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An Assessment of Pollinators and their Habitats in the Kalyanpura 

Watershed, Rajasthan, India 
 

SUMMARY FINDINGS 

 

A study was designed to assess pollinator diversity and the nature of pollinator habitats in the 

watershed of Kalyanpura, a region important for agricultural economy as well as common 

land protection. Mustard, an important crop in the region, was chosen for observations on 

pollinators. Bee densities were quantified in 8 selected sites and pollinator status was 

assessed as a function of (i) distance from forest/ commonland, (ii) hedge species richness, 

and (iii) weed density. 

 

Our observations from the field study in Kalyanpura watershed provide some insights for 

pollinator conservation. The main bee species encountered were – Apis dorsata (rock bee), 

Apis florea, Trigona sp. and leafcutter bees. A mixed effects model was run in the statistical 

software R 3.4.1 and the highlights of the findings were:  

- Apis florea did not show any significant influence of any of the three variables tested, 

while the effect of distance on Apis dorsata activity was slightly correlated, implying 

that the farther the farm site from native forest/ common land/ tree cover, the lesser 

the bee densities were. 

- Higher percentage of weeds had a positive impact on the density of leafcutter bees 

and Trigona bees, suggesting that weed flowers are good foraging resources for these 

bees, and add to floral diversity in a bee habitat. 

- The number of species that compose a hedge row did not influence bee densities. This 

might be because even a single species hedge row, most often made of Euphorbia, is 

an ideal nesting site for Apis florea.  

- Denser tree cover has a strong positive effect on Trigona bee densities foraging on the 

farm. 

- Larger farms, higher Apis dorsata densities on the farm, and higher number of A. 

dorsata bee colonies in the vicinity – each had a strong positive correlation with fruit 

production. 
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A bee nesting sites survey was carried out to estimate the quality of bee habitats in and 

around the farms. Hedge rows in most of the selected sites are composed of a cactus 

Euphorbia species. Several Apis florea nests were found in these Euphorbia clumps. Hedges 

also provide perch sites for birds, and insectivorous birds are good pest control agents. The 

importance of hedges in farming has been emphasised in reports from several other countries, 

and our study reasserts this. 

 

Areas with high density of old trees are also places with sufficient water bodies such as 

streams and ponds – water availability is important for bees to thrive. While a large part of 

the watershed, including common lands is arid and overgrazed, immediate surroundings of 

most villages are green. Most Trigona bee cavities and Apis dorsata hives were inevitably 

found on large trees in the farm’s vicinity, often within the village.   

 

When common lands around the selected farm sites were surveyed as part of the 1 km radius 

of bee nesting site survey, they were found to be arid with no trees large enough for Trigona 

or rock bees to nest on. Despite this, common lands hold potential to be developed as bee 

nesting habitats or pollinator reservoirs if the planted tree saplings can be provided 

protection; and since fire is not an issue in the Kalyanpura watershed, the common lands can 

be gradually improved.  
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BACKGROUND 

Bees provide a crucial ecosystem service – pollination, without which much of human 

civilization’s food crops would not be available. World over there has been a decline in 

native bee populations and alerts have led to studies gathering evidence about crop 

pollinators and the impact of pollinator decline of crop production. Farmers in Haryana, 

Tamil Nadu and Bengal have recently begun paying for mobile bee boxes that have become a 

commercial venture, thus increasing the input costs in agriculture. 

 

Two aspects are crucial for the survival of native bees– (i) availability of bee nesting sites, 

and (ii) availability of diverse foraging resources (which includes flowers of agricultural 

crops apart from native trees and shrubs.  This founded the basis of a series of studies 

conceived for Project Areas of FES where farms and common lands exist in a single habitat 

matrix. The first study was carried out in Kadiri watershed in 2010, and a second one 

focussing on bee nesting sites was carried out in Mandla in 2012.  

 

In the Kalyanpura watershed of Rajasthan, a study was designed to assess pollinator diversity 

and the nature of pollinator habitats. The region is important for agricultural economy as well 

as common land protection. Mustard, an important cross-pollinated crop in many parts of 

northern India, was chosen for observations on pollinators. Mustard flowering begins in 

December, and the study spanned a period of ten days in early December 2015. Bee densities 

were quantified in 8 selected sites and pollinator status was assessed as a function of (i) 

distance from forest/ common land, (ii) tree cover, (iii) hedge species richness, and (iv) weed 

density. Fruit production or harvest was quantified in February 2016, asking if area under 

mustard farming, bee densities, and the number of bee nests in the farm’s vicinity had an 

influence on harvest.  

 

STUDY OBJECTIVES 

The main objective of the study was to assess pollinator deficit, if any, in the watershed of 

Kalyanpura, a region important for agricultural economy as well as common land protection. 

To understand this, the study was divided into two sections:  

a) Quantifying pollinator abundance and diversity in mustard fields during the crop 

flowering season 

b) Assessing bee habitats in and around the agricultural fields to predict if native habitat 

quality is linked to pollinator health.  
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POLLINATORS IN MUSTARD 

The blooming season of mustard crop in Kalyanpura watershed of Rajasthan lasts over 6 

weeks in early winter. In the second week of December 2015, the survey was initiated. On 

day one of the field study, a preliminary survey of all the mustard flowering sites was made 

for the study’s site selection. Crops in early and late flowering stages were eliminated, since 

peak flowering had to be a constant in all the sites to be selected. Although a large part of the 

watershed appears arid, there are many pockets around villages where the tree cover is dense: 

this was not difficult to gauge, especially when each village was viewed from an adjacent 

hillock. Tall and old trees are excellent bee nesting sites, particularly for rare bees such as 

Trigona sp. (that nests in tree cavities), and for the rock bee Apis dorsata (large hives on tree 

branches).  

 

RESEARCH QUESTIONS 

We categorised potential sites into sites with ‘dense tree cover’ and sites with ‘poor tree 

cover’. We hypothesised that native tree cover is more congenial to effective pollination 

since the species and structural diversity of trees offers more nesting site substrates than sites 

with no trees around. We also expected a pollinator deficit in farms farthest away from the 

common land/ forest. We hypothesised that high weed density and higher diversity of hedge 

species will have a positive influence on bee densities. Bee density would be a useful 

measure or indicator of bee health in the selected site and surrounding region. When crop 

production data was collected, we asked if harvest was affected by (i) the area under mustard 

farming, (ii) species wise bee densities, and (iii) the number of bee nests in the farm’s 

vicinity. 

 

METHODS 

Observing bees on farms is simpler than observing them on forest trees that may be 

flowering. Moreover, bees forage in large numbers when flowering intensity is high and 

synchronous, as is the case in most agricultural crops.  

 

Eight sites were selected after a survey of all potential farms in the watershed. All members 

of the team were trained and familiarised with the research protocol. Two sites were in the 

village of Danji ka kheda, three in Mala ke kheda, one in Jhanjhola and two sites in Amli 

village. Bee observations began on the second day of the study. Pollinator density was 
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quantified based on counts of all the species visiting mustard flowers in four time slots across 

the day – 9 am, 11 am, 2 pm and 4 pm. Winter sunrise being late in western India and dew 

being prominent on flowers, 9 am was the earliest time for bee activity to begin. Six 

independent transects were walked in every site, and scan sampling protocol was used for 

counting bees. Sweep netting was not the chosen method so as to avoid damage to the 

farmers’ crops. 

 

Size of the farm and distance of the farm from the nearest common land or natural forest 

were noted down. Habitat characteristics within and around the farm were recorded. Hedge 

and weed species add to foraging resource diversity, hence the species richness of hedges and 

approximate percent weed cover in all 8 farms were noted.  

 

A survey of bee nesting sites was carried out in a 1km radius of the crop site to estimate the 

quality of bee habitats in and around the farms. The survey team consisted of one or two 

young researchers and a native expert in local geography and vegetation features. Together, 

they would walk in radial strips, identifying bee nests of Apis dorsata, Apis florea and 

Trigona sp., and mark each nest site on the GPS. The question we were interested in was - 

could fewer bee nesting sites in the vicinity of a given farm mean lower crop productivity in 

the farm?  

 

All analyses  of data – ANOVA, generalised linear models and mixed models were carried 

out in R 3.4.1, a free statistical software. The tests for each research question is described in 

the Results section that follows. 

 

RESULTS 

The main bee species encountered across the eight sites were – Apis dorsata (rock bee), Apis 

florea, Trigona sp. (stingless bee) and leafcutter bees (solitary bees that nest in mud banks, 

walls or the ground). Halictid bees and Ceratina  sp.(both solitary bees) were also seen, but in 

negligible numbers in one or two sites alone.  
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Fig. 1: Sitewise distribution of bee densities of four main pollinators in mustard crop – Apis 
dorsata, Apis florea, leafcutter bees and Trigona sp.; Kalyanpura watershed, Rajasthan, India. 
The eight site codes are on x axis.  

 

Tree cover around the Farm and Distance from Common land or Forest 

A simple ANOVA was run to test the influence of tree cover (which was classified as low 

and dense at the eight sample sites) on the three eusocial bee species recorded on the farm. 

While Trigona sp. showed a slightly significant effect of tree cover on bee densities (F value 

= 0.039), Apis dorsata and Apis florea showed no effect of the presence of trees in the 

immediate surroundings.  

 

 

A linear mixed model was fitted with maximum likelihood t-tests using Satterthwaitte 

approximation. Consequently model-averaged coefficients were calculated, and there was a 

weakly significant effect (z=0.07) of distance from common land/ forest on densities of Apis 
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dorsata sighted in the mustard farms, implying that  Apis dorsata densities reduce with 

increasing distance from the native forest. Apis florea, Trigona and leafcutter bees were not 

influenced by distance of the farm from the native landscape.  

 

Bee Nesting Sites 

A generalised linear model was run using the bee density values for the three eusocial bee 

species recorded on the farm as a function of bee nesting sites density in the natural habitats 

surrounding the farm. While Apis dorsata and Apis florea showed no correlation with the 

number of nesting sites, number of Trigona nests had a strong positive effect (t value 

=0.0067) on Trigona activity in farms we sampled. This suggests that more Trigona nests in 

the farm’s surroundings leads to higher densities of Trigona bees on the crop bloom. This is 

in tune with the results of ANOVA carried out on Trigona bee densities as a function of tree 

cover. Apparently the number of Apis dorsata and Apis florea hives in the immediate 

surroundings of the farm does not impact densities in the sampled farm, possibly because A. 

dorsata and A. florea foraging flights are longer than 1km – the radius within which bee nests 

were surveyed.  

 

Hedges and Weeds 

A linear mixed model was fitted with maximum likelihood t-tests using Satterthwaitte 

approximation. The number of species that compose a hedge row did not influence densities 

of any of the four main species. This might be because even a single species hedge row, most 

often made of Euphorbia, is an ideal nesting site for Apis florea. Hedges are definitely crucial 

for these bees since they are seldom seen on large trees; they seem to show a preference for 

hedge rows for building their hives. Higher percentage of weeds had a positive impact on the 

density of leafcutter bees (t=0.0123) and Trigona bees (t=0.0125), suggesting that weed 

flowers are good foraging resources for these bees, and add to floral diversity in a bee habitat. 
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Fig. 2: Higher percentage of weeds (x axis) seemed to influence the density of leafcutter bees 
(y axis). 
 
 
Harvest as a function of area and bee species 

In a generalised linear model, bee density of Apis dorsata, Apis florea, and Trigona sp. had 

no significant effect on fruit production. Leafcutter bees were the only bees that had a 

positive influence on fruit production (t value =0.0708).   

 

The curve of harvest quantity roughly follows the curve of the number of bee nests around a 

sampled farm (Fig.3). We ran a mixed effects model with fruit production (harvest) as a 

function of three variables – (i) area under mustard farming, (ii) species wise bee densities, 

and (iii) the number of bee nests in the farm’s vicinity. The results based on Apis dorsata 

figures are presented in Table : larger farms, higher bee densities on the farm, and higher 

number of bee hives in the vicinity – each had a strong positive correlation with fruit 

production. The interaction effects were also significant: area and number of nests together (t 

value =0.004), and area and bee densities together (t value = 0.026) had strong influence on 

crop production.  Similarly, when the test was run with data recorded on Trigona bee 

densities and the number of Trigona cavities, there was found to be a weak significance (t 

value = 0.0844). Apis florea densities and their nest numbers did not influence fruit 

production.  
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Fig.3: Fruit production in mustard farms of kalyanpura watershed were influenced by the 
number of bee nests in the vicinity of the farms. 
 
Table 1:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

> model.dors<-glm(fruit ~ area * nestdors * dorsata) 
> summary(model.dors) 
 
Call: 
glm(formula = fruit ~ area * nestdors * dorsata) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-1.79137  -0.42338   0.00364   0.42237   2.59186   
 
Coefficients: 
                      Estimate Std. Error t value Pr(>|t|)     
(Intercept)           -6.81258    2.10777  -3.232 0.003553 **  
area                  12.85686    3.10709   4.138 0.000372 *** 
nestdors               3.63974    0.76801   4.739 8.06e-05 *** 
dorsata               -0.07946    0.05882  -1.351 0.189357     
area:nestdors         -3.37420    1.08467  -3.111 0.004762 **  
area:dorsata           0.22046    0.09285   2.374 0.025919 *   
nestdors:dorsata       0.01039    0.02152   0.483 0.633647     
area:nestdors:dorsata -0.03169    0.03095  -1.024 0.316022     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
(Dispersion parameter for gaussian family taken to be 0.8551005) 
 
    Null deviance: 237.459  on 31  degrees of freedom 
Residual deviance:  20.522  on 24  degrees of freedom 
AIC: 94.597 
 
Number of Fisher Scoring iterations: 2	  
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THE ECONOMICS OF POLLINATION 

Pollination is a crucial ecosystem service for farming economies across the world. In the 

given instance of mustard farming in western India, a successful crop worth up to Rs 32,000 

can be reaped from an area of about a hectare. Since mustard is cross pollinated and fruit set 

is dependent on good bee visitation, an instance of pollination deficit could could lead to an 

income drop to less than Rs 5000 for the season. This is a big loss considering there are also 

crop input costs for farmers during the sowing and growing season.  

 

CONSERVATION INSIGHTS 

Our observations from the field study in Kalyanpura watershed provide some clear insights 

for pollinator conservation. Social bee nesting sites are found not only in forested areas but 

also in pockets with high tree cover. Old, large trees are the ideal nesting substrate for Apis 

dorsata as well as species of Trigona (stingless bee). 

 

Apis florea did not show any significant influence of any of the three variables tested, while 

the effect of distance on Apis dorsata activity was slightly correlated, implying that the 

farther the farm site from native forest/ common land/ tree cover, the lesser the bee densities 

were. 

 

The role of leafcutter bees and Apis florea on higher fruit production, considered together 

with the high activity of leafcutter bees in farm sites with higher weed density, goes on to 

emphasise on the fact that weeds are not necessarily an evil in agricultural crops. On the 

contrary, they add to floral diversity in farms, attract bees and thus influence higher 

productivity for the farmer.  

 

Hedge rows in most of the selected sites are composed of a cactus Euphorbia species. Several 

Apis florea nests were found in these Euphorbia clumps. Hedges also provide perch sites for 

birds, and insectivorous birds are good pest control agents. The importance of hedges in 

farming has been emphasised in reports from several other countries, and our study reasserts 

this. 

 

The study results suggest that denser tree cover had a strong positive effect on Trigona bee 

densities foraging on the farm. Areas with high density of old trees are also places with 

sufficient water bodies such as streams and ponds – water availability is important for bees to 
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thrive. Most Trigona bee cavities and Apis dorsata hives were inevitably found on large trees 

in the farm’s immediate surroundings – often within the village. We also found that larger 

number of Trigona cavities in farm vicinity had a positive impact on the bee densities of 

Trigona in a given farm. 

 

Bee density of Apis dorsata, Apis florea, and Trigona sp. had no significant effect on fruit 

production. Leafcutter bees were the only bees that had a positive influence on fruit 

production (t value =0.0708).  Larger farms, higher Apis dorsata densities on the farm, and 

higher number of A. dorsata bee colonies in the vicinity – each had a strong positive 

correlation with fruit production. 

 

When common lands around the selected farm sites were surveyed as part of the 1 km radius 

of bee nesting site survey, they were found to be arid with no trees large enough for Trigona 

or rock bees to nest on. Despite this, common lands hold potential to be developed as bee 

nesting habitats or pollinator reservoirs if the planted tree saplings can be provided 

protection; and since fire is not an issue in the Kalyanpura watershed, the common lands can 

be gradually improved.  
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