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			ABSTRACT

		

		
			The effects of feed and environmental factors have been studied in ecdysis process in Indian rock python. Ten experimental animals were observed in captivity and it was noted that ecdysis was more rapid during summer compared to winter. Furthermore, ticks and mites were recorded during both the seasons while internal parasite species belong to genus Pseudomonas, Staphylococcus and Streptococcus were recorded from Python molurus. Higher temperature and humidity accelerated the ecdysis process.
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			INTRODUCTION

			Two species of pythons are reported from India i.e. Indian Rock Python and Burmese Python. Indian Python is considered as an imperiled species in tropical and subtropical zones of Southern and Southeast Asia with a spread going all through the Indian subcontinent. The species has been found to occupy an extensive variety of territories including prairies, swamps, bogs, rough lower regions, forests, scour woodland and waterway valleys (Singh et al., 2018). The snake skin stratified in three layers just like those of others. The deepest layer is delicate and sinewy, the inward layer dermis has color cells and keratin containing layer is called ectoderm/epidermis. New epidermis develops underneath the old, and after it is full-fledged, the snake removes the old skin. This procedure is known as ecdysis or sloughing or shedding (Vyas, 1999). Status of Indian rock python is near threatened. Improper moisture is the typical reason of improper ecdysis in confined snakes. Moisture content of air during molting is essential to avoid desiccation and probably enhanced degree of epidermal water loss (Carlson et al., 2014). 

			Infestation by ticks is easy to diagnose because they cause external infections. Both mites and ticks cause anemia leaving the snake weak because they feed on blood of snakes. The symptoms of infections are dysecdysis and the scales having parasites look spotted and they cause soreness and blood clotting on infected areas. The sluggish appearance of snakes is caused by mite infections. Ecdysis could also be initiated by ectoparasites, mites. Ticks are ectoparasites which feed on python’s blood (Bartlett and Wagner, 1997). Ophidascaris and Polydelphus are common parasites in snakes (Rajesh et al., 2015). The python deid in Zoo of Sistan, Iran because of nematode, Ophidascaris sp., present in its body. Ophidascaris filarial (an Ascarid nematod) infected the Indian python (Ganjali et al., 2015). The bad conditions of keeping python lead to blood poisoning and other infections (Martinez et al., 2006). Captive snakes are most susceptible to endoparasites and if the keeping conditions are bad the infections may lead to death (Vimalraj et al., 2015). Snakes are considered fearsome creatures and there is paucity of information regarding ecdysis process and parasitic prevalence. Present study was therefore planned to study ecdysis process and parasitic prevalence in Indian rock python, Python molurus.

			MATERIALS AND METHODS

			Study area

			The study was conducted from December 2017 to January 2018 at University of Veterinary and Animal Sciences Wildlife Breeding Farm, Pattoki and Zoological Garden of Lahore.

			Maintenanceof snakes

			The snakes were kept in a small narrow room having muddy walls and floor. So that they can move easily inside the room without any harm. The snakes were fed with goat stomach and egg every fortnightly in winters and weekly in summers. The temperature of room was kept optimum during winters with the help of heater. The behavior during ecdysis period was also observed routinely from 9:00 AM to 4:00 PM. Length and weight were also taken.

			Observation on ecdysis

			Snakes were kept in separate transparent glass boxes containing paper floor, pot of water, masking box and soft cuttings of wood to help ecdysis process (Chiszar et al., 1992; Tusler et al., 2015). The temperature and humidity were main factors to regulate ecdysis in Indian python. Temperature was recorded on daily basis from December 2017 to January 2018 by thermometer. When temperature exceeded to suitable range, was maintained by making rooms’ walls wet in summer and by gas heaters in the enclosures in winters. The humidity was recorded by hygrometer hanged at walls of enclosures on daily basis during the study duration. Low humidity was also maintained by making walls wet and by putting water pots. The ecdysis was observed on regular basis during winter and summer. For their help to shed wood shavings were provided on the floor and a thick stem having rough bark was also dug in their cages.

			Observation on ectoparasites

			The pythons were examined physically on an examination table with the help of magnifying glass for the detection of presence of acari. Acari were found in spectacle and under the scales. Present ectoparasites were removed by gloves wearing hands or with the help of forceps. Ticks were removed physically with the help of tweezers. Ticks were grabbed near their mouthparts so that they also removed otherwise could cause diseases. Preserved ticks in 70% ethanol for identification. Lactophenol was used to clear the mites before mounting. Small drop of Glycerin jelly (mounting medium) was spread on slide. Positioned the mite on slide to fix it in medium and dried at 40°C for 5-10 min. Microorganism observed under microscope by a drop of glycerin jelly on the specimen and place cover slip.

			Treatment of snakes infested with ectoparasites and bacteria infections

			Flea spray was used to cure mites by wetting a soft towel and wiping infested Indian pythons. This treatment done for 10 days after diagnosis and floor was covered with newspaper so the mites would have no hiding places. Warm water and 10-15% formalin solution were used to disinfect the room of Indian python. During the month of treatment, no water pot was kept inside the room. Examination for re infestation was done on regular basis to keep pythons healthy and fit.

			Henderson (2001) was followed for preparing mounts of mites. Causative agents of infectious stomatitis are fungi, bacteria and viruses. Main agent of infectious stomatitis is Aeromonas. Mycobacterium, Salmonella and Pseudomonas are also causing agents of stomatitis in snakes. Oral cultures of gram negative and gram-positive bacterial cultures showed Pseudomonas and Aeromonas cultures also. This disease treated with antiseptics, antibiotics and surgery. Vitamin A and C are used as supplement for primary identification of stomatitis for antibiotic treatment. Antibiotics could be applied directly on infected areas or via injection in muscles. Methylene blue could also be used to cure the stomatitis (Singh et al., 2018).

			A python infected with Ophidoascaris spp. was observed with fatigue, poor locomotion and dysecdysis. Pyrantel pamoate was used to cure at the dosage of 25 mg per body weight. Gaps of two weeks were taken after every dose and fecal samples were collected every week for observation. After cure, python showed very low number of eggs and started to grow well with better activity and movement.

			Micro-biological observations of snake fecal matter

			Ten pythons under the study and two samples from each specimen were collected with the help of sterile spatula and stored at 4°C for further processing. Fecal samples were dried for 2 h in Series Thermal-Electric Thermostatic Drying Oven and ground. 0.4 g of sample in Eppendorf tube with1 ml distilled water by using pipette. Centrifuged the sample at 5000 rpm for 5 min. and used 1 ml from supernatant for serial dilution preparation. All samples serially diluted up to 10 folds 10:1 to 10:8 and subjected to nutrient agar plates. 28 g of nutrient agar was used for 1liter distilled water and prepared agar solution. Required petri plates, glass tubes and gel solution were sterilized by autoclaving for 45 minutes at 121°C. In biosafety cabinet 20 ml agar was poured in each petri dish and 0.1 ml solution from each dilution was spread with the help of sterilized spreader on solidified gel. Petri plates were incubated at 37°C for 24-48 h in DNP-9052A Laboratory Incubator. Colonies of pseudomonas and staphylococcus were appeared.

			Oral swabs were collected from the oral cavity of Indian Pythons for the detection of microbiota. Sterile swab sticks were used for the collection. The swabs were incubated on petri plates at 37° Celsius for 24-28 hours. The cultures were of different bacteria i.e., Pseudomonas spp., Staphylococcus sciuri, Streptococcus spp.

			Observations on blood parasites

			Blood samples were collected from the lower sides of the tails 5 cm rear to vent, in this way amount of blood withdrawn was enough for the examination of blood parasites. In this process withdrawal of blood was slow, and no anesthesia used.

			The classification and identification of parasites was done by using identification key (Rataj et al., 2011). And in this way the snakes were treated according to the infection.

			Statistical analysis

			SAS 9.1 software was used to analyze the correlations among humidity, temperature and ecdysis. Microsoft Excel 2010 was used to calculate averages of temperature, humidity and ecdysis.

			RESULTS

			Treatment of infections

			Causative agent of infectious stomatitis are fungi, bacteria and viruses. Main agent of infectious stomatitis are Aeromonas, Mycobacterium, Salmonella and Pseudomonas. Oral culture of Gram negative and positive bacterial cultures showed Pseudomonas and Aeromonas. This disease treated with antiseptic, antibiotics, surgery and vitamin A and C are used for primary identification of stomatitis. Antibiotics could be applied directly on infected areas or via injection in muscles. Methylene blue could also be used to cure the stomatitis (Singh et al., 2018). It is well documented that molting in snakes is dependent on humidity and temperature rather than feeding (Ramesh and Bhupathy, 2013).

			Microbiota and endoparasites in fecal matter

			Results were found with Pseudomonas spp. and Staphylococcus sciuri. Pseudomonas spp. were showed 60% while Staphylococcus sciuri was most abundant bacteria found on petri plates showed 85% growth. Streptococcus spp. was also found.

			As the fecal samples of all pythons were observed but one python’s feces showed eggs of Ophidascaris spp. The python infected with Ophidoascaris spp. was observed with fatigue, poor locomotion and dysecdysis. 430 eggs per gram were counted and cured with 25mg per body weight with pyrantel pamoate. Fecal samples showed very low number of eggs and python started to grow well with better activity and movement after treatment.

			Observations on ecdysis and ectoparasites

			Proper temperature and humidity management resulted in normal ecdysis. Dysecdysis was only occurred when the ectoparasites attacked the pythons and improper conditions. 10 Rhipicephalus sanguineus ticks and 50 mite females Ophionyssus natricic were found and also removed by hand and using pesticide sprays. Generalized Linear Model revealed that snakes shed their skin in months with suitable humidity and temperature rather rich feeding. During summer season they leave their tunnels during the period of molting but not in winters. Molting in Indian rock python occurs in whole year except for September; most pythons shed their skin in January and December (Ramesh and Bhupathy, 2013).

			Ten Rhipicephalus sanguineus ticks were found from ventral and dorsal scales from 3 Indian pythons among which 3 males and 2 females and 5 were larval stages. 4 other Indian pythons were infested with 50 mite females Ophionyssus natricic. This mite infection was caused due to unhygienic conditions as workers cleaned the cages after many days and the removed skin and faeces were left in the cage for many days. Due to these mite infections a python showed mouth rot (infectious stomatitis). Open mouth breathing, losing weight, unnecessary salivation and anorexia were the diagnostic signs of infectious stomatitis. Buccal cavity was better and color changed to yellowish grey. Septicaemia was blocked by proper management and cure. As shown in Table I Indian pythons showed more ecdysis in warm months of year; April-October and less rate of ecdysis was observed in cold months; November-March.

			The complete round of ecdysis is completed in about two weeks started from diminishing of body color. Day by day the body color continued to become dull and Indian pythons got blackish appearance as shown in Supplementary Figure 1. The spectacle of eyes also became cloudy blue and these all changes took 3-4 days to happen. In these days pythons behaved confused and refused to take feed. In this stage the skin got too fragile to any hard touch as that might damage the underlying new skin which was not fully formed. This was the first stage of ecdysis. At the start of second stage the eyes of pythons got clear and they got their vision back, so they started to search rough surfaces for scratching as shown in Supplementary Figure 2. For their help to shed wood shavings were provided on the floor and also a thick stem having rough bark was dug in their cages which they used to scratch their snouts to initiate the skin removal. Supplementary Figure 3 showing the removal of Indian Pythons skins at UVAS Ravi campus. After this they started to move around the cage and upending their old skin in single piece. Supplementary Figure 4 showing that proper management of optimum temperature and humidity resulted in normal ecdysis.

			Dysecdysis was observed during June 2018 in an Indian Python due to dehydration. The snake rubbed its body with walls of the room and was in discomfort. The skin was removed in the form of patches and not in whole. On some points the old skin remained attached to the new one and removed by hand. Two more Indian pythons showed dysecdysis due to the impact of ticks and mites as these ectoparasites caused skin infections to these Indian pythons.

			Figure 1 shows the rate of ecdysis throughout year changing with that of months. In January 2018 no Python underwent ecdysis. From May to September 100% ecdysis was recorded and in April and October 80% ecdysis was recorded. 40% ecdysis was recorded in December 2018 as compared to December 2017 which was 3%.
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			Fig. 1. Ecdysis rate 2018.

			The relationship between temperature and ecdysis is positively significant at 1% level of significance with the correlation coefficient of 0.952 while the relationship between humidity and ecdysis is insignificant.

			According to Figure 2 temperature has influence on rate of ecdysis of Indian python. The relationship of temperature and ecdysis is directly proportional and positively significant at 1% level of significance with the correlation coefficient of 0.952 as shown in Table II. As with the increase in temperature of the year the rate of ecdysis of Indian python also increases and vice versa. In hot months from April to September 60% to100% ecdysis was recorded. This showed that high temperature facilitates ecdysis and in this way also helps in the growth of Indian python. Figure 3 shows the relationship of humidity with ecdysis. The humidity and ecdysis showed statistically non-significant correlation as shown in Table II. However, from June to November when the level of humidity was good Indian pythons showed 60% to 85% ecdysis.
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			Fig. 2. Ecdysis with respect to temperature.
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			Fig. 3. Ecdysis with respect to humidity 2018.

			Table I. Percentage of ecdysis with respect to average temperature and humidity.
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							December 2017

						
							
							18.16129032

						
							
							38%

						
							
							3%

						
					

					
							
							January 2018

						
							
							17.19354839

						
							
							0%

						
							
							0%

						
					

					
							
							February 2018 

						
							
							20.07142857

						
							
							0%

						
							
							20%

						
					

					
							
							March 2018
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							0%

						
							
							60%
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			Table II. correlations among humidity, temperature and ecdysis.
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			The relationship between temperature and ecdysis is positively significant at 1% level of significance with the correlation coefficient of 0.952 while the relationship between humidity and ecdysis is insignificant.

			DISCUSSION

			Medications of oral fibroma with anti-toxins and with other chemotherapeutic operators and hyaluronidase for a while were without impact, and no irresistible specialist was segregated from the development. Nevertheless, interminable disturbance was an in all probability inclining 18 factors in the beginning of the mass. The development was ineffectively vascularized and the few veins present come up short on any precise course of action as would be the situation in granulation tissue. Infection and ulceration were watched (Idowu et al., 1975). No oral fibroma was found because of proper management and hygienic conditions. Ulcerative or irresistible stomatitis is an all-around archived infection in snakes. The gram-negative microscopic organisms Pseudomonas spp., Aeromonas spp., Proteus spp., Providencia spp., also, Morganella spp. are most of the time secluded pathogens. Although the oral sore did not change in size, various subcutaneous knobs developed on the dorsal and sidelong zones of the snake’s body (Singh et al., 2018). In my culture Pseudomonas spp. and Staphylococcus were found. One instance of mycobacterial ulcerative stomatitis joined by subcutaneous granulomas was portrayed in Boa constrictor. Diagnosis can for the most part be made on light infinitesimal examination of biopsy example and utilization of special stains. Control of bacterial and parasitic granulomas is accomplished with careful extraction of the sores and proper foundational hostile to microbial treatment. Culture and antibacterial affectability testing are likewise suggested (Abou-Madi et al., 1994). Infectious stomatitis was found in one python showed lesions in buccal cavity and yellowing of inner mouth. Cultures were taken with oral swabs. Snake was found open mouth breathing, poor growth and confusions and cured by applying antibiotics and methylene blue. Be that as it may, the extent of winds in ecdysis was high amid hotter months (April– September). Higher recurrence of sloughing in Indian pythons amid hotter months (June– July) in the Sayaji Baugh Zoo 19 (Vadodara, Gujarat) was recorded. On the other hand, at Chennai Snake Park, a top five office, ecdysis in Python reticulatus was more regular amid colder months. But according to this research the shedding occurs more frequently in hotter months of years from March to October and the rate of ecdysis decreased to considerable amount in colder months from November to February. Coccidian of the genus Choleoeimeria was recorded in the gall bladder mucosa of one ball python (Okulewicz et al., 2014) while no coccidian found in my study.

			Highly nutritional feed significantly helps in the growth rate of Indian python that directly involves in ecdysis. In addition, high temperature and humidity impact on the growth performance of Indian python and also helps in rate of ecdysis. As this species is very sensitive to parasitic infections, proper management of optimum temperature, humidity and feed is helpful for good health and growth as these parameters regulate the rate of ecdysis. Further research needed for enhance the growth rate and ecdysis against the pathogens by administrative hygienic conditions.

			CONCLUSION

			It is concluded from this study that proper temperature and humidity combination is necessary for the proper ecdysis process. During this period Indian python is most vulnerable for ectoparasites and endoparasites that can lead to the dysecdysis. Variations in humidity and temperature can influence this process either negatively or positively. Proper control of environmental condition along with the proper control of parasites can enhance the ecdysis process and vulnerability of the species for parasitic attack can be reduced. These findings are beneficial for the ex-situ conservation of the Indian python.
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containing layer is called ectoderm/epidermis. New
epidermis develops underneath the old, and after it is full-
fledged, the snake removes the old skin. This procedure is
known as ecdysis or sloughing or shedding (Vyas, 1999).
Status of Indian rock python is near threatened. Improper
moisture is the typical reason of improper ecdysis in
confined snakes. Moisture content of air during molting
is essential to avoid desiccation and probably enhanced
degree of epidermal water loss (Carlson et al., 2014).
Infestation by ticks is easy to diagnose because they
cause external infections. Both mites and ticks cause
anemia leaving the snake weak because they feed on blood
of snakes. The symptoms of infections are dysecdysis and
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Snakes are considered fearsome creatures and there is
paucity of information regarding ecdysis process and
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