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Abstract 
Morphometric and molecular characterization of honeybees from five different physiographic zones of 

northeast India viz. Arunachal Himalaya, Brahmaputra valley, Barak valley, Meghalaya plateau and 

South-Eastern hill tract have been carried out in the Department of Entomology and Agricultural 

Biotechnology, Assam Agricultural University during the period 2011-2015. Morphometric analysis of 

1551 individual Apis cerana workers from 50 locations revealed that, bees from Arunachal Himalaya has 

the largest body length (9.58±0.03 mm), and the smallest was found in Barak valley (8.23±0.01 mm), 

followed by South-eastern hill tract (9.18±0.01mm), Meghalaya plateau (9.04±0.01mm) and 

Brahmaputra valley (8.62±0.02mm). Cluster analysis of Apis cerana showed that maximum euclidean 

distance was found between Rangia and Hailakandi (11.73) and minimum distance had been observed 

between Nongpoh and Umiam (1.55). The genetic similarity between Basar and Itanagar of A. cerana 

was found to be maximum (81.8 per cent) while minimum (14.7 per cent) was recorded between 

Katlicherra and Roing. Based on morphometric and molecular analysis, two distinct morphoclusters of 

Apis cerana have been identified i.e., Plains and Hill races. Morphocluster designation is related to 

physiographic differences which create a partial temporal reproductive isolation associated with altitudes. 
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1. Introduction 
The eastern honey bee, Apis cerana is widely distributed across the geographic ranges of Asia 

from Afghanistan to Japan and Southeast Asia to the Wallace line. Four distinct groups were 

organised on the basis of multivariate analysis of morphometric characters which also 

categorised larger “hill” race and smaller “plain” race of Apis cerana in India [13]. 

Morphometric studies are critical for both identification and studying the variation in and 

within the populations of a species. Morphometric studies in combination with molecular 

studies are needed to produce stable evolutionary relationships. The morphoculsters separation 

is related to physiographic differences which create a partial temporal reproductive isolation 

associated with altitude [4]. The northern Himalayas region surrounds by the hills of Arunachal 

Himalaya to the plains of Brahmaputra valley reveals interesting morphological variation in 

different elevations. The morphometric variation to the recent morphometric analysis of Apis 

cerana populations in the Southern Himalayan region showed the decrease in size with 

decreasing altitude [4, 7]. This necessitates for extensive analysis of honey bee size altitude 

relationship, correlations between morphocluster distribution, physiography, and the nature of 

morphometric and molecular variance domains. The study is aimed at addressing the issue of 

morphometric and molecular variation of Apis cerana population in the northeast Himalayas 

of India and also it can be used to screen the population of honey bees from different locations 

for useful biological traits such as disease resistance, high honey yielding and good pollinator 

strains. 

 

2. Materials and Methods 

2.1 Honey bees 

Eastern honey bee, Apis cerana 1551 workers were collected from five physiographic zones of 

northeast India, viz., Arunachal Himalaya, Brahmaputra valley, Barak valley, Meghalaya 

plateau and South eastern hill tract (Fig.1). Bee specimens foraging on different crop plants or 

from colonies were collected for each location (Table 1). The collected samples were killed  
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with the help of carbon tetrachloride and later temporarily 

preserved in 75 per cent ethanol [11]. Of these, ten bees from 

each locality were taken for morphometry study. The 

important morphometric characters were chosen from the 

bees of the world [5]. A total of 32 numbers of characters were 

taken. Bees preserved in ethanol were dissected first to 

separate the tagmata. Later on head, wings, hind leg, tergites, 

sternites and wax plates were dissected out for making 

morphometric measurements. For molecular characterization 

specimens were preserved in 70 per cent ethanol and kept in a 

freezer (-20 °C) for DNA extraction. From each individual 

about 100mg insect tissues were taken for DNA extraction 

and subsequent amplification. The total genomic DNA was 

isolated from individual bees by a CTAB extraction method 
[15]. Isolated DNA was quantified using Nano Drop 2000 UV-

Visible spectrophotometer and electrophoresed on 0.8% 

agarose gel. 

 

2.2 Measurements and analysis 

Thirty-two important morphological characters based on five 

physiographic zones were analysed (Table 2). The significant 

difference, mean, standard deviation and critical difference 

was computed for each morphometric character from each 

zone. An agglomerative method of clustering morphometric 

was employed utilizing the Unweighted Pair Group Method 

with Arithmetic averages (UPGMA). The relationship 

between species was presented graphically in the form of 

dendrogram and matrix. The molecular weight of PCR 

products, obtained for each marker was designated, based on 

a ladder of known molecular weight and subscript to the name 

of the primer. Data were scored on the basis of presence or 

absence of the amplified particular DNA fragment primer. 

The intense bands were scored while the faint and bands with 

smeared background were avoided. If a product was present 

in a certain genotype, it was designated as ‘1’ and if absent; it 

was designated as ‘0’. Only the specific PCR products 

showing consistency in the successive amplifications were 

selected to minimize the possibility of mis-scoring markers. 

Polymorphism information content (PIC) was evaluated [8]. 

 

3. Results  

Thirty-two morphometric characteristics of Apis cerana 

collected from five physiographic zones have been studied. 

Morphometry data were statistically analysed and significant 

or non-significant differences have been worked out. Body 

length of Apis cerana was found to be the highest in 

Arunachal Himalaya (9.58 ± 0.03 mm) which was followed 

by South Eastern hill tract (9.18±0.01 mm), Meghalaya 

plateau (9.04±0.01 mm), Brahmaputra Valley (8.62 ± 0.02 

mm) and the lowest was found in Barak Valley (8.23 ±0.01 

mm) as presented in Table 3. Highest head length was found 

in South Eastern hill tract (2.54±0.07 mm) followed by 

Brahmaputra Valley (2.73±0.04 mm), Arunachal Himalaya 

(2.71±0.05 mm), Meghalaya plateau (2.66 ±0.08 mm) and 

Barak Valley (2.54±0.01 mm). Maximum head width was 

found in South Eastern hill tract (3.27±0.13 mm) followed by 

Meghalaya plateau (3.22±0.02 mm), Brahmaputra Valley 

(3.19±0.04 mm), Barak Valley (3.16±0.02 mm) and 

Arunachal Himalaya (3.06±0.08 mm), respectively. Highest 

ratio of head length and width was found in Arunachal 

Himalaya (0.89±0.03) followed by Brahmaputra Valley 

(0.85±0.01), South Eastern hill tract (0.84±0.13), Meghalaya 

plateau (0.83±0.02) and Barak Valley (0.81±0.01). The bees 

from Brahmaputra Valley were found to have the highest 

mandible length (1.13±0.01 mm) which was followed by 

South Eastern hill tract (1.11±0.02 mm), Arunachal Himalaya 

(0.10±0.01 mm), Meghalaya plateau (01.11±0.01 mm) and 

Barak Valley (1.10±0.02 mm). The bees from Brahmaputra 

Valley were found to have maximum mandible width 

(0.49±0.13 mm) which was followed by South Eastern hill 

tract (0.49±0.04 mm), Meghalaya plateau (0.49±0.01 mm), 

Arunachal Himalaya (0.47±0.01 mm), and Barak Valley 

(0.46±0.01 mm), respectively. The ratio of mandible length 

and width was the highest in Meghalaya plateau (2.28±0.06), 

and the lowest was found in Brahmaputra Valley (2.30±0.07). 

The specimens from Brahmaputra Valley (7.43±0.06) were 

found to have the highest fore wing length and the lowest 

were found in Barak Valley (6.91±0.01). Similarly, fore wing 

width was significantly different between Meghalaya plateau 

(2.51±0.01 mm) and Barak Valley (2.30±0.01). The ratio of 

forewing length and width was the highest in Barak Valley 

(3.30±0.01) whereas the lowest was found in Brahmaputra 

Valley (2.92±0.06). Cubital index was found to be the highest 

from Arunachal Himalaya (5.79±0.35) and the lowest was 

from South Eastern hill tract (3.46±0.26). The meta-tarsus 

length was found to be the highest from Arunachal Himalaya 

(1.88±0.07 mm) and the lowest was from Barak Valley 

(1.74±0.01 mm). The 3rdsternite width found to be maximum 

in Brahmaputra Valley (3.60±0.06 mm) and minimum from 

Barak Valley (3.41±0.01 mm). The maximum ratio of sternite 

length and width was found from Barak Valley (0.60±0.01) 

and minimum was found in Brahmaputra Valley (0.48±0.01).  

Morphometric distance is based on five physiographic zones 

with all pair-wise combination are presented in Table 4. The 

cluster analysis of Apis cerana from different physiographic 

zones for 32 (thirty-two) morphometric characters showed 

that the maximum euclidean distance is in between Rangia 

and Hailakandi (11.731) and minimum distance has been 

observed between Nongpoh and Umiam (1.553). The cluster 

analysis of the Apis cerana based on value of morphological 

traits was performed by UPGMA method and a dendrogram 

was constructed and shown in Fig. 2. The dendrogram divided 

into five main clusters A, B, C, D and cluster E. The first 

main cluster A is produced at a morphometric distance of 

about 7.44 which comprised of two sub-clusters I A1 and A2 

and A1 was again divided into sub-cluster II as A1A which 

comprised of two different populations A1, A over the A2 was 

again sub divided into two sub-clusters A2A and A2B. The first 

cluster A included population from two sub-clusters A1 and 

A2, the sub-cluster A1 included population from Arunachal 

Himalaya and second sub-cluster A2 included population from 

five locations of South Eastern hill tract. The second main 

cluster B is formed at a morphometric distance of 7.83 with 

two sub-clusters B1 and B2 which included six races, first sub-

cluster B1A and B1B which included the population from South 

Eastern Hill tract. The cluster C at a distance of 8.228 

consisted of two sub- cluster C1 and C2 which included all the 

population from Brahmaputra valley zone and has similar 

traits such as body length, distance between two ocelli, 

mandible length, metatarsus length. The cluster D at a 

distance of 9.016 consist of two sub- cluster into D1 and D2 

which included the population from Medziphema and 

Dimapur with a similar trait such as length of antenna, fore 

wing, hind wing width and metatarsus length and D2 which 

included Imphal, Wokha, Rusoma have similar traits such as 

head length, fore wing width, hind wing length, hind wing 

width, sternum length and width and wax plate length and 

width. The cluster E was sub-divided into E1 and E2 at a 
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distance of 9.40, the sub-cluster E1 included Silchar, 

Karimganj, Arunachal, Kumbhirgram which consisted of 

similar traits such as body length, mandible length, ratio of 

mandible length and width, fore wing length and width. Ratio 

of sternite length and width, wax plate length and subcluster 

E2 at a distance 9.40 included Badarpur, Algapur, Katlichrera, 

Hailakandi and Lala which have similar traits such as 

mandible length, mandible width, distance between two 

ocelli, fore wing length and fore wing width and ratio of 

3rdsternite length and width. 

The molecular analysis with single sequence repeat (SSR), 

with data obtained from the DNA fragment amplified by 

markers 7AT113, 5704, AP226, AT191, B1269, B123555, 

K1420B, SV299, AT113, SV124, UN112, UN181, K0754, 

UN063, UN373, SV066, KO908, UN354T, K1420B and 

UN004 indicated that all the 50 geographic populations were 

monophyletic origin. The honey bee genotypes revealed that 

there were four major gene clusters formed breaking at 0.29 

Jaccard’s coefficient of similarity (Table 5 and Fig 3). The 

dendrogram readily separated the Apis cerana species into 

four main clusters (A, B, C and D). Cluster A was sub-

clustered into A1 and A2 and A1 was further sub-clustered into 

A1A and A1B. Cluster A1A was again further divided into A1Aa 

and A1Ab which included similar populations of Naharlagun, 

Pasighat, Basar, Namsai, Rangia, Barpeta, Nalbari, Jagiroad, 

Bhalukpong, Nongpoh, Umiam, Upper Shillong and A1Ab 

included the similar population from Bomdila and North 

Lakhimpur. Cluster A1B was further sub-clustered into A1Ba 

which included similar population from Biswanath, 

Bongaigaon, Nagaon, Umsning, Doldoli, Bokajan, Wokha, 

Hamren and A1Bb include only the population from Byrnihat. 

Cluster A2 included similar population from Imphal and 

Rusoma. Cluster B comprised of geographic population from 

Arunachal Himalaya, Barak valley and Meghalaya plateau 

which comprised of two sub-clusters B1 and B2. Itanagar and 

Barapani races were included under sub- cluster B1 due to 

their similarity. B2 further comprised of two sub-clusters B2A 

and B2B. Hailakandi, Sanmer, Mawklot, Sohra, Katlicherra 

races were included under sub-cluster B2A because of their 

similarity. Badarpur, Algapur and Nongumlong were included 

in B2B sub-cluster due to their similarity. Cluster C divided 

into two sub cluster C1 and C2. Tezu, Diphu, Medziphema, 

Dima Hasao, Dimapur races were included in subcluster C1 

and subcluster C2 was further divided into two clusters C2A 

and C2B, cluster C2A included the races from Anjaw, Nilam 

Bazaar and Sivasagar with genetic similarity. C2B included 

Silchar, Arunachal, Kumbhirgram, Karimganj with high 

genetic similarity. Cluster D which included similar races 

from Roing and Jorhat 

 

4. Discussion 

The complex structure of Apis cerana populations were 

analysed through, morphometric and molecular tools in the 

Northeast Himalayan region and is facilitated by dendograms 

(Fig. 2 and 3) The cluster analysis of Apis cerana for five 

physiographic zones revealed that there are two geographic 

races viz. Hill races (cluster A, B and D) and plain races 

(cluster C and E) as they tend to cluster morphologically. The 

dendogram divides into five main clusters A, B, C, D and E. 

(Fig. 2). The first main cluster A is produced at a 

morphometric distance of about 7.44 which comprise of two 

sub-clusters I and II. The cluster A include morphocluster 

from Arunachal Himalaya zone and southern hill tract. The 

second main cluster B is formed at morphometric distance of 

7.83 with two sub clusters B1 and B2, which include 

populations from South eastern Hill tract. The cluster C at a 

distance of 8.228 consists of two sub-cluster C1 and C2 which 

include population from Brahmaputra valley. The cluster D at 

a distance of 9.016 and cluster E at a distance of 9.4 include 

populations partly from South eastern hill tract and from 

Meghalaya plateau (fig. 2). Similarly, three identified 

biometric groups in the North eastern Himalayan region: 1. 

Manipuri bees from Nagaland, Manipur and Mizoram; 2. 

Brahmaputra valley and also from Southern Assam and 

Meghalaya and 3. Himalayan bees from Sikkim, West 

Bengal, Northern and Western Assam and Arunachal Pradesh 
[14]. Multivariate analysis of 55 morphometric characters 

pertaining to forewing, hindwing, tongue, abdomen and 

antenna on the samples of Apis cerana from twenty localities 

in Himachal Pradesh, Jammu and Kashmir states of 

Northwest Himalayas and found the trend of decreasing size 

with declining of elevation [6]. Morphocluster related to 

physiographic zones which created partial temporal 

reproductive isolation associated with altitude [4]. Significant 

differences in population structure between geographical 

regions having gradient from higher to lower altitudes [9]. 

Molecular characterization by using Single Sequence Repeat 

(SSR) markers reveal that all the bee population belong to a 

monophyletic origin. Four major bee genotypes are formed 

breaking at 0.29 Jaccard’s coefficient similarity (Table 5). 

The dendogram (Fig. 3) readily separated the Apis cerana 

populations in four main clusters viz., A,B,C,D. The findings 

are in agreement with the populations of Balearic Islands 

genetically clustered into two groups: Gimnesis and Pitiusas 

as biogeography study [10]. The genetic structure was 

compared within an Apis mellifera colony using derived 

paternal DNA microsatellites with the genetic structure of the 

local honeybee population and found that the genetic diversity 

within the colony could provide a good estimate of that of the 

local honeybee population [3]. Similarity matrix for Jaccard’s 

Coefficient based on SSR banding of the Apis cerana 

population revealed that the genetic similarity between Basar 

and Itanagar of Apis cerana has been recorded to be 

maximum 81.8 per cent while the minimum 14.7 per cent was 

recorded between Katlicherra and Roing. The genetic 

similarity matrix for Apis mellifera ranged from 37.5 per cent 

to 86.1 per cent and genetic variation of mid hill and plain 

region of India [16]. The highest genetic similarity was found 

to be 0.861 whereas the lowest was found to be 0.375. The 

population structure and inbreeding in a rare and declining 

bumble bee, Bombus muscorum reported that a segregated 

population showed low genetic diversity but high Jaccard’s 

co-efficient showed high genetic similarity in bee population 
[2]. The genetic study of south Indian Apis cerana bees, 

recorded mitochondrial DNA variations in Apis cerana 

populations of Tamil Nadu and Karnataka [1] Both from 

morphometric and molecular analysis, two distinct 

morphoclusters of Apis cerana have been emerged as plains 

and hills races from northeast India. 
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Table 1: Physiographic zones of North East India showing locations 
 

Physiographic Zones of North East India Locations Coordinates Altitude 

Arunachal Himalaya Naharlagun (L1) 27°10′N 93°70′E 200m 

 Pasighat (L2) 28°4′N, 95°19′E 153m 

 Basar (L3) 27°59′N 94°40′E 578m 

 Namsai (L4) 27°40′N, 95°52′E 131m 

 Itanagar(L5) 27°6′N, 93°37′E 750m 

 Bhalukpung (L6) 27°0′N, 92°38′E 213m 

 Tezu(L7) 27°55′N, 96°10′E 185m 

 Bomdila (L8) 27°15′N, 92°24′E 2,217m 

 Anjaw (L9) 28°14′N, 95°84′E 1,296m 

 Roing (L10) 28°32′N 94°68′E 1,968m 

Brahmaputra valley Jorhat (L11) 26°45′N, 94°13′E 116m 

 Sivasagar(L12) 26°58′N, 94°37′E 95m 

 Biswanath (L13) 26°43′N, 93°9′E 84m 

 Lakhimpur (L14) 26°48′N 93°42′E 147m 

 Nagaon (L15) 26°21′N, 92°40′E 70.5m 

 Jagiroad(L16) 26°12′N, 92°24′E 63.82m 

 Raha(L17) 26°14′N, 92°32′E 62m 

 Nalbari (L18) 26°26′N, 91°26′E 42m 

 Gossaigaon (L19) 26°25′N, 89°59′E 50.8m 

 Rangia(L20) 26°28′N, 91°37′E 39m 

South Eastern hill tract Diphu (L21) 25º83′N - 93º43′E 197m 

 Medziphema (L32) 25°76′N, 93°80′E 456m 

 Dima Hasao (L23) 25º33′N, 92º10′E 513m 

 Dimapur (L24) 25°55′N, 93°43′E 145m 

 Imphal (L25) 24°49′N, 93°57′E 786m 

 Doldoli (L26) 25°49′N, 93°25′E 197m 

 Bokajan (L27) 26°02′N, 93°78′E 138m 

 Hamren (L28) 25°92′N, 92°60′E 480m 

 Rusoma (L29) 25°70′N, 94°10′E 154m 

 Wokha (L30) 24°49′N, 93°57′E 1,313m 

Barak valley Silchar (L31) 24°49′N, 92°48′E 22m 

 Khaspur (L32) 21°43′N, 92°71′E 26m 

 Kumbhirgram (L33) 24°82′N, 92°31′E 107m 

 Karimganj (L34) 24°87′N, 92°35′E 13m 

 Nilambazaar (L35) 24°67′N, 92°56′E 14m 

 Badarpur (L36) 24°85′N, 92°33′E 16m 

 Hailakandi (L37) 24°75′N, 92°76′E 21m 

 Algapur (L38) 24°52′N, 92°21′E 25m 

 Katlicherra (L39) 24°85′N, 92°38′E 40m 

 Lala (L40) 24°75′N, 92°76′E 21m 

Meghalaya plateau Barapani (L41) 25°54′N, 91°53′E 887m 

 Nongpoh (L42) 25°54′N, 91°52′E 485m 

 Umiam (L43) 25°39′N, 91°53′E 946.2m 

 Upper Shillong (L44) 25°34′N, 91°52′E 1,496m 

 Byrnihat (L45) 26°3′N, 91°52′E 67.58m 

 Umsning (L46) 25°74′N, 91°89′E 782m 

 Sanmer (L47) 25°72′N, 91°52′E 1726.7m 

 Sohra (L48) 25°64′N, 91°885′E 1484m 

 Mawklot (L49) 25°49′N, 91°54′E 350m 

 Nongumlong (L50) 25°31′N, 91°44′E 1569m 

 

Table 2: Morphometric characteristics for Apis cerana 
 

Characters with Abbreviation in mm 

Body length (BL) Ratio of Hind wing (HWL:HWW) 

Head length (HL) Tibia length (TL) 

Head width (HW) Metatarsus length (MTL) 

Ratio of Head (HL:HW) Metatarsus width (MTW) 

Distance between two dorsal ocelli (DBO) Ratio of Metatarsus (MTL:MTW) 

Dorsal ocelli ocular distance (DOOD) 4thTergite length (TGL) 

Antennal length (AL) 3rdsternite length (SL) 

Proboscis length (PL) 3rdsternite width (SW) 

Mandibles length (ML) Ratio of sternite (SL:SW) 

Mandibles width (MW) Lateral width of 4th tomentum (TOM) 

Ratio of Mandibles (ML:MW) Wax Plate length (WPL) 

Forewing length (FWL) Wax Plate width (WPW) 

Forewing width (FWW) Ratio of Wax Plate (WPL:WPW) 

Ratio of Forewing (FWL:FWW) Cubital Index (CuA: CuB) 

Hind wing length (HWL) Hamuli number (HAM) 

Hind wing width (HWW) Femur length (FL) 
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Table 3: Mean and standard deviation for morphometric characters of Apis cerana in different zones 
 

Characters 
Zones of Northeast India 

Arunachal Himalaya Brahmaputra valley South eastern hill tract Barak valley Meghalaya plateau 

Body Length 9.58±0.03 8.62±0.02 9.18±0.01 8.23±0.01 9.04±0.01 

Head Length 2.71±0.05 2.73±0.04 2.75±0.07 2.54±0.01 2.66±0.08 

Head Width 3.06±0.08 3.19±0.04 3.27±0.13 3.16±0.02 3.22±0.02 

Ratio HL:HW 0.89±0.03 0.85±0.01 0.84±0.13 0.81±0.01 0.83±0.02 

Distance Between Ocelli 0.37±0.02 0.35±0.01 0.38±0.02 0.30±0.01 0.33±0.01 

Dorsal Ocular Ocelli Distance 0.43±0.01 0.60±0.10 0.41±0.05 0.40±0.01 0.44±0.01 

Antenna Length 3.41±0.03 3.41±0.10 3.48±0.04 3.27±0.02 3.15±0.17 

Proboscis Length 3.50±0.15 3.50±0.14 4.07±0.11 3.43±0.02 3.60±0.18 

Mandible Length 1.10±0.01 1.13±0.01 1.11±0.02 1.10±0.01 1.11±0.01 

Mandible Width 0.47±0.01 0.49±0.01 0.49±0.04 0.46±0.01 0.49±0.01 

Ratio ML:MW 2.34±0.03 2.30±0.07 2.27±0.15 2.37±0.03 2.28±0.06 

Fore wing Length 7.27±0.04 7.43±0.06 7.15±0.01 6.91±0.01 7.32±0.17 

Fore wing Width 2.48±0.05 2.48±0.03 2.44±0.02 2.30±0.01 2.51±0.01 

Ratio FWL:FWW 2.94±0.05 2.91±0.04 2.93±0.03 3.00±0.01 2.92±0.06 

Hind wing Length 5.30±0.07 5.34±0.08 5.21±0.05 4.83±0.01 5.22±0.04 

Hind wing Width 1.40±0.05 1.44±0.02 1.34±0.02 1.13±0.01 1.45±0.01 

Ratio HWL:HWW 3.78±0.13 3.71±0.07 3.89±0.05 4.26±0.02 3.61±0.03 

Cubital Index (Cu A : Cu B) 5.79±0.35 4.95±0.62 3.46±0.26 3.63±0.16 4.26±0.60 

Hamuli Number 17.16±0.53 17.50±0.42 17.74±0.40 17.41±0.71 17.77±0.56 

Femur Length 1.86±0.02 1.89±0.02 1.90±0.05 1.93±0.01 1.95±0.04 

Tibia Length 2.37±0.04 2.35±0.09 2.41±0.14 2.29±0.01 2.57±0.01 

Meta tarsus Length (MTL) 1.88±0.07 1.83±0.03 1.86±0.10 1.74±0.01 1.85±0.01 

Meta tarsus Width (MTW) 0.99±0.02 0.88±0.03 0.91±0.01 0.89±0.01 0.82±0.02 

Ratio MTL:MTW 1.90±0.07 2.08±0.09 1.96±0.05 2.27±0.05 2.27±0.05 

4th Tergite Length 1.61±0.03 1.58±0.03 1.48±0.04 1.47±0.01 1.59±0.01 

3rd Sternite Length (SL) 2.00±0.03 1.72±0.03 2.03±0.09 2.06±0.01 2.04±0.06 

3rd Sternite Width (SW) 3.56±0.05 3.60±0.06 3.50±0.05 3.41±0.01 3.48±0.08 

Ratio SL:SW 0.56±0.01 0.48±0.01 0.58±0.02 0.60±0.01 0.58±0.01 

Lateral width of 4th Tomentum 5.97±0.05 5.88±0.05 6.12±0.04 5.96±0.04 6.06±0.03 

Wax Plate Length (WPL) 0.82±0.01 0.74±0.01 0.81±0.01 0.86±0.01 0.80±0.05 

Wax Plate Width (WPW) 1.72±0.02 1.39±0.01 1.70±0.08 1.65±0.01 1.66±0.03 

Ratio WPL:WPW 0.48±0.01 0.53±0.01 0.57±0.04 0.51±0.02 0.48±0.03 

 

Table 4: Euclidean distance matrix of Apis cerana from five different physiographic zones. L1-L10Arunachal Himalaya ;L11-20 Brahmaputra 

valley;L21-L30 Southeastern Hill Tract; L31-L40-BarakValley;L41-L50 Meghalaya Plateau 
 

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 L20 L21 L22 L23 L24 L25 L26 L27 L28 L29 L30 L31 L32 L33 L34 L35 L36 L37 L38 L39 L40 L41 L42 L43 L44 L45 L46 L47 L48 L49 L50

L1 1.000

L2 0.813 1.000

L3 0.706 0.771 1.000

L4 0.706 0.771 1.000 1.000

L5 0.606 0.629 0.839 0.839 1.000

L6 0.636 0.657 0.813 0.813 0.710 1.000

L7 0.314 0.282 0.351 0.351 0.364 0.353 1.000

L8 0.500 0.571 0.719 0.719 0.563 0.821 0.265 1.000

L9 0.270 0.342 0.378 0.378 0.394 0.343 0.625 0.375 1.000

L10 0.226 0.273 0.313 0.313 0.370 0.310 0.250 0.346 0.550 1.000

L11 0.296 0.219 0.258 0.258 0.308 0.207 0.286 0.185 0.400 0.583 1.000

L12 0.205 0.275 0.417 0.417 0.438 0.306 0.500 0.333 0.739 0.476 0.400 1.000

L13 0.563 0.636 0.742 0.742 0.581 0.724 0.313 0.808 0.387 0.308 0.240 0.344 1.000

L14 0.541 0.605 0.694 0.694 0.556 0.583 0.441 0.636 0.613 0.323 0.267 0.563 0.767 1.000

L15 0.611 0.632 0.722 0.722 0.629 0.657 0.471 0.571 0.500 0.313 0.219 0.457 0.636 0.848 1.000

L16 0.793 0.697 0.750 0.750 0.645 0.625 0.333 0.531 0.250 0.241 0.269 0.216 0.600 0.571 0.697 1.000

L17 0.636 0.758 0.813 0.813 0.656 0.636 0.353 0.594 0.382 0.357 0.250 0.343 0.667 0.629 0.706 0.793 1.000

L18 0.697 0.818 0.875 0.875 0.719 0.697 0.333 0.656 0.361 0.333 0.233 0.324 0.733 0.686 0.765 0.862 0.931 1.000

L19 0.676 0.794 0.848 0.848 0.697 0.727 0.361 0.688 0.389 0.367 0.226 0.316 0.710 0.667 0.743 0.833 0.900 0.967 1.000

L20 0.500 0.561 0.641 0.641 0.513 0.538 0.405 0.629 0.559 0.333 0.206 0.472 0.647 0.853 0.778 0.568 0.622 0.676 0.703 1.000

L21 0.350 0.415 0.568 0.568 0.606 0.543 0.704 0.457 0.621 0.310 0.207 0.621 0.429 0.541 0.568 0.368 0.421 0.474 0.500 0.538 1.000

L22 0.350 0.415 0.568 0.568 0.606 0.543 0.704 0.457 0.621 0.310 0.207 0.621 0.429 0.541 0.568 0.368 0.421 0.474 0.500 0.538 1.000 1.000

L23 0.350 0.415 0.568 0.568 0.606 0.543 0.704 0.457 0.621 0.310 0.207 0.621 0.429 0.541 0.568 0.368 0.421 0.474 0.500 0.538 1.000 1.000 1.000

L24 0.278 0.250 0.351 0.351 0.364 0.353 0.727 0.265 0.500 0.154 0.174 0.444 0.200 0.324 0.351 0.257 0.278 0.263 0.289 0.333 0.704 0.704 0.704 1.000

L25 0.690 0.559 0.710 0.710 0.600 0.750 0.367 0.586 0.235 0.179 0.250 0.235 0.552 0.444 0.514 0.679 0.633 0.594 0.576 0.410 0.400 0.400 0.400 0.414 1.000

L26 0.538 0.600 0.778 0.778 0.639 0.714 0.486 0.629 0.432 0.189 0.139 0.472 0.647 0.750 0.778 0.568 0.622 0.676 0.658 0.692 0.714 0.714 0.714 0.486 0.618 1.000

L27 0.538 0.600 0.778 0.778 0.639 0.714 0.486 0.629 0.432 0.189 0.139 0.472 0.647 0.750 0.778 0.568 0.622 0.676 0.658 0.692 0.714 0.714 0.714 0.486 0.618 1.000 1.000

L28 0.579 0.641 0.778 0.778 0.639 0.765 0.486 0.676 0.472 0.222 0.171 0.472 0.647 0.750 0.778 0.568 0.622 0.676 0.658 0.692 0.714 0.714 0.714 0.529 0.667 0.941 0.941 1.000

L29 0.571 0.513 0.639 0.639 0.500 0.528 0.469 0.444 0.412 0.147 0.200 0.412 0.417 0.611 0.639 0.559 0.571 0.541 0.526 0.564 0.486 0.486 0.486 0.621 0.667 0.694 0.694 0.743 1.000

L30 0.564 0.625 0.806 0.806 0.667 0.743 0.514 0.657 0.459 0.216 0.167 0.500 0.676 0.778 0.806 0.595 0.649 0.703 0.684 0.718 0.743 0.743 0.743 0.514 0.647 0.971 0.971 0.971 0.722 1.000

L31 0.325 0.390 0.326 0.326 0.368 0.359 0.500 0.351 0.586 0.321 0.214 0.484 0.400 0.514 0.462 0.275 0.293 0.341 0.366 0.553 0.606 0.606 0.606 0.364 0.200 0.439 0.439 0.439 0.256 0.463 1.000

L32 0.350 0.450 0.381 0.381 0.395 0.286 0.438 0.308 0.621 0.310 0.250 0.567 0.389 0.583 0.487 0.300 0.350 0.400 0.390 0.579 0.543 0.543 0.543 0.314 0.167 0.463 0.463 0.429 0.310 0.452 0.828 1.000

L33 0.359 0.425 0.357 0.357 0.405 0.293 0.406 0.282 0.586 0.321 0.259 0.533 0.361 0.556 0.500 0.308 0.325 0.375 0.366 0.553 0.514 0.514 0.514 0.286 0.171 0.439 0.439 0.405 0.286 0.429 0.857 0.963 1.000

L34 0.417 0.528 0.447 0.447 0.471 0.378 0.344 0.412 0.517 0.458 0.333 0.419 0.469 0.459 0.375 0.361 0.417 0.472 0.500 0.500 0.457 0.457 0.457 0.229 0.211 0.326 0.326 0.326 0.209 0.349 0.724 0.759 0.724 1.000

L35 0.289 0.395 0.432 0.432 0.455 0.324 0.519 0.394 0.750 0.435 0.304 0.680 0.452 0.677 0.606 0.382 0.441 0.500 0.486 0.618 0.633 0.633 0.633 0.367 0.189 0.486 0.486 0.486 0.351 0.514 0.655 0.750 0.714 0.586 1.000

L36 0.375 0.475 0.513 0.513 0.543 0.410 0.424 0.444 0.600 0.300 0.241 0.548 0.545 0.758 0.639 0.432 0.486 0.541 0.526 0.743 0.528 0.528 0.528 0.306 0.282 0.564 0.564 0.564 0.436 0.590 0.636 0.719 0.688 0.576 0.724 1.000

L37 0.394 0.471 0.515 0.515 0.607 0.484 0.226 0.483 0.393 0.500 0.350 0.393 0.556 0.531 0.471 0.467 0.484 0.548 0.581 0.486 0.353 0.353 0.353 0.118 0.281 0.368 0.368 0.368 0.237 0.395 0.406 0.394 0.406 0.536 0.464 0.621 1.000

L38 0.395 0.425 0.500 0.500 0.576 0.432 0.406 0.429 0.586 0.321 0.259 0.533 0.531 0.750 0.676 0.417 0.432 0.486 0.474 0.735 0.514 0.514 0.514 0.286 0.297 0.553 0.553 0.553 0.421 0.579 0.625 0.656 0.677 0.515 0.655 0.929 0.607 1.000

L39 0.324 0.400 0.441 0.441 0.517 0.364 0.194 0.355 0.357 0.450 0.368 0.407 0.464 0.455 0.400 0.387 0.500 0.469 0.455 0.457 0.250 0.250 0.250 0.088 0.290 0.308 0.308 0.308 0.243 0.333 0.375 0.406 0.419 0.500 0.379 0.643 0.762 0.630 1.000

L40 0.394 0.471 0.515 0.515 0.607 0.484 0.310 0.483 0.500 0.500 0.350 0.393 0.556 0.531 0.471 0.467 0.586 0.548 0.581 0.486 0.353 0.353 0.353 0.188 0.367 0.368 0.368 0.368 0.306 0.395 0.406 0.394 0.406 0.536 0.464 0.621 0.810 0.607 0.762 1.000

L41 0.455 0.529 0.677 0.677 0.808 0.600 0.333 0.452 0.367 0.333 0.261 0.414 0.467 0.457 0.529 0.484 0.600 0.563 0.545 0.385 0.455 0.455 0.455 0.290 0.536 0.500 0.500 0.500 0.441 0.528 0.270 0.297 0.306 0.364 0.344 0.485 0.538 0.516 0.560 0.667 1.000

L42 0.629 0.694 0.848 0.848 0.750 0.839 0.324 0.688 0.351 0.323 0.226 0.351 0.656 0.622 0.694 0.719 0.727 0.788 0.818 0.575 0.500 0.500 0.500 0.289 0.625 0.658 0.658 0.658 0.526 0.684 0.366 0.357 0.366 0.459 0.405 0.526 0.633 0.514 0.500 0.633 0.700 1.000

L43 0.571 0.639 0.788 0.788 0.688 0.897 0.343 0.733 0.297 0.258 0.161 0.297 0.700 0.568 0.639 0.656 0.667 0.727 0.758 0.525 0.528 0.528 0.528 0.306 0.667 0.694 0.694 0.694 0.474 0.722 0.385 0.310 0.317 0.405 0.351 0.474 0.567 0.459 0.438 0.567 0.633 0.933 1.000

L44 0.563 0.500 0.636 0.636 0.531 0.724 0.313 0.567 0.162 0.172 0.192 0.229 0.533 0.432 0.500 0.655 0.515 0.576 0.606 0.400 0.389 0.389 0.389 0.273 0.667 0.556 0.556 0.556 0.457 0.583 0.256 0.190 0.195 0.270 0.216 0.342 0.500 0.324 0.367 0.400 0.467 0.767 0.821 1.000

L45 0.366 0.463 0.579 0.579 0.447 0.600 0.371 0.656 0.441 0.250 0.156 0.531 0.625 0.735 0.622 0.421 0.474 0.526 0.553 0.676 0.556 0.556 0.556 0.333 0.417 0.722 0.722 0.722 0.500 0.750 0.486 0.436 0.410 0.359 0.500 0.629 0.548 0.571 0.424 0.455 0.389 0.639 0.676 0.625 1.000

L46 0.452 0.512 0.625 0.625 0.538 0.605 0.359 0.611 0.500 0.286 0.200 0.500 0.583 0.778 0.711 0.513 0.525 0.575 0.600 0.811 0.525 0.525 0.525 0.325 0.436 0.718 0.718 0.675 0.550 0.700 0.579 0.605 0.622 0.487 0.556 0.722 0.514 0.714 0.486 0.514 0.447 0.684 0.632 0.500 0.750 1.000

L47 0.457 0.528 0.667 0.667 0.786 0.645 0.303 0.655 0.467 0.458 0.333 0.467 0.621 0.588 0.528 0.531 0.545 0.606 0.636 0.541 0.500 0.500 0.500 0.265 0.438 0.500 0.500 0.500 0.368 0.526 0.471 0.457 0.471 0.600 0.533 0.625 0.792 0.613 0.615 0.792 0.667 0.742 0.677 0.516 0.559 0.657 1.000

L48 0.533 0.471 0.515 0.515 0.607 0.484 0.357 0.483 0.393 0.364 0.421 0.300 0.556 0.531 0.471 0.630 0.484 0.548 0.581 0.486 0.353 0.353 0.353 0.226 0.414 0.368 0.368 0.368 0.343 0.395 0.406 0.394 0.406 0.536 0.464 0.567 0.727 0.552 0.542 0.727 0.481 0.581 0.516 0.500 0.412 0.514 0.792 1.000

L49 0.485 0.559 0.606 0.606 0.714 0.581 0.323 0.586 0.500 0.500 0.364 0.400 0.667 0.625 0.559 0.567 0.581 0.645 0.677 0.571 0.441 0.441 0.441 0.206 0.375 0.447 0.447 0.447 0.316 0.474 0.500 0.485 0.500 0.643 0.571 0.667 0.864 0.655 0.667 0.864 0.593 0.677 0.613 0.452 0.500 0.600 0.917 0.864 1.000

L50 0.421 0.487 0.526 0.526 0.606 0.500 0.484 0.500 0.679 0.407 0.296 0.567 0.563 0.781 0.706 0.486 0.500 0.556 0.583 0.714 0.588 0.588 0.588 0.353 0.324 0.579 0.579 0.579 0.447 0.605 0.656 0.636 0.656 0.545 0.750 0.833 0.704 0.828 0.552 0.704 0.500 0.583 0.528 0.389 0.647 0.743 0.759 0.704 0.815 1.000

L1-L10Arunachal Himalaya ;L11-20 Brahmaputra valley;L21-L30 Southeastern Hill Tract; L31-L40-BarakValley;L41-L50 Meghalaya Plateau
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Table 5: Euclidean distance matrix of Apis cerana from five different physiographic zones. L1-L10Arunachal Himalaya; L11-20 Brahmaputra 

valley; L21-L30 Southeastern Hill Tract; L31-L40-Barak Valley; L41-L50 Meghalaya Plateau 
 

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 L20 L21 L22 L23 L24 L25 L26 L27 L28 L29 L30 L31 L32 L33 L34 L35 L36 L37 L38 L39 L40 L41 L42 L43 L44 L45 L46 L47 L48 L49 L50

L1 0.000

L2 5.162 0.000

L3 2.123 5.202 0.000

L4 4.788 1.861 4.983 0.000

L5 2.303 4.735 3.200 4.341 0.000

L6 3.865 4.716 4.209 4.429 3.996 0.000

L7 2.433 6.195 3.395 5.691 3.083 3.995 0.000

L8 4.572 5.452 4.861 4.984 4.280 4.033 4.589 0.000

L9 3.012 6.358 3.645 5.783 3.156 3.830 2.254 4.987 0.000

L10 4.924 4.711 5.347 4.040 4.257 2.972 4.985 3.296 4.893 0.000

L11 7.295 7.716 7.626 7.819 7.406 7.641 7.773 7.776 7.985 8.234 0.000

L12 8.573 9.546 9.282 9.513 8.626 9.585 8.967 9.901 9.311 10.125 5.735 0.000

L13 7.530 8.701 8.523 8.487 7.647 8.280 8.078 8.757 8.233 8.827 3.970 4.673 0.000

L14 7.365 7.232 7.865 7.268 6.943 7.615 8.118 7.227 8.047 7.458 4.092 5.526 4.880 0.000

L15 6.779 7.392 7.527 7.299 6.309 7.054 7.238 7.267 7.152 7.212 3.666 5.095 3.548 3.117 0.000

L16 7.647 8.436 8.696 8.185 7.326 8.027 8.080 8.329 7.765 8.176 4.949 4.677 3.594 3.984 2.861 0.000

L17 6.588 7.590 7.161 7.560 6.320 7.508 7.225 7.304 7.249 7.846 3.591 5.128 4.111 3.170 2.972 3.789 0.000

L18 7.225 7.467 8.131 7.448 6.814 7.448 7.940 7.751 7.748 7.584 4.682 4.878 4.149 3.989 2.962 2.709 3.670 0.000

L19 6.565 8.164 7.563 7.933 6.572 7.373 7.081 7.364 7.028 7.770 4.901 5.022 4.425 3.982 3.771 3.227 3.145 3.336 0.000

L20 8.103 8.132 8.504 8.131 8.190 8.548 8.647 8.994 8.589 8.793 5.850 5.589 6.407 4.809 5.195 5.175 5.574 5.695 5.364 0.000

L21 6.338 8.152 7.245 7.210 6.347 7.246 7.191 8.752 6.506 7.799 8.867 9.741 7.559 8.691 7.801 7.877 7.993 7.931 7.927 9.545 0.000

L22 8.548 9.871 8.937 9.414 8.541 9.306 9.421 10.813 8.706 9.863 10.273 10.888 9.468 9.596 9.267 9.250 9.395 9.460 9.040 9.280 6.609 0.000

L23 6.049 8.765 6.934 8.166 6.337 7.163 6.224 8.818 5.736 8.183 8.383 9.301 7.261 8.634 7.323 7.691 7.376 7.924 7.069 8.560 4.890 5.690 0.000

L24 7.640 9.466 8.069 8.852 7.536 8.572 8.540 9.511 7.580 8.816 9.753 10.781 9.192 8.950 8.625 8.708 8.465 8.650 8.222 9.238 5.748 3.536 5.046 0.000

L25 8.912 9.575 9.307 9.113 9.026 9.882 9.699 11.052 8.945 10.208 10.699 11.012 9.961 9.955 9.645 9.389 9.664 9.536 9.170 8.928 7.767 4.314 6.244 4.927 0.000

L26 6.589 8.652 7.232 8.002 6.737 7.288 7.168 8.439 6.989 8.263 8.444 10.367 8.009 9.004 8.086 8.745 7.750 8.568 8.374 10.397 4.839 8.506 5.945 7.413 10.062 0.000

L27 7.214 9.250 7.884 8.794 7.317 7.381 7.489 8.925 7.284 8.571 9.248 11.127 8.585 9.735 8.838 9.620 8.656 9.529 9.228 11.240 5.435 9.135 6.127 8.293 10.918 3.373 0.000

L28 5.948 7.958 6.776 7.227 6.139 6.748 6.572 8.167 5.797 7.767 8.281 9.542 7.355 8.225 7.521 7.752 7.403 7.739 7.285 9.044 3.398 6.152 3.640 5.066 6.735 4.798 5.205 0.000

L29 9.484 9.681 9.747 9.360 9.542 10.199 10.503 11.442 9.698 10.473 10.788 10.991 10.304 9.929 9.966 9.596 9.997 9.453 9.615 8.887 8.056 4.301 7.562 4.951 3.037 10.414 11.384 7.369 0.000

L30 9.587 10.519 9.845 10.063 9.605 10.818 10.613 11.640 9.748 11.001 11.363 11.456 10.758 10.273 10.196 9.970 10.067 10.006 9.661 9.445 8.298 4.489 7.300 4.472 2.646 10.609 11.627 7.461 2.923 0.000

L31 8.829 11.222 9.550 10.365 9.453 10.320 9.403 10.791 9.601 10.968 10.618 10.998 9.864 10.809 10.516 10.229 9.933 10.355 9.904 11.731 7.364 9.815 8.948 8.947 11.016 7.211 9.241 7.857 10.714 11.092 0.000

L32 8.579 11.005 9.241 10.176 9.289 10.098 9.243 10.828 9.431 10.960 10.669 11.086 9.961 10.873 10.647 10.420 9.991 10.616 10.012 11.704 7.194 9.916 8.969 9.348 11.258 7.056 8.924 7.770 11.028 11.403 1.943 0.000

L33 8.347 10.674 9.102 9.906 9.003 9.875 8.901 10.834 9.226 10.741 10.246 10.738 9.506 10.701 10.277 10.159 9.785 10.390 9.981 11.501 7.052 9.830 8.585 9.392 11.182 6.755 8.507 7.678 11.022 11.504 2.560 1.942 0.000

L34 8.144 10.722 8.882 10.033 8.857 9.643 8.535 10.411 8.867 10.636 10.022 10.664 9.391 10.486 10.090 10.013 9.420 10.225 9.607 11.398 7.350 9.662 8.159 9.001 10.980 6.645 8.282 7.419 10.913 11.304 2.393 2.446 2.073 0.000

L35 8.335 10.763 9.006 10.039 9.001 9.993 8.942 10.479 9.218 10.812 10.109 10.624 9.590 10.296 10.185 10.037 9.325 10.206 9.552 11.286 7.494 9.727 8.644 8.900 10.943 6.828 8.726 7.592 10.749 11.046 1.915 2.090 2.220 1.571 0.000

L36 8.603 10.826 9.367 10.139 9.272 9.871 9.065 11.053 9.282 10.779 9.962 10.614 9.149 10.500 10.022 9.845 9.564 10.161 9.813 11.277 7.070 9.323 8.129 8.936 10.708 6.793 8.412 7.505 10.534 11.140 3.005 2.989 1.843 2.062 2.677 0.000

L37 8.398 10.630 9.046 10.011 9.193 9.401 8.808 10.942 8.947 10.646 9.990 10.612 9.348 10.639 10.129 9.994 9.739 10.204 9.827 11.172 7.249 9.311 8.005 9.077 10.718 6.848 8.300 7.383 10.490 11.212 3.667 3.293 2.499 2.351 3.237 1.805 0.000

L38 8.447 10.573 9.252 9.873 9.073 9.398 8.808 10.880 8.996 10.448 10.023 10.493 9.079 10.543 9.926 9.743 9.699 10.000 9.751 11.281 6.683 9.120 7.868 8.902 10.619 6.707 8.034 7.229 10.438 11.165 3.418 3.382 2.355 2.479 3.381 1.553 1.599 0.000

L39 8.441 10.766 9.106 10.177 9.191 9.518 8.762 11.048 8.980 10.759 9.845 10.495 9.154 10.618 9.965 9.955 9.709 10.231 9.886 11.347 7.216 9.331 7.932 9.174 10.768 7.089 8.295 7.437 10.644 11.279 4.049 3.897 2.802 2.736 3.723 2.005 1.694 1.574 0.000

L40 8.610 10.836 9.370 10.156 9.362 9.484 8.980 11.034 9.120 10.738 10.333 10.913 9.365 10.924 10.316 10.076 9.861 10.336 9.924 11.483 6.998 9.397 7.815 9.084 10.719 6.499 7.875 7.125 10.654 11.354 3.713 3.375 2.852 2.611 3.516 2.235 1.768 1.914 2.540 0.000

L41 6.578 7.438 6.980 6.671 7.118 7.012 7.219 7.364 7.228 7.309 6.382 7.811 6.557 6.828 6.710 6.556 6.895 6.868 6.524 6.155 7.678 8.175 7.721 8.199 8.337 8.951 10.042 7.437 8.260 9.063 9.241 9.135 9.122 9.163 9.201 9.081 8.970 9.043 9.181 9.177 0.000

L42 8.047 8.918 8.234 7.973 8.026 8.337 8.208 9.561 8.047 8.453 9.342 10.301 9.093 9.275 9.148 9.065 8.678 9.406 8.705 9.429 6.826 7.398 7.019 7.769 8.111 7.910 8.849 7.127 8.477 8.985 8.823 8.563 8.325 8.648 8.755 8.154 8.153 8.015 8.265 8.171 7.091 0.000

L43 7.093 7.925 7.493 7.194 7.620 8.260 8.042 8.396 8.111 8.354 7.322 8.103 7.411 7.403 7.900 7.442 7.390 7.691 7.119 6.564 7.763 8.350 8.459 8.261 8.642 8.848 10.172 7.875 8.305 9.114 9.050 8.914 8.880 9.228 8.838 9.068 9.189 9.244 9.625 9.412 3.998 7.278 0.000

L44 8.510 9.233 8.519 8.744 8.559 8.835 8.738 10.288 8.520 9.140 9.617 10.444 9.897 9.525 9.730 9.731 9.069 9.770 9.256 9.497 8.269 7.704 7.873 7.929 8.181 9.091 10.048 7.872 7.959 8.742 9.276 9.121 8.721 8.970 8.942 8.337 8.214 8.391 8.355 8.607 8.152 3.990 7.859 0.000

L45 7.460 8.174 7.353 7.265 7.891 8.078 8.140 8.681 8.319 8.252 7.690 9.204 8.036 7.903 8.280 8.562 7.574 8.763 7.915 7.982 7.409 8.303 7.850 8.418 8.999 7.922 9.110 7.686 9.178 9.699 8.855 8.519 8.462 8.738 8.608 8.512 8.509 8.572 8.792 8.644 5.407 4.379 5.333 6.322 0.000

L46 8.222 8.521 8.665 7.898 8.115 8.231 8.385 9.224 8.303 8.609 8.646 9.816 8.627 8.769 8.960 8.648 8.555 9.036 8.739 9.166 8.006 8.543 8.381 9.028 9.277 8.846 9.503 7.448 9.040 10.052 9.135 8.696 8.358 8.652 8.753 8.270 8.150 8.216 8.320 8.308 6.085 5.215 6.689 5.423 6.528 0.000

L47 7.128 8.155 7.457 7.294 7.087 7.918 7.542 8.353 7.323 7.779 7.294 8.532 7.380 7.079 7.334 7.044 6.413 7.467 6.561 7.047 6.741 7.160 6.685 6.790 7.555 7.764 9.019 6.742 7.709 8.171 8.607 8.514 8.439 8.521 8.361 8.214 8.467 8.440 8.752 8.536 5.126 3.967 4.763 5.160 3.993 5.273 0.000

L48 7.112 8.569 7.542 7.679 7.541 7.890 7.362 8.548 7.429 8.134 7.661 8.643 7.493 8.191 7.814 7.478 7.621 8.000 7.118 7.740 7.729 7.749 7.224 8.144 7.856 9.106 10.233 7.614 8.339 8.746 9.144 9.003 8.812 8.999 9.111 8.706 8.691 8.695 8.737 8.930 3.801 4.786 5.194 6.166 4.860 5.117 4.078 0.000

L49 7.622 8.017 7.887 7.219 7.594 8.002 8.128 8.408 8.094 8.222 8.066 9.244 8.215 7.874 8.535 8.352 7.560 8.316 7.620 8.516 7.144 7.816 7.766 7.659 8.396 7.796 8.961 6.507 8.118 8.944 8.035 7.875 7.990 8.029 7.772 8.037 8.023 8.038 8.387 8.011 5.888 4.702 5.423 5.249 4.791 4.147 3.910 5.399 0.000

L50 7.492 8.648 7.989 7.745 7.479 7.776 7.807 9.013 7.361 7.913 8.717 9.799 8.303 8.521 8.287 7.922 7.775 8.356 7.493 8.546 6.835 6.803 6.424 6.861 7.084 8.214 9.239 6.649 7.744 8.020 9.242 9.010 8.856 9.057 9.059 8.552 8.632 8.589 8.901 8.590 6.121 3.918 6.272 4.808 5.398 5.227 3.432 4.022 5.004 0.000

L1-L10Arunachal Himalaya ;L11-20 Brahmaputra valley;L21-L30 Southeastern Hill Tract; L31-L40-BarakValley;L41-L50 Meghalaya Plateau
 

 

 
 

Fig 1: Map showing five physiographic zones and collection localities 
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Fig 2: Euclidean distance matrix of Apis cerana from five different physiographic zones. L1-L10 Arunachal Himalaya; L11-20 Brahmaputra 

valley; L21-30 South eastern Hill tract; L31-L40 Barak Valley; L41-L50 Meghalaya plateau 

 

 
 

Fig 3: Jaccard’s coefficient similarity of Apis cerana from different physiographic zones L1-L10Arunachal Himalaya; L11-20 Brahmaputra 

valley; L21-L30 Southeastern Hill Tract; L31-L40-Barak Valley; L41-L50 Meghalaya Plateau 

 

5. Conclusion 

The study has been carried out to on Indian honey bee Apis 

cerana F. from five physiographic zones of NE India using 

both morphometry and molecular analysis. Morphometric 

study of Apis cerana from five physiographic zones revealed 

that, A. cerana from Arunachal Himalaya had larger average 

body length (9.577±0.03mm) and smallest body length was 

found in Barak valley (8.235 ± 0.01 mm), followed by south 
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eastern hill tract (9.178± 0.01mm) and Meghalaya Plateau 

(9.040±0.01mm) and Brahmaputra valley (8.621±0.02mm). 

Cluster analysis of Apis cerana reveals that maximum 

euclidean distance is in between Rangia and Hailakandi 

(11.731) and minimum distance has been observed between 

Nongpoh and Umiam (1.553). The genetic similarity between 

Basar and Itanagar of A. cerana has been recorded to be 

maximum 81.8 per cent minimum between Katlicherra and 

Roing 14.7 per cent. This study plays a vital role in 

establishing the genetic similarity and diversity of the 

indigenous species of Apis cerana in the region of northeast 

Himalayas. 
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