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Abstract 
Bumble bees are among the insects that play a significant role in the pollination of several agricultural 

crops, fruits, vegetables, and wild flowering plants. Climate change has been discussed as a prospective 

threat to the biodiversity of these pollinators in different parts of the planet during the next several 

decades. As a result of expected climate change circumstances, a number of studies have determined that 

the distribution range of bumble bees will alter, with some species becoming extinct and majority of 

them relocating to the higher mountainous areas. Numerous countries around the globe have developed 

conservation measures for these ecologically and economically significant organisms. In Pakistan, 

Bombus haemorrhoidalis (Hymenoptera: Apidae) is more likely to be used as a pollinator in greenhouse 

vegetable production, as compared to other documented species. Our research aimed to find moderately 

and highly favorable locations for B. haemorrhoidalis in 2050 and 2070 based on two representative 

concentration pathways (RCP4.5 and RCP8.5) using Maxent. Five key contributing variables including 

Bio1 (Annual Mean Temperature), Bio12 (Annual Precipitation), Bio14 (Precipitation of Driest Month) 

and Bio18 (Precipitation of Warmest Quarter) along with 52 occurrence record of the species were 

utilized in the modeling procedure for determining potential distribution of B. haemorrhoidalis. 

Performance of the model was assessed by calculating the area under the curves (AUC), the partial ROC, 

the omission rates (E=5%), and the AICc (Model complexity). Regularization multiplier of finally 

selected model was 2. Based on the results of the Jackknife test, it was determined that only four climatic 

factors, namely Bio4, Bio12, Bio14 and Bio18 contributed 89.0% to the prediction of the species' 

prospective distribution. The results indicated that highly suitable distribution areas of this species would 

be concentrated in upper the mountainous areas of Pakistan under the influence of climate change. The 

suitability of its habitat, however, will decrease under the forecasted climatic conditions of future 

scenarios (RCP 4.5 and RCP 8.5) for 2050 and 2070. According to the findings, the area that is 

anticipated to be moderately suitable will shrink by 320.492083 km2between the years 2050 and 2070 

under RCP 4.5 (70), as compared to RCP 4.5. (50). In the same pattern, according to RCP 8.5 (70), it 

would shrink by a total of 260.764698 km2 as compared to RCP 8.5. (50). A similar pattern would be 

observed for forecasted highly suitable areas, which would shrink by a total of 2492.820215 km2 under 

RCP 4.5. (70) compared to RCP 4.5 (50), and by a total of 1363.441658 km2 under RCP 8.5 (70) in 

contrast to RCP 8.5. (50). Results indicated that suitable areas for this species would decrease during two 

scenarios of year 2050 and 2070. This species would leave many areas of its current distribution under 

the influence of climate change and move upward towards upper mountainous areas of Azad Kashmir, 

Gilgit Baltistan and Khyber Pakhtunkhwa. Based on the results of our studies, Government along with 

other stakeholders of bee pollination may develop climate mitigation strategies to conserve pollination 

services of B. haemorrhoidalis on a sustainable basis. More extensive surveys are needed along with 

other tools of remote sensing for more reliable predictions. 
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Introduction 
 

Global biodiversity is threatened by climate change, 

which affects species and ecosystems. Rising sea 

levels, shifting precipitation patterns, and rising 

temperatures cause habitat loss and fragmentation 

(IPCC, 2021). The IPCC warns that animals that 

cannot adapt or move may have trouble finding 

suitable homes. Several species are changing their 

ranges to locate better conditions. Climate change has 

major effects on insect species, habitats and culture. 

Temperature and precipitation affect insect 

behaviour, distribution, and life cycles (Warren et al., 

2021). Due to their vulnerability to environmental 

changes, insects are changing their geographic 

distribution and phenological events, including 

emergence dates and seasonal activity (Bennie et al., 

2013). Changes to ecological connections can affect 

pollination, herbivory and decomposition (Vanbergen 

and Initiative, 2013).  

Bumble bees (Apidae: Hymenoptera) are important 

pollinators with approximately 250 species 

worldwide (Williams et al., 2008), distributed across 

North and South America, Asia and Europe (Hines, 

2008). They are pollinators of wild flowers especially 

in alpine environments (Kevan and Baker, 1983; Yu 

et al., 2012) and of cultivated fruits, spices and crops 

like tomato, pepper, cucumber, blueberry, cranberry, 

cucumber, strawberries etc. grown under protected 

environment (Abak et al.,1997; Kwon and 

Saeed,2003; Mackenzie, 2009). Their external 

morphology (Body size and thick body hairs), speed 

of pollination, wing vibration to burst the pollen sacs 

and foraging ability at low temperature, make them 

efficient pollinators in natural and agricultural 

ecosystems (Javorek et al., 2002; Abrol, 2012; 

Williams et al., 2014). On the commercial scale, 

various species of these bees are being used in 

pollination in various parts of the world (Velthuis and 

Van Doorn, 2006; Klein et al., 2007). B. 

haemorrhoidalis is the only bumble bee species 

reared on small scale and experimented for its 

usefulness in pollination of crops in neighboring 

countries of Pakistan and India (Dayal and Rana, 

2004; Thakur et al., 2005; Sowmya et al., 2015). In 

Pakistan, various studies (Sheikh et al., 2014; Imran 

et al., 2017) have been conducted on this bee for its 

probable utilization in pollination services under 

greenhouse system. 

Bumble bees have been discussed to be in decline in 

various parts of the world due to a variety of reasons 

like loss of suitable habitat (Hoiss et al., 2012;Kerr et 

al., 2015;Rasmont et al., 2015); modification in 

agricultural practices and land use (Carvell et 

al,2006; Cameron et al., 2011;Rundlöf 

etal.,2015;Jacobson et al., 2018;Prestele et al.,2021); 

parasites and pathogens (Meeus et al., 2011;Cameron 

et al., 2011;Goulson et al., 2015;McNeil etal.,2020; 

Plischuk etal.,2017); lethal and sub lethal effects of 

pesticides  (Phelps et al.,2018;Lämsä et al., 2018; 

Banks et al., 2020) and climate change effects (Kerr 

et al., 2015;Soroye etal., 2020;Cameron and Sadd, 

2020;Martínez-López et al.,2021). A number of 

studies concluded expansion, reduction or shifting of 

their range in various parts of the world as a result of 

future variations in different environmental drivers. 

Under future climatic situations, they are expected to 

either expand their range, become less suitable in 

distribution, or move up in altitude in various 

biogeographic regions of the world, including 

Europe, North America, East Asia, and South 

America (Hoiss et al., 2012; Kerret al., 2015; 

Rasmont et al., 2015). Species distribution modeling 

(SDM) has been used as a powerful tool in various 

studies to determine distribution of various bumble 

bees (Kadoya et al., 2009; Martins and Melo, 2010; 

Bartomeus et al.,2013; Rasmont et al., 2015; Kerr et 

al., 2015; Martinet et al., 2015; Biella et al., 2017) in 

different countries under projected future climatic 

scenarios. Sirois-Delisle and Kerr (2018) used 

MaxEnt model to determine potential shifts in North 

American bumblebee distribution for future 

scenarios. Koch et al. (2019) applied MaxEnt to 

determine distribution of bumble bees in the Pacific 

Northwest and reported a reduction in their habitat 

suitability. Krechemer and Marchioro (2020) used 

https://doi.org/10.35495/ajab.2023.
https://creativecommons.org/licenses/by/4.0


Imran Bodlah et al. 

                                                                3/17  Asian J Agric & Biol. xxxx(x). 

MaxEnt model to predict past, present and future 

distributions of six Bombus species found in South 

America and indicated loss of climatically suitable 

areas under future climate scenarios. Recently, 

Martínez-López et al. (2021) determined a reduction 

in potential distribution of bumble bees Mesoamerica 

region under future projected scenarios. B. 

haemorrhoidalis, an indigenous Bumble species of 

Pakistan, initial basic studies on its laboratory rearing 

has been already done. This species may be utilized 

in future as a successful pollinator in green house 

system in Pakistan. Keeping in view this situation, 

these studies were planned for predicting the 

distribution of B. haemorrhoidal is under current and 

future scenarios in Pakistan. 

 

Material and Methods 
 

The current study was conducted in the 

Biosystematics Laboratory, Department of 

Entomology, PMAS Arid Agriculture University, 

Rawalpindi, Pakistan during 2022-2023. Research 

funds for field surveys and experimentation were 

provided by Ministry of Education and King 

Abdulaziz University, DSR, Jeddah, Saudi Arabia. 

 

Study region: Azad Kashmir, Gilgit Baltistan, Punjab, 

Khyber Pakhtunkhwa, and Islamabad are the parts of 

Pakistan that make up the study region (Figure 1). 

 

Bumble bee data collection and processing 

This study uses occurrence data of B. 

haemorrhoidalis retrieved from relevant online 

database (Global Biodiversity Information database 

www.gbif.org), published records (Sheikh et al., 

2014) and field surveys (Done by first three authors 

during various periods of the study). Data (52 

occurrences) in the form of geographical coordinates 

were uploaded in NICHE TOOL BOX for further 

processing. Spatial autocorrelation between 

occurrences was removed by filtering the data in such 

a way two occurrences that fall two kilometers to 

each other were excluded. This process reduced 

occurrences to 45. Out of these, the ArcGIS software 

was used to process 40 of the occurrences, and a 

buffer of seventy kilometers was created around all 

of the locations of occurrence in order to set the 

model calibration area (M) (Fig. 2) (Ashraf et al., 

2018). The five occurrences left after those were used 

as independent data. 

 

 

 
Figure-1. Study area 
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Figure-2. Occurrence points of the species along with buffer of 70 kilometers (M) 

 

Environmental variables selection determining the Bee distribution 

In order to analyze the distribution and appropriateness of the B. haemorrhoidalis, data for 19 climatic factors 

were acquired from an official source (The World Clim website; Global Climate Data). World Clim is a 

worldwide climate layers dataset (Hijmans et al., 2005) that represents average conditions between 1950 and 

2000. Within ArcGIS, raster layers were calibrated and then transformed to Ascii. Based on our past 

information from the research of María et al. (2019), we used the SDM tool box to eliminate pairings of 

variables with a Pearson's correlation of less than 0.90 in order to narrow down the set of candidates for use in 

species prediction (Table 1). This approach reduces the possibility of overfitting in the model's prediction 

outputs. In the end, 9 variables were chosen for inclusion in the model: Bio1 (Annual Mean Temperature), Bio4 

(Temperature Seasonality), Bio7 (Annual Range of Temperature), Bio8 (Mean Temperature of Wettest 

Quarter), Bio12 (Annual Precipitation), Bio13 (Precipitation of Wettest Month), Bio14 (Precipitation of Driest 

Month), Bio15 (Precipitation Seasonality), and Bio18 (Precipitation of Warmest Quarter). Finally, five of these 

variables were utilized to estimate the distribution of B. haemorrhoidalis: Bio1 (Annual Mean Temperature), 

Bio4 (Temperature Seasonality), Bio12 (Annual Precipitation), Bio14 (Precipitation of Driest Month), and 

Bio18 (Precipitation of Warmest Quarter). 
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Table-1. Pearson’s correlation among the environmental predictors, used in habitat suitability modelling 

of Bombus haemorrhoidalis 

 
 
Settings of the Maxent model  

The following occurrence data and climatic factors 

were used in the Maxent model run. We used a 

random distribution to split the occurrence data (40 

points) into 10 testing and 30 training points for 

model calibration, plus 5 occurrences as independent 

data for testing the models on our own. Bioclimatic 

variables were randomly split into three groups (Set1, 

Set 2, and Set 3) and treated as M variables. In order 

to execute Maxent, the R package was used. Initially, 

we utilized the Kuenm and Kuenmceval functions to 

build our models. By following methodology of 

Cobos et al. (2019), we utilized a regularization 

multiplier of 17 and 29 different feature classes to 

generate candidate models. To determine which 

models performed best, we used partial ROC (with 

500 iterations), omission rates (E=5%), and AICc 

(Model complexity). The Kuenmceval function was 

utilized for assessment and best candidate model 

selection. Both the package's kuenm mod and 

kuenmfeval functions were used to evaluate and 

choose the final model. The default settings were 

used for Maxent's 500 iterations and 10 random 

replicate studies. 

 
Transfer of calibration area model results 

The provinces; KPK, AJK, Gilgit Baltistan, Punjab 

and Capital territory of Islamabad were used to 

extrapolate future climate change scenarios using the 

RCPs 4.5 and 8.5 from the 5th assessment report of 

the Intergovernmental Panel on Climate Change 

(IPCC). CMIP5 data was used as it is being still used 

in real field data research (Khwarahm, 2023) and 

considered as more reliable in field studies.  

Three general circulation models (GCMs) had their 

bioclimatic data layers compared for this study 

(HadGEM2-AO, HadGEM2-ES and BCC-CSM1-1). 

Using ArcGIS, we studied these layers as G 

variables. There were two potential futures projected 

by the model. Finally, we investigated a total of 12 

possible model transfers into the future based on the 

results from 3 GCMs, 2 time periods, and 2 RCPs. In 

order to prepare maps and calculate distribution area 

for B. haemorrhoidalis in the present and the future, 

results from Maxent were imported into ArcGIS 

software and processed. 

 
Development of binary models 

The connection between the calibration points and 

the raw model output of maxent was used to 

construct binary models. ArcGIS software was used 

to import the raw data and calibrate the data. To 

determine cutoffs, we used ArcGIS's extract values 

to point feature, with the highest cutoffs 

corresponding to omission error rates of 0%, 5%, and 

10% (Ashraf et al., 2018). For the purposes of 

quantifying species distribution ranges under climate 

change scenarios, the suitability maps were classified 

as either high (0.28-1), moderate (0.26-0.28; E = 5-

10%), or low (0-0.26; E = 0-5%).  

 
Results  
 
Candidate models 

All possible permutations of 17 regularization 

multiplier settings, 29 feature class permutations, and 

3 sets of environmental variables were tried out 

among 1479 candidate models. Statistical 

significance (Partial ROC), omission rates (OR), and 

the Akaike information criterion adjusted for limited 

sample sizes were used to evaluate model 

performance (AICc). There were 1465 statistically 

SPECIES bio_1.asc bio_2.asc bio_3.asc bio_4.asc bio_5.asc bio_6.asc bio_7.asc bio_8.asc bio_9.asc bio_10.asc bio_11.asc bio_12.asc bio_13.asc bio_14.asc bio_15.asc bio_16.asc bio_17.asc bio_18.asc bio_19.asc

bio_1.asc 1 0.9546411 0.960294 -0.069906 0.9917646 0.9653628 0.800438 0.8962889 0.9956471 0.9955018 0.9958395 -0.25912 0.4461606 -0.649568 0.8021852 0.3548858 -0.622177 0.1990483 -0.471214

bio_2.asc 1 1 0.9022593 0.1970725 0.9815486 0.8520793 0.9295004 0.8769836 0.9389369 0.9761213 0.9276779 -0.352772 0.3855265 -0.715643 0.8285383 0.2835354 -0.694732 0.143924 -0.527654

bio_3.asc 1 1 1 -0.19142 0.9370093 0.9670785 0.6831491 0.790561 0.9652661 0.9484984 0.9684485 -0.217752 0.4159091 -0.524734 0.6997831 0.3409356 -0.497501 0.1531635 -0.369081

bio_4.asc 1 1 1 1 0.0407316 -0.313997 0.5027628 0.0216528 -0.121273 0.0179244 -0.159427 -0.418102 -0.229147 -0.380043 0.1970441 -0.266217 -0.413246 -0.294103 -0.377981

bio_5.asc 1 1 1 1 1 0.9275381 0.8679936 0.9089832 0.9826935 0.9983091 0.9782024 -0.29262 0.4301278 -0.683994 0.8188147 0.3320865 -0.657511 0.1955043 -0.493192

bio_6.asc 1 1 1 1 1 1 0.6195128 0.8261845 0.9742086 0.9400016 0.9837409 -0.146578 0.4610217 -0.505078 0.6911705 0.3884301 -0.471884 0.2268623 -0.3429

bio_7.asc 1 1 1 1 1 1 1 0.8114894 0.7696314 0.8478819 0.7475326 -0.419865 0.2908864 -0.765574 0.8014916 0.1814115 -0.754052 0.1092078 -0.580297

bio_8.asc 1 1 1 1 1 1 1 1 0.8882853 0.8983894 0.8847185 -0.128018 0.5288705 -0.614699 0.8050009 0.4256532 -0.577878 0.3869842 -0.390495

bio_9.asc 1 1 1 1 1 1 1 1 1 0.9873428 0.9963346 -0.225467 0.4626956 -0.613488 0.7868143 0.3744498 -0.583617 0.218743 -0.432454

bio_10.asc 1 1 1 1 1 1 1 1 1 1 0.9838598 -0.292742 0.4226734 -0.674342 0.8091267 0.327751 -0.648378 0.1765194 -0.489954

bio_11.asc 1 1 1 1 1 1 1 1 1 1 1 -0.21756 0.4606858 -0.60498 0.7716342 0.373759 -0.574486 0.2251239 -0.427195

bio_12.asc 1 1 1 1 1 1 1 1 1 1 1 1 0.6571029 0.7858732 -0.167476 0.7271316 0.8118842 0.7464828 0.8720357

bio_13.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 0.1041024 0.6151819 0.9872917 0.1370009 0.8018411 0.2874612

bio_14.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -0.685245 0.2109625 0.9905415 0.2987844 0.9373815

bio_15.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.5339107 -0.669219 0.2698368 -0.539898

bio_16.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.2445102 0.794106 0.3710448

bio_17.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.3500262 0.9570551

bio_18.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.5019051

bio_19.asc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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significant models, and 1 met both the omission rate 

and the AICc cutoff. The final model map was 

prepared using an average file of this model. The 5% 

cutoff for the best model performance (Omission 

rates). This species is currently found in the 

following locations in Pakistan: Abbottabad, 

Muzaffarabad, HattianBala, Bagh, Poonch, Sudhnoti, 

Kotli, Mirpur, Rawalpindi, Islamabad, Haripur, some 

areas of Mansehra, and limited locations in the 

districts of Jhelum, Buner, Swabi, Chakwal, and 

Attock, as shown on the map of calibration area (Fig. 

3), which was predicted using maxent. 

 

Percentage contribution of predictor variables 

After running Maxent, the Jackknife test revealed the 

relative contribution of each bioclimatic variable to 

B. haemorrhoidalis prediction (Fig 4). Bio18 

(Precipitation of warmest quarter), Bio4 

(Temperature seasonality), Bio14 (Precipitation of 

Driest Month), Bio12 (Annual precipitation), and 

Bio1 (Annual Mean Temperature) were the main 

variables for predicting potential distribution of B. 

haemorrhoidalis, contributing 39.3%, 27.3%, 22.7%, 

7.2%, and 3.6%, respectively, to the current 

geographical distribution. Among these factors, Bio1 

has the smallest impact. These three variables (Bio18, 

Bio4, and Bio14) together accounted for 89.3% of the 

total variance explained by the model, making them 

the most important in predicting where a given 

species would be found. Related to permutation, 

variables namely Bio 18, Bio 4, and Bio 14are the 

important variables (Figure 5). 

 

 

 
Figure-3. Bombus haemorrhoidalis distribution predicted by Maxent in calibration area 
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Figure-4. Gains of variables (Jackknife test) in the maxent model for Bombus haemorrhoidalis 

Figure-5. Percent contribution of environmental variables towards MaxEnt model 

 

Model performance evaluation based on AUC 

values 

Areas under receiver operating characteristic curves 

(AUC) tests for both historical data and forecasts 

have been found to be 0.988 when the maximum 

entropy principle of Maxent is used (Fielding and 

Bell, 1997; Van-der-Putten et al., 2010). As shown 

by our area under the curve (AUC) calculation, the 

results are statistically significant (0.914) (Figure 6). 

 
Current habitat suitability of B. haemorrhoidalis 

The Maxent model provided the current predicted 

distribution of B. haemorrhoidalis under the 

influence of bioclimatic factors (Fig.7). According to 

our model predictions, In Pakistan the predicted 

highly suitable areas are mainly distributed in 

Abbottabad, Muzaffarabad, Hattian Bala, Bagh, 

Poonch, Sudhnoti, Kotli, Mansehra, Mirpur, 

Rawalpindi, Islamabad, Haripur, Narowal, Chakwal, 

some areas of Swabi, Khushab, Mirpur, Jhelum and 

very limited areas of Batagram, Buner, Attock, 

Bhimber, and Karak. While limited moderately 

suitable areas are concentrated in Narowal, Bhimber, 

Chakwal, Karak, Attock, Jhelum, Rawalpindi, 

Islamabad, Swabi, Khushab, Mansehra, Haripur, 

Hattian Bala, Bagh, Poonch and Muzaffarabad. 
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Figure-6. Average sensitivity vs. 1- specificity curve for B. haemorrhoidalis 

 

 
Figure-7. Maxent model's current (1970-2000) estimated distribution of Bombus haemorrhoidalis in Pakistan 
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Figure-8. Future estimated distribution of B. haemorrhoidalis (RCP 4.5, 2050) by Maxent in Pakistan 

 

 

 

 
Figure-9. Future estimated distribution of B. haemorrhoidalis (RCP 8.5 2050) by Maxent in 

Pakistan 
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Figure-10. Maxent's forecasted distribution of B. haemorrhoidalis (RCP 4.5, 2070) in Pakistan 

 

 

 

 

 
 

Figure-11. Maxent's forecasted distribution of B. haemorrhoidalis (RCP 8.5, 2070) in Pakistan 
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Future habitat suitability of B. haemorrhoidalis 

According to the predictions of the model of 2050 

(RCP 4.5), highly suitable areas for the species would 

mainly be Rawalpindi, Islamabad, Haripur, 

Abbottabad, Buner, Bagh, Poonch, Sudhnoti, Kotli, 

Hattian Bala, Muzaffarabad, Mansehra, Swat, 

Neelum, Batagram, Lower Kohistan, Shangla, 

Haveli, Kurrum Agency, Orakzai Agency, Khyber 

Agency and Hangu. Some areas of Swabi, Mardan, 

Malakand protected areas, Bhimber, upper Kohistan 

and very limited areas of N. Wazaristan, Karak, 

Attock, FR Kohat, FR Peshawar, Nowshera and 

Kohat would be highly suitable for this species 

(Fig.8). Moderately suitable habitats would be district 

Rawalpindi, Islamabad, Haveli, Neelum, Mansehra, 

Muzaffarabad, Haripur, Swat, Mardan, Malakand 

protected areas, FR Peshawar, FR Kohat, N. 

Wazaristan, Kurrum Agency, Orakzai Agency, 

Khyber Agency, Lower Kohistan, upper Kohistan 

and Batagram. Under projected climate of RCP 4.8 

(2050), district Islamabad, Sudhnoti, Poonch, Bagh, 

Haveli, HattianBala, Abbottabad, Haripur, Mansehra, 

Muzaffarabad, Turdher, Shangla, Batagram, Lower 

Kohistan, Kurrum Agency and Orakzai Agency 

(Fig.9). Some areas of district, Swabi, Mardan, 

Rawalpindi, Karak, Khyber Agency, Hangu, upper 

Kohistan and very limited areas of Bhimber, Attock, 

Nowshera, FR Kohat, FR Peshawar, N. Wazaristan 

and Kohat would be highly suitable for this species. 

Karak, Hangu, Khyber Agency, Kohat, Nowshera, 

FR Kohat, FR Peshawar, Batagram, Lower Kohistan, 

upper Kohistan, Swat, Mardan, Shangla, 

Muzaffarabad, Neelum and Haripur would be the 

representative of moderately suitable habitats for the 

species. 

According to the predictions of the model by 2070 

(RCP 4.5), highly suitable areas would include Kotli, 

Rawalpindi, Islamabad, Haripur, Abbottabad, Buner, 

Bagh, Poonch, Sudhnoti, Haveli, HattianBala, 

Mansehra, Muzaffarabad, Neelum, Buner, Turdher, 

Shangla, Batagram, Lower Kohistan, Kurrum 

Agency and Orakzai Agency and Khyber Agency 

(Fig.10). Some areas of Swabi, Mardan, upper 

Kohistan, Mardan, Lower Dir and limited areas of 

Malakand protected areas, FR Kohat, FR Peshawar, 

Karak, N. Wazaristan and Nowshera would also 

representing highly suitable habitats for this species. 

Very limited areas of Districts, N. Wazaristan, 

Hangue, Kurrum Agency and Orakzai Agency and 

Khyber Agency, FR Kohat, FR Peshawar, Neelum, 

upper Mansehra, Batagram, Lower Kohistan, upper 

Kohistan, Swat, lower Dir, Shangla, Nowshera and 

areas of Malakand protected would moderately 

suitable. By 2070 (RCP 4.5), highly suitable districts 

would include Kotli, Rawalpindi, Islamabad, 

Sudhnoti, Bagh, Poonch, Haveli, Hattian Bala, 

Mansehra, Muzaffarabad, Haripur, Abbottabad, 

Turdher, Batagram, Shangla, Swat, Neelum, Buner, 

lower Dir, upper Koistan and lower Koistan (Fig.11). 

Some areas of Islamabad, Swabi, Mardan, Hangue, 

upper Dir and very limited areas of Malakand 

protected areas, FR Kohat, FR Peshawar, Karak and 

N. Wazaristan would also be moderately suitable. 

Moderately suitable areas would be N. Wazaristan, 

Kurrum Agency and Orakzai Agency, Khyber 

Agency, FR Kohat, FR Peshawar, Nowshera, upper 

Koistan, Lower Kohistan, Neelum, Mansehra, 

Shangla, Batagram and Swat. 

 
Area calculation of current and future habitat 

suitability  
According to the average projections of our models, 

the moderately appropriate area in 2050 will decline 

by 135.282299 km
2
 (RCP 4.5) and 309.612119 km

2
 

(RCP 8.5) compared to its current distribution (Table 

2). In 2050, highly suitable areas would expand by 

9827.779597 km
2
 (RCP 4.5) and 5182.693655 km

2
 

(RCP 8.5) relative to their current distribution. 

Comparing the current distribution to that of 2070, it 

was estimated that moderately suitable regions will 

decline by 474.906352 km
2
 (RCP 4.5) and 

570.376817 km
2
 (RCP 8.5), while very appropriate 

areas will grow by 7334.959382 km
2
 (RCP 4.5) and 

3819.251997 km
2
 (RCP 8.5). 

According to the projections of two future scenarios 

for 2050 and 2070 (Table3), the area deemed 

moderately appropriate would shrink by 320.492083 

km
2
 under RCP 4.5 (70) compared to RCP 4.5 (50). 

Similar to RCP 8.5 (70), it would decline by 

260,764698 km
2
 under RCP 8.5 (70). (50). The 

anticipated highly suitable area would decrease by 

2492.820215km
2
 RCP 4.5 (70) compared to RCP 4.5 

(50) and by 1363.441658km
2
 RCP 8.5 (70) compared 

to RCP 8.5 (50). (50). It is possible to conclude that 

appropriate habitats for this species would decline 

between 2050 and 2070 under two different 

scenarios. Comparing the years 2050 and 2070, 

highly and moderately appropriate regions for this 

species would decrease in 2070 compared to 2050.
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Table-2. Comparison between current and future distribution area of Bombus haemorrhoidalis 

 Suitability Class Threshold 

Current and future distribution area of Bombus haemorrhoidalis (km2) 

Current 

distribution 

Future 

distribution 

RCP (4.5) 

Change in area 
Current 

distribution 

Future 

distribution 

RCP (8.5) 

Change in 

area 

 

 

2050 

Unsuitable 0-5 374447.286596 364735.051565 9712.235031 374447.286596 369556.756211 4890.530385 

Moderately Suitable 5-10 930.680734 795.398435 135.282299 930.680734 621.068615 309.612119 

Highly Suitable >10 14210.68353 24038.463127 -9827.779597 14210.68353 19393.377185 -5182.693655 

 

 

2070 

Unsuitable 0-5 374447.286596 367550.346832 6896.939764 374447.286596 371177.001028 3270.285568 

Moderately Suitable 5-10 930.680734 474.906352 455.774382 930.680734 360.303917 570.376817 

Highly Suitable >10 14210.68353 21545.642912 -7334.959382 14210.68353 18029.935527 -3819.251997 

Table3: Comparison of RCP (4.5 and 8.5) under projected climatic conditions for year 2050 and 2070 

Future distribution area of Bombus haemorrhoidalis (km2) 

Suitability 

Class 
Threshold 

Future 

distribution 

RCP 4.5 (50) 

Future 

distribution 

RCP 4.5 (70) 

Change in 

area 

Future 

distribution 

RCP 8.5 (50) 

Future 

distribution RCP 

8.5 (70) 

Change in 

area 

Unsuitable 0-5 % 364735.051565 367550.346832 -2815.295267 369556.756211 371177.001028 -1620.244817 

Moderately 

Suitable 
5-10 % 795.398435 474.906352 320.492083 621.068615 360.303917 260.764698 

Highly 

Suitable 
>10 % 24038.463127 21545.642912 2492.820215 19393.377185 18029.935527 1363.441658 

 
Discussion 
 
Results indicated that distribution pattern of this 

species is dominantly influenced by five bioclimatic 

variables namely Bio1, Bio 4, Bio12, Bio14 and 

Bio18, which are different variables of temperature 

and precipitation. Both of these environmental factors 

can have a direct impact on bumble bees by killing a 

lot of overwintering queens or colonies (see, for 

example, Vesterlund and Sorvari,2014; Oyen et al., 

2016) or dampen their vital foraging activities as 

indicated by Bergman et al. (1996). It has been 

established that these two parameters influence the 

mortality and reproductive success of bumble bees 

both directly and indirectly through modifications to 

available floral resources. Results from research by 

Gérard et al. (2020) show that increased temperature 

ranges during development have negative effects on 

the pollination effectiveness of B. terrestris colonies, 

as well as on the size and shape of the wings. 

According to Guiraud et al. (2021), greater 

temperatures can have detrimental effects on B. 

terrestris, including smaller workers with inferior 

flight performance, decreased foraging efficiency, 

and stunted colony growth. The bees' reduced size 

poses a threat to the colony's ability to gather food 

and may slow the growth of the colony as a whole. 

Studies of Miller-Struttmann et al. (2015) and Gérard 

et al. (2018) concluded that elevated temperature may 

result in decrease of tongue and body size in workers 

and queen of some bumble bees and ultimately 

affecting pollination efficiency and colony 

development. The study conducted by Kerr et al. 

(2015) examines the crucial impact of climatic 

factors on the growth and progress of bumble bee 

colonies. Based on a comprehensive field survey, the 

researchers noted that temperature changes had a 

significant impact on the development and survival 

rates of bumble bee colonies. Their research reveals a 

direct relationship between elevated temperatures and 

enhanced rates of colony expansion in the early 

phases. Nevertheless, an excessive amount of heat 

stress can result in a decrease in the effectiveness of 

searching for food and eventually affect the long-

term survival of colonies. Furthermore, the 

distribution of rainfall greatly influences the amount 

and accessibility of flowers, hence influencing the 

capacity of bumble bee colonies to find food and 

maintain their general well-being. According to the 

findings of study conducted by Colla et al. (2012), 

the patterns of rainfall have a major impact on the 

availability of floral resources, which are essential for 

optimal development and the viability of colonies. 

When it comes to anticipating and protecting bumble 

bee populations in the face of shifting environmental 
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circumstances, having a solid understanding of these 

climatic factors is absolutely necessary. 

From these results of Maxent model, it can be 

concluded that B. haemorrhoidalis would decrease its 

moderately suitability areas in future as compared to 

its current distribution and increase its highly suitable 

areas upwardly in the mountainous areas of Pakistan. 

However, its habitat suitability would be reduced 

under projected climatic condition of various 

scenarios (RCP 4.5 and RCP8.5) of future for 2050 

and 2070. Results also indicate that it would undergo 

habitat losses under projected climatic conditions of 

various scenarios in addition to the loss of current 

habitat suitability in comparison to the future. It 

would undergo habitat losses in its current 

distribution in comparison with the future in the areas 

of Chakwal, Khushab, Jhelum, Bhimber, Narowal, 

Rawalpindi and Islamabad. Similarly habitat losses 

would also occur by two scenarios of 2070 in 

comparison to 2050 in the areas of Rawalpindi and 

Islamabad, Kotli, Haripur, Abbottabad, Mansehra, 

Swabi, Buner, Muzaffarabad, Turdher, HattianBala, 

Bagh, Poonch and Batagram. Its distribution range 

would also expand to various areas of N. Wazaristan, 

Hangue, Kurrum Agency and Orakzai Agency, 

Khyber Agency, FR Kohat, FR Peshawar, Neelum, 

upper Mansehra, Batagram, Lower Kohistan, upper 

Kohistan, Swat, lower Dir, upper dir, Shangla, 

Nowshera, areas of Malakand protected, Hattian 

Bala, Bagh, Abbottabad, Mansehra, Neelum, Swat, 

Buner, Batagram, Shangla, Nowshera, Mardan and 

Hangu in future projected climate in comparison to 

its current distribution. Additionally, there would be a 

decrease of highly and moderately suitable areas 

under two scenarios of projected climatic conditions 

of year 2050 and 2070. 

Recent climate change has generated larger and more 

widespread bumble bee reductions than have been 

recorded previously, notably in Europe, according to 

a number of studies that make use of future estimates. 

Soroye et al. (2020) found that the ranges of 66 

bumble bee species from across North America and 

Europe were negatively affected by climate change, 

whereas the ranges of another 13 were either 

unchanged or expanded. In another study, Suzuki-

Ohno et al. (2020) found that estimated distribution 

ranges of five species of bumble bees were reduced 

in some locations of Japan as a result of increasing 

temperature induced by global warming. 

According to the studies of Rasmont et al. (2015)25 

European bumble bee species would lose almost all 

of their climatically suitable area under projected 

climatic conditions while 53 species would lose the 

main part of their suitable area. Biella et al. (2017) 

modeled B. alpinus (Linnaeus, 1758) for 

Fennoscandia and the Alps and reported a strong 

altitudinal shift in its distribution. B. vandykei, B. 

sylvicola, and B. bifarius would undergo habitat loss 

in the Pacific Northwest under the influence of 

climate change (Koch et al., 2019). According to 

studies by Marshall et al. (2020), bumble bees along 

with their associated plant communities shifted their 

distribution ranges to higher elevations during two 

surveys conducted 115 years apart in Pyrenees 

(Western Europe). Six Bombus species found in 

South America would also lose suitable habitats 

under future climate scenarios (Krechemer 

and Marchioro, 2020). Martínez-López et al. (2021) 

modeled 18 Mesoamerican bumble bee species and 

their results indicated that all species would undergo 

a reduction in their potential distribution and habitat 

suitability due to projected climatic conditions. 

 
Conclusion 
 
It may be concluded from the future predicted maps 

by Maxent model, future climate change would 

influence the potential distribution of B. 

haemorrhoidalis. It would leave its current 

distribution areas and expand its distribution in the 

upper mountainous areas of Pakistan. Its predicted 

highly suitable areas would be reduced under various 

scenarios of future projected climatic conditions 

during the year 2050 and 2070.Enhancing public 

awareness, formulating plans for the preservation of 

bumble bee habitats, and engaging non-governmental 

organizations and the government are crucial for 

ensuring the long-term availability of these bees for 

pollination services in Pakistan. 
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