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Ornamental roses for conservation
of leafcutter bee pollinators
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P. Abhiram Krishnan, Ankita Das, K. Aneha, A. R. Pooja, Spandana Salikity & V. Arathy

Pollinator conservation is a global priority. Efforts are taken to restore pollinators by improving flower
resources, a crucial driver of pollinator diversity and population growth. It helped gardening and
landscaping supply chains, which introduced lists of bee-friendly plants and bee hotels, yet, desirable
results seem distant. One shortcoming of the present schemes is that they lack a cohesive planning for
nesting opportunities and nesting provisions for wild solitary bees, the crucial pollinators of crop and
wild plants. We tested whether the world’s popular ornamental plant, rose (Rosa chinensis Jacq.)—a
hitherto unlisted bee-friendly plant—can aid in conserving leafcutter bees, which require fresh leaves
for constructing nest cells. We surveyed 2360 rose plants in 136 sites in rural and urban places and
lowlands and highlands of south (8°N-12°N) and northeastern India (26°N-27°N) for the characteristic
notches the bees leave on foraged leaves. We reared brood constructed with rose and non-rose

leaves to examine the brood success rate. About a quarter of all the roses surveyed had the notches

of leafcutter bees on the leaves. However, the proportion of cut roses varied considerably among
sites. Bees used roses much higher in urban areas and lowlands than in rural areas and highlands. The
selection of plants was negatively associated with pesticide application. The brood success rate was
100% for the brood that was constructed by the leaves of rose and non-rose plants. Rose flowers do
not support bees, but rose leaves indeed do. We recommend rose plants in leafcutter bee conservation
and restoration schemes, particularly in urban environment.

Pollinators are declining globally. Many human activities have been suggested as the reasons for this precari-
ous global phenomenon?; land-use change and the resulting decline of flowers and nesting opportunities have
been suggested as the critical reasons®’. This awareness has prompted pollinator habitat restoration efforts and
pollinator conservation initiatives globally and regionally*-”. However, most efforts to restore pollinator habi-
tats—agroecosystems or urban areas—have been directed towards enriching flower density and diversity>®. This
has opened up abooming business of bee-friendly plants and widespread use of such plants by citizen scientists
and laypeople in public places and gardens®!. For example, in the UK, Wyevale, a garden centre chain, fetched
an annual revenue of about GBP 311 million in 2015 alone by selling bee- and pollinator-friendly plants and
landscaping gardens and properties using such plants'!. However, a study" found that the lion’s share of the forb
plants recommended by the garden chains is futile for attracting pollinators. This further prompted research-
ers to identify promising wild herbaceous plants as forb species to use in agri-environment schemes and urban
landscaping'2.

Nevertheless, restoring habitats by enhancing nesting opportunities and nesting provisions of wild pollina-
tors received little attention®'>'*. It is also unclear whether any of the poor recommendations in the lists of bee-
friendly plants that Garbuzov and Ratnieks® and Garbuzov et al.!! analyzed or plants that have not even been
recommended as the bee-friendly plant could be the nesting resources for wild bees.

Several promising bee pollinators of crops require non-flower parts of plants for their biological and ecologi-
cal processes'*™'6. Leafcutter bees, for instance, need young leaves for constructing brood cells'” (Fig. 1). Our
previous studies'>!® suggest that the leafcutter bees prefer plants of specific lineages to forage leaf fragments.
Megachilidae is a cosmopolitan solitary bee family, having over 4100 species worldwide'?; the genus Megachile,
which comprises leafcutters, has about half of these species and is globally distributed®®. A recent study sug-
gests that they can even be found at higher altitudes above 2500 m asl*’. Many leafcutter bee species are critical
pollinators of several commercial crops, such as alfalfa’'. Some of them have been managed and introduced to
countries, such as North America for managing crops, such as Megachile rotundata®.

Leafcutter bees construct nest tubes in cavities above ground'” (Fig. 1). This has prompted the widespread
sale and use of bee hotels (=trap nests) for the management and conservation of leafcutter bees in Europe and
North America, despite the absence of evidence for their effectiveness?. MacIvor and Packer found that the bee
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Figure 1. Leaf-foraging by Megachile lanata. (A) A heavily defoliated rose plant; (B) the bee in leaf-foraging
action; (C) the bee at one of its natural nesting places; (D) two brood chambers collected from a natural nest
tube. Photo credits: GV (A), MH (B) and PAK (C), PAS (D).

hotels supported fewer native leafcutter bees than they were targeted for, and a higher rate of brood parasitism.
Nevertheless, bee hotels can only provide holes for constructing nest tubes. Leafcutter bees require fresh young
leaves for collecting leaf discs to build brood chambers inside bee hotels or other suitable cavities. A pilot study
in controlled conditions recently showed that the nesting material could drive the brood success in leafcutter
bees'®. Although we have some empirical studies for the leafcutter bees’ leaf foraging plants'>'®*, no recom-
mendations have been made for the practitioners.

Recent studies'>'® and some studies referred therein suggest that leafcutter bees often use rose leaves to sheath
the brood. The genus Rosa (Rosaceae: Rosid clade) has 150 species, but China rose (Rosa chinensis Jacq.) and its
breeds, such as tea roses, have been brought worldwide as ornamental plants**?. Today, over 30% of the total
ornamental plant market is accounted by rose plants. They hold great symbolic and cultural value and are used
for culinary and scent production purposes®. Leafcutter bees are often considered a major pest of rose”’~?. They
can severely defoliate plants as they return to the same leaves for more leaf cuttings (Supplementary Video S1).
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Often, pesticides have been recommended for managing leafcutter bees in ornamental plants®. Evidence suggest
that leafcutter bees are more susceptible to pesticide exposure as they lack enzymes to detoxify xenobiotics®.

In the present research, we assessed the suitability of roses in leafcutter bee conservation initiatives. By sur-
veying rose plants of several sites of seven latitudinal points in south India (8°N to 12°N) and northeast India
(26°N to 27°N), two altitudinal ranges (at sea level to over 2000 m asl) along the Western Ghats and the central
Himalayas biodiversity hotspots, and two landscape types (urban and rural), the study examined the pattern
and the drivers of rose plant use by leafcutter bees. Based on the literature evidence'>'#2°, we expected that leaf-
cutter bees use roses in all landscapes and altitudes. By comparing the brood success of brood sheathed by the
rose leaves and non-rose leaves, we tested the hypothesis that rose leaves do not hamper brood development.
By surveying rose plants of different pesticide treatment (treated or untreated), we tested the hypothesis that
pesticide application is negatively associated to leaf foraging.

Materials and methods

Study area. The study was carried out in the western coast of peninsular India along the Western Ghats
Mountain chains and parts of northeast India, including the Darjeeling Himalayas. In peninsular India, the
study was carried out in the state of Kerala (8°N-12°N) and Coimbatore and Ooty parts of the state of Tamil
Nadu (11°N). In northeast India, the study took place in east, west, north, and south Guwahati city in Assam,
parts of Siliguri, Bagdogra, Mirik, and Darjeeling hills of West Bengal (Fig. S1). In each of our major locations
(latitudinal points), we surveyed the premises of several houses nested in quadrants and local sites. Together,
we sampled 2360 rose plants of the same species and cultivar from 136 sites (Fig. S1). Plant use was carried out
according to relevant guidelines and regulations.

Sampling. Pattern and drivers of plant selection. Two thousand three hundred sixty rose plants—1954 in
south India and 406 in northeastern India—were examined for the leafcutter bee-inflicted notches on the leaves
(Fig. 1). The notches on the leaves imply leafcutter bee activity'>!%. Plants with very few leaves (< 10 leaves),
brought less than three months to the gardens/premises before our survey, or pruned during the study period
were not considered in the present study. All the surveys were done during the peak leaf flushing and general
flowering season of respective locations from November 2020 to May 2021.

The altitude, latitude, and landscape type (urban or rural) of each surveyed rose plant were recorded. Sites
within the limits of municipalities and corporations (human population over one lakh) were considered urban
areas; sites in villages (human population less than 10,000) were considered rural areas. Since the study was
replicated at a greater spatial scale, latitude was used to represent major sites in the predictive statistical models.
Sites from 8-9°N were grouped into 8°N, 9-10°N into 9°N, and so on. The height of plants, pesticide application
(yes/no), leaflet length and width were collected for each sampled plant. The plants” height was used to measure
the age and foliage density of plants. Leaflet length and width were considered as the measures of leaflet area.
It was expected that the bees’ choice of rose plants is driven by the size and density of the leaflets. Although all
contributors to the present study took data on the pesticide application in their respective localities, those who
did fieldwork at 8°N and 9°N took additional data on the type of pesticide used. However, this comes to about
40% of the total rose plants surveyed in South India. Those who used pesticides mentioned that they went with
the recommendations of the bottles but used not more than 1% concentration. We confirmed the pesticide by
verifying the bottles or the brand names of the chemicals. Accordingly, the households in our study sites used
Dimethoate, Chlorpyriphos, Imidacloprid, and Botanical pesticides (brand: BioFix) to manage insect and mite
pests of rose leaves and flowers. None of them were aware of leafcutter bee as a pest of rose foliage.

For the plants that have cut leaflets, fifteen first encountered leaflets were collected to measure the length and
width of leaflets and cuts. Using a centimetre ruler, maximum length, maximum width, maximum cut length,
and maximum cut width were measured. For plants with no cut leaflets, the middle leaflet of the first seen fifteen
leaf pinnae were collected to measure the above-mentioned leaflet dimensions. The roses have an odd number
of leaflets in a pinna (typically five), and the middle one is the biggest among all leaflets.

For the plants that had cut leaflets, first seen fifteen cut leaflets were collected without any pre-set conditions
and counted the number of cuts on the leaflets. The number of cuts on leaflets was used to find the average
number of cuts per leaflet, which was regarded as a measure of leafcutter bees’ level of reliance on the plant.

Brood success.  'We used brood that we witnessed construction at two sites (Cheruvattur (12.21°N, 75.16°E,
15 m asl) and Kanhangad (12.33°N, 75.09°E, 12 m asl)) to study brood success rate. Female Megachile lanata was
the bee engaged in the nest construction in all those cases. We retrieved seventeen brood cells constructed
using rose leaves and 31 brood cells constructed exclusively using the leaf discs of one of the following species—
Abrus sp. (Fabaceae; N=6), Cassia fistula (Fabaceae; N = 10), Swietenia mahagoni (Meliaceae; N =7), and Nephe-
lium lappaceum (Sapindaceae; N=8). All the brood cells were collected from the natural nesting places of the
bees—holes and cavities of laterite compound walls around gardens and house premises, metal tubes of a bicycle,
metal rails of a ladder and a house balcony, crevices of doors and windows, and the PVC tubes of electric cable
wires—3 days after the bees abandoned the nests, and reared at room temperature in glass beakers covered using
muslin clothes. (Fig. 1). The nest sites were located at a distance of 0.8 m to 8 m from the leaf sources.

Statistical analyses. First, we checked whether any relationship existed between the leaflet length and
leaflet width of the rose leaves. That showed that they are positively related (0.54+0.007, t=69.8, P <0.005;
RZadjusted =0.69; Fig. S2). Therefore, we decided to use leaflet length as a variable in the predictive statistical
models.
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Figure 2. Percent of rose plants used by leafcutter bees. (A) The bees hardly used any rose plants in very high
altitude sites; (B) the use of roses fluctuated across latitudinal points. mean + SE are provided.

We used Generalized Linear Model to analyze the data. We used a) cut status (binomial: cut or uncut des-
ignated by 1 and 0, respectively) and b) the average number of cuts on leaflets as the response variables in two
different models to discern the drivers of plant selection and the level of dependence the bees have on roses.
All the cut plants had ten or more of their leaflets with the notches inflicted by the bees. We used the One-Way
ANOVA test to examine whether the leaf length differed across altitudes, latitudes, and landscape types. We used
Generalized Linear Models with binomial distribution as the error type to determine whether the proportion
of cut roses was influenced by altitude, latitude, landscape type, and pesticide application on the rose plants. To
test whether the pesticide application drove the leaf foraging incidences, we used the data of 8°N and 9°N, where
we had information on the pesticide applied to the rose plants.

In the predictive Generalized Linear Models, we used landscape type (rural vs. urban), altitude bands
(<100 m, 100-300 m, 300-600 m, 600-800 m, 800-1100 m,> 1100 m asl), sites represented by latitudes (8°N,
9°N, 10°N, 11°N, 12°N, 26°N, and 27°N), and pesticide use (used/unused) as the fixed effects, and leaflet length
and plant height as covariates to understand the drivers of plant selection by the bees. In the models, binomial
distribution was fitted as the error. When the number of cuts on leaves was the response variable, the subset of
cut plants was used to assess the model fitness. Pesticide use and plant height were not included in the model as
they were either not relevant or redundant in the model. In this Generalized Linear Model, Poisson distribution
was fitted as the error. We initially included an interaction term among the predictive variables, and site was
used as a random effect in the models. However, they were dropped when found their inclusion hardly improved
the model’s fitness.

The significance of the overall model fitness was examined using Anova available in the R-package “car”*!. The
R?values of the models were calculated using the R-package “MuMIn”*2. The fitness of the models was assessed by
examining the behaviour of the residuals using the R-package DHARMa**. Unless mentioned otherwise, sample
mean + SD was represented as the measures of descriptive statistics, and Estimate + SE was reported along with
the model results in the entire text. All the analyses were performed in R 4.0.5%.

Results

Pattern of rose plant use by the bees. Out of the 2360 rose plants surveyed, 610 plants (26%) had the
notches inflicted by the leafcutter bees. However, the proportion of cut plants in sites varied greatly by landscape,
altitude, and latitude (Fig. 2). The proportion of cut plants in northeast India (22 £ 30%; N =406 roses in 10 sites)
and south India (29 +30%; N =1954 roses in 108 sites) was not different (Estimate+SE=0.13+0.12, Z=0.99,
P=0.3). It suggests that the roses are perceived similarly by the bees of these two widely-separated geographical
regions (mean distance between the sites of south and northeast India=3211 km).

Seventeen percent of the total rose plants surveyed in high altitude sites (N=362) had cuts, but in lowland
sites, 31% of the surveyed rose plants (N =1827) had cuts; roses of very high-altitude sites (> 1100 m asl) hardly
had any cuts (N=171). The difference in the proportion of cut rose plants of three altitude bands was significant
(F; 2357, ="72.8; P <0.005). When an average of 18% (+30%; N =1331) of the roses of rural sites had cut marks of
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Cut plants Number of cuts/leaf
Fixed effect B [SE] Z-value B [SE] Z-value
Intercept -0.61[0.38] |1.6 0.12 [0.26] 0.46
Pesticide usage (used) —1.32[0.29] |—4.43%* - -
Leaf length —-0.20 [0.06] | —3.18** 0.03 [0.03] 0.68
Landscape (urban) 0.93 [0.17] 5.38%%* 0.11 [0.08] 1.27
Plant height 1.11 [0.13] 8.510%¢ - -
Altitude (100-300 m asl) —-0.42[0.47] |-0.88 0.26 [0.30] 0.87
Altitude (300-600 m asl) —-1.24[041] |-2.98%* —-0.23[0.34] | -0.66
Altitude (600-800 masl) | — 1.35 [0.39] | -3.45** |0.10[0.19] |05
Altitude (800-1100 m asl) -5.61[1.17] | -4.79*** | -0.24[0.28] |-0.83
Altitude (>1100 m asl) - - - -
Latitude (9°N) —1.34[0.38] |-351%* |0.25[0.25] 0.96
Latitude (10°N) ~155[027] | -571"** |039[0.16] | 2.43*
Latitude (11°N) —-1.40[0.25] | -5.57*** | -0.04[0.13] |-0.31
Latitude (12°N) —-0.68 [0.55] | -1.22 0.10 [0.15] 0.61
Latitude (26°N) 0.65[0.56] | 1.15 0.10[0.34] |03
Latitude (27°N) 6.42 [1.22] 5270 0.82 [0.35] 2.34*

Table 1. Parameter estimates from Generalized Linear Models testing responses of rose plant usage and
number of cuts on rose leaflets. The intercept is the estimate of non-pesticide plants of rural landscape, altitude
below 100 m asl, and latitude 8°N. Leaf length and plant height were covariates in the model. * Indicates

p <0.05. ** Indicates p <0.005. *** Indicates p < 0.0005.

the bees, an average of 38% (+30%; N =1029) of the roses of urban sites had the cut marks of the bees (0.93+0.09,
7=9.71, P <0.005). Plants that had a history of pesticide treatment during the leaf flushing period were less pre-
ferred (9% + 15%) than the plants that were never exposed to pesticides during the survey period (27% + 26%;
—-0.69+0.24, Z= - 2.95, p<0.005).

Drivers of plant selection by the leafcutter bees. The leaflet length of the rose plants at seven lati-
tudinal points (F5,2353=30.48, P <0.005) and six altitudinal bands were different (F5,2354=68.94, P <0.005).
The difference was primarily due to the roses of the highest latitudinal points (27°N) and highest altitude (above
1100 m asl), where the rose leaves were large and broader. Our predictive models suggest that the probability of
rose plant usage for leaf foraging was driven by pesticide application, altitude, landscape type, latitude, leaf size,
and plant height (Table 1). The model with these variables in interaction terms had contributed only an addi-
tional three percent variation on the model that had the factors fitted as single effects (R*=0.89). The selection of
plants was negatively affected by pesticide application on rose leaves and increasing altitude. In south India, the
bee activity on rose plants was lower 800 m asl. In northeast India, the bee activity was found up to an altitude of
about 1100 m asl. The bee activity was higher in the urban landscape than rural landscape. Leaf length was not
a driver of the leafcutter bees’ selection of rose plants. The leaf length was negatively associated with leaf-cutting
by the bees (Table 1). Although pesticide application had a negative effect on leaf-cutting (F, ;o;=4.8, P=0.02),
the type of pesticide did not influence the bees” decision to avoid the treated rose plants (F; o;=2.01, P=0.11).

The number of cuts per leaflet (range = 1-7) was independent of the leaflet length (0.02+0.03, t=0.43, P=0.6).
The number of cuts per leaflet was used as the proxy of the level of bees’ dependence of plants, which, however,
was not driven by any of the fixed effects but latitude. Only about 6% of the total variation in the number of cuts
on the leaflets was explained by the final model (Table 1).

Brood success. All brood cells constructed using rose leaves (N = 18) and non-rose leaves (N=31) emerged
into adult bees (F, 4,=0, P=1). Although they took 19 to 27 days to complete the development, the mean time to
complete the development of brood cells constructed using the rose and non-rose leaves was not different (LM:
0.07+0.48, t=0.15, P=0.88; Fig. 3).

Discussion

We inquired whether one of the world’s popular ornamental plants, the rose (Rosa chinensis Jacq.), was also a
favourite leaf foraging plant of one of the world’s most crucial solitary bee pollinator guilds, the leafcutter bees.
The answer is a big yes! In our best understanding, R. chinensis was never listed as a bee-friendly plant as the
bees hardly use their floral rewards. Our take of rose as a leaf-foraging plant brings it as a crucial bee-friendly
plant. Considering the findings that the bee activity on rose leaves is higher in urban areas than rural areas, we do
recommend it as an important bee plant for urban environment. However, owing to their potential as an invasive
plant, we do not recommend that the ornamental roses be planted in natural areas for bee conservation. Unfor-
tunately, rose industry perceives leafcutter bees as a pest and recommends tackling them using pesticides” 2.
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Figure 3. The time taken by the bees to complete development. The box plots show that the time taken by the
bees of Megachile lanata to complete the development was not different for the brood that used rose and non-
rose leaves to construct the brood cells. The non-rose leaf sources—Abrus sp, Cassia fistula (golden-shower),
Swietenia mahagoni (mahagony), and Nephelia lappaceum (rambuttan)—are jittered on the box plots.

We relied on the characteristic notches the leafcutter bees leave on leaves in our surveys'>'®. Rose plants of
all sites but above 1100 m from sea level had the leafcutter bee-foraging marks on leaflets, but the proportion
of used plants varied among and between sites. The findings suggest that a range of plant-specific, landscape-
specific, and plant management approaches can predict the pattern of plant use by bees. Our results indicate
that (a) pesticide application can negatively influence the leaf foraging pattern of leafcutter bees in plants and
(b) plants in urban places and lowlands are used better than the rural places and highlands.

There are reports that pesticides negatively affect bees>*, particularly solitary bees***”. However, little evi-
dence has come for the routes bees expose to pesticides®. While all bees are exposed to pesticides in flowers, the
leafcutter bees may be worst affected among all bees as they are likely to be exposed to pesticide-treated flowers
and leaves. The households in our study sites used Dimethoate, Chlorpyriphos, Imidacloprid, and botanical pes-
ticides (brand: BioFix) to control insect and mite pests of rose leaves and flowers. Chlorpyriphos and Dimethoate
are synthetic and systemic pesticides, and Imidacloprid and BioFix have contact action. Our survey of 797 rose
plants in two locations in south India discerns that the bees avoid pesticide-treated plants regardless of the pes-
ticide type. The finding that Megachile rotundata has evolved no mechanism to detoxify pesticides aggravates
the pesticide vulnerability of leafcutter bees®®*. Nevertheless, a targeted experimental study may be necessary
to understand the effect of pesticide-treated leaves on the development of leafcutter bee larvae.

Bees may use roses more in urban areas if roses are predominant in the plant community in urban areas
compared to other plants that the bees may prefer. Urbanization is considered a threat to biodiversity and certain
biotic functions*. However, the response of bees to urbanization has often been illustrated positive by recent
studies*!*, and our findings support it. Leafcutter bees are cavity nesters and use almost all unpredictable sites for
constructing nest tubes*>*. Therefore, they are less affected by the soil, which is often polluted and compacted in
urban places and agricultural landscapes'>*. Urban areas are likely to provide better nesting and foraging oppor-
tunities for the bees than rural places****’. Plants belonging to Rosaceae, and Rosa, dominate the ornamentals
in global cities®*>*. Leafcutter bees use plants in the Rosid clade for foraging and leaf resources'>'®, which are
abundant in urban areas. Therefore, we expect that the urbanization may have a positive effect on leafcutter bees.

Leafcutter bees hardly used roses above 1000 m from sea level, which indicates that their distribution might
be driven by the altitude, at least in India. In northern Arizona, a greater diversity of Megachilidae and Meg-
achile spp. is reported 2000 m asl?’. Southwestern USA is a heaven for the Megachile spp.>*. In northeast India
(Darjeeling), the senior author of the present study (PAS) surveyed roses for three years in an altitudinal band
of 150 m asl to about 2000 m asl in 2018, 2019, and 2021, but found leafcutter bee damage on rose leaves for an
altitude up to 1000 m asl. Our investigation of flower visitors of wild, crop, and ornamental flowering plants in the
Darjeeling hills for over three years also found no bees belonging to Megachilidae above 1100 m asl. In Amomum
subulatum (large cardamom)—a cash crop and a crucial nectar source for the bees and birds in Darjeeling and
Sikkim Himalayas—Megachile sp was a visitor to the flowers up to an elevation of about 800 m asl>>. Therefore,
underrepresentation of leafcutter bees in high altitudes of India, rather than the rare chance that they use other
leaf resources, may be a likely reason why the bees use rose plants of higher altitude sites less.

The proportion of cut rose plants varied much among sites. The present study found certain landscape and
plant management factors as potential drivers for this variation. Since leafcutter bees forage young leaves for
constructing brood cells, the probability of plant selection can also be driven by the availability of foraging mate-
rial (pollen and nectar), the population of breeding bees, and nesting opportunities closer to leaf plants at the
point of leaf flushing in leaf plants. Although we did not use them in the present investigations statistical models,
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future models may find them important drivers of the pattern of leaf-cutting in plants by the bees. Natural nest-
ing sites of leafcutter bees can be unpredictable cavities or crevices in artificial or natural materials***°. Two of
the authors’ observations in parts of southwestern USA (PAS) and south India (PAS & AK) are that the nesting
places of leafcutter bees are between 0.8 and 17 m from the leaf sources (PAS & AK, Unpublished). Therefore,
the location of roses in the gardens might play a crucial role in plant use.

Leafcutter bees return to the selected plant and even the leaf for more cuttings until the leaf exhausts
(Supplementary Video S1). This might explain why the number of cuts on leaflets was not driven by most of the
variables considered in the present study. This also might explain why some rose plants in the households or
sites were uncut as it is likely that the bees return to same plant for leaves.

In the present investigation, cultivars of only R. chinensis were considered. It may be worth mentioning that
out of 114 rose plants belonging to 21 R. chinensis varieties and eighteen R. banksiae surveyed in the arboretum
of the University of Arizona, 101, including 50% of R. banksiae had the notches of leafcutter bees (PAS & Bron-
stein, Unpublished). It indicates that the cultivated roses, regardless of the species and varieties, are the likely
leaf foraging plants of leafcutter bees.

Leafcutter bees are cavity-nesters and critical pollinators of several cash crops, including alfalfa and pulses?'.
Installing bee hotels is a popular way of managing leafcutter bees?. Yet, recent meticulous field and controlled
experiments have documented suboptimal propagation of the brood in bee hotels'®?. Studies have related this to
an increasing parasitism rate in bee hotels'®*® and poor choice of nesting materials'®. A recent study found 75%
brood loss (N =40 brood cells) to parasitism for Megachile lanata in the bee hotels in Bangalore®. We aimed to
understand whether the leaf material affects brood success and not to understand the effect of leaf material on
brood loss due to parasitism rate, which can be an exciting future study. Therefore, we collected the nest tubes
immediately after the nesting activity of the bees ceased. Our findings suggest rose leaves do not hamper brood
development due to possible leaf chemicals.

Leaves and petals of a range of plant species, including rose, have been unearthed in the nest tubes of leafcut-
ter bees!>!¢182357 Plant surveys have reported an even greater number of leaf-foraging plant species in parts of
southwest USA'® and Asia'®*®. However, no leaf plant reccommendations have been made for managing leafcut-
ter bees in habitats. The recommended plants must meet at least two basic requirements. First, the plant should
be easily manageable in habitats. Second, the nesting materials should allow brood development. As per our
observations, rose meets both the criteria.

We found 100% success for brood cells sheathed by the leaves of roses, Cassia fistula (golden-shower), Nephe-
lium lappaceae (rambuttan), Abrus sp., and Swietenia mahagony (mahagony). However, unlike other nesting
resources, rose plants are easily manageable in any situation, including small households and towering apartment
complexes, and are already propagated to almost all parts of the world**->*. Cultivated rose flowers attract hardly
any bees to the flowers, so they found no place in any lists of bee-friendly plants (reference!’ and references
therein). But we recommend roses to the list of leafcutter bee-friendly plants for the first time, although it is a
fact that they receive pesticides and fungicides when cultivated in an industrial scale. Although the leafcutter bees
can defoliate plants considerably, no studies hitherto brought evidence to support that defoliation by leafcutter
bees hampers flower output or growth in plants. It is an exciting topic for future research and may be required to
alleviate the concern of ornamental plant industry such as rose industry. Although leaf is the primary resource
used by the bees to construct nest tubes, some studies retrieved polyurethane materials in the leafcutter bee
nests®®, which the bees might have foraged under the stress of limited leaf resources. However, those studies®*
did not show that they did not negatively impact the brood success™*.

15,18

Conclusion

Conservation of pollinators has been a global agenda since the IPBES report! flagged the threats the pollinators
and pollination services experience in the crop systems. Several studies are concerned about habitat restoration
of pollinators and made recommendations for floral forb species as reports suggest that loss of foraging resources
is a crucial driver of pollinator decline in the world>*?. Augmenting flower resources has become a practice in
agri-environment schemes and urban landscapes of developed countries, particularly North America, Europe,
and Great Britain. Though late, studies have recently been concerned about the poor quality of nesting grounds
of wild pollinators due to tillage and use of agrochemicals in soils>!*. The present study recommends rose plants
for the conservation of leafcutter bees, particularly in urban environment, and underscores that incorporating
appropriate nesting resources must be an essential strategy for leafcutter bee conservation and management.

Data availability

All data needed to evaluate the conclusions in the paper are present in the paper and the supplementary materi-
als. The raw data can be provided by PAS pending scientific review and a completed material transfer agreement.
Requests for the data should be submitted to: sinu@cukerala.ac.in.

Received: 4 January 2022; Accepted: 25 October 2022
Published online: 04 November 2022

References
1. Potts, S. G. et al. (eds.). IPBES: The Assessment Report of the Intergovernmental Science-Policy Platform on Biodiversity and Eco-
system Services on Pollinators, Pollination and Food Production (Secretariat of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services, Bonn, Germany) (2016).
2. Potts, S. G. et al. Global pollinator declines: Trends, impacts and drivers. Trends Ecol. Evol. 25, 345-353 (2010).
3. Goulson, D., Nicholls, E., Botias, C. & Rotheray, E. L. Bee declines driven by combined stress from parasites, pesticides, and lack
of flowers. Science 347, 1255957 (2015).

Scientific Reports |

(2022) 12:18700 | https://doi.org/10.1038/s41598-022-23041-y nature portfolio



www.nature.com/scientificreports/

4. Majewska, A. A. & Altizer, S. Planting gardens to support insect pollinators. Conserv. Biol. 34, 15-25 (2020).
5. Image, M. et al. Does agri-environment scheme participation in England increase pollinator populations and crop pollination
services?. Agric. Ecosyst. Environ. 325, 107755 (2022).
6. Vaissiére, B., Freitas, B. M. & Gemmill-Herren, B. Protocol to Detect and Assess Pollination Deficits in Crops: A Handbook for Its
Use (FAO, 2011).
7. Archer, C. R, Pirk, C. W. W,, Carvalheiro, L. G. & Nicolson, S. W. Economic and ecological implications of geographic bias in
pollinator ecology in the light of pollinator declines. Oikos 123, 401-407 (2014).
8. M’Gonigle, L. K., Ponisio, L. C., Cutler, K. & Kremen, C. Habitat restoration promotes pollinator persistence and colonization in
intensively managed agriculture. Ecol. Appl. 25, 1557-1565 (2015).
9. Garbuzov, M. & Ratnieks, F. L. W. Listmania: The strengths and weaknesses of lists of garden plants to help pollinators. Bioscience
64, 1019-1026 (2014).
10. Garbuzov, M. & Ratnieks, F. L. W. Quantifying variation among garden plants in attractiveness to bees and other flower-visiting
insects. Funct. Ecol. 28, 364-374 (2014).
11. Garbuzov, M., Alton, K. & Ratnieks, F. L. W. Most ornamental plants on sale in garden centres are unattractive to flower-visiting
insects. Peer] 5, €3066 (2017).
12. Nichols, R. N., Goulson, D. & Holland, J. M. The best wildflowers for wild bees. J. Insect Conserv. 23, 819-830 (2019).
13. Harmon-Threatt, A. Influence of nesting characteristics on health of wild bee communities. Annu. Rev. Entomol. 65, 39-56 (2020).
14. Requier, F. & Leonhardt, S. D. Beyond flowers: Including non-floral resources in bee conservation schemes. J. Insect Conserv. 24,
5-16 (2020).
15. Sinu, P. A. & Bronstein, J. L. Foraging preferences of leafcutter bees in three contrasting geographical zones. Divers. Distrib. 24,
621-628 (2018).
16. Cecala, J. M. & Rankin, E. E. Pollinators and plant nurseries: How irrigation and pesticide treatment of native ornamental plants
impact solitary bees. Proc. R. Soc. B Biol. Sci. 288, 20211287 (2021).
17. Gonzalez, V. H., Gustafson, G. T. & Engel, M. S. Morphological phylogeny of Megachilini and the evolution of leaf-cutter behavior
in bees (Hymenoptera: Megachilidae). . Melittology 85, 1-123 (2019).
18. Kambli, S. S. et al. M. S. Aiswarya, K. Manoj, S. Varma, G. Asha, T. P. Rajesh, P. A. Sinu, Leaf foraging sources of leafcutter bees in
a tropical environment: Implications for conservation. Apidologie 48, 473-482 (2017).
19. Ascher, J. S. & Pickering, J. Discover Life Bee Species Guide and World Checklist (Hymenoptera: Apoidea: Anthophila) (2019).
20. McCabe, L. M., Aslan, S. E. & Cobb, N. S. Decreased bee emergence along an elevation gradient: implications for climate change
revealed by a transplant experiment. Ecology 103, €03598 (2021).
21. Pitts-Singer, T. L. & Cane, J. H. The Alfalfa leafcutting bee, Megachile rotundata: The worlds most intensively managed solitary
bee. Annu. Rev. Entomol. 56,221-237 (2011).
22. Maclvor, J. S. & Packer, L. “Bee hotels” as tools for native pollinator conservation: A premature verdict?. PLoS ONE 10, 0122126
(2015).
23. Maclvor, J. S. DNA barcoding to identify leaf preference of leafcutting bees. R. Soc. Open Sci. 3, 150623 (2016).
24. Wissemann, V. & Ritz, C. M. The genus Rosa (Rosoideae, Rosaceae) revisited: Molecular analysis of nrITS-1 and atpB-rbcL inter-
genic spacer (IGS) versus conventional taxonomy. Botanical J. Linn. Soc. 147, 275-290 (2005).
25. Wang, G. Study on the history of Chinese roses from ancient works and images. Acta Hort. 751, 347-356 (2007).
26. Nybom, H. & Werlemark, G. Realizing the potential of health-promoting rosehips from dogroses (Rosa sect. Caninae). Curr.
Bioact. Compd. 13, 3-17 (2016).
27. Chang, Y. Z., Chen, H. M. & Qi, R. S. Ornamental pest—studies on leafcutting bees Megachile subtranquilla Yasumatsu. Acta
Agriculturae Universitatis Pekinensis 15, 208-213 (1989).
28. Stroom, K., Fetzer, J. & Krischik, V. Insect Pests of Roses. 1-12 (Minnesota Extension Service, University of Minnesota, 1997).
29. Knox, G. W,, Paret, M. & Mizell, R. F. III. Pests of roses in Florida (2008).
30. Hayward, A. et al. The leafcutter bee, Megachile rotundata, is more sensitive to N-cyanoamidine neonicotinoid and butenolide
insecticides than other managed bees. Nat. Ecol. Evol. 3, 1521-1524 (2019).
31. Fox, J. et al. Package ‘car} Vol. 16, (R Foundation for Statistical Computing, 2012).
32. K. Barton, Package Multi-Model Inference (MuMIn). https://cran.r-project.org/web/packages/MuMIn/MuMIn.pdf (2013).
33. Hartig, F. & Hartig M. F. Package ‘DHARMa:R package (2017).
34. R Core Team. R: A Language and Environment for Statistical Computing https://www.R-project.org/ (R Foundation for Statistical
Computing, 2021).
35. Boff, S., Raizer, J. & Lupi, D. Environmental display can buffer the effect of pesticides on solitary bees. Insects. 11, 1-15 (2020).
36. Cameron, S. A. et al. Patterns of widespread decline in North American bumble bees. Proc. Natl. Acad. Sci. USA. 108, 662-667
(2011).
37. Cameron, S. A. & Sadd, B. M. Global trends in bumble bee health. Annu. Rev. Entomol. 65, 209-232 (2020).
38. Kopit, A. M. & Pitts-Singer, T. L. Routes of pesticide exposure in solitary, cavity-nesting bees. Environ. Entomol. 47, 499-510 (2018).
39. Pitts-Singer, T. L. & Barbour, J. D. Effects of residual novaluron on reproduction in alfalfa leafcutting bees, Megachile rotundata F.
(Megachilidae). Pest Manag. Sci. 73, 153-159 (2017).
40. McKinney, M. L. Urbanization, biodiversity, and conservation. Bioscience 52, 883-890 (2002).
41. Baldock, K. C. R. et al. A systems approach reveals urban pollinator hotspots and conservation opportunities. Nat. Ecol. Evol. 3,
363-373 (2019).
42. Choate, B. A., Hickman, P. L. & Moretti, E. A. Wild bee species abundance and richness across an urban-rural gradient. J. Insect
Conserv. 22, 391-403 (2018).
43. Theodorou, P. et al. Pollination services enhanced with urbanization despite increasing pollinator parasitism. Proc. R. Soc. B Biol.
Sci. 283, 20160561 (2016).
44. Theodorou, P. et al. Urban areas as hotspots for bees and pollination but not a panacea for all insects. Nat. Commun. 11, 1-13
(2020).
45. Rocha-Filho, L. C., Martins, A. C. & Marchi, P. Notes on a nest of Megachile (Moureapis) apicipennis Schrottky (Megachilidae)
constructed in an abandoned gallery of Xylocopa frontalis (Olivier) (Apidae). Sociobiology 64, 442-450 (2017).
46. Sheffield, C. S. Unusual nesting behavior in Megachile (Eutricharaea) rotundata (Hymenoptera: Megachilidae). J. Melittol. 69, 1-6
(2017).
47. Krischik, V., Rogers, M., Gupta, G. & Varshney, A. Soil-applied imidacloprid translocates to ornamental flowers and reduces
survival of adult Coleomegilla maculata, Harmonia axyridis, and Hippodamia convergens lady beetles, and larval Danaus plexippus
and Vanessa cardui butterflies. PLoS ONE 10, 0119133 (2015).
48. Senapathi, D. et al. The impact of over 80 years of land cover changes on bee and wasp pollinator communities in England. Proc.
R. Soc. B Biol. Sci. 282, 20150294 (2015).
49. Potts, S. G. et al. Role of nesting resources in organising diverse bee communities in a Mediterranean landscape. Ecol. Entomol.
30, 78-85 (2005).
50. Acar, C., Acar, H. & Eroglu, E. Evaluation of ornamental plant resources to urban biodiversity and cultural changing: A case study
of residential landscapes in Trabzon city (Turkey). Build. Environ. 42, 218-229 (2007).
Scientific Reports|  (2022) 12:18700 | https://doi.org/10.1038/541598-022-23041-y nature portfolio


https://cran.r-project.org/web/packages/MuMIn/MuMIn.pdf
https://www.R-project.org/

www.nature.com/scientificreports/

51. Wang, H. F, Qureshi, S., Knapp, S., Friedman, C. R. & Hubacek, K. A basic assessment of residential plant diversity and its eco-
system services and disservices in Beijing, China. Appl. Geogr. 64, 121-131 (2015).

52. Pergl, ]. et al. Dark side of the fence: ornamental plants as a source of wildgrowing flora in the Czech Republic. Preslia 88, 163-184
(2016).

53. Avolio, M. et al. Urban plant diversity in Los Angeles, California: Species and functional type turnover in cultivated landscapes.
Plants People Planet. 2, 144-156 (2020).

54. Orr, M. C. et al. Global patterns and drivers of bee distribution. Curr. Biol. 31, 451-458 (2021).

55. Sinu, P. A, Kuriakose, G. & Shivanna, K. R. Is the bumblebee (Bombus haemorrhoidalis) the only pollinator of large cardamom in
central Himalayas, India?. Apidologie 42, 690-695 (2012).

56. Veereshkumar, V. V. & Gupta, A. Parasitisation of leaf-cutter bees (Megachilidae: Apoidea) by Melittobia. Entormon 40, 105-112
(2015).

57. Cecala, J. M. & Wilson Rankin, E. E. Petals and leaves: Quantifying the use of nest building materials by the world’s most valuable
solitary bee. Ecology 103, 03584 (2021).

58. Soh, E.J. Y, Soh, Z. W. W, Ascher, J. S. & Tan, H. T. W. Diversity of plants with leaves cut by bees of the genus Megachile in Sin-
gapore. Nat. Singap. 12, 63-74 (2019).

59. Maclvor, J. S. & Moore, A. E. Bees collect polyurethane and polyethylene plastics as novel nest materials. Ecosphere 4, 155 (2013).

60. Allasino, M. L., Marrero, H. J., Dorado, J. & Torretta, J. P. Scientific note: First global report of a bee nest built only with plastic.
Apidologie 50, 230-233 (2019).

Acknowledgements
We thank T.P. Rajesh for helping us with plotting our sites in the map. We thank two anonymous reviewers for
their critical and constructive comments and inputs into the manuscript.

Author contributions

PA.S. conceived the idea and planned the study. M.]., G.S., M.H., G.V,, AK,, AD, KA, PAS, and AR.P. did
field surveys in south and northeast India. PA.S., A.K,, and V.A. performed nesting biology and brood success
studies. S.S. did toxicology studies. P.A.S. analysed data and wrote the first draft of the manuscript. All others
have contributed to data curating and approved the manuscript.

Funding
We would like to thank the Science Engineering and Research Board and National Mission on Himalayan Studies
for funding the field part of this research.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-23041-y.

Correspondence and requests for materials should be addressed to PA.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:18700 | https://doi.org/10.1038/s41598-022-23041-y nature portfolio


https://doi.org/10.1038/s41598-022-23041-y
https://doi.org/10.1038/s41598-022-23041-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Ornamental roses for conservation of leafcutter bee pollinators
	Materials and methods
	Study area. 
	Sampling. 
	Pattern and drivers of plant selection. 
	Brood success. 

	Statistical analyses. 

	Results
	Pattern of rose plant use by the bees. 
	Drivers of plant selection by the leafcutter bees. 
	Brood success. 

	Discussion
	Conclusion
	References
	Acknowledgements


