
Genetic diversity in chestnuts of Kashmir valley 

 

Bees (Hymenoptera) and flies (Diptera) play an essential role in natural and agricultural ecosystems as pollinators of 

flowering plants while pollinators are declining around the world. Colored pan traps and Malaise traps have widely been used 

for monitoring pollinators. However, their efficiencies may vary with landscapes and type of fauna in a particular habitat. A 

yearlong study was carried out during 2009 to investigate the relative efficacy of colored pan traps and Malaise traps towards 

sampling flies and bees for the first time in a sub-tropical wildlife sanctuary ‘Pirowal’ of Southern Punjab, Pakistan. Fifteen 

pan traps (5 each of 3 colors i.e. white, red and blue) were deployed against one Malaise trap for 7 hours (9:00-16:00 hrs) on 

fortnightly basis. For the comparison and confirmation of an insect as a floral visitor, collection with the hand net was also 

performed. It was concluded that hand net collection is essential to have a comprehensive list of floral visitors of an area as 

the maximum number (63) of species and their abundance (5428 individuals) were recorded with it. Malaise trap collected 

only 671 individuals of 48 species. Although blue, yellow and white pan traps caught 46, 51 and 35 species but the numbers 

of individuals (1383) were fairly higher than that of Malaise traps. Keeping in view the cost effectiveness and better 

performance of colored pan traps, we recommend species specific pan trap colors when targeting certain groups or species, 

nevertheless variety of pan colors should be used when sampling overall biodiversity. We generalize these findings for both 

bees and flies due to similar collection pattern i.e. the maximum abundance and diversity in hand net method followed by pan 

traps and Malaise traps. 
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INTRODUCTION 

 

Pollination is a critical ecosystem service delivered by 

pollinators in natural and agricultural ecosystems (Nabhan 

and Buchmann, 1997). Pollinators are declining on account 

of land use change and intensification in agriculture and this 

is an important concern for conservation biologists across 

the world (Biesmeijer et al., 2006, Lonsdorf et al., 2009, 

Potts et al., 2010). There is a need for continuous assessment 

of composition and size of pollinator populations through 

efficient monitoring programs. This will help in making 

some future conservation strategy. Such information is rare 

even in developed countries, where ecologists recently have 

started log term monitoring programs.  

A number of methods (e.g. Malaise traps, colored pan traps, 

hand netting), spatial scales (e.g. different habitats), time 

periods (e.g. seasons), taxonomic groups and sample units 

have been employed to record fluctuation in pollinators. This 

variability in monitoring methods has made it very difficult 

to reliably compare the findings among existing studies. Few 

recent studies have recommended colored pan traps (plastic 

bowls filled with soapy water) as the most efficient 

monitoring method in variety of habitats (Wetphal et al., 

2008; Gollan et al., 2011). However color of pan traps, have 

shown mixed results. Few studies have shown no significant 

effect of pan colors on bee populations (Wilson et al., 2008; 

Tuell et al., 2009) while others have shown high sensitivity 

of bees towards different pan colors e.g. blue, red, yellow 

and white (Leong and Thorp, 1999; Campbell and Hanula, 

2007). This clearly suggests that preference of bees towards 

pan colors varies from species to species while species vary 

across the habitats and geographical regions (Gollan et al., 

2011). Hence, there is a clear need to develop a standardized 

set of monitoring methods to allow quick, consistent and 

repeatable assessments within and across different habitat 

types.  

Greater sampling effort is especially needed in sub-tropical 

ecosystems of Indian sub-continent where previously no 

baseline is in hand. Forests of sub-tropical Punjab, Pakistan, 

are natural or semi-natural habitats which provide sufficient 

floral resources and suitable nesting sites for the pollinators. 

In agricultural landscapes, semi-natural landscapes are often 

small and bees travel to the adjacent flowering crops for the 

forage (Westrich, 1996).  Forests are structurally and 

biologically diverse, often containing a mixture of 

herbaceous plants, shrubs, mid story and over story trees. 

This composition may across geographical gradient e.g. 

from deserts to tropical rain forests. Therefore, there is a 
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need to develop simple and effective sampling procedures 

for assessing the relative abundance and species richness of 

pollinators in forested habitats.  

Malaise traps are famous for capturing high abundance and 

diversities of flying insects (e.g. Diptera and Hymenoptera) 

while pan traps have widely been used in many conservation 

programs as a tool to monitor the diversity of floral visitors 

(Matthews and Matthews, 1970; Darling and Packer, 1988; 

Noyes, 1989; Aizen and Feinsinger, 1994). Pan and Malaise 

trappings are reckoned as a smart alternative to traditional 

hand net collection method because it is cheaper, requires no 

man-hours, and most probably reduce collector bias (Wilson 

et al., 2008). However, few studies have opposed using pan 

traps alone to estimate the relative abundance of bee species 

(Leong and Thorp, 1999; Cane et al., 2000; Toler et al., 

2005; Roulston et al., 2007) as some species are rarely 

collected in pan traps.  

We conducted a yearlong survey of floral visitors in a sub-

tropical forest of southern Punjab, Pakistan and compared 

the abundance and richness of fly (Diptera) and bee 

(Hymenoptera) floral visitors in pan traps (blue, yellow and 

white) and Malaise traps. The study aimed to validate for the 

first time the efficacies of these sampling methods in the 

sub-tropical forests of Pakistan. The findings of this research 

will facilitate future monitoring and conservation programs 

in the region. 

 

MATERIALS AND METHODS 

 

Study area: The study was conducted in Pirowal Wildlife 

Sanctuary (17823 acres; 30º34´N; 72º03´E; 437±16.5 meter 

above sea level) situated in District Khanewal of Southern 

Punjab, Pakistan. We selected a protected fenced area of 

1500 acres for our study due to almost no human 

disturbance. Climate of the area is sub-tropical; the mean 

monthly temperature ranges between 25°C and 30°C, with 

mean maxima 35°C to 40°C, and mean minima 10°C to 

20°C. The extreme maximum temperature of the region 

varies between 45°C and 48°C, recorded in May and June, 

while the lowest minimum temperature is 0°C to -2°C, 

recorded in January (Khan et al., 2010).  

Data collection: Fortnightly data was recorded from 1
st
 

week of January to 4
th

 week of December in 2009, covering 

all the four seasons (summer, winter, autumn and spring). 

Fifteen pan traps (five of each color i.e. blue, yellow and 

white) were deployed in five sets in a focal plot of 2.5 acres 

(Campbell and Hanula, 2007). Each set comprised three pan 

traps (one of each color) and closely spaced in a triangle. 

The distance between two sets was at least 20 feet. In the 

same plot, a Malaise trap was also installed. To avail the 

active flight timings for most bees and flies, sampling was 

performed from 9:00 to 16:00 hrs. Only diurnal observations 

were made on fortnightly basis. Hand net collection was also 

performed by a trained collector for two 60-minute periods 

on each sampling day i.e. 9:00 to 10:00 hrs and 15:00 to 

16:00 hrs.  

All the insect specimens were first morphotyped and then 

identified to the lowest possible taxonomic level. The 

identification to family level of Diptera was done following 

Borror et al. (1981). The syrphid fly species were identified 

by the specialist (Acknowledgement). Bee genera were 

identified following Michener (2000). Voucher specimens 

were deposited at the Agricultural Museum of the University 

College of Agriculture, Bahauddin Zakariya University 

Multan. 

Data Analysis: Three traits of insect assemblage were 

analyzed for each trap, i.e. richness (total number of 

species), abundance (total number of flower visits) and 

diversity (Shannon-Wiener index, Hulbert’s Probability of 

Inter-specific Encounter (PIE), Evenness and Dominance). 

Percentages of insects collected by pan traps, Malaise traps 

and hand netting are represented as proportions of total 

sample (N). The maximum abundance of each species was 

also identified among the three sampling methods (colored 

pan traps cumulatively, Malaise traps and hand netting) 

(Table 2 & 3). Dominance was calculated as the relative 

abundance of the most abundant visitor species while 

Hurlbert’s PIE is an evenness index that combines the two 

mechanistic factors affecting diversity, i.e. dominance and 

species abundance (Hurlbert, 1971).  

We used hierarchical cluster analysis to estimate the 

similarity in three sampling methods i.e. hand netting, 

Malaise trap and pan traps (treating pan traps of three colors 

separately), on the basis of relative abundance of 66 insect 

species. We used Bray-Curtis distance instead of Euclidean 

distance as input since many of the cells in the data matrix 

were zero (Beals, 1984).  

 

RESULTS 

 

A total of 24 sampling days (168 hours) resulted in 8867 

individuals of 66 species. The hand netting resulted in the 

maximum number of species (63) with maximum 

individuals (5428). Although Malaise trap caught 48 species 

but the numbers of individuals were quite less (671). Blue 

and yellow pan traps also proved efficient in sampling 

number of species (46 and 51, respectively) while the 

number of individuals (1383) of all the pan traps were far 

less than that of hand netting. White and blue pan traps 

proved taxa more specific as dominance was the maximum 

in the both pan traps. Hand netting exhibited the minimum 

dominance, proving it to be more generalized (taxa less 

specific) method. Shannon-Wiener index was the highest in 

hand netting while Hulbert was the highest in yellow pan 

trap i.e. 0.57 (more than 57% probability of two randomly 

selected insects belong to different species) (Table 1). 
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Figure 1. Hierarchical cluster analysis of three sampling 

methods (treating pan traps of three different 

colors separately) using Bray-Curtis distance, 

based on abundance of 66 species at Pirowal 

Wildlife Sanctuary from January to December, 

2009. 

 

Bees: A total of 35 bee species were collected in five 

families (Table 2). The maximum number (13) of species 

belonged to family Halictidae while the minimum (2) 

number of species belonged to family Colletidae. Hand-

netting resulted in the maximum number (34) of bee species, 

followed by pan trap (31) and Malaise trap (27). Twenty six 

bee species were the most abundant in hand-net method 

followed by pan traps (9 species) and Malaise traps (2 

species). Twenty four bee species were alike among the 

three sampling methods. The entire bee species of pan traps 

were also captured by hand nets while 26 out of 27 bee 

species of Malaise trap were also captured by hand nets. 

Megachile sp.2 and Megachile sp.3 were solely present in 

Malaise trap and hand net method, respectively. 

In pan traps, 31 bee species were recorded in five families of 

which four i.e. Andrenidae, Apidae, Megachilidae and 

Colletidae were the most abundant in yellow pan traps. The 

maximum number (29) of species were caught in yellow pan 

trap followed by blue (24 species) and white pan traps (18 

species). Seventeen bee species were alike among the three 

pan traps. Five bee species were common in yellow and blue 

pan traps. On the other hand one species was common in 

blue and white pan traps. Megachile sp.1, Megachile sp.5, 

Colletes sp.1, Halictidae sp.1 ,Halictidae sp.3, Nomioides sp. 

and Ceratina sp.3, were observed only in yellow pan traps. 

On the other hand, Nomia sp.1 was recorded only in blue 

pan traps.  

Flies: A total of 31 fly species were recorded in 9 families 

(Table 3). Syrphidae was species most rich family i.e. 7 

species. Muscidae and Strtiomyidae had the minimum 

numbers of species (1 in each). Hand net method proved to 

be the most fruitful, resulting in 29 species, followed by pan 

traps (27 species) and Malaise trap (21 species). Twenty five 

species were the most abundant in hand netting, followed by 

total pan traps (6 species). Malaise trap had not even a single 

most abundant species.  

Seventeen fly species were found common among the three 

sampling methods. Eight fly species were alike in pan traps 

and hand net method while only single specie was found 

common in Malaise trap and hand net method. Moreover in 

family Syrphidae, Sphaerophoria  bengalensis and in family 

Calliphoridae, Calliphoridae sp.3 was sole to pan traps. Six 

species viz., Calliphoridae sp.1, Calliphoridae sp.3, 

Eristalinus laetus, S. bengalensis, Asilidae sp.3 and 

Anthomiidae sp.1 had their maximum abundant in pan traps. 

All except these six species had their maximum abundance 

in hand netting.  

Among the colored pan traps, the maximum numbers of the 

species were recorded in blue and yellow pan traps (18 

species in each) followed by white pan trap (12 species). No 

any member of families Sarcophagidae, Muscidae and 

Strtiomyidae were recorded in the white pan trap. The blue 

pan traps caught Euphumosia sp., Asilidae sp.3, 

Anthomiidae sp.1 and Bombyliidae sp.1 in maximum 

abundance; the yellow pan traps caught Ischiodon sp., 

Syritta sp., Anthomiidae sp.2, Anthomiidae sp.3, Muscidae 

sp.1 and Strtiomyidae sp.1 while the white pan traps caught 

Calliphoridae sp.1, Calliphora sp.1, Calliphoridae sp.3, E. 

laetus, E. aeneus, Eristalis tenax, Eristalinus sp.3, S. 

bengalensis, Asilidae sp.1, Asilidae sp.2 and Anthomiidae 

sp.4 in highest abundances.  

The similarity between the five traps on the basis of species 

abundance and composition revealed three distinct clusters 

 

Table 1. Among traps difference in pollinators abundance and diversity at Pirowal Wildlife Sanctuary from 

January to December, 2009 

 Blue Yellow White Pan traps Total Malaise Trap Hand-net 

Richness 46 51 35 58 48 63 

Abundance 470 509 406 1383 671 5428 

Dominance 0.081 0.056 0.105 0.0741 0.0851 0.0530 

Shannon-Wiener 3.107 3.378 2.759 3.238 3.065 3.451 

Hulbert (PIE) 0.486 0.574 0.451 0.439 0.447 0.500 
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Table 2. Percentages of bees (Hymenoptera) collected by hand net, Malaise trap and pan traps are proportions of total 

sample (N) at Pirowal Wildlife Sanctuary from January to December, 2009 

Family Genus Pan Traps Malaise Hand-net 

Blue Yellow White Total (n) 

Andrenidae Andrena sp.1 2.44 2.44 0.00 4.88 0.00 95.12 

Andrena sp.2 12.20 17.07 7.32 36.59 21.95 41.46 

Andrena sp.3 2.47 4.94 2.47 9.88 1.23 88.89 

Andrenidae Total 4.91 7.36 3.07 15.34 6.13 78.53 

Halictidae Halictus sp. 21.57 15.69 21.57 58.82 23.53 17.65 

Nomia sp.1 15.38 0.00 0.00 15.38 38.46 46.15 

Nomioides sp. 0.00 6.82 0.00 6.82 0.00 93.18 

Nomia sp.2 3.00 8.00 4.00 15.00 11.00 74.00 

  Lasioglossum sp.1 30.36 17.86 8.93 57.14 17.86 25.00 

Nomia sp.3 4.92 0.00 1.64 6.56 9.84 83.61 

Lesiglosum sp.2 18.18 14.55 9.09 41.82 9.09 49.09 

Halictidae sp.1 0.00 18.60 0.00 18.60 25.58 55.81 

Halictidae sp.2 15.00 20.00 20.00 55.00 10.00 35.00 

Halictidae sp.3 0.00 12.50 0.00 12.50 4.17 83.33 

Halictidae sp.4 25.00 25.00 33.33 83.33 0.00 16.67 

Halictidae sp.5 0.00 0.00 0.00 0.00 4.76 95.24 

Halictidae sp.6 22.50 7.50 0.00 30.00 40.00 30.00 

Halictidae Total 10.87 10.34 6.06 27.27 14.44       58.29 

Apidae Amigella sp.1 2.70 2.70 2.70 8.11 0.00 91.89 

Apis dorsata 2.32 1.93 1.16 5.41 15.44 79.15 

Apis florea 12.82 17.31 17.31 47.44 36.54 16.03 

Ceratina sp.1  32.00 16.00 0.00 48.00 4.00 48.00 

Amigella sp.2 1.72 6.90 0.00 8.62 3.45 87.93 

Tetralonia sp. 9.09 15.58 3.90 28.57 9.09 62.34 

Ceratina sp.2 21.57 11.76 5.88 39.22 15.69 45.10 

Ceratina sp.3 0.00 34.62 0.00 34.62 19.23 46.15 

Apidae Total 7.58 9.50 5.23 22.31 16.53      61.16 

  Megachilidae Megachile sp.1 0.00 75.00 0.00 75.00 0.00 25.00 

Megachile sp.2 0.00 0.00 0.00 0.00 100.00 0.00 

Megachile sp.3 0.00 0.00 0.00 0.00 0.00 100.00 

Megachile sp.4 0.00 0.00 0.00 0.00 12.00 88.00 

Megachile sp.5 0.00 16.07 0.00 16.07 7.14 76.79 

Megachile sp.6 5.71 4.76 1.90 12.38 16.19 71.43 

Megachile sp.7 32.00 16.00 18.00 66.00 18.00 16.00 

Icteranthidium sp. 5.56 5.56 0.00 11.11 0.00 88.89 

Megachile sp.8 32.00 24.00 4.00 60.00 8.00 32.00 

Megachilidae Total 10.32 11.61 3.87 25.81 11.94      62.26 

Colletidae Colletes sp.1 0.00 8.33 0.00 8.33 16.67 75.00 

Colletes sp.2 5.71 11.43 8.57 25.71 0.00 74.29 

Collectidae Total 3.39 10.17 5.08 18.64 6.78 74.58 

Hymenoptera Total 8.69 9.95 5.06 23.69 13.85 62.45 

For different pan trap colors, the percentages are also proportions of sub-sample (n). Best collecting method for each species 

is marked in bold type. 

 

i.e. (i) hand net, (ii) Malaise trap and (iii) three pan traps 

(white, blue and yellow) (Fig 1). Among the three pan traps, 

yellow and blue exhibited more similar tendency towards 

insect abundance and richness than that of white pan. 

 

 

DISCUSSION 

 

The results of current study also suggest that both Malaise 

and colored pan traps caught considerable number of species 

(58 and 48 each, respectively) but their abundance was 

better predicted by pan traps than that of Malaise traps. 
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Pollinating insects are attracted towards color, fragrances, 

rewards (pollen/nectar) and shapes of the flowers 

(Niesenbaum et al., 1998) with color being the most 

attractive trait (Kevan, 1972). Following this idea, Campbell 

and Hanula (2007) found significant increase in Malaise trap 

capture by adding colors to Malaise traps. Most of the recent 

monitoring studies have omitted the option of Malaise trap 

due to its poor efficiency as compared to colored pan traps in 

terms of species abundance (Westphal et al., 2008; Gollan et 

al., 2011). However, the results of our study suggest that if 

the focus is simply the species richness, any of the two 

methods can be applied, however if the focus is abundance 

in addition, then pan traps should be used.  

As different insect species have unlike tendency towards pan 

trap colors and insect fauna varies across geographical area, 

the performance of different pan trap colors may vary across 

geographical area. For example studies conducted in North 

America have shown mixed results. Some indicated no 

significance in color preference among bees (e.g. Toler et 

al., 2005; Wilson et al., 2008; Tuell et al., 2009), while 

others showed high sensitivity towards trap colors (Leong 

and Thorp, 1999; Campbell and Hanula, 2007).  

In this study, blue and yellow pan traps proved more 

efficient in sampling pollinating insect than that of white pan 

traps. Similar tendency towards yellow color have also been 

reported in Australian bees (Gollan et al., 2011). Contrary to 

this, in Oregon, United States, blue color traps caught more 

bees than that of yellow traps (Stephen and Rao, 2005). On 

the other hand, white and blue pan traps proved to be species 

more specific as both had the maximum dominance as 

compare to yellow traps. This finding was in contrary to that 

of Gollan et al. (2005) who found that eight of thirteen most 

common bees were significantly caught by yellow pan traps. 

We recommend species specific pan trap colors when 

targeting certain groups or species, nevertheless variety of 

pan colors should be used when sampling overall bee 

biodiversity. 

A long-term and large-scale sampling technique should be 

simple, effective, labor less intensive and with minimum 

human bias (Westphal et al., 2008). Although hand netting 

in this study caught the maximum number (29) of bee 

species in maximum abundance (1136 individuals) but it 

cannot be applied for long-term and large-scale sampling. 

However, hand netting is sometime required to know the 

plant-pollinator interactions and complete list of bee species 

in any area because there could be some species which are 

rarely caught in pan traps (Krug  and Alves-Dos-Santos, 

2008) e.g. 8 of such bee species were observed this study.  

The maximum number (29) of bee species and their 

abundance (181 individuals) were recorded in yellow pan 

traps. Moreover, white pan traps collected far less number 

(18) of bee species that that of yellow pan traps and no bee 

species was alike in both the pan trap colors. The response 

of bees towards yellow color could be family specific as 

Monsevieius (2004) warned that the use of Soderman yellow 

traps can give biased results due to abnormal attraction of 

particular species to yellow color especially the members of 

family Apidae. Contrary to this, Gollan et al. (2011) found 

Apis mellifera significantly higher in white pan traps. Blue 

pan traps in this study closely followed yellow pan traps in 

terms of abundance and richness of bee species. 

Blue pan traps has also shown to be more attractive for bees 

than the yellow pan traps in terms of abundance and richness 

in some studies (e.g. Stephen and Rao, 2005; Grundel et al., 

2011).  Therefore it would be a best practice to use variety of 

colors for a comprehensive assessment of relative 

attractiveness of each taxonomic group and then use that 

information for future monitoring purposes accordingly. For 

example in this study,  Megachile sp.1, Megachile sp.5, 

Colletes sp.1, Halictidae sp.1, Halictidae sp.3, Nomioides sp. 

and Ceratina sp.3, were observed only in yellow pan traps 

while Nomia sp.1 was recorded only in blue pan traps.  

Flies are the second most important order of insects after 

bees that pollinate flowers (Larson et al., 2001).The 

collection pattern of flies was also the similar to that of bees 

i.e. the maximum abundance and diversity in hand net 

method followed by pan traps and Malaise traps. A Malaise 

trap collects flying insects which by chance come under its 

enclosure. Adding some color to Malaise traps can increase 

the population of specific group of flying insects (Campbell 

and Hanula, 2007) however we did not add any color to 

Malaise traps in this study. This might be the reason that 

there was not even a single most abundant fly species in 

Malaise traps yet it caught 21out of 31fly species. Eleven fly 

species viz., Calliphoridae sp.1, Calliphora sp.1, 

Calliphoridae sp.3, E. laetus, E. aeneus, E. tenax, Eristalinus 

sp.3, S. bengalensis, Asilidae sp.1, Asilidae sp.2 and 

Anthomiidae sp.4  had their maximum abundance with pan 

traps. All the eleven species have been reported visiting 

flowers in the region (Sajjad et al., 2008; Ali et al., 2011).  

The maximum numbers of fly species were captured in blue 

and yellow pan traps (18 species in each) followed by white 

pan trap (12 species). Different fly species exhibited 

different tendency towards different pan trap colors. For 

example, syrphid flies (Syrphidae) were captured in higher 

number with yellow and white pan traps while blow flies 

(Calliphoridae) were captured in higher number with white 

and blue pan traps. Like bees, flies also exhibit a strong 

color preference which even varies within a specific family. 

For example, the members of family Syrphidae have shown 

variable attraction towards yellow, blue or white traps 

(Haslett, 1989; MacLeod, 1999). Campbell and Hanula 

(2007) suggested blue pan traps to be more successful for 

monitoring fly populations in Piedmont, Coastal Plain, and 

Blue Ridge of United states.  In this study, we cannot 

strongly suggest a specific pan trap color for monitoring 

Diptera populations, however we recommend species 

specific pan trap colors when targeting certain groups or 
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species, nevertheless variety of pan colors should be used 

when sampling overall fly biodiversity. 

The similarity between the five traps on the basis of species 

abundance and composition revealed that yellow and blue 

pan traps exhibited more similar tendency towards insect 

(cumulatively for both, bees and flies) abundance and 

richness than that of white pan trap. There were 14 species 

(5 bees and 9 flies) which were collected with both yellow 

and blue pan traps but were not collected with white pan 

traps while only one species (S. bengalensis) which was 

collected with white pan traps but was not collected with 

yellow and blue pan traps. Therefore performance of white 

pan traps in collecting overall biodiversity was poor.  

 

 

Table 3. Percentages of flies (Diptera) collected by hand net, Malaise trap and pan traps are proportions of total 

sample (N) at Pirowal Wildlife Sanctuary from January to December, 2009  

Family Genus 
Pan Traps 

Malaise  Hand-net 
    Blue Yellow White Total (n) 

Calliphoridae 

 

 

 

 

 

Calliphoridae sp.1  21.32 14.42  25.53   61.27 3.00 35.73 

Calliphora sp. 1    6.66 9.79 10.83  27.28 2.71 70.01 

Calliphoridae sp.2 2.83 3.30 0.00         6.12 0.00 93.88 

Euphumosia sp. 25.35  7.04 7.04      39.44  0.00 60.56 

Calliphora sp.2  1.76  1.76 0.00       3.52 0.00 96.48 

Calliphoridae sp.3  33.33 0.00   66.67   100.00 0.00 0.00 

Calliphoridae Total     11.21        9.32     12.59      33.12 1.98 64.89 

Syrphidae 

 

 

 

 

 

 

Eristalinus laetus 15.50 15.50      24.62   55.62        0.00 44.38 

Eristalinus aeneus     0.53      0.71 1.24 2.48        21.82 75.69 

Ischiodon sp. 1.35 2.18 0.83 4.35 12.33 83.32 

Eristalis tenax 1.27 5.09 7.63 14.00 7.63 78.37 

Syritta pipiens 1.31 9.17 0.00 10.48 5.24 84.29 

Eristalinus sp.3 0.00 6.09 7.61 12.18 3.04 84.78 

Sphaerophoria 

bengalensis 
0.00 0.00 100.00 100.00 0.00 0.00 

Syrphidae Total 1.86 3.15 3.04 8.05 13.41 78.54 

Asilidae 

 

 

 

 

Asilidae sp.1 0.00 0.00 5.12 5.12 9.22 85.65 

Asilidae sp.2 23.68 20.03 27.32 9.11 3.64 87.25 

Asilidae sp.3 6.65 0.00 2.66 51.87 0.00 48.13 

Asilidae sp.4 0.00 0.00 0.00 0.00 5.97 94.03 

Asilidae sp.5 0.00 0.00 0.00 0.00 2.20 97.80 

Asilidae Total 3.67 2.24 4.49 10.40 3.67 85.93 

Anthomiidae 

 

 

 

 

Anthomiidae sp.1 33.43 28.45 25.25 87.12 0.00 12.88 

Anthomiidae sp.2 5.27 15.80 0.00 21.07 7.90 71.02 

Anthomiidae sp.3 0.00 4.86 0.00 4.86 3.24 91.90 

Anthomiidae sp.4 2.89 2.89 3.86 9.64 0.00 90.36 

Anthomiidae sp.5 0.00 0.00 0.00 0.00 5.06 94.94 

Anthomiidae Total 10.77 10.88 7.84 29.49 3.24 67.26 

Bombyliidae 

 

 

Bombyliidae sp.1 1.80 0.60 0.00 2.39 17.95 79.66 

Bombyliidae sp.2 0.00 5.79 5.79 11.59 7.72 80.69 

Bombyliidae sp.3 0.00 0.00 0.00 0.00 11.09 88.91 

Bombyliidae Total 0.85 1.99 1.71 4.55 13.36 82.09 

Tephritidae Tephritidae sp.1 1.10 0.22 0.44 1.76 3.95 94.29 

Sarcophagidae 

 

Sarcophagidae sp.1 10.21 22.69 0.00 32.90 1.13 65.96 

Sarcophagidae sp.2 1.55 0.00 0.00 1.55 7.73 90.73 

Sarcophagidae Total 1.67 3.33 0.00 5.00 4.00 91.01 

Muscidae Muscidae sp.1 1.63 7.34 0.00 8.97 13.05 77.97 

Strtiomyidae Strtiomyidae sp.1 15.96 22.34 0.00 38.30 0.00 61.70 

Diptera Total 5.43 5.79 5.45 16.67 7.42 75.91 

For different pan trap colors, the percentages are also proportions of sub-sample (n). Best collecting method for each species 

is marked in bold type. 
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Conclusions: In order to know the complete list of 

biodiversity of any area and confirm the identity of an insect 

as floral visitor, hand netting is recommended on flowers as 

there could be some species which are rarely caught in the 

traps. Moreover, if the focus of monitoring is simply the 

species richness, then both Malaise traps and colored pan 

traps can be applied, while if the focus is abundance in 

addition, then colored pan traps is the best option. However, 

we also recommend species specific pan trap colors when 

targeting certain groups or species, nevertheless variety of 

pan colors should be used when sampling overall 

biodiversity. We generalize these findings to both the bees 

and the flies since both had a similar collection pattern i.e. 

the maximum abundance and diversity in hand net method 

followed by pan traps and Malaise traps.  
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