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Thermal sensitivity of major pollinators of mango: Dipterans score high in climate 
resilience
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ABSTRACT: Pollination is an essential ecosystem service and climate change is a potential threat to the mutualistic 
interactions between plants and their pollinators. Field studies were conducted at ICAR-IIHR, Bengaluru during 2015-
20 to study the effect of temperature on foraging activity of major pollinator species of  a mango (Mangifera indica L.). 
The activity of wild honey bee, Apis florea (Fab.) was negatively correlated with temperature beyond 32o C. while no 
decline was observed in case of Dipteran pollinator, Chrysomya megacephala (Fab.). The thermal breadth index was 
calculated based on density  of four pollinator species foraging at different sets of prevailing temperature in the field. 
Species showed wide variability in their adaptability to temperature. Dipteran pollinators including C. megacephala, 
Eristalinus arvorum and Stomorhina discolor with higher thermal breadth index were relatively more adaptive to 
elevated temperature. Hence conservation of these native species  is essential for  climate change resilient strategies for 
enhancing mango production. 
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INTRODUCTION

Pollination is one of the most important ecosystem 
services contributing to the biodiversity as well as global 
food security. The mutualistic interaction between plants 
and pollinators has evolved over centuries and been 
helping both natural terrestrial ecosystems as well as 
man-made agro-ecosystems. Animal pollinators, mainly 
including  bees, birds and bats affect 35 per cent of the 
world’s crop production, increasing outputs of 87 of the 
leading food crops worldwide (Free, 1993).  In addition 
to factors like habitat loss, chemical intensive agriculture, 
invasive species etc., climate change is emerging as one 
of major threats to pollination services (Hegland et al., 
2009; Reddy et al., 2012).  The effect of climate change 
on pollinators depends upon their thermal tolerance and 
plasticity to temperature changes. Since bees and other 
insect pollinators are ectothermic, the temperature of 
their surroundings determines their activity. Behavioural 
responses of pollinator insects to avoid extreme 
temperatures have the potential to significantly reduce 
pollination services. Effective crop pollination is heavily 
dependent on biological timing, of both the crop and its 
pollinators. Crops such as mangoes in tropical regions, 
or almonds or apples in temperate regions, have periods 
of mass blooming over relatively short periods, requiring 
a tremendous peak in pollinators. Insects and plants react 
differently to changed temperature, creating temporal and 
spatial mismatches which could be detrimental to both 
plants and pollinators (Abrol, 2009; Hegland, 2009).

 Mango (Mangifera indica L.), is the most widely 
cultivated and economically mportant fruit crop of India.  
It produces both male and hermaphrodite flowers and 
insects play a major role in mango pollination (Mukherjee, 
1997). In India, more than 20 species of insects are 
reported to forage on mango inflorescence. However five 
species viz. Apis florea (Fab.) (Hymenoptera:Apidae), 
Chrysomya megacephala (Fab.) and Stomorhina 
discolor (Fab.) (Diptera:Calliphoridae),  Eristalinus 
arvorum (Fab.) (Dipteral:Syrphidae) and Tetragonula 
iridipennis (Smith) are the most frequent and dominant 
visitors significantly contributing to mango pollination 
(Reddy et al., 2012b). The scanty productiveness of 
many mango varieties has been attributed by several 
workers to inadequate pollination. In spite of having 
perfect flowers, cross pollination by insects is essential 
to achieve adequate fruit set and there are several studies 
which proved the essentiality of insects in mango 
pollination. About 60-100% reduction in fruit set was  
observed when panicles were completely excluded from 
insect foraging  (Bhatia et al., 1995;  Singh, 1997). In the 
ensuing climate change scenario, there is a possibility of 
shifts in pollinator diversity and their foraging behavior 
thus ultimately affecting their ecosystem services.  
Studies were conducted at ICAR-Indian Institute of 
Horticultural Research (IIHR), Bengaluru, India  on 
mango to understand the impact of temperature on 
pollinators and their foraging behaviour. 
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
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MATERIALS AND METHODS

Field studies were conducted at ICAR-IIHR, 
Bengaluru during 2015-20 in a mango (cv. Totapuri) 
orchard of about 25 year old, maintained free from 
insecticide spraying. Observations were recorded on the 
number of insect foragers of different groups visiting 
the blossom at weekly interval  during entire flowering 
period. Population counts of five major species  viz.,  
little bee or dwarf bee, Apis florea (Fab.), stingless 
bee, Tetragonula iridipennis (Smith), calliphorid flies, 
Chrysomya megacephala (Fab.) and Stomorhina discolor 
(Fab.) and syrphid, Eristalis arvorum (Fab.) (Fig.1) were 
recorded from 10 panicles (representing all directions) on 
each tree. Five randomly selected trees were marked and 
used in the study, thus making total 50 panicles for each 
observation week. Each panicle was visually observed 
for five minutes to record the visitation by different 
pollinators. Mean number of foragers per 10 panicles 
per five minutes was taken as a unit to compare foraging 
activity between species and at different temperature 
rages. The foraging activity was correlated with maximum 
temperature prevailing during the study period. The data 
were subjected to correlation and regression analysis to 
understand influence of temperature on the numbers of 
pollinators. Analyses were carried out  group wise for 
honey bees, (A. florea and T. iridipennis) and dipterans 
(C. megacephala, E. arvorum and S. discolor). In 
order to quantify the thermal sensitivity, Levin’s niche 
breadth index  was used. The physical environment and 
resources affect the breadth of the niche of a population. 
Considering temperature as an independent variable of 
physical environment of different pollinator species, 
niche breadth was calculated in terms of using the below 
formula (Feinsinger et al., 1981).

Niche Breadth (Bn) = 1/Ʃ pj
2

Where, pj
  is the proportion of individuals found in or 

using resource state

This index is a measurement of niche breadth (Bn) of 
a taxon (pollinator species in present study) and ranges 
from 0 to 1 whereby a value of 0 indicates least and 1 
indicates highest thermal breadth at which a species 
forages. 

RESULTS  AND DISCUSSION

Data on pollinator activity in relation to the 
corresponding temperature indicated that temperature 
had significantly affected the foraging activity of 
pollinators and the impact differed significantly between 
two groups i.e. bees and flies.  The activity of wild honey 
bee, A. florea was negatively correlated with temperature 

beyond 32o C. Their numbers were maximum (0.7-
0./10 panicles/5 min)  at 26-30oC, which came down 
drastically to less than 0.1 at temperature above 32oC.  
The polynomial model of regression equation was fitted 
with R2 value of 0.68 indicating 68% of variability in 
foraging activity was influenced by the temperature 
(Fig. 2). In contrast, no decline was observed in case of 
Dipteran pollinator, C. megacephala and was thus less 
vulnerable to rise in temperature  as reflected in Fig. 3 
where the activity had not declined even at temperatures 
above 32oC. In addition, the R2 value was low (0.46) 
implying that foraging activity of these two species 
was not significantly affected with rise in temperature 
prevailing during flowering period. 

Environmental cues controlling the phenology of bees 
include maximum daily temperature, number of degree 
days and day length. The temperature of their surroundings 
determines their  foraging  activity.  Behavioural 
responses of bees to avoid extreme temperatures could 
significantly impacts pollination services. The time taken 
for thermoregulation at higher temperatures comes at the cost 
of foraging. With increase in temperatures, the efficiency of 
pollen removal and deposition will change and pollinators 
are at risk of over heating. The honey bee’s capacity to 
accumulate energy reserves and to manage the colony’s 
development exerts significant adaptive pressure 
(Willmer and Stone, 2004; Reddy et al., 2012a). In a 
related study, Reddy et al. (2015) established the adverse 
effect of elevated temperature on the foraging activity of 
Indian honey bee, A. cerana and present findings are in 
line with those observations.

RESULTS  AND DISCUSSION

Data on pollinator activity in relation to the 
corresponding temperature indicated that temperature 
had significantly affected the foraging activity of 
pollinators and the impact differed significantly between 
two groups i.e. bees and flies.  The activity of wild honey 
bee, A. florea was negatively correlated with temperature 
beyond 32o C. Their numbers were maximum (0.7-
0./10 panicles/5 min)  at 26-30oC, which came down 
drastically to less than 0.1 at temperature above 32oC.  
The polynomial model of regression equation was fitted 
with R2 value of 0.68 indicating 68% of variability in 
foraging activity was influenced by the temperature 
(Fig. 2). In contrast, no decline was observed in case of 
Dipteran pollinator, C. megacephala and was thus less 
vulnerable to rise in temperature  as reflected in Fig. 3 
where the activity had not declined even at temperatures 
above 32oC. In addition, the R2 value was low (0.46) 
implying that foraging activity of these two species 
was not significantly affected with rise in temperature 
prevailing during flowering period. 
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i. Apis florea ii. Tetragonula iridipennis

iii. Chrysomya megacephala iv. Eristalinus arvorum

v. Stomorhina discolor

Fig. 1. Major pollinator species of mango ( I & ii : Hymenoptera ; iii, iv & v: Diptera)
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the ensuing climate change scenario. Relatively lower 
activity of bees at higher temperature compared to flies 
could be due to the increased efforts needed by their 
colony life   which demands worker bees to spend more 
time in regulating hive temperature. Williams et al. 
(2007) found a relationship between climatic niche and 
declines in British bumblebees, whereas Dormann et al. 
(2008) projected general declines in future bee species 
richness in Europe.

Present studies had clearly indicated that maximum 
temperature had significant effect on pollinator activity. 
Beyond 32oC, there was a decline in foraging activity of 
honey bees, A. florea. However temperature sensitivity 
was not uniform across species. Dipteran pollinators viz., 
C. megacephala and S. discolor were relatively more 
adaptive to temperature shifts thus making them suitable 
for inclusion in climate change resilient strategies for 
mango production. .

 

 Fig. 4. Thermal breadth index of different pollinator species 

 

Present studies had clearly indicated that maximum temperature had significant effect 

on pollinator activity. Beyond 32oC, there was a decline in foraging activity of honey bees, A. 

florea. However temperature sensitivity was not uniform across species. Dipteran pollinators 

viz., C. megacephala and S. discolor were relatively more adaptive to temperature shifts thus 

making them suitable for inclusion in climate change resilient strategies for mango 

production.  

 

ACKNOWLEDGEMENTS 

 The financial support from the Indian Council of Agricultural Research (ICAR) 

sponsored Project ‘National Innovations on Climate Resilient Agriculture (NICRA)’ is 

gratefully acknowledged. Authors also sincerely thank Director, ICAR-IIHR, Bengaluru for 

providing facilities and support.  

 

 

REFERENCES 

0.64 0.62 
0.54 

0.45 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Th
er

m
al

 b
re

ad
th

 in
de

x 

Pollinator species 

Fig. 4. Thermal breadth index of different pollinator 
species

Environmental cues controlling the phenology of bees 
include maximum daily temperature, number of degree 
days and day length. The temperature of their surroundings 
determines their  foraging  activity.  Behavioural 
responses of bees to avoid extreme temperatures could 
significantly impacts pollination services. The time taken 
for thermoregulation at higher temperatures comes at the cost 
of foraging. With increase in temperatures, the efficiency of 
pollen removal and deposition will change and pollinators 
are at risk of over heating. The honey bee’s capacity to 
accumulate energy reserves and to manage the colony’s 
development exerts significant adaptive pressure 
(Willmer and Stone, 2004; Reddy et al., 2012a). In a 
related study, Reddy et al. (2015) established the adverse 
effect of elevated temperature on the foraging activity of 
Indian honey bee, A. cerana and present findings are in 
line with those observations.

Thermal breadth index of different pollinators

The thermal breadth index was calculated based 
on density  of four pollinator species foraging at 
different sets of prevailing temperature in the field. 
Species showed wide variability in their adaptability 
to temperature as evidenced through range of thermal 
index from lowest 0.45 in T. iridipennis to highest 0.64 
in C. megacephala. The order of the thermal breadth 
index in descending manner was C. megacephala (0.64) 
> S. discolor (0.62) > T. iridipennis (0.54) > A. florea 
(0.45). As per Levin’s index, taxon with 0 index are 
considered as highly specialised ones with specific niche 
requirement and those with 1 are generalists (Feinsinger 
et al., 1981). On these lines, pollinators with high index 
are capable of adjusting to wider temperature range 
than those with lower values. Accordingly, two dipteran 
pollinators with > 0.6 index are better placed than 
their Hymenopteran counterparts in their adaptability 
to enhanced temperature, an eventuality expected in 

Environmental cues controlling the phenology of bees include maximum daily 

temperature, number of degree days and day length. The temperature of their surroundings 

determines their  foraging  activity.  Behavioural responses of bees to avoid extreme 

temperatures could significantly impacts pollination services. The time taken for 

thermoregulation at higher temperatures comes at the cost of foraging. With increase in temperatures, 

the efficiency of pollen removal and deposition will change and pollinators are at risk of over heating. 

The honey bee’s capacity to accumulate energy reserves and to manage the colony’s 

development exerts significant adaptive pressure (Willmer and Stone, 2004; Reddy et al., 

2012a). In a related study, Reddy et al. (2015) established the adverse effect of elevated 

temperature on the foraging activity of Indian honey bee, A. cerana and present findings are in 

line with those observations. 

 

 

 
Fig. 2. Effect of temperature on foraging activity of honey bee, A. florea 
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Fig. 3. Effect of temperature on foraging activity of dipteran pollinators v.z., C.  

 megacephala, E. arvorum and S. discolor 

  

Thermal breadth index of different pollinators 

The thermal breadth index was calculated based on density  of four pollinator species 

foraging at different sets of prevailing temperature in the field. Species showed wide 

variability in their adaptability to temperature as evidenced through range of thermal index 

from lowest 0.45 in T. iridipennis to highest 0.64 in C. megacephala. The order of the 
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adjusting to wider temperature range than those with lower values. Accordingly, two dipteran 

pollinators with > 0.6 index are better placed than their Hymenopteran counterparts in their 

adaptability to enhanced temperature, an eventuality expected in the ensuing climate change 

scenario. Relatively lower activity of bees at higher temperature compared to flies could be 

due to the increased efforts needed by their colony life   which demands worker bees to spend 

more time in regulating hive temperature. Williams et al. (2007) found a relationship between 

climatic niche and declines in British bumblebees, whereas Dormann et al. (2008) projected 

general declines in future bee species richness in Europe.  
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Fig. 2. Effect of temperature on foraging activity of 
honey bee, A. florea

Fig. 3. Effect of temperature on foraging activity of 
dipteran pollinators v.z., C.  megacephala,  
E. arvorum and S. discolor
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