A 2.09 4.78A 0.17 27.28A 2.25 17.00A 2.47 

Feed linseed cake no 128.69A 1.94 4.47A 0.21 28.78A 1.41 15.03A 2.09 
yes 125.46A 2.02 4.23A 0.23 22.85B 2.30 12.38A 2.52 

Feed gram 
bhoosa 

no 128.43A 1.66 4.38A 0.17 28.15A 1.31 13.68A 1.82 
yes 122.40A 1.08 4.60A 0.40 18.40B 1.44 19.00A 1.87 

Feed butter no 128.29A 1.58 4.40A 0.17 27.57A 1.30 14.19A 1.77 
yes 120.33A 0.33 4.33A 0.33 20.00A 2.89 15.33A 0.33 

Feed other no 127.12A 1.51 4.32A 0.17 26.54A 1.35 13.17B 1.71 
yes 134.25A 6.56 5.25A 0.48 32.50A 1.44 25.50A 1.66

watering times everyday 137.50A 12.50 5.00A 0.00 37.50A 2.50 25.50A 4.50 
3rd day 129.55A 3.38 5.27A 0.24 30.64B 2.99 23.64A 1.66 
weekly 126.53A 1.63 4.06B 0.18 25.19B 1.30 10.34C 1.83 

grazing schedule 0 138.75A 3.15 5.25A 0.48 31.25A 1.25 25.00A 2.04 
1 126.68B 1.52 4.32B 0.17 26.66B 1.36 13.22B 1.71 

Vaccinated not yes 139.25A 6.75 4.25A 0.25 35.00A 2.04 25.00A 2.04
sometimes 128.13B 2.00 4.56A 0.32 25.44B 1.89 14.44B 2.77 
no 125.68B 1.96 4.32A 0.21 26.84B 1.79 12.44B 2.21 

How handle 
reproduction 
problem 

sell them 126.48A 1.77 4.32A 0.23 27.12A 1.76 12.76A 2.29 
treat them 129.79A 2.66 4.53A 0.23 27.37A 1.89 15.95A 2.47 
sell/treat 121.00A 0.00 4.00A 0.00 20.00A 0.00 20.00A 0.00 

Disease Surra no 130.00A 3.08 4.50A 0.32 32.81A 1.51 15.06A 3.14 
yes 126.52A 1.60 4.34A 0.18 23.90B 1.47 13.83A 1.92 

Disease mange no 128.12A 2.35 4.47A 0.27 27.35A 1.77 14.06A 2.48
yes 127.54A 1.98 4.36A 0.20 26.89A 1.73 14.39A 2.21 

Disease digestive 
problem 

no 128.06A 1.80 4.42A 0.19 27.86A 1.44 14.56A 1.88 
yes 126.56A 2.28 4.33A 0.29 23.89A 2.32 13.11A 3.52 

Disease pox no 129.52A 2.33 4.76A 0.18 24.67A 2.08 20.95A 1.08 
yes 126.21A 1.93 4.08B 0.24 29.17A 1.40 8.42B 2.38 

Seek vet 
assistance 

yes 130.00A 2.65 4.53A 0.27 30.84A 1.75 14.42A 3.05 
no 127.80A 5.61 4.00A 0.55 26.00B 2.92 08.00B 5.15 
occasionally 125.71A 1.72 4.38A 0.21 23.90B 1.85 15.62A 1.84 

Means sharing similar letters within the cell are statistically non-significant (P>0.05). 



 

                                                                                                                                                                        

Table II: Correlation between different variables of survey  
 

 Feed_gram_bhoosa 
Total 

no yes 
age_of_puberty_male 4 yrs 13 5 18 

28.9% 11.1% 40.0% 
4.5 yrs 7 0 7 

15.6% 0.0% 15.6% 
5 yrs 20 0 20 

44.4% 0.0% 44.4% 
Total 40 5 45 

88.9% 11.1% 100.0% 
Chi-square value = 8.438; P = 0.015 
 
 
 
 

 Disease_surra 
Total 

no yes 
age_of_puberty_male 4 yrs 4 14 18 

8.9% 31.1% 40.0% 
4.5 yrs 1 6 7 

2.2% 13.3% 15.6% 
5 yrs 11 9 20 

24.4% 20.0% 44.4% 
Total 16 29 45

35.6% 64.4% 100.0% 
Chi-square value = 6.079; P = 0.048 
 
 
 
 

 Disease_pox 
Total 

no yes 
age_of_puberty_male 4 yrs 16 2 18 

35.6% 4.4% 40.0% 
4.5 yrs 1 6 7 

2.2% 13.3% 15.6% 
5 yrs 4 16 20 

8.9% 35.6% 44.4% 
Total 21 24 45 

46.7% 53.3% 100.0% 
Chi-square value = 21.556; P = 0.000 
 
 
 
              Contd…….



 

                                                                                                                                                                        

 
 Grazing_schedule 

Total 
0 1 

season_of_sex.actvitiy Nov-March 0 25 25 
0.0% 55.6% 55.6% 

Dec-March 0 11 11 
0.0% 24.4% 24.4% 

Nov_April 4 5 9 
8.9% 11.1% 20.0% 

Total 4 41 45 
8.9% 91.1% 100.0% 

Chi-square value = 17.56; P = 0.000 
 
 

 Grazing_schedule2 
Total 

0 1 
season_of_sex.actvitiy Nov-March 22 3 25 

48.9% 6.7% 55.6% 
Dec-March 6 5 11 

13.3% 11.1% 24.4% 
Nov_April 4 5 9 

8.9% 11.1% 20.0% 
Total 32 13 45 

71.1% 28.9% 100.0% 
Chi-square value = 8.06; P = 0.018 
 
 

 Feed_butter 
Total 

no yes 
How_long_u_use_breeding_bull 10 yrs 5 3 8 

11.1% 6.7% 17.8% 
15 yrs 19 0 19 

42.2% 0.0% 42.2% 
20 yrs 14 0 14 

31.1% 0.0% 31.1% 
30 yrs 4 0 4 

8.9% 0.0% 8.9% 
Total 42 3 45 

93.3% 6.7% 100.0% 
Chi-square value = 14.87; P = 0.002 
 
 
 
                       Contd…….. 
 
 
 
 
 



 

                                                                                                                                                                        

 Disease_surra 
Total 

no yes 
How_long_u_use_breeding_bull 10 yrs 0 8 8 

0.0% 17.8% 17.8% 
15 yrs 6 13 19 

13.3% 28.9% 42.2% 
20 yrs 8 6 14 

17.8% 13.3% 31.1% 
30 yrs 2 2 4 

4.4% 4.4% 8.9% 
Total 16 29 45 

35.6% 64.4% 100.0% 
Chi-square value = 7.76; P = 0.051 
 

 Disease_pox 
Total 

no yes 
How_long_u_use_breeding_bull 10 yrs 7 1 8 

15.6% 2.2% 17.8% 
15 yrs 9 10 19 

20.0% 22.2% 42.2% 
20 yrs 5 9 14 

11.1% 20.0% 31.1% 
30 yrs 0 4 4 

0.0% 8.9% 8.9% 
Total 21 24 45 

46.7% 53.3% 100.0%
Chi-square value = 9.54; P = 0.023 
 
 
  
 
 
 


