


DEMOGRAPHY OF PORCELLIO SCABER LATREILLE, 1804 IN RELATION TO SOIL CHARACTERISTICS


ABSTRACT
In addition to having a significant biological impact on litter decomposition, soil fauna also contribute significantly to the release of nutrients like carbon and nitrogen. Understanding isopod demography and their involvement in soil health and ecosystem functioning was the main goal of this study. In order to adapt to the environmental circumstances in their habitat and lessen their impacts, isopods adopt a variety of activity patterns. Samples of soil were collected from three distinct locations in Tamil Nadu and Kerala, and their physicochemical and texture characteristics were examined. The soil factor affecting Porcellio scaber density was identified using Principal Component Analysis (PCA) and Correspondence Analysis. Porcellio scaber population density was found to be lowest during the pre-monsoon season and highest during the post-monsoon season. Many organisms move to the deep layers during the pre-monsoon season because of the low moisture content. The PCA analysis showed that the distribution of Porcellio scaber was positively impacted by the following essential factors: temperature, exchangeable base, sand, clay, magnesium, and silt.
Keywrods: Porcellio scaber, edaphic, parameters, demography, seasons
1. INTRODUCTION
Terrestrial isopods' current worldwide distribution is the result of historical, palaeogeographical, palaeoecological, and evolutionary processes that have been filtered through more recent impacts of topographic, edaphic, climatic (primarily temperature and precipitation regimes), and biotic (primarily vegetation that provides food and shelter and regulates the microclimate) factors at various scales. All terrestrial biomes and biota are currently strongly impacted by humans, primarily through pollution, urbanization, habitat fragmentation, and/or removal and/or modification. Additionally, humans create new types of anthropogenic shelter sites, which tend to favour habitat generalists and lead to the homogenization of wildlife. (Karagkouni et al., 2017). 
Among the invertebrates collected in cave environments, the Oniscidea are one of the most representative groups (Cardoso et al., 2020). The common rough woodlouse Porcellio scaber Latreille, 1804 a species of isopod crustacean, belonging to the family Porcellionidae. These terrestrial isopods are distinguished by their segmented, oval bodies that are covered in tiny tubercles. They are usually grey, however they can also be brown, blue, yellow, orange, or pinkish in color. They are well-known for their capacity to adapt to surroundings that have been altered by humans and can be found in a variety of environments such as urban areas, gardens, and forests. 
By modifying their activity patterns to the environmental circumstances in their habitat, isopods are able to influence the effects of their surroundings (Anton et al., 2022). Approximately 50% of the world's animal biomass is found in soils, and most terrestrial animal biodiversity is linked to soil and litter as a home or food source (Fierer et al., 2009).
Additionally, because of their ecological characteristics and evolutionary history, isopod distributions exhibit some significant variations from typical global trends. Although reactions to human disturbance are not always traceable, strong global urbanization processes frequently show a trend toward community homogenization.
One of the most important steps in understanding the mechanism and process of litter decomposition is determining how soil organisms contribute to it. Soil fauna are thought to be essential in conditioning litter and promoting microbial activities, even though decomposition is mostly the consequence of microbial activity (Coleman and Crossley, 1996). The primary mechanism for recycling carbon and nutritional factors during the biochemical breakdown of litter is the detritus food web, which is dominated by soil fauna (Moore, 2019). Soil fauna can regulate litter carbon and nutrient release and decomposition rates through the following ways they are, direct action of feeding, crushing, and mixing, indirect changes to litter morphology and selective predation to control soil microbial biomass, community structure, and community activity by digestion and decomposition and indirect effect of changing the soil’s physical properties (e.g., aeration, compaction, and aggregate structure) by the self-migration, handling, and phagocytosis of soil fauna (Wang et al., 2009, Yang and Chen, 2009).
One of the finest measures of agricultural soil quality is the percentage of soil organic matter, which is a collection of plant, animal, and microbial waste products in soil. According to Audus (1970), the interdependence of the many soil species is a crucial component of the dynamic biological balance that is produced by the biological and physical makeup of soil. Studying these animals' demographics in connection to their ecological activities is essential to developing management strategies for ecosystem services including nutrient cycling, habitat maintenance, water filtration, and litter decomposition (Spyros and Elisabeth, 2018). Monitoring and managing soil systems will be made easier by evaluating the physicochemical characteristics of the soil and how these factors affect the soil fauna.
2. MATERIALS AND METHODS
2.1 Selection of study site and sample collection
Three distinct locations in Tamil Nadu and Kerala were selected for the current study. Mekkarai and Kottavasal were chosen from the Tenkasi District in Tamil Nadu, and Achankovil was chosen from the Kollam District in Kerala. 
2.2 Sample collection and preservation
From February 2024 to January 2025, 25 samples were collected at various elevated positions from various study locations. Samples were taken in a polythene bag from a random depth and examined for physical and chemical characteristics.
2.3 Physico chemical parameters
The traditional method of Trivedy et al. (1987) was applied to evaluate soil edaphic variables, including organic carbon, pH, moisture, temperature, and exchangeable acids and bases. Chemical parameters such as potassium, nitrogen, phosphorus, magnesium, and calcium concentration were also investigated using the Kjeldahl distillation method, APHA 2012, the Molybdate-Stannous chloride method, and Jackson (1958) in order to look into how soil qualities affected the dispersion of Porcellio scaber.
2.4  Soil texture parameters
The amounts of clay, silt, sand, and gravel particles in the soil define its texture. Observations were made after a variety of soil texture techniques were examined utilizing the hydrometer/pipette methods.
2.5 Duration of study
In order to obtain seasonal data, the monthly data was aggregated. The pre-monsoon season was February-May, the post-monsoon season was October-January, and the monsoon season was June-September. The organisms that were isolated from the samples were identified using standard keys. Then, seasonal data was added to the monthly average. 
2.6. Population density
Using PAST 3.25 software, the Principal Component Analysis (PCA) was used to determine the soil factor influencing the density of Porcellio scaber. Correspondence analysis and Factor analysis was done by using the Minitab statistical software 21.
2.7 Statistical analysis
The connection between soil edaphic and chemical variables with season and site was determined using two-way ANOVA. 
3. RESULTS
According to the evaluation of the physico-chemical parameters, significant differences were found between sites throughout the pre-monsoon, monsoon, and post-monsoon seasons. The significance test result revealed a significant difference in temperature between seasons (P<0.05). Temperature was most noted in Mekkarai during post-monsoon (28.54±1.21) and least noted in Achenkovil during monsoon (18.35±1.01). Similarly, Mekkarai soil was observed quite acidic than other two different sites (4.01±0.13) during pre-monsoon. In all study sites, soil moisture was high during monsoon season and low during pre-monsoon season and the amount of organic carbon was noted maximum in Kottavasal during pre-monsoon and minimum was observed in Mekkarai during post-monsoon. Exchangeable acid were found maximum in Achenkovil during all seasons and Exchangeable bases were observed almost same in all three different sites. Two way ANOVA revealed that there was significant difference across the sites (P<0.05) (Table 1).
Table 1. Comparative analysis of soil physicochemical factors in major sites during various seasons (M±SE)
	Parameters
	Seasons
	Mekkarai
	Kottavasal
	Achankovil

	Temperature(◦C)
	Pre-monsoon
	27.8±1.01
	26.3±0.81
	22.9±1.02

	
	Monsoon
	25.48±1.03
	25.1±0.82
	18.35±1.01

	
	Post-monsoon
	28.54±1.21
	25.92±0.65
	19.5±1.23

	pH
	Pre-monsoon
	4.01±0.13
	4.13±0.15
	5.21±0.78

	
	Monsoon
	4.12±0.14
	4.12±0.14
	5.16±0.89

	
	Post-monsoon
	4.06±0.15
	4.14±0.13
	5.19±0.68

	Moisture content (%)
	Pre-monsoon
	62.78±0.67
	67.21±0.76
	72.21±1.13

	
	Monsoon
	65.76±0.57
	71.62±0.67
	76.89±1.12

	
	Post-monsoon
	66.32±0.81
	69.21±0.65
	77.32±1.23

	OC (%)
	Pre-monsoon
	2.14±0.14
	5.36±0.12
	2.18±0.19

	
	Monsoon
	2.09±0.15
	2.41±0.14
	2.51±0.14

	
	Post-monsoon
	2.03±0.12
	2.42±0.15
	2.41±0.18

	EA (%)
	Pre-monsoon
	3.16±0.15
	3.75±0.14
	74.25±0.14

	
	Monsoon
	3.45±0.16
	3.26±0.18
	74.51±0.18

	
	Post-monsoon
	3.17±0.14
	3.42±0.16
	71.81±0.17

	EB (%)
	Pre-monsoon
	9.12±0.14
	8.24±0.14
	8.42±0.18

	
	Monsoon
	9.41±0.16
	7.52±0.17
	8.22±0.14

	
	Post-monsoon
	9.15±0.15
	9.25±0.15
	9.27±0.15


Two way ANOVA revealed that there was a significant difference across the sites (P<0.05)
The significant test demonstrated that, variation was observed in sand, slit and clay during all the seasons in all different sites. Gravel content ranged between 20-28% during all the seasons in all different study sites. Two way ANOVA revealed that there was significant difference across the sites (P<0.05) (Table 2).
Table 2. Soil texture parameters
	Parameters
	Seasons
	Mekkarai
	Kottavasal
	Achankovil

	Sand (%)
	Pre-monsoon
	54.21±1.51
	58.25±1.24
	56.27±1.35

	
	Monsoon
	53.45±1.21
	58.34±1.25
	54.27±1.26

	
	Post-monsoon
	52.25±1.41
	54.86±1.45
	57.85±1.52

	Slit (%)
	Pre-monsoon
	14.21±0.45
	11.85±0.35
	0.44±0.24

	
	Monsoon
	11.45±0.28
	10.74±0.27
	0.25±0.28

	
	Post-monsoon
	12.47±0.75
	9.89±0.28
	0.84±0.45

	Clay (%)
	Pre-monsoon
	7.54±0.25
	7.25±0.42
	14.22±2.14

	
	Monsoon
	7.65±0.16
	7.54±0.47
	15.77±2.17

	
	Post-monsoon
	8.45±0.75
	7.22±0.75
	18.42±2.75

	Gravel (%)
	Pre-monsoon
	22.45±1.87
	28.75±0.45
	22.45±1.21

	
	Monsoon
	21.78±1.54
	26.79±0.12
	22.67±1.22

	
	Post-monsoon
	20.56±1.24
	23.41±0.75
	27.35±1.75


Two way ANOVA revealed that there was significant difference across the sites (P<0.05)
Similarly, Nitrogen content in the soil was highest in Achenkovil during the post-monsoon season, while lowest in Mekkarai during pre-monsoon season. All site had Phosphorous level ranging from 3.54-9.24 ppm. Kottavasal and Achenkovil have higher potassium content than Mekkarai when compared to all different seasons. Calcium concentration and magnesium concentration varied significantly in all different sites during pre-monsoon, monsoon and post-monsoon seasons (Figure 1-5). The statistical test demonstrated a significant difference in soil chemical characters between seasons and between sites(P<0.05).
Figure 1. Soil Nitrogen (ppm) during different seasons in all sites

Figure 2. Soil Phophorous (ppm) during different seasons in all sites

Figure 3. Soil Pottasium (ppm) during different seasons in all sites

Figure 4. Soil Calcium (ppm) during different seasons in all sites

Figure 5. Soil Magnesium (ppm) during different seasons in all sites

In Mekkarai, mean population density of Porcellio scaber was obtained highest in Post-monsoon season followed by monsoon and pre-monsoon season. A substantial difference between the seasons was observed in Mekkarai (p<0.05). Similarly in Kottavasal, high population density was found in post-monsoon season followed by monsoon and pre-monsoon season. In Mekkarai, a substantial difference in population density between the seasons were observed (P<0.05). Likewise in Achankovil, highest population density was found in the post-monsoon season followed by monsoon and pre-monsoon season respectively. In line with other sites, Achankovil also showed a substantial difference in population density between the seasons (P<0.05) (Figure 6). The test of significance showed a significant differences in mean population density of Porcellio scaber between the major sites and the seasons (P<0.05) (Figure 6).

Figure 6. Mean population density of Porcellio scaber with varying altitudinal elevation in various seasons

According to the data obtained from the mean population density of Porcellio scaber with varying altitudinal elevation in various seasons, the Principal Component Analysis (PCA), Correspondence analysis and Factor analysis were done to determine the soil factor influencing the density of Porcellio scaber.
The pre-monsoon season distribution of Porcellio scaber was influenced by trace factors, according to correspondence analysis of soil components in several locations. Porcellio scaber density is primarily determined by pH, exchangeable acid, sand, silt, and magnesium components. Porcellio scaber density was independently impacted by other soil factors such moisture, clay, nitrogen, and potassium. Porcellio scaber density was shown to be mostly influenced by pH, EA, sand, and magnesium during the monsoon season. The density of Porcellio scaber was independently impacted by additional variables, including nitrogen, OC, EB, and moisture content. The primary determinants of Porcellio scaber density during the post-monsoon season are pH, moisture content, OC, EA, EB, and sand. The density of Porcellio scaber was independently impacted by additional factors as slit, gravel, nitrogen, and magnesium.  (Table 3)
Table 3. Correspondence analysis of soil factors during Pre-monsoon, monsoon and post-monsoon season in all different sites.
	Correspondence analysis of soil factors during Pre-monsoon season

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	CA1
	-0.07743
	0.12732
	0.032676
	-0.2876
	0.54621
	-0.11501
	0.16754
	0.13723
	0.09863
	-0.05874
	0.007654
	-0.43521
	0.012432
	-2.0432
	0.13421
	0.11435

	CA2
	-0.043321
	-0.0779
	0.00087
	0.389873
	-0.012763
	0.14329
	0.02987
	-0.03481
	0.085464
	0.03324
	-0.00065
	0.42315
	-0.01213
	-0.0321
	0.00927
	0.06784

	Correspondence analysis of soil factors during monsoon season

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	CA1
	-0.13762
	0.14982
	0.06731
	0.01145
	0.48762
	0.0299871
	0.18752
	-0.39823
	-0.003721
	-0.01722
	0.012762
	-0.23923
	-0.09627
	-0.22763
	0.13762
	0.144763

	CA2
	0.04263
	0.01472
	0.00673
	-0.0432
	0.017623
	0.01472
	0.002947
	0.04231
	0.157642
	0.042212
	-0.003452
	-0.19827
	-0.14826
	0.172926
	0.05462
	0.08761

	Correspondence analysis of soil factors during Post-monsoon season

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	CA1
	-0.07893
	0.24982
	0.147682
	0.113872
	0.600983
	0.18367
	0.305872
	0.05672
	-0.653723
	0.078542
	0.001264
	-0.319827
	-0.65133
	-0.887163
	0.06253
	0.17283

	CA2
	0.15748
	0.109728
	0.95973
	0.49082
	0.98713
	0.105746
	0.11972
	0.155623
	0.076253
	0.097623
	-0.0472
	-0.139287
	0.99873
	0.182736
	0.09827
	0.08937



The pre-monsoon season factor analysis showed that the density of Porcellio scaber was more affected by EA, pH, sand, silt, magnesium, moisture, clay, nitrogen, and potassium. Gravel, phosphorus, calcium, OC, EB, and temperature all positively impacted this isopod's density. The density of Porcellio scaber was more affected by temperature, OC, EB, gravel, silt, magnesium, moisture, clay, nitrogen, phosphorus, and calcium during the monsoon season. Temperature, OC, silt, gravel, clay, nitrogen, phosphorus, potassium, calcium, and magnesium all positively impacted this isopod's density during the post-monsoon season (Table 4).
Table 4. Factor analysis of soil samples on the basis of soil physico chemical factors
	Factor analysis of soil samples during pre-monsoon

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	Factor 1
	0.68734
	0.81424
	0.76251
	0.442928
	0.96172
	0.61728
	0.82918
	0.82493
	0.78117
	0.687182
	0.737283
	0.36572
	0.74738
	0.54982
	0.829184
	0.792837

	Factor 2
	0.62743
	0.52647
	0.45627
	0.889271
	0.02392
	0.73841
	0.52637
	0.50716
	0.591173
	0.652716
	0.60582
	0.924776
	0.58473
	0.36274
	0.535172
	0.65736

	Factor 3
	-0.312456
	-0.28622
	-0.27816
	-0.098173
	-0.05473
	-0.29384
	-0.12983
	0.51726
	-0.19283
	-0.31928
	-0.2292817
	-0.132833
	-0.2249
	-0.14284
	-0.23485
	-0.918274

	Factor analysis of soil samples during  monsoon

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	Factor 1
	0.87182
	0.65738
	0.711354
	0.75412
	0.39876
	0.78442
	0.67783
	0.76123
	-0.72635
	0.76827
	0.74556
	0.89672
	0.82134
	0.87653
	0.65746
	0.65273

	Factor 2
	-0.57463
	-0.76164
	-0.74432
	-0.06574
	-0.91763
	-0.627384
	-0.719284
	-0.65382
	-0.65233
	-0.627384
	-0.66718
	-0.44736
	-0.54637
	-0.76274
	-0.77654
	-0.76598

	Factor 3
	-0.11237
	-0.05847
	-0.0627
	-0.67547
	-0.01392
	-0.062734
	-0.03827
	-0.04837
	-0.20394
	-0.03291
	-0.05738
	0.087162
	-0.55454
	-0.736452
	-0.98762
	-0.65274

	Factor analysis of soil samples during post-monsoon

	Soil parameters
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	Factor 1
	0.79934
	0.598234
	0.67883
	0.70932
	0.338827
	0.644738
	0.55483
	0.72283
	0.89283
	0.712837
	0.78732
	0.92384
	0.80276
	0.86736
	0.76254
	0.63546

	Factor 2
	-0.58132
	-0.87633
	-0.73928
	-0.79283
	-0.95647
	-0.76174
	-0.83248
	-0.6374
	-0.4837
	-0.61928
	-0.61827
	-0.03456
	-0.58933
	-0.49837
	-0.62736
	-0.71827

	Factor 3
	-0.15483
	-0.05948
	-0.05647
	-0.01822
	0.00726
	-0.06728
	-0.05746
	-0.12119
	-0.0676
	-0.071827
	0.04375
	0.09827
	-0.09453
	-0.11373
	-0.06722
	-0.044128



Principal Component Analysis is based on principal component factors (PC1, PC2, PC3). In Mekkarai, the primary parameters under PC1 that influence the distribution of Porcellio scaber during the pre-monsoon period were temperature, EA, EB, gravel sand, silt, potassium, calcium. Only four components (temperature, EB, gravel, sand) had positive values in PC1, PC2 and PC3. During the monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, moisture, sand, clay, nitrogen, potassium and calcium. Only three components (temperature, OC, sand) had positive values in PC1, PC2 and PC3. During the post-monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, moisture, OC, sand, potassium, clay, phosphorus and magnesium.  Only two components (temperature, potassium) had positive values in PC1, PC2 and PC3.PC1 analysis of fifteen soil factors for isopod abundance during the pre-monsoon, monsoon and post-monsoon season revealed eight positive and seven negative components in all seasons (Table 5).
Table 5.Principal component and eigen value obtained for various soil factors during various seasons at Mekkarai
	During Pre-monsoon season at Mekkarai

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.24432
	-0.32983
	-0.87283
	-0.3928
	0.10293
	0.18373
	0.28172
	0.19928
	-0.38227
	0.27711
	-0.03928
	0.39283
	-0.2583
	0.06128
	-0.3102
	0.3847

	PC2
	0.01983
	-0.1394
	-0.1328
	0.22837
	0.22837
	0.39482
	0.29182
	0.26271
	0.21928
	0.291827
	-0.43237
	-0.22192
	0.09822
	-0.4382
	0.22918
	0.05736

	PC3
	0.40093
	-0.8928
	-0.83934
	0.08837
	-0.2039
	0.06475
	0.3482
	-0.29902
	-0.4928
	0.12244
	-0.03239
	-0.1235
	0.3983
	-0.1923
	0.06672
	0.1298

	During monsoon season at Mekkarai

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.3321
	-0.3192
	0.00911
	0.18273
	-0.21928
	-0.2918
	0.01294
	-0.23918
	0.20192
	-0.3419
	0.18292
	-0.1498
	0.17283
	0.37282
	-0.22198
	0.35718

	PC2
	0.10292
	-0.04912
	-0.0584
	0.38736
	-0.1494
	0.2812
	0.40392
	0.19281
	0.33105
	0.02312
	-0.38171
	-0.3927
	-0.33827
	-0.2213
	0.02491
	0.02112

	PC3
	0.19283
	0.18272
	-0.5199
	0.01483
	0.39282
	-0.0612
	0.22312
	-0.32918
	-0.20192
	-0.1928
	-0.15464
	0.12303
	-0.2029
	0.14998
	-0.41928
	0.12811

	During Post-monsoon season at Mekkarai

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.36211
	-0.0781
	0.33771
	0.06172
	-0.3637
	-0.27162
	0.34126
	-0.31252
	0.0891
	-0.3716
	-0.1522
	0.03998
	0.13981
	-0.2998
	0.29981
	0.18928

	PC2
	0.82716
	0.29122
	-0.17282
	-0.39281
	0.00211
	-0.24811
	0.15726
	-0.21381
	-0.35822
	-0.04266
	0.3933
	-0.33827
	0.28726
	0.14716
	-0.2392
	0.36454

	PC3
	0.08192
	0.39811
	-0.2255
	0.06712
	0.19827
	-0.23392
	-0.89182
	-0.24232
	0.24762
	-0.0398
	-0.30974
	0.2239
	0.4672
	0.45362
	-0.14928
	0.11483



Similarly in Kottavasal, PC1 that influenced the distribution of Porcellio scaber during the pre-monsoon period were temperature, EA, gravel, potassium and magnesium. Only two components (temperature and magnesium) had positive values in PC1, PC2 and PC3. During the monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, pH, EA, sand, clay, calcium and nitrogen. Only two components (temperature, gravel) had positive values in PC1, PC2 and PC3. During the post-monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, OC, potassium, EB and silt. Only two components (temperature, silt) had positive values in PC1, PC2 and PC3. PC1 analysis of fifteen soil factors for isopod abundance during the pre-monsoon, monsoon and post-monsoon season revealed five positive and ten negative components in all seasons (Table 6).
Table 6. Principal component and eigen value obtained for various soil factors during various seasons at Kottavasal
	During Pre-monsoon season at Kottavasal

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.26723
	-0.2716
	-0.18827
	-0.2192
	0.2214
	-0.0029
	-0.1726
	-0.2231
	-0.03292
	0.08666
	-0.13933
	0.33822
	-0.21929
	-0.2837
	0.2282
	0.3345

	PC2
	0.14273
	-0.6271
	0.36721
	-0.19811
	-0.2193
	0.2837
	0.31182
	-0.3928
	0.03151
	-0.3987
	-0.05333
	-0.05888
	-0.33391
	0.23918
	0.32928
	-0.13928

	PC3
	0.44232
	0.3728
	0.07161
	-0.19281
	-0.2192
	0.2837
	-0.3029
	-0.0092
	0.05292
	-0.2339
	0.26726
	0.16778
	0.100292
	-0.15728
	0.02616
	-0.0451

	During monsoon season at Kottavasal

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.32918
	0.33229
	-0.0239
	-0.3039
	0.3182
	-0.2192
	0.2846
	-0.1928
	0.2413
	0.3187
	0.2998
	-0.05716
	-0.2187
	0.1877
	-0.5091
	0.1675

	PC2
	0.03094
	-0.03928
	-0.4938
	-0.03298
	-0.1777
	0.2492
	-0.0593
	-0.3232
	-0.2392
	0.0688
	0.1176
	0.46837
	-0.1121
	0.3567
	0.1176
	-0.31615

	PC3
	0.20198
	0.1617
	-0.07893
	-0.0041
	-0.0671
	-0.3198
	-0.3217
	-0.2498
	0.2746
	0.1276
	-0.2761
	-0.0081
	0.3298
	-0.2271
	0.5361
	-0.1694

	During Post-monsoon season at Kottavasal

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.0875
	-0.2187
	-0.2109
	0.3187
	-0.3298
	0.19811
	-0.3763
	0.0671
	-0.2678
	0.3287
	-0.2161
	-0.2716
	0.3672
	-0.3188
	-0.3392
	0.0287

	PC2
	0.2981
	0.24918
	-0.2761
	-0.0239
	-0.0481
	-0.32817
	-0.1627
	0.3087
	0.1827
	0.0687
	-0.2981
	0.1562
	-0.1151
	-0.3199
	0.1972
	-0.3871

	PC3
	0.38982
	-0.1687
	-0.2281
	-0.2971
	0.1661
	0.12871
	0.04771
	0.3761
	0.31918
	0.1276
	0.14998
	-0.4493
	-0.0012
	-0.1256
	-0.621
	0.26893



Likewise in Achankovil, PC1 that influenced the distribution of Porcellio scaber during the pre-monsoon period were temperature, OC, silt, clay, potassium and magnesium. Only two components (temperature and silt) had positive values in PC1, PC2 and PC3. During the monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, pH, moisture, OC, EA, gravel, sand, silt, clay, nitrogen, potassium, phosphorus and magnesium. Only four components (temperature, OC, silt, clay,) had positive values in PC1, PC2 and PC3. During the post-monsoon season, the primary parameters under PC1 that influenced the distribution of Porcellio scaber were temperature, moisture OC, EA, sand, silt, clay, nitrogen, potassium, phosphorus and magnesium. Only six components (temperature, moisture, silt, K, Ca, Mg silt) had positive values in PC1, PC2 and PC3. PC1 analysis of fifteen soil factors for isopod abundance during the pre-monsoon, monsoon and post-monsoon season revealed five positive and ten negative components in all seasons (Table 7).
Table 7.  Principal component and eigen value obtained for various soil factors during various seasons at Achankovil
	During Pre-monsoon season at Achankovil

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.06987
	-0.31101
	-0.21334
	0.2937
	0.27911
	-0.3192
	-0.0298
	0.33872
	0.3298
	-0.2667
	0.31675
	0.15762
	-0.8511
	-0.02817
	12876
	0.30309

	PC2
	0.35891
	-0.02991
	-0.1783
	-0.0582
	-0.2736
	0.1476
	0.48711
	0.0817
	0.1476
	0.7872
	0.14526
	0.31827
	0.42716
	-0.40191
	12911
	-0.01127

	PC3
	0.33822
	-0.4382
	-0.3382
	0.1986
	0.38872
	0.16672
	-0.2587
	0.1271
	0.1988
	0.4598
	0.14817
	-0.31928
	0.15162
	0.2652
	-0.7287
	-0.26471

	During monsoon season at Achankovil

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.1776
	0.12098
	0.33441
	0.28172
	0.0092
	-0.8716
	0.11892
	0.3811
	0.24141
	0.0002
	0.36712
	0.07161
	0.3091
	-0.3391
	0.26726
	0.36726

	PC2
	-0.3298
	-0.33928
	-0.7717
	23871
	0.42726
	0.36211
	-0.0681
	0.12271
	0.3981
	-0.4392
	-0.9911
	0.10051
	-0.27615
	0.1233
	-0.652
	0.06726

	PC3
	0.43323
	0.25172
	0.00981
	0.1966
	-0.1562
	0.11209
	-0.4771
	0.00581
	0.14012
	-0.1402
	-0.07162
	-0.4811
	0.12365
	0.16652
	-0.37161
	0.11376

	During Post-monsoon season at Achankovil

	Variables
	Temperature
	pH
	Moisture
	OC
	EA
	EB
	Sand
	Slit
	Clay
	Gravel
	N
	P
	K
	Ca
	Mg
	Organism

	PC1
	0.03811
	-0.3231
	0.35871
	0.31392
	0.2492
	-0.1672
	0.01928
	0.31928
	0.3288
	-0.24431
	0.0612
	0.17617
	0.07121
	0.2981
	0.24811
	0.34472

	PC2
	0.3811
	-0.4331
	0.07128
	-0.1132
	-0.2491
	0.35272
	0.26716
	0.04716
	-0.1611
	0.29819
	-0.38719
	0.21881
	0.39281
	0.2191
	0.2811
	0.10121

	PC3
	0.3781
	0.2761
	0.03651
	0.26272
	-0.24827
	0.08917
	-0.4711
	0.29871
	0.0489
	0.0977
	0.1996
	0.3928
	0.13716
	0.11351
	0.10029
	-0.07881



4. DISCUSSION
As detritivores and bio indicators, soil isopods are tiny, omnivorous organisms that reside in the litter layer of the soil and are essential to the soil ecosystem. Seasonal variations in the population were largely caused by changes in the climate. In the 20–30 cm layer of the soil profile, the isopod population distribution was extremely low across all research sites and seasons. This could be attributable to lower organic matter levels in deeper soil layers (Škarková et al., 2016). The distribution of isopod populations varies greatly depending on environmental factors and habitat. They often inhabit a variety of settings, such as freshwater, marine, and terrestrial (land) ecosystems. Season, soil type, and climate all have a significant impact on the population density and distribution patterns of these habitats (Karagkouni et al. 2017). Seasons can affect population density. One study on Cylisticus convexus, for instance, revealed that densities were lower in the pre-monsoon season and higher in the post-monsoon season. According to a different study, Atlantoscia floridana reproduces continuously, peaking in the spring and fall (Yang and Chen, 2009).
Porcellio scaber, also referred to as the rough woodlice, grows well in environments with particular soil properties. They favour high levels of organic matter, good soil structure (crumb structure), and neutral to alkaline pH. The total count of earthworms, soil bacteria, and other decomposers is also associated with their presence (Chandrasekharan et al., 2015).
The analysis of soil physicochemical parameters showed that all of the study sites had significant levels of nutrient availability. A fertile soil was found at Achankovil and Kottavasal during the monsoon and post-monsoon seasons. At Mekkarai, fertilizer application resulted in soil enrichment (Žižek and Zidar, 2013).
Terrestrial isopods have been successfully used in toxicity testing with many different types of chemicals and substances, from metals and pesticides (Drobne, 1997). As pointed out by Domene (2015), the soil selection test allows detection of a preference or avoidance behaviour for agricultural practices as the addition of chars (i.e. it can be driver for char feedstock selection or tailored char production). Nutrient availability, particularly the C/N ratio and CaCO3 content in litter, also plays a role in isopod population dynamics (Moore, 2019).
Growth and food consumption are the most widely used endpoints of isopod responses to environmental contaminants Domene (2015). The unique properties of terrestrial isopods (Hornung, 2011) regarding responses to limiting factors such as drought and temperature have led to interesting distributional patterns along climatic and other environmental gradients at both species and community level (Karagkouni et al. 2017).
5. CONCLUSION
The crustaceans that are most successful at colonizing land habitats are terrestrial isopods (Oniscidea). They are great examples of model creatures that have adapted to terrestrial existence from an evolutionary perspective. Isopods can be found in many different places, including as the deep sea, mountains, deserts, and even urban areas. Numerous species flourish in damp, shadowy, and protected areas, such as beneath logs, rocks, and leaf litter. The growth and survival of isopods are greatly influenced by physicochemical factors such as temperature, moisture content, and nutrition availability. In particular, soil moisture influences survival and avoidance behaviours, whereas temperature influences feeding and locomotor activity. The growth and survival of isopods are strongly influenced by soil conditions; Moisture, pH, and the presence of suitable organic matter are important variables. With adequate moisture and decomposing organic matter for food and habitat, isopods flourish in soils that range from slightly acidic to neutral (pH 5.0–7.0). The varied group of terrestrial isopods provides a great chance to investigate the variety of morphological, physiological, and ecological adaptations to land.
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Pre monsoon	Mekkarai	Kottavasal	Achenkovil	2244	2274	2265	Monsoon	Mekkarai	Kottavasal	Achenkovil	2231	2345	2417	Post monsoon	Mekkarai	Kottavasal	Achenkovil	2347	2547	2695	
Nitrogen (ppm) 


Pre monsoon	Mekkarai	Kottavasal	Achenkovil	3.54	3.8499999999999988	6.45	Monsoon	Mekkarai	Kottavasal	Achenkovil	6.76	8.34	7.45	Post monsoon	Mekkarai	Kottavasal	Achenkovil	8.93	9.24	9.23	Study site

Phophorous (ppm) 


Pre monsoon	Mekkarai	Kottavasal	Achenkovil	107.24000000000002	145.69	112.35	Monsoon	Mekkarai	Kottavasal	Achenkovil	109.58	175.58	125.64999999999999	Post monsoon	Mekkarai	Kottavasal	Achenkovil	112.69	198.25	144.25	Study site

Pottasium (ppm) 


Pre monsoon	Mekkarai	Kottavasal	Achenkovil	212.58	201.22	198.28	Monsoon	Mekkarai	Kottavasal	Achenkovil	219.73999999999998	211.25	225.89000000000001	Post monsoon	Mekkarai	Kottavasal	Achenkovil	225.66	225.65	245.65	Study site

Calcium (ppm)


Pre monsoon	Mekkarai	Kottavasal	Achenkovil	57.25	49.65	54.98	Monsoon	Mekkarai	Kottavasal	Achenkovil	59.65	52.65	59.87	Post monsoon	Mekkarai	Kottavasal	Achenkovil	68.45	68.45	68.89	Study site

Magnesium (ppm) 


Pre monsoon	Mekkarai 	Kottavasal	Achankovil 	12.41	15.78	16.989999999999945	Monsoon	Mekkarai 	Kottavasal	Achankovil 	21.34	22.58	32.61	Post monsoon	Mekkarai 	Kottavasal	Achankovil 	29.24	31.759999999999987	39.14	Study site

Mean population density (no/m2)





