



Morphometric variation between and within population of Leptocorisa oratorius (Fabricius) 
ABSTRACT
Leptocorisa oratorius (Fabricius, 1794) (Hemiptera: Alydidae) is the most dominant rice gundhi bug in Eastern and Southern India. There are scanty of studies on its morphometric variation between and within population. In the present study, adult specimens of the L. oratorius were collected from the rice fields of two different geographical locations of India namely, Tirupathi (Andhra Pradesh) and Sabour (Bihar) 25 morphometric parameters were studied in detail. The statistical analysis showed that Antennal segment I, Antennal segment II, Antennal segment III, Pronotum width, Side length of scutellum and Width of metathoracic sternum varied significantly and consistently within (between sexes) and between population. 
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Introduction 
For around 50% of the global residents, rice (Oryza sativa L.) is preferred as an important staple food (Heinrichs et al., 2017). India ranks second amidst the important rice-producing nations in the world with regard to area and production. India produced 116.42 million tons of rice out of 782 million tons of global rice production (FAO, 2020). 

Paddy is infested by more than 128 insect pests (Kalode, 2005) and rice gundhi bugs Leptocorisa spp. (Hemiptera: Alydidae) are one of the most important grain sucking pests which also are among the few pests which feed directly on the earhread of paddy. Hence, they are considered as the most recognized insect pests by farmers. It has been reported that out of the nine species of Leptocorisa, L. acuta and L. chinensis prevail in upland areas or temperate climates where as L. oratorius is the most important in tropical climates (Litsinger et al., 2015). 

From Sabour (Bihar, India), Kumar and Goswami (2020) recorded that out of the total 2250 sampled Leptocorisa, 2055 individuals were belonging to Leptocorisa oratorius (F.) while rest of the 195 belonged to L. acuta. From Thoothukudi district (Tamil Nadu, India), Elanchezhyan (2015) reported that more that 96% of the Leptocorisa found in paddy belonged to the species L. oratorius. Thus, it was clear that in the rice ecosystem of Southern India and Eastern India, L. oratorius dominates over the other species. In the present study, therefore, the morphometric similarities and dissimilarities between the two distant population i.e. from Tirupathi (Andhra Pradesh, India) and Sabour (Bihar, India) were investigated.  Focus was given on the basic entomological parameters based on which significantly varying characters were identified to distinguish two geographically different population as well as the suitable and consistent characters regarding sexual dimorphism of L. oratorius. The study could lead to a logical development of understanding the morphometric variation between and within population of L. oratorius. 

MATERIALS AND METHODS
L. oratorius specimens were collected from rice fields of two (2) sampling sites during the month of October, 2020. Site 1 is at Tirupathi (near Paidi Palle), Andhra Pradesh (13°35′04.8″N 79°21′19.5″E), Site 2 is at Bihar Agricultural Research Farm, Sabour, Bhagalpur (25°62’78’’N 87°13’47”E).

The state of undivided Andhra Pradesh (before formation of Telangana) is divided into 7 agroclimatic zones namely Krishna Godavari Zone, North coastal Zone, Southern Zone, Northern Telangana Zone, Southern Telangana Zone, Scarce rainfall Zone and High altitude and tribal area Zone. One of the sets of L.oratorius population was collected from Tirupathi which comes under the district Chitoor ie the Southern Zone of the state. The annual rainfall of the zone is 1060 mm and soil type of the zone is coastal alluvial sand and lateritic. The crops which are grown in this area are paddy, millets, sugarcane, groundnut and mesta (Rao et al., 2013).

The state Bihar is divided into three main agro-climatic zones namely, Zone I (North West Alluvial Plains), Zone II (North East Alluvial Plains) and Zone III (South Bihar Alluvial Plains). The second set of L.oratorius population was collected from Sabour (Bhagalpur district) which comes under the Zone III of Bihar. The annual rainfall of the zone is 1105 mm and soil type is coastal alluvial sand. Soil of this location is formed by alluvial deposition of the river Ganga. The district Bhagalpur is known for the fruit crops like mango and litchi. Regarding the field crops, the present location mainly has the Rice-Wheat and Rice Maize cropping systems (Shankar et al., 2009).

Collection of adult specimens was done by sweeping the insect net back and forth throughout the rice paddy. Species confirmation was done on the basis of presence of ventrolateral spots on the abdomen (Barrion and Litsinger, 1994). From both the locations, a total of 23 males and 23 females were laterally pinned through mesothoracic pleuron and preserved.
Digital microscope camera (Digital microscope, 2 Mp, 800X, micro-scope lens), desktop computer (hp) and image measurement software AMCap 9.21 (Noeld, Demo) were used to take photographs and measurement of the parameters from the images. In the present study, 25 morphometric characters (including some of their ratios; Table 1) of each female and male of L. oratorius from two mentioned locations were measured and calculated.
Comparison of the females of Tirupathi and Sabour population, comparison of the males of Tirupathi and Sabour population and comparison of females and males of each population was done following t-test at 1% level of significance assuming equal variance. For t-test and DMRT, the ‘stats’ (version 4.0.3) and ‘agricolae’ (version 1.3-3) packages were used on R Studio (Version 1.4.1103).

Random Forest, a supervised ML algorithm for classification and regression centered on the principle of recursive partitioning (Breiman, 2001). It is independent of the perception of functional relationships between the response and predictor variables. A comprehensive narrative of the RF algorithm can be found in Hoffmann et al. (2018). Briefly, RF analysis comprised of numerous regression and classification trees following a process called ‘bootstrap aggregation’ or ‘bagging.’ Random forest algorithm creates decision trees on data samples and then gets the prediction from each of them and finally selects the best solution by means of voting. It is an ensemble method which is better than a single decision tree because it reduces the over-fitting by averaging the result. Classification trees are not correlated. It is mainly achieved by two methods. Firstly (with replacement) a random subset of the data space is sketched to grow a tree to its full length, and to each node of the tree group’s a character is assigned based on the conditions of the predictor variables to produce a standard prediction for the target variable. Each tree growing process uses only two-thirds of the bootstrapped data and one-third of the observations (out-of-bag data, OOB) are used for estimating the prediction errors. Secondly, each node split in a tree considers a random subset of predictor variables, usually a square root of the total number of predictor variables. The predictions from all the trees are averaged to make final predictions. The variable importance function within the RF algorithm ranks predictor variables based on Mean Decrease Accuracy and Mean Decrease Gini (Welling et al., 2016).  Here, we have used the ‘randomForest’ (version 4.6-14) for the purpose of analysis with ‘ntree=500’ and ‘mtry=8’. The whole data set (n=92) was used for the purpose.
RESULTS AND DISCUSSION
Morphometric comparison of female L. oratorius collected from Tirupathi and Sabour
The head length (HL in mm) ranged from 2.30-2.72 and 2.19-2.58 with mean of 2.51 and 2.46 where as width of head at compound eyes (WatCE in mm) varied from 1.79-1.98 and 1.77-1.97 with mean of 1.90 and 1.87 in Tirupathi and Sabour population respectively (Table 2). The Ratio between the previous two parameters (HW: HL) ranged from 0.70-0.85 and 0.73-0.84 with same mean of 0.76 in Tirupathi and Sabour populations respectively. Distance between compound eyes (DCE in mm) fluctuated from 0.91-1.04 and 0.90-1.07 with mean of 0.98 and 0.97 where as Distance between ocelli (Doc in mm) differed from  0.15-0.19 and 0.15-0.19 with mean of 0.18 and 0.18 in Tirupathi and Sabour population respectively. The distance between compound eye and Ocellus (DCandO in mm) in both the population was found to be same (0.23-0.32 and 0.29 respectively). The distance between antenniferous tubercles (DAntTub in mm) extended from 1.22-1.35 and 1.13-1.33 with mean of 1.30 and 1.28 in Tirupathi and Sabour population respectively. Length of 1st antennal segment (1stAnt in mm), length of 2nd  antennal segment (2ndAnt in mm), length of 3rd antennal segment (3rdAnt in mm) and  length of 4th antennal segment (4thAnt in mm) varied from 4.24-5.21 and 3.76-4.70 (Tirupathi and Sabour), 2.76-3.50 and 2.80-3.19 (Tirupathi and Sabour), 3.15-4.12 and 3.05-3.84 (Tirupathi and Sabour), 4.96-6.17 and 4.32-5.71 (Tirupathi and Sabour) with means of 4.73 and 4.31 (Tirupathi and Sabour), 3.22 and 3.05 (Tirupathi and Sabour), 3.67 and 3.48 (Tirupathi and Sabour) and 5.50 and 5.19 (Tirupathi and Sabour) respectively. The ratio between the length of 2nd and 3rd antennal segments (2ndAnt:3rdAnt) ranged from 0.74-0.98 and 0.82-1.01 with same mean of 0.88 in Tirupathi and Sabour population, respectively. Diameter of compound eye (DiaCE in mm) fluctuated from 0.58-0.69 and 0.57-0.69 with mean of 0.65 and 0.64 in Tirupathi and Sabour population respectively. Length of 1st rostral segment (1stRost in mm) and 4th rostral segment (4thRost in mm) varied from 1.48-1.96 and1.47-1.88 (Tirupathi and Sabour) and 0.75-0.96 and 0.73-0.98 (Tirupathi and Sabour) with means of 1.73 and 1.71 (Tirupathi and Sabour) and 0.88 and 0.87 (Tirupathi and Sabour) respectively. The ratio (4thRost:1stRost) in both the population was found to be same i.e. 0.51. Mean of maximum width of pronotum (WPron in mm) was also found to be exactly same (3.07) in both the population. Length of the base of scutellum (ScuB in mm) varied from 1.09-1.54 and 1.14-1.39 with mean of 1.27 and 1.25 where as Length of side of Scutellum (ScuS in mm) stretched from 1.70-2.44 and 1.71-2.02 with mean of 1.92 and 1.87 in Tirupathi and Sabour population respectively. The ratio (ScuB:ScuS) varied from 0.60-0.75 and 0.63-0.79 with mean of 0.66 and 0.67 in Tirupathi and Sabour population respectively. Length of metathoracic sternum (MtStL in mm) ranged from 1.46-1.83 and 1.57-1.77 with mean of 1.66 and 1.69 while the width of metathoracic sternum (MtStW in mm) varied from 2.07-2.65 and 2.21-2.53 with mean of 2.40 and 2.36 in Tirupathi and Sabour population respectively. The ratio (MtStL:MtStW) fluctuated from 0.63-0.75 and 0.62-0.77 with mean of 0.69 and 0.72 in tirupathi and Sabour population respectively. The range and mean of the distance between metathoracic legs (DMThL in mm) was found to be exactly same (0.16-0.23 and 0.20) in both the population. The length of fore tibia (LFt in mm) differed from 3.63-5.10 and 3.39-4.97 with mean of 4.41 and 4.21 in Tirupathi and Sabour population respectively.
Therefore, the comparative study of females from Tirupathi and Sabour revealed that the parameter like 1stAnt, 2ndAnt and 4thAnt differed significantly and in these cases, the values were significantly greater in Tirupathi population. In rest of the other parameters except ScuB:ScuA, MtStL and MtStL:MtStW (where the values were numerically smaller in Tirupathi than Sabour) and HW:HL, DOc, DCandO, 2Ant:3Ant, 4Rost:1Rost, WPron and DMThL (where the means were exactly same in both the population), the values were numerically greater in favor of the females of Tirupathi population.
Morphometric comparison of male L. oratorius collected from Tirupathi and Sabour

In males, the HL (mm) and WatCE (mm), ranged from 2.23-2.88 and 2.22-2.54 (Tirupathi and Sabour) and 1.73-1.91 and 1.78-1.96 (Tirupathi and Sabour) with means of 2.44 and 2.39 (Tirupathi and Sabour) and 1.83 and 1.85 (Tirupathi and Sabour) respectively (Table 2).  The ratio between the previous two parameters (HW: HL) fluctualed from 0.66-0.80 and 0.71-0.86 with mean of 0.75 and 0.86 in Tirupathi and Sabour population respectively. DCE, (mm) and Doc (mm) varied from 0.86-0.98 and 0.87-1.02, 0.16-0.22 and 0.17-0.22 with mean of 0.93 and 0.94 and 0.19 and 0.19 in Tirupathi and Sabour population respectively. Range and mean of the DCandO (mm) in both the populations were found to be same (0.25-0.29 and 0.27 respectively) where as DAntTub(mm) extended from 1.18-1.35 and 1.20-1.77 with means of 1.27 and 1.30 in Tirupathi and Sabour population respectively. 1stAnt (mm), 2ndAnt (mm), 3rdAnt (mm) and 4thAnt (mm) varied from 4.40-5.83 and 4.04-5.23, 3.09-4.02 and 3.02-3.61, 3.47-4.55 and 3.50-4.32 and 4.98-6.55 and 4.95-6.38 with means of 5.05 and 4.66, 3.49 and 3.29, 4.10 and 3.83 and 5.76 and 5.48 respectively in Tirupathi and Sabour population respectively where as the ratio (2ndAnt:3rdAnt) ranged from 0.75-0.91 and 0.80-0.97 with mean of 0.85 and 0.86 in Tirupathi and Sabour population. DiaCE (mm) fluctuated from 0.59-0.68 and 0.60-0.68 with mean of 0.65 and 0.64 in Tirupathi and Sabour population respectively. Length of 1stRost (mm), 4thRost (mm) and the ratio (4thRost:1stRost) varied from 1.20-1.83 and 1.37-1.89, 0.79-0.90 and 0.71-0.95 and 0.79-0.90 and 0.71-0.95 with means of 1.56 and 1.69, 0.84 and 0.88 and 0.54 and 0.52 in Tirupathi and Sabour population respectively. WPron (mm) fluctuated from 2.62-3.10 and 2.79-3.21 with mean of 2.91 and 2.97 respectively in Tirupathi and Sabour population. ScuB (mm), ScuS (mm) and the ratio (ScuB: ScuS) stretched from 1.03-1.25 and 1.12-1.37 (Tirupathi and Sabour), 1.40-1.93 and 1.65-2.01(Tirupathi and Sabour) and 0.61-0.85 and 0.62-0.76 (Tirupathi and Sabour) with means of 1.17 and 1.21 (Tirupathi and Sabour), 1.74 and 1.79 (Tirupathi and Sabour) and 0.68 (in both the population) respectively. MtStL (mm), MtStW (mm) and the ratio (MtStL:MtStW) differed from 1.42-1.78 and 1.56-1.80 (Tirupathi and Sabour), 2.01-2.45 and 1.79-2.38 (Tirupathi and Sabour) and 0.67-0.81 and 0.69-0.92 (Tirupathi and Sabour) with means of 1.63 and 1.68 (Tirupathi and Sabour), 2.25 (in both the population) and 0.72 and 0.75 (Tirupathi and Sabour)  respectively. DMThL (mm) varied from 0.17-0.23 and 0.17-0.22 in Tirupathi and Sabour population respectively although the mean was found same in both the population (0.19). LFt (mm) differed from 3.90-5.04 and 3.64-4.97 with mean of 4.54 and 4.45 in Tirupathi and Sabour population respectively.
Therefore, the comparative study of the male of two different populations unfolded that the parameters 1stAnt, 2ndAnt, 3rdAnt,1stRost and 4thRost varied significantly where the first three parameters recorded significantly higher values in favor of Tirupathi and last two parameters recorded significantly higher values in favor of Sabour population. Regarding the other parameters (except HL, DiaCE, and 4thRos:1stRost and LFt) the values in Sabour population were either numerically greater or same in comparison to Tirupathi population.

Sexual dimorphism of L. oratorius
When the females were compared with males separately for Sabour and Tirupathi population, very interestingly it appeared that all the parameters (except DCandO) which were significant in Sabour population were also found to be significant following the same pattern in Tirupathi population (Fig 1 and 2). For example, 1stAnt, 2ndAnt and 3rdAnt were having significantly lower values in females than the males in Sabour population and that trend was found to be same in Tirupathi population. Similarly, WPron, ScuS and MtStW recorded significantly higher values in females than males in both the population.

However, some of the parameters like HWatCE, DCE, 1stRost, 4thRost and MtStL:MtStW were found to be significantly varied among females and males in Tirupathi population but were found to be at par in Sabour population.

Therefore, the parameters like 1stAnt, 2ndAnt, 3rdAnt, WPron, ScuS and MtStW which were consistently significant following similar trend in both the distant populations can be considered as important parameters to study the sexual dimorphism of Leptocorisa oratorius.
Important morphometric parameters irrespective of location and sex

From the variable importance plot (Fig 3) of random forest algorithm based on the mean decrease in Gini and mean Decrease in accuracy, the classes (irrespective of sex and location, n=92) can be best explained by parameters like p8 (1stAnt), p9 (2ndAnt), p10 (3rdAnt) and p17 (WPron). These four parameters have a significant role in identifying the respective classes. However, the other parameters seemed not to have a crucial role in categorizing the respective classes.
Detailed information regarding morphometric parameters of L.oratorius may lead to the understanding of variation between sexes and between/among different population. Till date, most of the information related to morphometry of the present species is either related to taxonomic identification key (Shepard et al., 1995; Jansen and Halbert, 2016) or confined to the measurements like body length and width (Hosamani et al., 2009; Kunal et al.,  2020). However, in a different species (L.costalis), the structure of meso and metathorax and hind wing had been described in detail by Gupta (1965). Taking into consideration the present species, Bendoy et al. (2011) found some variations in the shape of their head capsule, mainly on the labrums in addition to slight variations at the curvature or outline of the compound eye. Torres et al. (2010) also found variability within and among populations of the rice bugs in the regions at the labrum, vertex, and the outline of the compound eye insertion but those were mainly shape variation. We could find only one literature (Ahmad, 1963) which covered few parameters for measurements. According to his observation on the males of L.oratorius (mostly borrowed from major museums along with personal collections from all over the world as stated by him), Head length, Head width, Antennal segment I, Antennal segment II, Antennal segment III, Antennal segment IV, Rostrum segment I, Rostrum segment IV, Pronotum width, Distance between ocelli (including them), Distance between ocellus and outer margin of eye (including diameter of both) were 2.4 - 2.6 mm, 1.6 - 2.0 mm, 5.0 - 5.2 mm, 3.4 - 3.5 mm, 3.9 - 4.0 mm, 5.6 - 6.0 mm, 1.9 mm, 0.90 mm, 2.9 - 3.0 mm, 0.6 - 0.7 mm and 0.8 mm, respectively. In the present study, if considered the males of Tirupathi and Sabour population, the measurements of the above parameters (except the last one which in our case excluded the diameter of the ocelli) were 2.23-2.88 mm and 2.22-2.54 mm, 1.73-1.91 and 1.78-1.96 mm, 4.40-5.83 mm and 4.04-5.23 mm, 3.09-4.02 mm and 3.02-3.61 mm, 3.47-4.55 and 3.50-4.32 mm, 4.98-6.55 and 4.95-6.38 mm, 1.56 and 1.69 mm, 0.84 and 0.88 mm, 2.62-3.10 and 2.79-3.21 mm and 0.16-0.22 and 0.17-0.22 respectively for the two populations. Therefore, it is evident that the measurements recorded by the present authors in most of the above parameters (except Rostrum segment I and Rostrum segment IV), the maximum values were higher (when it was irrespective of the two studied population) than the measurements recorded by Ahmad (1963). However, the variation in the distance between the ocelli was be clearly due to the inclusion of their diameter which in the present study was excluded. Ahmad (1963) also stated that in females the measurements were almost similar to males, but in the present study, we found the significant and consistent variation between females and males (in both the population) against the parameters like Antennal segment I, Antennal segment II, Antennal segment III, Pronotum width in addition to the side length of scutellum and width of metathoracic sternum. Therefore, the present investigation gave an insight to the morphometric parameters to be considered while finding out variation within and between two populations of L. oratorius.   
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Table 1: Measured parameters and ratio parameters of L. oratorius
	Parameter 

No.
	Description 
	Abbreviation used

	p1
	Head Length
	HL

	p2
	Head Width at Compound Eyes
	HWatCE

	p3
	Head Width: Head Length
	HW:HL

	p4
	Distance between Compound Eyes
	DCE

	p5
	Distance between Ocelli
	DOc

	p6
	Distance between Compound eye and Ocellus
	DCandO

	p7
	Distance between Antennniferous Tubercles
	DAntTub

	p8
	Length of 1st Antennal Segment
	1stAnt

	p9
	Length of 2nd Antennal segment
	2ndAnt

	p10
	Length of 3rd Antennal segment
	3rdAnt

	p11
	Length of 4th Antennal segment
	4thAnt

	p12
	Ratio between Length of 2nd Antennal segment and Length of 3rd Antennal segment
	2ndAnt:3rdAnt



	p13
	Diameter of Compound Eye
	DiaCE

	p14
	Length of 1st Rostral Segment
	1stRost

	p15
	Length of 4th Rostral Segment
	4thRost

	p16

	Ratio between Length of 4th Rostral Segment and 1st Rostral Segment
	4thRost:1stRost

	p17
	Maximum Width of Pronotum
	WPron

	p18
	Length of the base of Scutellum
	ScuB

	p19
	Length of side of Scutellum
	ScuS

	p20

	Ratio between the Length of the base of Scutellum and Length of side of Scutellum
	ScuB:ScuS

	p21
	Length of Metathoracic Sternum
	MtStL

	p22
	Width of Metathoracic Sternum
	MtStW

	p23

	Ratio between Length of Metathoracic Sternum and Width of Metathoracic Sternum
	MtStL:MtStW

	p24
	Distance between Metathoracic Legs
	DMThL

	p25
	Length of Fore Tibia
	LFt


Table 2: Comparison of females and males of L. oratorius collected from Tirupathi and Sabour

	Parameters
	Females

Mean±SD (Range) (mm/ratio)
	Significance 

(1%)
	Males

Mean±SD (Range) (mm/ratio)
	Significance 

(1%)

	
	Tirupathi
	Sabour
	
	Tirupathi
	Sabour
	

	p1(HL)
	2.51±0.11

 (2.30-2.72)
	2.46±0.09 

(2.19-2.58
	NS
	2.44±0.14

 (2.23-2.88)
	2.39±0.10 (2.22-2.54)
	NS

	p2 (HWatCE)
	1.90±0.05

 (1.79-1.98)
	1.87±0.05

 (1.77-1.97)
	NS
	1.83±0.05 

(1.73-1.91)
	1.85±0.04 (1.78-1.96)
	NS

	p3(HW:HL)
	0.76±0.04

 (0.70-0.85)
	0.76±0.03

 (0.73-0.84)
	NS
	0.75±0.03

 (0.66-0.80)
	0.78±0.04 (0.71-0.86)
	NS

	p4(DCE)
	0.98±0.04

 (0.91-1.04)
	0.97±0.04 

(0.90-1.07)
	NS
	0.93±0.03 

(0.86-0.98)
	0.94±0.03 (0.87-1.02)
	NS

	p5(DOc)
	0.18±0.01

 (0.15-0.19)
	0.18±0.01

 (0.15-0.19)
	NS
	0.19±0.02 

(0.16-0.22)
	0.19±0.01 (0.17-0.22)
	NS

	p6(DCandO)
	0.29±0.02

 (0.23-0.32)
	0.29±0.02

 (0.23-0.32)
	NS
	0.27±0.01 

(0.25-0.29)
	0.27±0.01 (0.25-0.29)
	NS

	p7(DAntTub)
	1.30±0.04

 (1.22-1.35)
	1.28±0.04

 (1.13-1.33)
	NS
	1.27±0.04 

(1.18-1.35)
	1.30±0.11 (1.20-1.77)
	NS

	p8(1stAnt)
	4.73±0.25

 (4.24-5.21)
	4.31±0.28

 (3.76-4.70)
	S
	5.05±0.32 

(4.40-5.83)
	4.66±0.28 (4.04-5.23)
	S

	p9(2ndAnt)
	3.22±0.19 

(2.76-3.50)
	3.05±0.11 

(2.80-3.19)
	S
	3.49±0.17

 (3.09-4.02)
	3.29±0.16 (3.02-3.61)
	S

	p10(3rdAnt)
	3.67±0.25

 (3.15-4.12)
	3.48±0.20

(3.05-3.84)
	NS
	4.10±0.26

 (3.47-4.55)
	3.83±0.23 (3.50-4.32)
	S

	p11(4thAnt)
	5.50±0.33

 (4.96-6.17)
	5.19±0.33 

(4.32-5.71)
	S
	5.76±0.45

(4.98-6.55)
	5.48±0.36 (4.95-6.38)
	NS

	p12(2ndAnt:3rdAnt)
	0.88±0.05

 (0.74-0.98)
	0.88±0.05

 (0.82-1.01)
	NS
	0.85±0.04

(0.75-0.91)
	0.86±0.04 (0.80-0.97)
	NS

	p13(DiaCE)
	0.65±0.02

 (0.58-0.69)
	0.64±0.03

 (0.57-0.69)
	NS
	0.65±0.02

(0.59-0.68)
	0.64±0.02 (0.60-0.68)
	NS

	p14(1stRost)
	1.73±0.14

 (1.48-1.96)
	1.71±0.10

 (1.47-1.88)
	NS
	1.56±0.14 

(1.20-1.83)
	1.69±0.13 (1.37-1.89)
	S

	p15(4thRost)
	0.88±0.05

 (0.75-0.96)
	0.87±0.05 

(0.73-0.98)
	NS
	0.84±0.03

 (0.79-0.90)
	0.88±0.05 (0.71-0.95)
	S

	p16(4thRost:1stRost)
	0.51±0.05

 (0.44-0.63)
	0.51±0.05 

(0.41-0.62)
	NS
	0.54±0.05

 (0.48-0.72)
	0.52±0.05 (0.44-0.65)
	NS

	p17(WPron)
	3.07±0.12

 (2.70-3.28)
	3.07±0.09

 (2.89-3.24)
	NS
	2.91±0.14

 (2.62-3.10)
	2.97±0.10 (2.79-3.21)
	NS

	p18(ScuB)
	1.27±0.09

 (1.09-1.54)
	1.25±0.06

 (1.14-1.39)
	NS
	1.17±0.06 

(1.03-1.25)
	1.21±0.06 (1.12-1.37)
	NS

	p19(ScuS)
	1.92±0.16

 (1.70-2.44)
	1.87±0.09

 (1.71-2.02)
	NS
	1.74±0.13

 (1.40-1.93)
	1.79±0.10 (1.65-2.01)
	NS

	p20(ScuB:ScuS)
	0.66±0.03

 (0.60-0.75)
	0.67±0.04 

(0.63-0.79)
	NS
	0.68±0.06

 (0.61-0.85)
	0.68±0.04 (0.62-0.76)
	NS

	p21(MtStL)
	1.66±0.09

 (1.46-1.83)
	1.69±0.06

 (1.57-1.77)
	NS
	1.63±0.09 

(1.42-1.78)
	1.68±0.06 (1.56-1.80)
	NS

	p22(MtStW)
	2.40±0.13

 (2.07-2.65)
	2.36±0.07

(2.21-2.53)
	NS
	2.25±0.11 

(2.01-2.45)
	2.25±0.12 (1.79-2.38)
	NS

	p23(MtStL:MtStW)
	0.69±0.03 

(0.63-0.75)
	0.72±0.03 

(0.62-0.77)
	NS
	0.72±0.03

 (0.67-0.81)
	0.75±0.05 (0.69-0.92)
	NS

	p24(DMThL)
	0.20±0.02

 (0.16-0.23)
	0.20±0.02

 (0.16-0.23)
	NS
	0.19±0.02

 (0.17-0.23)
	2.39±0.10 (0.17-0.22)
	NS

	p25(LFt)
	4.41±0.40 

(3.63-5.10)
	4.21±0.37

 (3.39-4.97)
	NS
	4.54±0.33 

(3.90-5.04)
	1.85±0.04 (3.64-4.97)
	NS


Figures in bold are mean values (n=23), NS-Not Significant, S-Significant; For parameter details see Table 1
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 Fig. 1. Values of different parameters (mm/ratio±SD) for females and males of Trirupathi population. Unfilled bars are not significantly different between sexes. See Table 1 for parameter codes 
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Fig. 2. Values of different parameters (mm/ratio±SD) for females and males of Sabour population. Unfilled bars are not significantly different between sexes. See Table 1 for parameter codes 

Fig. 3.  Variable importance plot in terms of Mean Decrease Accuracy and Mean Decrease Gini (See details of parameter codes in Table 1)
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