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Abstract: Three different habits were chosen to carry out this study; agriculture, desert and coastal habitats in Jeddah city, Kingdom of Saudi Arabia at autumn-winter season, during the period from 28 November 2015 to 7 January 2016. Rabbits were killed by cutting trachea, and then used as animal models in the experiment. Stages of decomposition were observed. Weather data; ambient temperature, relative humidity and rainfall rate were recorded during period of study. Duration of carcass decomposition and rate of decomposition at all stages were determined in each different habitat. The duration of carcass decomposition in desert habitat was longer than in both agriculture and coastal habitats. There was a significant difference in the rate of decomposition between different stages within a habitat, but the rate of decomposition between habitats was not different significantly.
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1. Introduction:
Decomposition is a natural and necessary process responsible for the reversion of organic material, such as dead plant or animal matter to the ecosystem. Carrion or dead animal matter is considered as food source for a varied community of organisms [1]. Indeed, in the absence of any scavenger vertebrates, arthropods (mainly insects), are the main decomposers. They attract to animal remains within hours or less of death [2]. Carrion decomposition is fundamental to forensic entomology, because although carrion decomposition is a continuous process, it can be defined into visually discernible stages [3], that are linked to the succession of specific insect groups. Therefore, when the pattern of arthropod succession and the decomposition stage of a carrion are known, analysis of the arthropod fauna can be used to estimate the post-mortem interval (PMI) [4, 3, 5]. The composition and succession of arthropod is influenced by the physical state of the remains [6] and the decomposition environment [7, 8, 9, 10]. Estimating of the PMI requires comprehensive information of cadaver decomposing process which helps to detect expected pattern of insect succession. These data is specific to each country and biogeographic habitat [11, 12, 13, 14, 15]. This knowledge is essential to establish the key arthropod species witch correlate with all stages of decomposition carcass, and it will potentially be used in allowing any future accurate PMI evaluation. However, such information within the different habitats in Jeddah city of the Kingdom of Saudi Arabia is rarely.



2. Materials and Methods:
2.1. Site descriptions:
The study was performed during autumn 2015 to winter 2016 in Jeddah city which is located in the middle of the eastern shore of the Red Sea, west of the Kingdom of Saudi Arabia (latitude 29.21 north & longitude 39.7 east). Three different types of habitat were selected to carry out this study. The first habitat was an agricultural area which was a farm existed at 50 km northwest of Jeddah city, and included palm trees and grasses, with dark, moist soil, and the study period in this site lasted from 28 November to 8 December 2015. The second habitat represented by desert area located at one km away from Dahban Highway main road, the soil was sandy, at the period from 13 to 25 December 2015. The third habitat was coast area located in South Obhor district at 300 m away from the Red sea shore, there was no soil or plants present in this area, and the study period lasted from 28 Decembe 2015 to 7 January 2016.
2.2. Animal model:
Domestic rabbits (Lepus cuniculus) obtained from local shops were used as animal models. They were deferent in colors but similar in weight, between 1.4 and 2.5 kg. In each study area, 10 rabbit carcasses were used.
2.3. Field protocols
The rabbits were killed by cutting trachea without decapitation (according to principles of Islam) and immediately weighted and placed inside the cages to prevent vertebrate animals from reaching to the carcasses. These cages were made of metallic material, measured 65x55x45 cm3 with 2 cm2 mesh to allow insects access. One side of the cage had a small door (20cm x 15cm) to allow placing and taking out of the carcass. The study sites were visited daily to observe physical features of carcasses and to detect the duration of decomposition stages. Every 2, 4, 7, 10 days after death the carcass were weighted and the percentage of carcasses weight were estimated. Photographs were taken to record the physical changes. The daily maximum and minimum temperatures and humidity were recorded in each three areas using digital thermohygrometer. The rainfall rate was obtained from faculty of meteorology environment and arid land agriculture of 	King Abdulaziz University.
2.3. Statistical analysis:
In this study, the method of factorial experiments analysis was used which executed in randomized complete block design with three replicates. This method included using “F test”, and its results summarized in “ANOVA (analysis of variance) table”, and then “Dancun’s test” was used to compare significant factors, according to Snedicor [16].

2. Results:
In the recent study, four stages of rabbit carcass decomposition were determined; fresh, bloated, decay and dry. They were observed visually by morphological characteristic on the carcass. Description modified from Reed [17] was illustrated in this study. The fresh stage began at the time from the point of death until the onset of bloating (fig.1). At this stage, there were no morphological changes visible on the carcass, nor noticeable odor, but insects were attracted to the remains. The bloated stage immediately followed the fresh stage. There was a build-up of gases within the body resulted from anaerobic protein decomposition, producing a swollen appearance (fig.2). Green skin staining was noticed (fig.3) due to internal autolytic and bacterial breakdown of hemoglobin. The physical changes in this stage were accompanied by the release of a powerful smell of decomposition. The decay stage was identified when the carcass deflated due to insects piercing the carcasses. There was a fewer odor, and large amount of maggot can be seen feeding on the carcasses, extensive fluid leakage was evident (fig.4). At the end of this stage large maggots have migrated away from the carcasses to pupate. The dry stage began when the carcass was reduced to dry skin, cartilage, fur and bones, and continues until most of the flesh from the carcass was consumed by insects (fig.5). There was no odor in this stage.
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3.1. Duration of carcass decomposition:
During this study duration of carcass decomposition was determined in different stages; fresh, bloated, decay and dray, in three different habitats; agriculture, desert and coastal. Table (1) clear that in agriculture and coastal habitat the duration of carcass decomposition were similar in fresh, bloated decay and dray stages, 2, 2, 3, 4 days, respectively. The maximum temperatures, relative humidity, and rainfall rate in agriculture habitat were 32.390C, 55.55% and 0.41 mm/day, and in coastal habitat were 28.190C, 53.20% and 0.40 mm/day (table 2). In desert habitat the duration of carcasses decomposition was 2 days in fresh stage, 2 days in bloated stage, 3-4 days in decay stage and 3-5 days in dray stage. The maximum temperature in this habitat was 27.280C, with relative humidity 48.42%, and no rainfall at this period. Whereas, all duration of carcass decomposition was 11 days in agriculture and coastal habitat and 11.5 days in desert habitat.
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Table (1). Duration of decomposition stages of rabbit carcasses in different habitats
		Habitat
	Durations (days)

	
	Fresh
	Bloated
	Decay
	Dray
	Total duration

	Agriculture
	2
	2
	3
	4
	11

	Desert
	2
	2
	3-4 (3.5)
	3-5 (4)
	11.5

	Coast
	2
	2
	3
	4
	11






Table (2): Climatic conditions in the different habitats during the period of study
		Habitat
	Stage
	Temperature (0C)
	R.H.%
Mean
	Rainfall (mm)

	
	
	Max.
	Min.
	Mean
	
	

	
Agriculture
	Fresh
	34.2+1.41
	25.20+0.00
	29.2+0.42
	63+5.66
	0.00

	
	Bloated
	32.04+0.85
	25.4+0.00
	28.55+0.212
	66.00+4.243
	0.00

	
	Decay
	28.67+1.15
	23.0+1.0
	25.93+0.55
	56.67+3.44
	1.5+1.5

	
	Dray
	29.40+1.19
	22.2+2.01
	25.63+0.71
	39.75+19.05
	0.00

	For all duration
	32.39+1.65
	24.11+2.25
	26.89+1.66
	55.55+16.84
	0.41+0.97

	

Desert
	Fresh
	25.9+0.71
	18.30+0.42
	22.5+0.28
	51+4.24
	0.00

	
	Bloated
	29.40+0.849
	18.10+1.838
	24.00+1.414
	39.00+2.828
	0.00

	
	Decay
	27.25+0.60
	21.98+0.73
	24.28+0.68
	49.00+2.16
	0.00

	
	Dray
	26.88+0.88
	19.92+2.08
	23.66+0.74
	49.40+5.77
	0.00

	For all duration
	27.28+1.30
	20.28+1.94
	23.80.0.91
	48.42+5.47
	00.0

	

Coast
	Fresh
	32+0.28
	23.2+1.13
	27.45+0.78
	55.5+2.12
	00.0

	
	Bloated
	26.80+0.283
	19.60+2.263
	23.45+1.485
	62.5+7.778
	2.00+2.828

	
	Decay
	26.03+0.80
	18.37+1.10
	22.17+0.40
	47.67+6.51
	0.00

	
	Dray
	28.80+0.91
	20.55+0.53
	24.50+0.88
	53.5+6.61
	0.00

	For all duration
	28.19+2.39
	20.19+2.06
	24.09+2.08
	53.20+77.42
	0.40+1.26
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3.2. Rate of carcass decomposition:
In this study, percentage of carcasses weight were determined through different stages; fresh, bloated, decay and dray, in three different habitats; agriculture, desert and coastal. The results of statistical analysis were summarized in ANOVA table (table 3). It was clear that factor of decomposition stages with highly significant effect, but study habitats factor did not affect significantly on the rate of carcass decomposition. The interaction between these two factors was not significant (table 3).
When “Dancun’s test” was used to compare percentage of carcass weight (table 4) under the effect of the tow factors; decomposition stages and study habitats, we found that, in agriculture habitat the percentage of carcass weight in fresh stage (94.87%) at maximum temperature and relative humidity were 34.20C and 63% did not differ significantly from bloated stage; 85.26% at 32.040C and 66%, but each of them was highly significant than in decay stage; 44.89% at 28.670C and 56.67%, which in turn more significantly than in dray stage; 19.17% at 29.40C and 39.75%. As well as in desert habitat, the percentage of carcass weight in fresh and bloated stages were not different significantly (95.16% and 85.45%, respectively) at maximum temperature 25.90C and 29.40C and relative humidity 51% and 39%, but both were more significant than in decay stage; 40.1% (at 27.250C, 49%) which was in turn more than in dray stage significantly; 25.63% at 26.880C and 49.4%. In coastal habitat, the percentage of carcass decomposition in fresh stage; 95.16% (at 320C and 55.5%) and bloated stage; 85.45% (at 26.80C, 62.5%) were not differ significantly, but both were higher significant than in decay stage; 40.10% (at 26.030C, 47.67%) which in turn was more significant than dray stage; 61.58% at 28.80C, 53.5% (fig.6). Regardless of the habitats, in general the percentage of carcass weight was decreased significantly during decomposition stages from fresh (95.27%), to bloated (86.14%), then decay (43.02%), dray stage (22.62%) (fig.7).
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Table (3): ANOVA for rabbit carcasses weight during decomposition stages in different habitats.
		Source of Variance
	Degree of Freedom
	Sum of squares
	Mean sum of squares
	F-cal
	F-table
	Notes

	Replicates
	2
	0.217674418
	0.108837209
	0.791543336
	19.462, 99.466
	NS

	Treatment
	11
	153.2220005
	13.92927277
	101.303802
	2.247, 3.214
	**

	Stages
	3
	152.0684712
	50.68949039
	368.6508392
	8.617, 26.505
	**

	Habitats
	2
	0.062725664
	0.031362832
	0.228093324
	8.617, 26.506
	NS

	Stages*Habitats
	6
	1.090803695
	0.181800616
	1.322186297
	2.864, 4.649
	NS

	Error
	22
	3.56
	0.162009656
	
	
	

	Total
	35
	
	
	
	
	

	

	S2
	0.162009656
	
	
	Bayesian least significant different for 0.01, 0.05 Confidence levels

	
	
	
	
	
	0.01
	0.05

	S2X FOR 4
	0.013500805
	Sx FOR 3
	0.12
	Bayesian L.S.D. for 3
	0.407456
	0.305592

	S2X FOR 5
	0.018001073
	Sx FOR 4
	0.13
	Bayesian L.S.D. for 4
	0.47049
	0.352867

	S2X FOR 12
	0.054003219
	Sx FOR12
	0.23
	Bayesian L.S.D. for 12
	0.814912
	0.611184





NS; Not Significant.  	 *; Significant (0.05). 	**; Highly Significant (0.01)


Table (4): Comparison of treatments’ means of carcass weight with respect to the factors habitats and decomposition stages, and the interaction between them.
		Stages

	Habitats

	
	Agriculture

	Desert

	Coast

	Stages` means


	Fresh
	94.87±1.13 Aa
	95.16±1.82 Aa
	94.15±1.48 Aa
	95.27±1.72 A

	Bloated
	85.26±2.98 Aa
	85.45±0.28 Aa
	86.25±1.25 Aa
	86.14±1.69 B

	Decay
	44.89±1.77 Ba
	40.10±2.76 Ba
	38.63±1.38 Ba
	43.02±4.78 C

	Dray
	19.17±5.83 Ca
	25.63±5.63 Ca
	23.82±9.53 Ca
	22.62±6.04 D

	Area` means
	61.05±32.09 a
	61.58±30.81 a
	60.71±31.70 a
	61.76





Small letters for the horizontal comparisons 	 Capital letters for the vertical comparisons
(L.S.D. Bayesian) for 3 Means =2.93 	 (L.S.D. Bayesian) for 4 Means =3.39
(L.S.D. Bayesian) for 12 Means =5.87 	 Weight estimated in percentage.
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Fig. (6). Comparison carcass weight during decomposition stages in different habitats.
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Fig. (7). Comparison carcass weight during decomposition stages
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4. Discussion:
Decomposition of dead animal is a continuous process occurs through several stages of possible distinguish. These stages vary in its rate and characteristics depending on environmental conditions and type of carrion. Animals were used as experimental models instead of human bodies in several previous studies, because the stages of decomposition that a human corpse undergoes are almost the same as in a non-human, although caution in the use of timetables produced in non-human studies is necessary, even if a good model such as a pig is employed [18, 19].
Bornemissza [20] described five stages of decomposition in the carrion of guinea pigs, Also, Payne [21] studied five stages in pig carcasses; however, Reed [17] reported four stages of decomposition. Cornabay [22] used the carrion of toads and lizards where no stages of decomposition can be visually observed. In the present study the decomposition process was obvious in the form of four succession stages (fresh, bloated, decay and dry). These observable stages were defined also by Rodriguez & Bass [4], Braack [23], Tantawi et al. [24] and Bharti & Singh [25]. We must keep in mind the fact that decomposition is a continuous process and separate stages do not actually exist in nature [26].

4.1. Duration of carcass decomposition:
In the recent study we found the duration of decomposition period in desert habitat (11.5 days) was slightly longer than in agriculture and coastal habitat (11days). This result due to the little rise in maximum temperature in each of agriculture (32.390C) and coastal habitat (28.190C) than desert habitat (27.280C) which characterized by drought, whereas the rainfall rate in each agriculture and coastal habitat was 0.41 mm/day. Goddard & Lago [27] stated that when temperatures are high, the duration of decomposition becomes short. Tantawi et al. [24] reported that rabbit carcasses in summer season, took only 4.5 days to reach dry stage when average daily temperatures were 28ºC, but in winter 51.5 days were required for carcasses to reach the dry stage when average daily temperature ranged from 13.60C to 16.60C. In Czech Republic, Petr Kocˇárek [28] found that rat carcass in higher temperature in summer (310C-330C) decayed much faster than those in spring (29-300C) and autumn (210C) resulting long time to reach dry stage in autumn than summer and spring. According to Archer & Elgar [2] high amount of rainfall reduced the length of decay stage by increasing mass loss. In Malaysia, Azwandi & Abu Hassan [29] recorded that in the wet season monkey carcasses needed less time to reach the dry remains stage of decomposition in oil palm plantation.
We recorded the duration of decomposition stages as 2 days in fresh stage, 2 days for bloated stage, 3 days in decay stage and 4 days for dray stage in each of agriculture and coastal habitat, where the average of maximum temperature ranged from 28.190C to 32.390C and relative humidity from 55.55% to 53.20%. These stages were 2, 2, 3-4 and 3-5 days for fresh, bloated, decay and dray stage, respectively in desert habitat and the maximum temperature was 27.280C and relative humidity 48.42%. Al-Mesbah [30] in Kuwait recorded that, the length of decomposition stages were: fresh stage; 1-2 days, bloated; 3-7 days, decay; 8-14 days and dry;10-14 days at average temperature from 16.860C to 19.56 0C.

4.2. Rate of carcass decomposition:
In the recent study, while the overall rate of decomposition between habitats was similar, there was, however, a significant difference in the rate of decomposition between different stages within a habitat. In agriculture habit the higher maximum temperature and relative humidity in fresh (34.20C, 63%) and bloated stage (32,040C, 66%) increasing the rate of decomposition that led to significant loose in the percentage of carcasses weight from fresh and bloated stage to decay (at 28.670C, 56.67%) then dray stage (29.40C, 39.75%). We found the same result in rest of habitats, where rising of temperature in fresh and bloated stages in each of desert (at 25.90C, 29.40C) and coastal habitat (320C, 26.80C) encourage decomposing rate causing significant losing in the percentage weight of carcass in decay stage followed by in dray stage in agriculture ( at 27.250C, 26.880C) and costal habitat ( at 26.030C, 28.80C).
Rates of decomposition is influenced by a variety of environmental factors, including temperature [31], which especially affects bacterial activity [1] and developmental rates of carrion associated insects [32, 33]. However, Shean et al. [34] and Moura et al. [35] stated that maximum temperature was more important than minimum temperature in influencing on decomposing rates, and corpses in cooler months maintain a fresh appearance for more time. On the other hand, Reed [17], Payne [21], Wasti [36] reported that rate of decomposition was influenced by humidity less than temperature. In contrast, Galloway et al. [37], Mann et al. [38] and Moura et al [35] stated that humidity was important factor acting on decomposition rates. Hewedicaram [39] found that in arid zones, high temperature in combination with low humidity dehydrated small carcasses and accelerated the mummification. In addition, the weight of the carcasses also affects the decomposition rate [40].

Conclusion:
This study proved that at the climatic conditions of Jeddah city during the period from autumn to winter season, the duration of rabbit carcass in desert habitat was slightly longer than in both agriculture and coastal habitats. There was a significant difference in the rate of decomposition between different stages within a habitat, but the rate of decomposition between habitats was similar.
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Figs. 1-5: Decomposition stages of rabbit carcasses. (1). Fresh stage.
(2). Bloated stage (red arrow point to the swollen abdomen). (3).
Green skin staining in bloated stage (blue arrow). (4). Decay
stage (red arrow point to the decomposition fluids). (5). Dray stage.
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