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Abstract
During a study period, total 9 localities i.e.Darlaghat (1563m), Jatoli (1464m), KotlaPanjola (1190m), Chandol (1418m), Dhar 
(1360 m), Alsindi (1132 m), Naldehra (2050 m), Ghanahatti (1668 metres) and Potters hill (1887 m)of Punicagranatum were 
selected for the field surveysfrom which Eristalis tenax was observed on the Punicagranatumatfour localitiesi.e. Darlaghat 
(1563 m), Naldehra (1887 m), KotlaPanjola (1190 m) and Pottershill (1418 m) and samples of species were collected.All the 
sampled species of Eristalis tenax four localities were characterized genetically through mtCOI gene for the intraspecific diversity 
studies. Multiplesequence alignment between all the mtCOI sequences of Eristalis tenaxrevealed the similar pattern between the 
nucleotides of all the sequences.Nucleotide content analysis of all the species at first, second and third codon position revealed 
theaverage A+T percentage (69.14%) was higher than C+T (30.86%). The A+T bias was prominent for all codon sites. Itwas 
found that transition/transversion value of COI (R) is 0.50 which concluded that there is insignificant neutral selection in samples 
of Eristalis tenax of Himachal Pradesh. Phylogenetic analysis studies showed that the sample of Naldehra and Darlaghat were 
phylogenetically similar to each other and the sample of Pottershilland Darlaghat were found to be quite dissimilar from each other. 

Citation: Poonam Kumari, Mahender Singh Thakur (2022), A Study on Genetic Diversity of Eristalis Tenax (Linnaeus, 1758) 
From Different Areas of Western Himalaya, Eart & Envi Scie Res & Rev. 5(3): 129-136.

Keywords: Punicagranatum; Eristalis tenax;mtCOI; Genetic Diversity.

Introduction
Wild pollinating species play very important and valuable role in 
crop pollination services [1]. Around 80% of food plants world-
wide rely on insect pollinators for pollination or their yield in-
creased by them [2]. Among insect species, bees pollinate 92% of 
all crops worldwide, whereas flies are the second most significant 
flower visitors [3, 4, 5, 6].Flies can pollinate some crops more effi-
ciently or better than bees [7, 8,9,10]and are frequently responsible 
for carryinglargepollen loads in both natural and modified systems 
[11, 10]. Many of these “unmanaged pollinators” and “exotic flies” 
can thus reliably pollinate specific crops [8, 12, 13].Flies belong to 
the order Dipterawhich comprises about 150 000 species, includ-
ing over 6000 hoverflies (Syrphidae), which are divided into 209 
genera [14]. Among syrphidae, genus Eristalis can be found all 
over the world [15, 16, 17, 18, 19, 20, 21, 22]. 

Hoverflies, like bees and bumblebees, are equally important pol-
linators [8, 23, 24, 25]. But unfortunately, pollinator populations 
have been declining at an alarming rate (Hallmannet al. 2017). In 
2018, the European Union Pollinators Initiative reported that all 
types of European pollinators including hoverflies are in decline 

[26]. Habitat degradation, pollution, climate change, over-ex-
ploitation and environmental variation threatened the extinction 
of many of these pollinators. The majority of these are caused by 
human activity. 

Climate change is a major issue now a days which severely affect-
ing insect pollinators. Pollination services could be threatened even 
more by climate change [27, 28, 29]. Climate change poses a threat 
not only to individual species, but also to the genetic diversity that 
exists within them. Due to this reason, many wildlife populations 
have been reduced to small isolated fragmented groups with low-
er survival capacity. Small populations are potentially at risk and 
the main goal to study genetic diversity is to apply the knowledge 
of genetics to reduce the risk of extinction [30]. Genetic diversi-
ty help to maintain the higher levels of biodiversity (populations, 
species) and it is the foundation of a species evolutionary potential 
to adjust to environmental changes, making it an important pillar 
in conservation genetics [31]. The impact of climate change on 
pollinators is determined by their thermal tolerance and tempera-
ture plasticity. Some of species are better adapted to warmer cli-
mates and may thus expand into new places where they can serve 
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as pollinators in the future climatic conditions [32, 29]. 

Mitochondrial gene, Cytochrome oxidase I is one of the molecu-
lar marker used to resolve the phylogeny in several taxa [33, 34]. 
becausemtDNAis transmitted maternally without recombination 
and has a high rate of intraspecific variation [35]. Mitochondrial 
DNA (mtDNA) is most important and frequently used molecule in 
systems biology, species characterization, population structure and 
phylogenetic research. Mitochondrial DNA has been widely used 
in phylogenetic investigations of Apismellifera[36, 37,38,39, 40, 
41, 42] but studied more rarely for Eristalis tenax. 

Keeping the above in view, an attempt has been made to study the 
genetic diversity of of Eristalis tenax, most important pollinator of 
wild pomegranate in Western Himalaya, through molecular tools 
and characterize the relationships Himalayasalistenax from differ-
ent areas of Western Himalaya.

Material and Methods
During a study period, total 9 localities i.e.Darlaghat (1563m), 
Jatoli (1464m), KotlaPanjola (1190m), Chandol (1418m), Dhar 
(1360 m), Alsindi (1132 m),  Naldehra (2050 m), Ghanahatti (1668 
metres) and Potters hill (1887 m) of Punicagranatum were select-
ed for the field surveys from which Eristalis tenax was observed 
on the Punicagranatum at four localitiesi.e. Darlaghat (1563 m), 
Naldehra (1887 m), KotlaPanjola (1190 m) and Pottershill (1418 
m) and samples of species were collected. Collected specimens 
were preserved immediately in refrigerator at -800C until DNA 
extraction. DNA was extracted from the thorax or upper abdom-
inal region of the insect specimen by using DNeasy blood and 
tissue Qiagen Kit method by following standardized protocol of 
the manufacturers. Extracted DNA was preserved in the -200C for 
further use. Target DNA from mitochondrial gene, i.e. Cytochrome 
Oxidase subunit I was amplified using a pair of forward primers 
LCO1490 5’- GGT-CAA-CAA-ATC-ATA-AAG-ATA-TTG-G-3’ 
and reverse primer HCO2198 5’- TAA-ACT-TCA-GGG-TGAC-

CA-AAA-AAT-CA-3’ (Folmeret al. 1994). PCR reaction was per-
formed in 96-well plates with 20 µl reaction volume  containing 
1µL DNA template; 1 µL primer forward; 1 µL primer reverse; 5 
µL distilled water; 12 µL Emerald PCR master mix  in a C1000™ 
Thermal Cycler. Thermocycling consisted of an pre-denaturation 
at temperature of 940C for 4 minutes followed by 30 cycles with 
denaturation reaction conditions at temperature of 940C for 40 
seconds, annealing at temperature of 500C for 30 seconds, and 
extension at temperature of 720C for 50 seconds. Then process of 
PCR ended with final extension at 720C temperature for 6 minutes. 

The amplified product was analysed on a 1.2% agarose gel electro-
phoresis and checked under UV light and documented. The ampli-
fied DNA fragments were extracted from agarose gels and purified 
using DNA/RNA purification Qiagen Kit method standardized by 
manufacturers. The primers used were the same primers used in 
PCR amplification and sequencing was done in “Big dye termina-
tor version 3.1” cycle sequencing kit with a sequencing machine–
ABI 3500xL Genetic analyser. After completion of sequencing, all 
fasta format sequences obtained by Sanger sequencingwas used 
for BLAST search to check the sequence homology at NCBI. All 
the sequences were edited and aligned using bioedit sequence 
alignment editor software. All the gaps and mismatched were re-
moved and sequences were submitted in the gene bank for acces-
sion Number (Table 1).The nucleotide content (A, T, G, C) of all 
the samples and the total C+G and A+T at first, second and third 
codon position were calculated using MEGA X software (Table 
3). DNADIST with the Kimura two parameter distance option was 
used to estimate divergence between sequences with a transition/
transversion ratio in the MEGA X software.In this study, phyloge-
netic analysis of obtained 4 sequences of sampled Eristalis tenax 
were conducted using Neighbor-Joining method and Kimura-2 pa-
rameter in MEGA X.Sequences were aligned using the MEGA X 
software [43].Analyses were performed on 1000 bootstrapped data 
sets generated by the program [44].

Table 1: Localities of sample collection of Eristalis tenax with geographical location and the  Genbank accession numbers of 
COI gene.

S. No. Species name Sample Location       Geographical Location Genebank Accession 
Number

Locality Longitude Latitude Altitude  COI
1 Eristalis tenax Darlaghat 76°-56´50 31°-13´14 1563 m OK465131
2 Eristalis tenax Naldehra 77°-18´69 31°-18´39 1887m OL441830
3 Eristalis tenax KotlaPanjola 77°-08´51 30°-51´09 1190 m OM618002
4 Eristalis tenax Pottershill 77°-34´37 30°-93´60 1418 m OM570334
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Results and Discussion 
Samples of Eristalis tenax were collected from four different areas 
of Western Himalayas and DNA extraction was performed. The 
mtDNA COI gene was effectively amplified for 710 bases in Eri-
stalis tenax samples(Fig. 1) and sequenced by Sanger sequencing 
method. Sequences were checked in NCBI-BLAST to confirm 
the species similarity, which matched with previous submitted se-
quences of Eristalis tenax in NCBI with 98 to 100%. Sequences 
were submitted to genebank and accessed with accession numbers 
from genebank(Table 1).All the DNA sequences were aligned us-
ing multiple sequence alignment program CLUSTAL Omegain 
which alignment between all the mtCOI sequences of Eristalis te-
nax revealed the similar pattern between the nucleotides of all the 
sequences(Fig. 2).

Figure 1: Analysis of amplified PCR product in 1.2% agarose: 
Lane 1: Gene ruler express DNA ladder, Lane 2, 3, 4, 5: 710 bp 
size mtCOI gene

OK465131   ------------------------------------------------------------ 0
OL441830      ACATGAGCAGGTATAGTAGGAACTTCCTTA-
AGAATTTTAATTCGAGCTGAATTAGGCCAT 60
OM618002      -------------------GAACTTCCTTAAGAATTTTA-
ATTCGAGCTGAATTAGGCCAT 41
OM570334      --------AGGTATAGTAGGAACTTCCTTA-
AGAATTTTAATTCGAGCTGAATTAGGCCAT 52

OK465131      ------GCATTAATTGGAGATGATCAAATTTATA-
ATGTTATTGTAACAGCTCATGCCTTT 54
OL441830      CCTGGAGCATTAATTGGAGATGAT-
CAAATTTATAATGTTATTGTAACAGCTCATGCCTTT 
120
OM618002      CCTGGAGCATTAATTGGAGATGAT-
CAAATTTATAATGTTATTGTAACAGCTCATGCCTTT 
101
OM570334      CCTGGAGCATTAATTGGAGATGAT-
CAAATTTATAATGTTATTGTAACAGCTCATGCCTTT 
112
                    ******************************************
************

OK465131  GTAATAATTTTCTTTATAGTAATACCTATTATA-
ATTGGAGGATTTGGAAATTGATTAGTT 114
OL441830      GTAATAATTTTCTTTATAGTAATACCTATTATA-
ATTGGAGGATTTGGAAATTGATTAGTT 180
OM618002     GTAATAATTTTCTTTATAGTAATACCTATTATA-
ATTGGAGGATTTGGAAATTGATTAGTT 161
OM570334     GTAATAATTTTCTTTATAGTAATACCTATTATA-
ATTGGAGGATTTGGAAATTGATTAGTT 172
              *********************************************
***************

OK465131 CCTCTTATATTAGGAGCCCCTGA-
TATAGCATTTCCTCGAATAAATAATATAAGTTTCTGA 
174
OL441830    CCTCTTATATTAGGAGCCCCTGA-
TATAGCATTTCCTCGAATAAATAATATAAGTTTCTGA 
240
OM618002     CCTCTTATATTAGGAGCCCCTGA-
TATAGCATTTCCTCGAATAAATAATATAAGTTTCTGA 
221
OM570334      CCTCTTATATTAGGAGCCCCTGA-
TATAGCATTTCCTCGAATAAATAATATAAGTTTCTGA 
232
              *********************************************
***************

OK465131     TTATTACCTCCTTCTTTAACATTATTATTAGTA-
AGAAGTATAGTAGAAAATGGAGCTGGA 234
OL441830      TTATTACCTCCTTCTTTAACATTATTATTAG-
TAAGAAGTATAGTAGAAAATGGAGCTGGA 300
OM618002      TTATTACCTCCTTCTTTAACATTATTATTAG-
TAAGAAGTATAGTAGAAAATGGAGCTGGA 281
OM570334      TTATTACCTCCTTCTTTAACATTATTATTAG-
TAAGAAGTATAGTAGAAAATGGAGCTGGA 292
              *********************************************
***************
OK465131      ACAGGATGAACTGTATACCCACCTTTAT-
CAAGTAACATTGCACACGGAGGAGCCTCAGTT 
294
OL441830      ACAGGATGAACTGTATACCCACCTTTAT-
CAAGTAACATTGCACACGGAGGAGCCTCAGTT 
360
OM618002      ACAGGATGAACTGTATACCCACCTTTAT-
CAAGTAACATTGCACACGGAGGAGCCTCAGTT 
341
OM570334      ACAGGATGAACTGTATACCCACCTTTAT-
CAAGTAACATTGCACACGGAGGAGCCTCAGTT 
352
              *********************************************
***************

OK465131      GATTTAGCAATTTTTTCACTTCATTTATCTG-
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GTATATCATCTATTTTAGGTGCAGTAAAT 354
OL441830      GATTTAGCAATTTTTTCACTTCATTTATCTGG-
TATATCATCTATTTTAGGTGCAGTAAAT 420
OM618002      GATTTAGCAATTTTTTCACTTCATTTATCTG-
GTATATCATCTATTTTAGGTGCAGTAAAT 401
OM570334      GATTTAGCAATTTTTTCACTTCATTTATCTG-
GTATATCATCTATTTTAGGTGCAGTAAAT 412
              *********************************************
***************

OK465131      TTCATTACAACTATTATTAATATACGATCAA-
CAGGAATTACATATGATCGAATACCTTTA 414
OL441830      TTCATTACAACTATTATTAATATACGATCAA-
CAGGAATTACATATGATCGAATACCTTTA 480
OM618002      TTCATTACAACTATTATTAATATACGATCAA-
CAGGAATTACATATGATCGAATACCTTTA 461
OM570334      TTCATTACAACTATTATTAATATACGATCAA-
CAGGAATTACATATGATCGAATACCTTTA 472
              *********************************************
***************

OK465131      TTTGTATGATCTGTAGGTATTACAGCTTTAC-
TACTACTTCTTTCCCTACCAGTTTTAGCA 474
OL441830      TTTGTATGATCTGTAGGTATTACAGCTTTAC-
TACTACTTCTTTCCCTACCAGTTTTAGCA 540
OM618002      TTTGTATGATCTGTAGGTATTACAGCTTTAC-
TACTACTTCTTTCCCTACCAGTTTTAGCA 521
OM570334      TTTGTATGATCTGTAGGTATTACAGCTTTAC-
TACTACTTCTTTCCCTACCAGTTTTAGCA 532
              *********************************************
***************

OK465131      GGAGCAATTACTATATTATTAACTGATC-
GAAATTTAAATACATCATTTTTTGATCCAGCA 534
OL441830      GGAGCAATTACTATATTATTAACTGATC-
GAAATTTAAATACATCATTTTTTGATCCAGCA 600

OM618002      GGAGCAATTACTATATTATTAACTGATC-
GAAATTTAAATACATCATTTTTTGATCCAGCA 581
OM570334      GGAGCAATTACTATATTATTAACTGATC-
GAAATTTAAATACATCATTTTTTGATCCAGCA 592
              *********************************************
***************

OK465131      GGAGG------------------------------------------ 
539
OL441830      GGAGGAGGTGATCCAATTTTATACCAA-
CATTTATTTTGATTTTTTGG 647
OM618002      GGAGGAGGTGATCCAATTTTATACCAA-
CATTTATTTTGATTTTTT-- 626
OM570334      GGAGGAGGTGATCCAATTTTATACCAA-
CATTTATTTTGATTTTTTG- 638

Figure 2: CLUSTAL O (1.2.4) multiple sequence alignment of 
COI sequences of Eristalis tenaxfrom different areas of Western 
Himalaya.

Nucleotide content analysis of COI gene: Under the neutral the-
ory, nucleotide polymorphism levels should be associated with 
evolutionary rate and there should be a relationship between the 
transition and transversion ratio within populations and long-term 
evolutionary rate.

Comparative significance of Transitions and Transversions
The estimated transition/transversion (Ts/Tv) bias of COI (R) is 
0.50 (Table 2). Present study showed that the percentage of sites 
showing transversions (66.67%)is higher than the number of sites 
showing transitions (33.34%)(Table 2)and nucleotide frequen-
cies are 31.58% (A), 37.76% (T/U), 15.64% (C) and 15.02% (G). 
DNADIST with the Kimura two parameter distance option was 
used to estimate divergence between sequences with a transition/
transversion ratio in the MEGA X software.

Table 2: Frequency percentage (%) of transitions and transversions and transition/transversion ratio (Ts/Tv) of COI gene.

                          Transitions (%) Transversions (%) Ts/Tv 
ratio

COI 
Gene

G/A C/T T/C A/G A/T A/C T/A T/G C/A C/G G/T G/C 0.50

10.53 12.59 5.21 5.01 12.59 5.21 10.53 5.01 10.53 5.01 12.59 5.21

Base composition at each Codon positions
The nucleotide content (A,T,G,C) and total C+G and A+T at first, 
second and third codon position in the study also showed the high 
numbers of polymorphic sites in the COI gene which were evenly 
distributed among the 3 codon positions (Table 3). Average A+T 
percentage (69.14%) found to be higher than C+T (30.86%) (Table 

3). For all codon sites, the A+T bias was prominent in this area. 
Nucleotide content of all the samples and total A+T and C+G were 
calculated by MEGA X software.

Transition/transversion (Ts/Tv) ratio helpful in assuming the de-
gree and direction of natural selection. Positive or Darwinian se-



    Volume 5 | Issue 3 | 133Eart & Envi Scie Res & Rev, 2022

lection is indicated by a transition/transversion ratio greater than 
1, purifying selection is shown by a ratio less than 1 and neutral 
selection is indicated by a ratio equal to one. Current study showed 
that transition/transversion value of COI (R) is 0.50. In this study, 
the estimated value of transition and transversion revealed that 

there is insignificant neutral selection in samples of Eristalis tenax 
ofWestern Himalaya. But there is possibility of genetic divergence 
in the Eristalis tenax of Western Himalayaover evolutionary time 
scale.

Table 3: Mean frequencies (%) for base compositions at different codon positions for COI region.

Samples First codon
 

Second codon Third codon Total (%)

Eristalis 
tenaxCOI

A C G T A C G T A C G T C+G A+T

OM570334, 
Potterhill

28.2 15.0 29.1 27.7 14.6 25.0 17.5 42.9 51.6 6.1 0.0 42.3 30.9 69.1

OM618002, 
KotlaPanjola

28.4 15.4 27.9 28.8 14.8 25.4 17.2 42.6 51.2 6.2 0.0 42.6 30.7 69.3

OL441830, 
Naldehra

28.2 14.8 29.2 27.8 14.4 25.5 18.1 42.1 52.1 6.0 0.0 41.9 31.2 68.8

OK465131, 
Darlaghat

30.0 14.4 28.9 26.7 13.9 26.7 16.1 43.3 52.0 5.6 0.0 42.5 30.56 69.44

Average 28.6 14.9 28.8 27.7 14.4 25.6 17.3 42.7 51.7 6.0 0.0 42.3 30.86 69.14

Phylogenetic Analysis of Mitochondrial Coi of Eristalis 
Tenax Samples          
Based on mitochondrial gene COI regions of four samples, the 
phylogenetic relationship was obtained through Neighbor-Joining 
method (Fig. 3). The high boostrap scores give confidence to sup-
port the separation of populations in well separated branch. Phylo-
genetic relationship showed that among the four sampled sequenc-
es, the sample of Naldehra and Darlaghat were phylogenetically 
similar to each other and the sample of Pottershill and Darlaghat 
were found to be quite dissimilar from each other. Distance matrix 
clearly signifies the very less difference among the sampled spe-
cies proves that there is very less genetic diversity between them 
(Fig. 3). Molecular markers are very helpful in determining the 
gene flow and genetic differences within and between insect spe-
cies which are essential for establishing a meaningful explanation 
for population structure and dynamics [45, 46, 47, 48]. Natural 
selection is another important component that is thought to be 
the driving force for population diversity. In this regard, molec-
ular markers are employed to infer insect population phylogeny 
and biogeography, as well as to know the evolutionary processes 
and trajectories [49, 50, 51,52]. suggested that mitochondrial COI 
genes are well suited for determining genetic difference within 
species. 

Figure 3: Phylogenetic tree of Eristalis tenaxshowing genetic re-
lationships derived from COI sequences by using Neighbor-Join-
ing method of MEGA X Software.

Results are in accordance with the recent findings of [53] also sug-
gesting that honeybees are AT-biased and average A+T and C+G 
content of the findings in the ratio of 3:1 respectively. [54]who 
studied the genetic diversity in Apiscerana from 12 localities of 
Karnatka through COI gene of mitochondrial genome and also re-
vealed the insignificant natural selection in the samples of Apiscer-
ana.Similarly, [55] also studied the mitochondrial DNA diversity 
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of Apiscerana populations of Nilgiri Biosphere Reserve. They 
characterized bee colonies from 10 localities of Nilgiri Biosphere 
genetically through COI gene of mitochondrial genome. They also 
observed that nucleotide composition of the mtCOI of Apiscer-
ana were also strongly biased toward A and T with an average 
AT content of 75.6%. [56]alsoused mitochondrial DNA sequences 
to investigate the phylogeography of Apiscerana populations on 
Hainan Island and southern mainland China and discovered a sig-
nificant phylogeographic structure within lineage. In 2019, Gaik-
wadstudied the phylogenetic variations in Apiscerana of North 
Western Ghats of Maharashtra, India. Western Himalayais one of 
the richest reservoirs of biological diversity in the world due to ex-
treme variation in elevation and climatic conditions. Current study 
which is limited to the some of localities of Western Himalayas 
shows less genetic divergence. But a detailed sampling of Eristalis 
tenax across the Himachal Pradesh would provide interesting vi-
sions on the genetic diversity. Genetic diversity has been proved 
to be important for the fitness of species because harmful muta-
tions can be counterbalanced by high levels of heterozygozity[57]. 
Environmental change is a significant and continual threat to the 
world’s biodiversity. In order to survive, species must adapt to a 
constantly changing environment. As a result, in order to escape 
extinction, adaptation to environmental changes becomes critical 
(Hansen et al., 2012).However, around 40% of insect pollinators 
are threatened globally and their populations are dropping as a re-
sult of modern agricultures that allow the use of pesticides, as well 
as changes in global climate that have an impact on global food 
security (Khaikaew, 2016).

Intraspecific genetic variation is the most basic level of biodiversi-
ty since it provides the foundation for all evolutionary change[58]. 
Global climate change altered the intraspecific genetic diversity 
due to evolutionary consequences. It cause changes in the Individ-
uals and communities phenotypic plasticity levels as they adjust 
to new environmental situations[59] and change also occur in the 
distribution of genetic variants when the ranges of populations and 
species change.In many circumstances, these alterations will limit 
genetic diversity in populations and species, leading to population 
viability and extinction in extreme cases.There is need of exten-
sive sampling and further characterization of genetic diversitywith 
different mitochondrial genes to lessen the risk of extinction of 
species and ecosystems [60-66].

Acknowledgement
We are very grateful to Dr. N.K. Pandey, Director, ICAR-Central 
Potato Research Institute Shimla, for his cooperation and provid-
ing lab facility during the molecular work. We are very thankful 
to Scientist, Dr. SundareshaSidappa, Dr. Kailash Naga and Chan-
derMohan Singh Bist, ICAR-Central Potato Research Institute for 
their help during entire lab work. Thanks are also due to CSIR-
UGC for the funding facility in the form of CSIR-UGC-JRF fel-
lowship.

Conflict of Interest 
There is no conflicts of interest.

References 
1. Garibaldi, L. A., Steffan-Dewenter, I., Winfree, R., Aizen, M. 

A., Bommarco, R., Cunningham, S. A.,& Klein, A. M. (2013). 
Wild pollinators enhance fruit set of crops regardless of honey 
bee abundance. science, 339(6127), 1608-1611.

2. Aizen, M. A., Aguiar, S., Biesmeijer, J. C., Garibaldi, L. A., 
Inouye, D. W., Jung, C.,& Seymour, C. L. (2019). Global ag-
ricultural productivity is threatened by increasing pollinator 
dependence without a parallel increase in crop diversification. 
Global change biology, 25(10), 3516-3527.

3. Free, J. B. (1993). Insect pollination of crops (No. Ed. 2). Ac-
ademic press.

4. Larson, B. M. H., Kevan, P. G., & Inouye, D. W. (2001). Flies 
and flowers: taxonomic diversity of anthophiles and pollina-
tors. The Canadian Entomologist, 133(4), 439-465.

5. Ollerton, J., Winfree, R., & Tarrant, S. (2011). How many 
flowering plants are pollinated by animals?. Oikos, 120(3), 
321-326.

6. Rader, R., Cunningham, S. A., Howlett, B. G., & Inouye, 
D. W. (2020). Non-bee insects as visitors and pollinators of 
crops: Biology, ecology, and management. Annual review of 
entomology, 65, 391-407.

7. Jauker, F., & Wolters, V. (2008). Hover flies are efficient polli-
nators of oilseed rape. Oecologia, 156(4), 819-823.

8. Ssymank, A., Kearns, C. A., Pape, T., & Thompson, F. C. 
(2008). Pollinating flies (Diptera): a major contribution to 
plant diversity and agricultural production. Biodiversity, 9(1-
2), 86-89.

9. Albano, S., Salvado, E., Borges, P. A. V., Mexia, A., & Duarte, 
S. (2009). Pollination Effectiveness of Different Strawberry 
Floral Visitors in Ribatejo, Portugal: Selection of Potential 
Pollinators: Part 2. Pollination Effectiveness of Different 
Strawberry Floral Visitors in Ribatejo, Portugal, 1000-1008.

10. Orford, K. A., Vaughan, I. P., &Memmott, J. (2015). The for-
gotten flies: the importance of non-syrphidDiptera as pollina-
tors. Proceedings of the royal society B: biological sciences, 
282(1805), 20142934.

11. Rader, R., Howlett, B. G., Cunningham, S. A., Westcott, D. 
A., Newstrom‐Lloyd, L. E., Walker, M. K., ... & Edwards, W. 
(2009). Alternative pollinator taxa are equally efficient but not 
as effective as the honeybee in a mass flowering crop. Journal 
of Applied Ecology, 46(5), 1080-1087.

12. Rader, R., Howlett, B. G., Cunningham, S. A., Westcott, D. 
A., & Edwards, W. (2012). Spatial and temporal variation in 
pollinator effectiveness: do unmanaged insects provide con-
sistent pollination services to mass flowering crops?. Journal 
of Applied Ecology, 49(1), 126-134.

13. Stavert, J. R., Pattemore, D. E., Bartomeus, I., Gaskett, A. C., 
&Beggs, J. R. (2018). Exotic flies maintain pollination ser-



    Volume 5 | Issue 3 | 135Eart & Envi Scie Res & Rev, 2022

vices as native pollinators decline with agricultural expansion. 
Journal of Applied Ecology, 55(4), 1737-1746.

14. Pape, T., Blagoderov, V., &Mostovski, M. B. (2011). Order 
Diptera Linnaeus, 1758. In: Zhang, Z.-Q.(Ed.) Animal biodi-
versity: An outline of higher-level classification and survey of 
taxonomic richness. Zootaxa, 3148(1), 222-229.

15. Hull, F. M. (1937). A check list of the Syrphidae of Oceania. 
Honolulu, HI: Bernice P. Bishop Museum.

16. Thompson, F. C. (1997). Revision of the Eristalis flower flies 
(Diptera: Syrphidae) of the Americas south of the United 
States. Proceedings of the Entomological Society of Wash-
ington.

17. Bańkowska, R. (2000). Notes on syrphid flies (Diptera, Syr-
phidae) of Japan. FragmentaFaunistica, 43(16), 203-207.

18. Stubbs, A. E., & Falk, S. J. (2002). British hoverflies: an illus-
trated identification guide. British Entomological and Natural 
History Society.

19. Veen, M. V. (2004). Hoverflies of Northwest Europe. Identifi-
cation keys to the Syrphidae.–knnv-Uitgeverij, Utrecht.

20. Bartsch, H., Binkiewicz, E., Klintbjer, A., Rådén, A., &Nasi-
bov, E. (2009). NationalnyckelntillSveriges flora och fauna. 
Tvåvingar: Blomflugor: Eristalinae&Microdontinae. Diptera: 
Syrphidae: Eristalinae&Microdontinae. Artdatabanken, SLU, 
Uppsala.

21. Francuski, L., Djurakic, M., Ludoški, J., &Milankov, V. 
(2013). Landscape genetics and spatial pattern of phenotypic 
variation of E ristalistenax across E urope. Journal of Zoolog-
ical Systematics and Evolutionary Research, 51(3), 227-238.

22. Sengupta, J., Naskar, A., Maity, A., Hazra, S., & Banerjee, D. 
(2016). New distributional records and annotated keys of hov-
er flies (Insecta: Diptera: Syrphidae) from Himachal Pradesh, 
India. J. Adv. Zool, 37(1), 31-54.

23. Jauker, F., Bondarenko, B., Becker, H. C., &Steffan‐De-
wenter, I. (2012). Pollination efficiency of wild bees and hov-
erflies provided to oilseed rape. Agricultural and Forest Ento-
mology, 14(1), 81-87.

24. Rader, R., Bartomeus, I., Garibaldi, L. A., Garratt, M. P., 
Howlett, B. G., Winfree, R., ... &Woyciechowski, M. (2016). 
Non-bee insects are important contributors to global crop pol-
lination. Proceedings of the National Academy of Sciences, 
113(1), 146-151.

25. Doyle, T., Hawkes, W. L., Massy, R., Powney, G. D., Menz, 
M. H., & Wotton, K. R. (2020). Pollination by hoverflies 
in the Anthropocene. Proceedings of the Royal Society B, 
287(1927), 20200508.

26. European Commission. (2011). Communication from the 
Commission to the European Parliament, the Council, the Eu-
ropean Economic and Social Committee and the Committee 
of the Regions Youth Opportunities Initiative.

27. Memmott, J., Craze, P. G., Waser, N. M., & Price, M. V. 
(2007). Global warming and the disruption of plant–pollinator 
interactions. Ecology letters, 10(8), 710-717.

28. Schweiger, O., Biesmeijer, J. C., Bommarco, R., Hickler, T., 
Hulme, P. E., Klotz, S., ...&Settele, J. (2010). Multiple stress-
ors on biotic interactions: how climate change and alien spe-
cies interact to affect pollination. Biological Reviews, 85(4), 
777-795.

29. Hegland, S. J., Nielsen, A., Lázaro, A., Bjerknes, A. L., &Tot-
land, Ø. (2009). How does climate warming affect plant‐pol-
linator interactions?. Ecology letters, 12(2), 184-195.

30. Frankham, R., Ballou, S. E. J. D., Briscoe, D. A., & Ballou, J. 
D. (2002). Introduction to conservation genetics. Cambridge 
university press.

31. Geffen, E., Luikart, G., &Waples, R. S. (2007). Impacts of 
modern molecular genetic techniques on conservation biolo-
gy. Key topics in conservation biology, 46.

32. Deutsch, C. A., Tewksbury, J. J., Huey, R. B., Sheldon, K. 
S., Ghalambor, C. K., Haak, D. C., & Martin, P. R. (2008). 
Impacts of climate warming on terrestrial ectotherms across 
latitude. Proceedings of the National Academy of Sciences, 
105(18), 6668-6672.

33. Ozdil, F. U. L. Y. A., &Ilhan, F. (2012). Phylogenetic relation-
ship of Turkish Apismellifera subspecies based on sequencing 
of mitochondrial cytochrome C oxidase I region. Genetics and 
Molecular Research, 11(2).

34. Pentinsaari, M., Salmela, H., Mutanen, M., &Roslin, T. 
(2016). Molecular evolution of a widely-adopted taxonomic 
marker (COI) across the animal tree of life. Scientific reports, 
6(1), 1-12.

35. Avise, J. C., Arnold, J., Ball, R. M., Bermingham, E., Lamb, 
T., Neigel, J. E., ...& Saunders, N. C. (1987). Intraspecif-
ic phylogeography: the mitochondrial DNA bridge between 
population genetics and systematics. Annual review of ecolo-
gy and systematics, 489-522.

36. Garnery, L., Cornuet, J. M., &Solignac, M. (1992). Evolution-
ary history of the honey beeApismellifera inferred from mito-
chondrial DNA analysis. Molecular ecology, 1(3), 145-154.

37. Arias, M. C., & Sheppard, W. S. (1996). Molecular Phylo-
genetics of Honey Bee Subspecies (ApismelliferaL.) Inferred 
from Mitochondrial DNA Sequence. Molecular phylogenetics 
and evolution, 5(3), 557-566.

38. Clarke, K. E., Oldroyd, B. P., Javier, J., Quezada‐Euán, G., 
&Rinderer, T. E. (2001). Origin of honeybees (Apismellifera 
L.) from the Yucatan peninsula inferred from mitochondrial 
DNA analysis. Molecular Ecology, 10(6), 1347-1355.

39. Zaitoun, S., Hassawi, D. S., &Shahrour, W. (2008). Origin of 
Jordanian honeybees Apismellifera (Hymenoptera: Apidae) 
using amplified mitochondrial DNA. European Journal of En-
tomology, 105(1).

40. Kekecoglu, M., Bouga, M., Soysal, M. I., &Harizanis, P. 
(2009). Genetic divergence and phylogenetic relationships 
of honey bee populations from Turkey using PCR-RFLP’s 
analysis of two mtDNA segments. Bulgar. J. Agric. Sci, 15, 
589-597.



    Volume 5 | Issue 3 | 136Eart & Envi Scie Res & Rev, 2022

Copyright: ©2022 Mahender Singh Thakur. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

41. Magnus, R., &Szalanski, A. L. (2010). Genetic evidence for 
honey bees (Apismellifera L.) of Middle Eastern lineage in 
the United States. Sociobiology, 55(1), 285.

42. Ilyasov, R. A., Kutuev, I. A., Petukhov, A. V., Poskryakov, A. 
V., &Nikolenko, A. G. (2011). Phylogenetic relationships of 
dark European honeybees Apismelliferamellifera L. from the 
Russian Ural and West European populations. Journal of Api-
cultural science, 55(1), 67-76.

43. Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. 
(2018). MEGA X: molecular evolutionary genetics analysis 
across computing platforms. Molecular biology and evolu-
tion, 35(6), 1547.

44. Felsenstein, J. (1985). Confidence limits on phylogenies: an 
approach using the bootstrap. evolution, 39(4), 783-791.

45. Cervera, M. T., Cabezas, J. A., Simon, B., Martínez-Zapater, 
J. M., Beitia, F., & Cenis, J. L. (2000). Genetic relationships 
among biotypes of Bemisiatabaci (Hemiptera: Aleyrodidae) 
based on AFLP analysis. Bulletin of Entomological Research, 
90(5), 391-396.

46. Wong, A., Forbes, M. R., & Smith, M. L. (2001). Characteri-
zation of AFLP markers in damselflies: prevalence of codom-
inant markers and implications for population genetic applica-
tions. Genome, 44(4), 677-684.

47. Takami, Y., Koshio, C., Ishii, M., Fujii, H., Hidaka, T., & Shi-
mizu, I. (2004). Genetic diversity and structure of urban popu-
lations of Pieris butterflies assessed using amplified fragment 
length polymorphism. Molecular Ecology, 13(2), 245-258.

48. Mendelson, T. C., & Shaw, K. L. (2005). Use of AFLP mark-
ers in surveys of arthropod diversity. In Methods in enzymol-
ogy (Vol. 395, pp. 161-177). Academic Press.

49. LUQUEº, C., Legal, L., Staudter, H., Gers, C., & Wink, M. 
(2002). Noctuids (Lepidoptera). Hereditas, 136, 251-253.

50. Chatterjee, S. N., & Mohandas, T. P. (2003). Identification of 
ISSR markers associated with productivity traits in silkworm, 
Bombyxmori L. Genome, 46(3), 438-447.

51. Chatterjee, S. N., &Tanushree, T. (2004). Molecular profiling 
of silkworm biodiversity in India. Genetika, 40(12), 1618-
1627.

52. Prasad, M. D., Muthulakshmi, M., Madhu, M., Archak, S., 
Mita, K., &Nagaraju, J. (2005). Survey and analysis of mi-
crosatellites in the silkworm, Bombyxmori: frequency, distri-
bution, mutations, marker potential and their conservation in 
heterologous species. Genetics, 169(1), 197-214.

53. Willis, L. G., Winston, M. L., & Honda, B. M. (1992). Phy-
logenetic relationships in the honeybee (genus Apis) as deter-
mined by the sequence of the cytochrome oxidase II region of 
mitochondrial DNA. Molecular phylogenetics and evolution, 
1(3), 169-178.

54. Chalpathy CV, Puttaraju HP and Sivaram V 2014. A pilot 
study on genetic diversity in Indian honeybees – ApisCerana 
of Kernataka populations. Journal of Entomology and Zoo-
logical Studies2(3): 07-13.

55. Chalapathy, C., & HP, P. (2014). Mitochondrial DNA Diver-
sity Studies in Apiscerana populations of Nilgiri Biosphere 
Reserve. Biomirror, 5(5).

56. Zhao, W., Tan, K., Zhou, D., Wang, M., Cheng, C., Yu, Z., ...& 
He, S. (2014). Phylogeographic analysis of Apiscerana popu-
lations on Hainan Island and southern mainland China, based 
on mitochondrial DNA sequences. Apidologie, 45(1), 21-33.

57. Chapman, J. R., Nakagawa, S., Coltman, D. W., Slate, J., & 
Sheldon, B. C. (2009). A quantitative review of heterozygosi-
ty–fitness correlations in animal populations. Molecular ecol-
ogy, 18(13), 2746-2765.

58. May, R. M. (1994). Biological diversity: differences between 
land and sea. Philosophical Transactions of the Royal Society 
of London. Series B: Biological Sciences, 343(1303), 105-
111.

59. Hoffmann, A. A., &Sgrò, C. M. (2011). Climate change and 
evolutionary adaptation. Nature, 470(7335), 479-485.

60. Vrijenhoek, R. (1994). DNA primers for amplification of 
mitochondrial cytochrome c oxidase subunit I from diverse 
metazoan invertebrates. Mol Mar BiolBiotechnol, 3(5), 294-
9.

61. Francuski, L., Djurakic, M., Ludoški, J., &Milankov, V. 
(2013). Landscape genetics and spatial pattern of phenotypic 
variation of E ristalistenax across E urope. Journal of Zoolog-
ical Systematics and Evolutionary Research, 51(3), 227-238.

62. Gaikwad, R., Gaikwad, S., Shouche, Y., &Nath, B. B. (2019). 
Phylogenetic variations found in Indian honeybee species, 
ApisceranaFabr. of North Western Ghats of Maharashtra, In-
dia.

63. Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H., Hofland, 
N., Schwan, H., ...& de Kroon, H. (2017). More than 75 per-
cent decline over 27 years in total flying insect biomass in 
protected areas. PloS one, 12(10), e0185809.

64. Rassami, W., Koolkalya, S., Chaiyakul, K., &Sawarit, S. 
(2017). Species Diversity of Insect Pollinators in the Area of 
Plant Genetics Conservation Project under the Royal Initia-
tion of Her Royal Highness Princess MahaChakriSirindhorn 
(RSPG) at the RambhaiBarniRajabhat University, Chanthabu-
ri Province, Thailand. International Journal of Agricultural 
Technology, 13(7.1), 1259-1267.

65. Lozier, J. D., Strange, J. P., Stewart, I. J., & Cameron, S. A. 
(2011). Patterns of range‐wide genetic variation in six North 
American bumble bee (Apidae: Bombus) species. Molecular 
Ecology, 20(23), 4870-4888.

66. Oldroyd, B. P., Reddy, M. S., Chapman, N. C., Thompson, G. 
J., &Beekman, M. (2006). Evidence for reproductive isola-
tion between two colour morphs of cavity nesting honey bees 
(Apis) in south India. Insectessociaux, 53(4), 428-434.

https://opastpublishers.com


