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Abstract

1. Understanding a species’ ability to fill its climate envelope is crucial to understand-

ing barriers to dispersal, and for predicting capacity to respond to climate change. If

a species is not present in its climate envelope, its absence is likely due to non-

climatic environmental factors including (1) dispersal limitations, (2) unsuitable habi-

tat and resources, and (3) insufficient data. This study investigates the relationship

between British wild bees’ life-history traits and their ability to occupy their climate

envelopes.

2. The ability of a species to fill its climate envelope was calculated as the proportion

of its climate envelope containing a presence record. The relationship between cli-

mate envelope filling ability and four life-history traits – lecty (pollen foraging spe-

cialisation), overwintering stage, body size and habitat breadth was assessed.

3. Across 64 species of wild bees, this study reveals large species, with generalist for-

aging behaviour and wide habitat breadth, filled a greater proportion of their cli-

mate envelope than smaller bees, with restricted foraging preferences and narrow

habitat requirements. This study also found that while larger, generalist species are

relatively more successful at filling their climate envelopes, many species do not fill

the entirety of their potential climate envelopes.

4. In the context of climate change, this study raises the issue that Great Britain may

experience a homogenisation of future bee communities, dominated by widespread

generalist species, better able to overcome the non-climatic barriers to filling their

climate envelope.

K E YWORD S
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INTRODUCTION

Climate plays a large role in determining species’ distributions

(Thomas, 2010), so understanding a species’ suitable climate enve-

lope –the area containing climate suitable for its survival– can help

predict where the species may occur. Most species, however, are

not present throughout their entire climate envelope. There are

several factors that can lead to a species not filling its entire climate

envelope, including limited dispersal ability, insufficient habitat avail-

ability, and insufficient forage availability (Pearson & Dawson, 2003).

One group of species where knowledge of climate envelopes, and

species’ ability to fill them, are of particular importance is wild bees.

In Great Britain, wild bees comprise 270 species (Falk, 2019), many

of which provide important pollination services to a wide range of
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wild and cultivated plants valued at approximately £630 m/year

(Breeze et al., 2021).

The geographic extent of pollination by wild bees is dependent

on both species’ climate envelopes and the ability of a species to fill

its climate envelopes, and this can have important consequences for

the spatial overlap between pollinators and plants, both wild and culti-

vated (Gorostiague et al., 2018; Polce et al., 2014). A species’ ability

to fill its climate envelope has been linked to a variety of life-history

traits across different taxa, including mammals, birds and plants. Such

traits include habitat breadth (habitat generalists are better at filling

their climate envelopes than specialists), diet breadth (diet generalists

are better at filling their climate envelopes than specialists), and over-

wintering stage (species that overwinter in adult stages are better at

shifting ranges than those overwintering in less developed stages)

(Estrada et al., 2015; Morimoto, 2020; Pöyry et al., 2009). Body size

has also been linked to geographic distributions of insects (Calosi

et al., 2010; Pöyry et al., 2009). The importance of these traits in vari-

ous other taxa indicates that they may also be important predictors of

climate envelope filling in wild bees.

Many species, including wild bees, are undergoing shifts in cli-

mate envelopes in response to changing climate (Wyver et al., 2023),

and understanding both current and future climate envelopes is

important from both species’ conservation and ecosystem service per-

spectives (Senapathi, et al., 2021a). Equally important is understanding

why some species do not fill their entire climate envelopes. If a spe-

cies is not present in a climatically suitable area, its absence may be

due to other environmental factors, such as unsuitable habitat type

and inadequate dispersal ability to overcome geographic barriers (dis-

tance or physical barriers) between existing populations and uncolo-

nised areas (Estrada et al., 2018), with species that fill greater

proportions of their climate envelope facing fewer barriers, and/or

being better able to overcome barriers. There are a range of non-

climatic factors that influence a species’ ability to fill its climate enve-

lope, and these can be grouped into two primary categories.

Where species do not fill their climate envelopes, it is likely

caused by a combination of (i) dispersal limitation, where a species

cannot disperse far enough to reach a new site, driven by a species’

intrinsic dispersal ability and extrinsic barriers to dispersal (Baselga

et al., 2012; Munguía et al., 2008), and (ii) unsuitable/insufficient habi-

tat and resources—where a species can reach a new site, but the new

site contains unsuitable or insufficient nesting and/or foraging

resources (Gaston, 2009).

Dispersal limitation has been shown to be a major driver of a spe-

cies’ ability to fill its climate envelope in a wide variety of taxa includ-

ing plants (e.g., Arnell & Eriksson, 2022; Seliger et al., 2021) and

mammals (Munguía et al., 2008). Poor dispersal has previously been

linked to physical barriers (Dániel-Ferreira et al., 2022), which are

becoming larger owing to increased habitat fragmentation (Fletcher

et al., 2018). Relatively little is known about the dispersal capabilities

of wild bees in Great Britain (Torné-Noguera et al., 2014), although

dispersal ability may be linked to body size (Greenleaf et al., 2007),

with bigger bees generally able to fly farther than smaller bees. A fur-

ther barrier to dispersal could be development time, which will

influence how quickly a species can respond to favourable climate and

ultimately how long it has to disperse. Stevens et al. (2014), for exam-

ple, found that aerial dispersers with good dispersal ability tended to

overwinter in more advanced developmental stages than those with

poor dispersal.

Different species have different levels of generalism when it

comes to diet breadth, which in the case of bees is characterised by

pollen foraging specialisation (“lecty”) (Robertson, 1925), and habitat

requirements. There are conflicting theories as to whether generalists

or specialists are better at dispersing. It is possible that generalists are

better at dispersing than specialists, owing to a higher likelihood of

finding suitable habitat. Conversely, specialists may be better at dis-

persing than generalists, owing to their need to be able to move

greater distances to find suitable habitat and resources (Martin &

Fahrig, 2018).

Loss of suitable habitat and increased habitat fragmentation have

occurred in Great Britain, with marked declines in heathland and

grassland, and increases in urban and arable areas occurring since

1950 (Senapathi, Biesmeijer, et al., 2015a), as well as increases in bar-

riers to dispersal such as roads (Fitch & Vaidya, 2021). The loss of suit-

able habitat also has impacts on the ability of bees to fill their climate

envelopes, both by reducing the area of suitable habitat within the cli-

mate envelope and reducing the ability to maintain viable populations

in the smaller, more fragmented patches of suitable habitat. Given the

historic loss of important habitats such as heathland and grassland

(Senapathi, Biesmeijer, et al., 2015a), there are likely to be fewer feed-

ing and nesting resources available in the landscape, ultimately result-

ing in landscapes with fewer bees. Traits including habitat specificity

and lecty are likely to be linked to how well a species can cope with

the loss of suitable feeding and nesting habitat, and thus fill its climate

envelope.

A third potential reason why a species may not appear to be pre-

sent in its climate envelope is that it is data deficient. It may be the

case that a species already exists in an area, but it is not adequately

documented (Rocha-Ortega et al., 2021). Data used to assess a spe-

cies’ ability to fill its climate envelope often comes from presence-only

observations from publicly accessible databases such as GBIF

(GBIF, 2024a) or datasets held by organisations such as the Bees,

Wasps, and Ants Recording Society (BWARS – www.bwars.com).

Opportunistic citizen science datasets often come with biases towards

easy-to-detect species in easy-to-access locations (Cretois

et al., 2021), meaning that a species not being found in an area could

be due to a lack of sampling effort.

Choosing between conservation priorities, such as focussing on

reversing habitat fragmentation or improving existing habitat, is an

important part of conservation planning. The complex nature of these

three drivers of apparent climate envelope filling success (dispersal

limitation, unsuitable/insufficient habitat and resources, and insuffi-

cient data) therefore pose challenges for policymakers and conserva-

tion practitioners, and understanding why a species is not present in a

climatically suitable area is crucial for informing conservation policy

and practice. Understanding the barriers to climate envelope filling is

particularly important in the context of climate change. Previous
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research predicted that the climate envelopes of wild bees will shift

under future climate scenarios (Wyver et al., 2023). Investigating how

life-history traits influence climate envelope filling can therefore pro-

vide valuable insights into which species may struggle to adapt, and

may require additional support to overcome these barriers, preventing

them from shifting their distributions in the face of a changing

climate.

This study looks to build on Wyver et al. (2023) by answering the

question ‘Do life-history traits of British wild bees influence their abil-

ity to fill their climate envelopes?’ through the following hypotheses:

1. Species with limited dispersal abilities will occupy a smaller propor-

tion of their climate envelopes compared with species with greater

dispersal capacities, as species with greater dispersal capacity can

access a larger part of their climate envelopes (Arnell &

Eriksson, 2022; Munguía et al., 2008).

2. Species that rely on specialised feeding resources will occupy a

smaller proportion of their climate envelopes than those able to

feed on a wider variety of plants, as less of their suitable climate

envelope contains suitable resources for species’ persistence

(Martin & Fahrig, 2018).

3. Species that rely on specific habitats will occupy a smaller propor-

tion of their climate envelopes compared with species able to sur-

vive in a wider variety of habitats, as less of their suitable climate

envelope contains habitat suitable for species’ persistence

(Martin & Fahrig, 2018).

METHODS

Traits

This study combined four life-history traits with climate envelope fill-

ing ability for 64 species of wild bees in Great Britain. These 64 spe-

cies were selected as they have existing climate envelope models and

are well represented in the dataset used to calculate range filling.

Selected traits were habitat breadth, lecty (foraging specialisation),

overwintering stage and body size (logged to conform with assump-

tions of normality; Table 1). Intertegular distance (ITD—defined as the

distance between the bases of the wings on the thorax (Raiol

et al., 2021)) was used as a proxy for body size (Cane, 1987). ITD was

calculated as the mean value of multiple female specimens of each

species (the exact number of specimens varied by species). Habitat

breadth was classified as the number of habitats suitable for each spe-

cies, as categorised in the European Red List of Bees (Nieto

et al., 2014). Body size, lecty and overwintering stage were obtained

from a database curated by S.P.M. Roberts. Traits for each species can

be found in Table S1.

Climate envelope models

Climate envelopes were taken from previously developed climate

envelope models derived from a long-term database of bee recordings

held by the Bees, Wasps, and Ants Recording Society (www.bwars.

com) developed in Wyver et al. (2023) at 0.0155� gridded resolution.

Climate envelopes were modelled using six bioclimatic variables previ-

ously used in British pollinator distribution modelling exercises (Polce

et al., 2014) derived from the UK CHESS-SCAPE project (Robinson

et al., 2023), and produced using the MaxEnt modelling software

(Phillips et al., 2008). Detailed descriptions of previously developed

climate envelope models can be found in Wyver et al. (2023). This

method included initially subsetting the 270 species of wild bees in

Great Britain to include only species with 20 or more records (88 spe-

cies), and climate envelope models were validated by testing whether

they were significantly better than a random expectation using bias-

corrected null models (Raes & Ter Steege, 2007), resulting in a total of

64 species available for analysis. Additionally, at 0.0155� resolution,

many cells contained no presence records; therefore, climate enve-

lopes were resampled to 0.155� gridded resolution.

To ensure that traits were not influencing the initial climate

models, and therefore influencing estimates of the relationship

between traits and climate envelope filling, a linear model with a

gaussian error family was used to test the relationship between cli-

mate envelope size developed in Wyver et al. (2023) and life-history

traits. It is possible, however, that the climate envelopes (and subse-

quent ability to fill these envelopes) of closely related species may

resemble each other more than a species randomly drawn from the

same phylogenetic tree (Blomberg et al., 2003). Therefore, the phylo-

genetic signal was tested using Pagel’s λ, calculated via the phylosig

T AB L E 1 Description of bee traits used as explanatory variables
in analyses of range-filling ability.

Trait Levels Description

Lecty

(categorical)

Polylectic Forages on a wide range of

plants

Oligolectic Forages on a restricted

range of plants

Clepto- and social

parasites

Does not visit plants to

forage

Overwintering

Stage

(categorical)

Adult (female only) Species that hibernate as

adults and which mate

prior to hibernation with

males dying in the Autumn

Adult within cocoon Species which overwinter

as adults within cocoon

Adult (within brood

cell)

Species which overwinter

as adults, but make no

cocoon.

Prepupa Species which overwinters

as prepupa.

Habitat

breadth

(categorical)

Ranges from 1:

Extremely Specialist to

5: Extremely

Generalist

Based on habitat specificity

according to European Red

List of Bees (Nieto

et al., 2014).

Body size

(continuous)

Mean intertegular distance,

measured in mm.
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function in the “phytools” package (Revell, 2012). The estimated λ

was 0.034 (p = 0.62), indicating no significant phylogenetic signal in

the data, and that linear models were appropriate. Information about

the phylogenies of each species was downloaded from the Bee Tree

of Life (Figure S1) (Hedtke et al., 2013). No traits had a significant

influence on the size of the climate envelopes developed in Wyver

et al. (2023), indicating subsequent results reflect biological processes

and not modelling artefacts (Table S2 for initial model results). Multi-

collinearity among predictors was tested using variance inflation fac-

tors (VIFs), which showed no evidence of multicollinearity. Model

diagnostics were checked using the “DHARMa” package

(Hartig, 2022).

Calculating climate envelope filling ability

The ability of a species to fill its climate envelope was calculated as

the percentage of grid squares classified as having suitable climate

(derived from BWARS data as described previously) containing a pres-

ence record from an independent dataset. Presence records were

obtained from the Global Biodiversity Information Facility

(GBIF, 2024a), including observations for all Hymenoptera (excluding

the managed honeybee, Apis mellifera) in Great Britain between 2010

and 2019 (GBIF, 2024b). Each record was assigned to a grid square

(on the same grid scale as the rescaled climate envelope model) based

on its latitude and longitude. No BWARS data is included in the GBIF

dataset, and vice versa.

To improve the probability that cells without observations are

true absences, all data analyses were carried out only for areas with

high sampling effort – also known as “low ignorance” areas

(Ruete, 2015). Using low ignorance areas helps overcome issues

related to sampling effort and the detectability of rare and small spe-

cies which are often underrepresented in opportunistic citizen science

data (Callaghan et al., 2021). Low ignorance areas were identified fol-

lowing the methodology used by Arnell and Eriksson (2022), who

implemented low ignorance maps to identify areas with high sampling

effort in Swedish woody plants. Data for all Hymenoptera (excluding

A. mellifera – 1569 species, 347,731 records) were used to produce a

low ignorance map for Hymenoptera within Great Britain. The num-

ber of species present in each grid cell was counted, and only grid cells

with 20 or more species recorded were used in the climate envelope

filling analysis (Figure 1). A bee species was considered if it had 80 or

more presence records in the GBIF dataset to ensure that its distribu-

tion was accurately represented within the low-ignorance areas,

resulting in a total of 64 species available for analysis (Note: Bombus

distiguendus met this threshold but was also removed from analysis

due to its extremely restricted suitable climate envelope).

Impact of traits on climate envelope filling ability

Climate envelope filling ability was calculated as the percentage of

cells classified as climatically suitable from the climate envelope

models derived from BWARS data containing a bee observation from

the GBIF dataset. The percentage of suitable cells in the climate enve-

lope containing a presence record was used as the dependent variable

in a generalised linear model with a Gamma distribution and a log link

function, with the logged body size, lecty, overwintering stage, and

habitat breadth as potential explanatory factors. Again, multicollinear-

ity among predictors was tested using variance inflation factors (VIFs),

which showed no evidence of multicollinearity, and model diagnostics

were checked using the “DHARMa” package (Hartig, 2022). To test

for pairwise differences between levels of categorical variables shown

to have a significant effect on climate envelope filling ability, esti-

mated marginal means were calculated using the “emmeans” package
(Lenth, 2022), and pairwise comparisons of the estimated marginal

means were conducted with multiple comparison adjustments

F I G U R E 1 Map of Low Ignorance Areas for Hymenoptera
recording in Great Britain 2010–2019. Area in grey is the area used in

range-filling analysis.

4 WYVER ET AL.
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(Tukey’s honest significant difference) as a post hoc test. All statistical

analyses were carried out using RStudio v 2024.09.1 (R Core

Team, 2020).

RESULTS

Climate envelope filling varied between species, ranging from 9.7%

(Epeolus cruciger) to 128.3% (Bombus lapidarius) of suitable climate

cells within the low ignorance area containing an observation

(Figure 2). Across all species, mean climate envelope filling was 43.8%.

Species traits appeared to have a significant impact on the ability

of a species to fill its climate envelope (Table 2). Body size was a key

determinant of climate envelope filling success, with larger bees filling

more of their climate envelopes than smaller bees (Figure 3a). Climate

envelope filling was predicted to increase from 33.6% (25.5%, 41.8%)

to 60.7% (44.9%, 76.5%) when body size (ITD) was doubled from 2.5

to 5 mm (mean value across all combinations of other traits – figures

in brackets indicate 95% confidence intervals).

Polylectic species appeared to fill significantly more of their cli-

mate envelope than those that had a restricted foraging breadth, and

those species reliant on other species to survive (i.e., clepto- and

F I GU R E 2 Range filling ability of 64 species of bee. Range filling ability is calculated as a percentage of the suitable climate cells containing a
presence record (restricted to only include low ignorance areas).

TRAITS DRIVE BEE CLIMATE ENVELOPE FILLING 5
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social parasites; Figure 3b). A polylectic bee was predicted to fill

43.7% (30.7%, 56.8%) of its suitable climate area compared with

22.9% (13.6%, 32.3%) for an oligolectic bee and 27.8% (17.0%, 38.7%)

for a clepto- or social parasite (mean value across all categorical traits,

body size held constant at the median value). There was no significant

effect of habitat specificity or overwintering stage. Pairwise compari-

sons of estimated marginal means revealed significant differences in

climate envelope filling ability between levels of lecty, with signifi-

cantly greater climate envelope filling in polylectic bees compared

with oligolectic bees (p = 0.015).

Habitat generalists also appeared to fill significantly more of their

climate envelopes than habitat specialists, with a species suited to five

habitats according to the European Red List of Bees predicted to fill

41.8% (28.5%, 55.0%) of its climate envelope, compared with a spe-

cies suited to just one habitat, which was predicted to fill 18.1%

(13.6%, 22.6%). Pairwise comparisons of estimated marginal means

showed significant differences between species capable of surviving

in three habitats and those capable of surviving in just one

(p = 0.046).

DISCUSSION

This study makes use of two large, separate datasets (BWARS and

GBIF) of British wild bees to produce a quantitative analysis of bee cli-

mate envelope filling ability and the extent to which climate envelope

filling ability is driven by life-history traits. Different species filled dif-

ferent proportions of their climate envelope, with larger, generalist

bees (both in terms of habitat and foraging generalism) appearing to

fill more of their climate envelopes than smaller, more specialist spe-

cies. Whilst the results here may seem unsurprising -that traits relat-

ing to foraging generalism and body size are determinants of

successful climate envelope filling- they provide important insights

into some of the challenges faced by wild bees in Great Britain.

Body size was a significant determinant of climate envelope filling

success, with climate envelope filling higher in larger bees. There are a

range of reasons why larger bees appear to fill more of their climate

envelopes. Firstly, although there is currently little empirical evidence

relating to dispersal distances (Torné-Noguera et al., 2014), it is likely

that larger bees have better intrinsic dispersal abilities (i.e., able to fly

farther) (Greenleaf et al., 2007) and, therefore, are better able to over-

come barriers to dispersal. Larger bees have indeed been found to fly

over greater distances when foraging (Greenleaf et al., 2007), and

therefore, it could be that they can also disperse farther. If this is the

case, it means larger bees might be able to overcome larger distances

between suitable habitat patches, and more substantial physical bar-

riers to dispersal, and therefore, could access a larger part of their cli-

mate envelope.

Lecty, or pollen foraging specialisation, was also found to be

important in determining a species’ climate envelope filling ability.

Alongside being able to access a new area, it is important that suitable

forage plants and nesting resources are available for a population to

establish (Gaston, 2009). For many generalist species, this is of mini-

mal concern, as the wide variety of suitable habitat and resources

increases the likelihood that a species will encounter suitable

resources (Angert et al., 2011). Conversely, for bees that rely on a lim-

ited range of plants, the lack of suitable habitat and resources is a

much greater concern, as their distribution is closely tied to the avail-

ability of their specific forage. The same applies to bees in the clepto-

and social parasites group, whose distributions are limited to those of

their host species, since the hosts must be present for the parasites to

reproduce.

Habitat breadth was also a significant driver of climate envelope

filling ability, with species able to utilise a wider range of habitats fill-

ing more of their climate envelope than species restricted to specific

habitats. This is perhaps unsurprising, as the narrow environmental

tolerance of a habitat specialist is likely to create more barriers than

for a habitat generalist with wider environmental tolerances (Büchi &

Vuilleumier, 2014). There are also likely to be other traits not tested

here which could influence climate envelope filling, as data are missing

for many species. Unexplored traits could include nesting substrate,

which could be expected to act in the same way as habitat breadth,

with species with narrow nesting requirements facing more fragmen-

ted conditions than generalist nesters (Martin & Fahrig, 2018).

T AB L E 2 Linear model output showing influence of species’ life-history traits on range filling ability. Reference categories are habitat
breadth: 1, Lecty: Polylectic and overwintering: Prepupae.

Term Estimate SE z value Pr(>jzj)

Habitat. breadth: 2 0.57 0.22 2.54 0.014 *

Habitat breadth: 3 0.57 0.20 2.86 0.006 **

Habitat breadth: 4 0.62 0.22 2.79 0.007 **

Habitat breadth: 5 0.83 0.31 2.68 0.009 **

Lecty: Oligolectic �0.64 0.22 �2.90 0.005 **

Lecty: Clepto- and social parasite �0.45 0.19 �2.36 0.021 *

Log (body size) 0.85 0.12 7.08 <0.001 ***

Overwintering: adult within cocoon 0.25 0.21 1.17 0.247

Overwintering: adult within brood cell 0.33 0.17 1.90 0.063

Overwintering: adult (female only) 0.23 0.15 1.52 0.134
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Fecundity and life span could also be drivers, as species that have

more offspring and are active for a greater period of the year may

have a greater chance of successful dispersal and survival in new areas

(Estrada et al., 2018). Overwintering stage was not found to be a sig-

nificant driver of climate envelope filling ability, despite the expecta-

tion that species that overwinter in more advanced developmental

stages will be better able to capitalise on optimal conditions and,

therefore, have more time to disperse (Martin & Fahrig, 2018).

The finding of body size as a predictor of climate envelope filling

ability could also be related to data limitations. Larger bees are often

easier to spot and identify, and as a result, larger bees could be

overrepresented in the BWARS and GBIF datasets. Larger bees being

easier to detect has been observed in comparisons of a different

opportunistic citizen science scheme, iNaturalist, with collections-

based schemes of bees (Turley et al., 2024). This issue is controlled to

a certain extent in this study through the use of only data-rich species

in low-ignorance areas.

The fact that some very generalist species, such as B. lapidarius

and B. pascuorum, already exist in areas outside of their climate enve-

lope (more than 100% climate envelope filling) indicates high levels of

F I GU R E 3 Linear model output predicting impact of (A) body size, (B) lecty and (C) habitat breadth on range filling ability. Dashed lines
indicate 95% confidence intervals. Habitat breadth classes 1–5 refer to the number of suitable habitats according to the European Red List of
Bees (Nieto et al., 2014).
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adaptability to climate conditions and habitat and flexible resource

specificity. Alongside high levels of adaptability, there are several

other reasons for species appearing to fill over 100% of their climate

envelope. This analysis was carried out at 0.155� gridded resolution. It

is possible that in cells falling outside the suitable climate envelope,

fine-scale microclimate conditions within the cell may be suitable for

the activity of a species (Lembrechts et al., 2019). It is also possible

that observations outside the suitable climate area could represent

sink populations, sustained by dispersal from core areas but not viable

in the long-term (Gaston, 2009).

When considering the traits that influence climate envelope fill-

ing (body size, habitat breadth and lecty) in the context of the three

challenges presented earlier in this study (dispersal limitation, unsui-

table habitat and resources, and insufficient data), it is probable that

all three factors are influencing the climate envelope filling ability of

British wild bees to some degree. The results presented here have

important consequences for current and potential future biodiversity

and ecosystem services bees provide. It has been suggested that cli-

mate envelope filling can be used as a proxy for capacity to undergo

distributional shifts in the face of a changing climate (Estrada

et al., 2018). If this is the case, it is likely that larger, generalist spe-

cies will be better at adapting to climate change and colonising new

areas in the future.

Should climate envelopes change in the future, which is predicted

in Wyver et al. (2023), Great Britain may experience a homogenisation

of bee communities. Future communities could be dominated by large,

generalist species, which are better equipped to expand into their

new climate envelopes than smaller, specialist species. The issue of

community homogenisation by species better equipped to fill their cli-

mate envelopes is a complex topic in the context of conservation.

From a crop pollination perspective within the context of Great Brit-

ain, community homogenisation may be beneficial, especially for polli-

nation, given that much of the pollination service is carried out by a

small subset of the overall bee fauna (Kleijn et al., 2015), including

generalists such as Bombus lapidarius and Bombus pascuorum.

Conversely, the loss of species diversity can lead to less resilient

communities and less stable interannual pollination supply

(Senapathi, 2021b). Another school of thought is that species have a

right to live, and that every species is a “natural share-holder of the
biosphere with an inherent right to survival” (Kassas, 2002), In this

case, ecosystem service provision alone is an insufficient argument for

conservation, and a more holistic approach should be encouraged

(Senapathi, Carvalheiro, et al., 2015b).

Whilst recommending conservation priorities is beyond the scope

of this study, it does highlight the difficult decisions conservation

planners will have to make regarding which species to target for sup-

port. This study presents an initial exploration of bee climate envelope

filling ability, and further research is recommended, ideally using sys-

tematically collected data to better overcome the inherent biases pre-

sent in presence-only data. This will allow for the refining of the

models presented here and to begin to tease apart the individual chal-

lenges of dispersal limitation, unsuitable habitat and resources, and to

improve the datasets available for this analysis.

In conclusion, this study highlights the importance of life-history

traits in determining the ability of British wild bees to fill their climate

envelopes. It shows that large-bodied generalists are in a better posi-

tion to fill their climate envelope than smaller, more specialist species,

and that careful conservation planning is needed to determine the

future wild bee community in Great Britain. Whatever the conserva-

tion priority, be it ecosystem service-based or a more holistic

approach, providing more, bigger, better-connected patches of habitat

will be essential if wild bees are going to respond successfully to

uncertain future climates.

AUTHOR CONTRIBUTIONS

Chris Wyver: Conceptualization; methodology; formal analysis;

writing – original draft; writing – review and editing. Simon G. Potts:

Supervision; writing – review and editing. Stuart P. M. Roberts: Data

curation; writing – review and editing. Deepa Senapathi: Conceptuali-

zation; methodology; writing – review and editing; supervision.

ACKNOWLEDGEMENTS

The authors would like to thank everyone who contributed to the

BWARS recording dataset, and to BWARS for allowing access to

the data.

FUNDING INFORMATION

This project was funded by BBSRC (Grant number: BB/T508895/1)

and Waitrose Agronomy Group as part of the Waitrose Collaborative

Training Partnership. WorldWide Fruit Ltd., contributed to the fund-

ing and development of this project.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Data used in this manuscript are available from the Dryad Digital

Repository. https://doi.org/10.5061/dryad.3j9kd51sb. Wyver and

Roberts (2025).

ORCID

Chris Wyver https://orcid.org/0000-0002-8661-0859

Simon G. Potts https://orcid.org/0000-0002-2045-980X

Deepa Senapathi https://orcid.org/0000-0002-8883-1583

REFERENCES

Angert, A.L., Crozier, L.G., Rissler, L.J., Gilman, S.E., Tewksbury, J.J. &

Chunco, A.J. (2011) Do species’ traits predict recent shifts at expand-
ing range edges? Ecology Letters, 14(7), 677–689. Available from:

https://doi.org/10.1111/j.1461-0248.2011.01620.x

Arnell, M. & Eriksson, O. (2022) Landscape-scale range filling and dispersal

limitation of woody plants. Journal of Biogeography, 49(11), 2028–
2036. Available from: https://doi.org/10.1111/jbi.14485

Baselga, A., Lobo, J.M., Svenning, J.C., Aragón, P. & Araújo, M.B. (2012)

Dispersal ability modulates the strength of the latitudinal richness

gradient in European beetles. Global Ecology and Biogeography,

21(11), 1106–1113. Available from: https://doi.org/10.1111/j.1466-

8238.2011.00753.x

8 WYVER ET AL.

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70023 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [22/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.5061/dryad.3j9kd51sb
https://orcid.org/0000-0002-8661-0859
https://orcid.org/0000-0002-8661-0859
https://orcid.org/0000-0002-2045-980X
https://orcid.org/0000-0002-2045-980X
https://orcid.org/0000-0002-8883-1583
https://orcid.org/0000-0002-8883-1583
https://doi.org/10.1111/j.1461-0248.2011.01620.x
https://doi.org/10.1111/jbi.14485
https://doi.org/10.1111/j.1466-8238.2011.00753.x
https://doi.org/10.1111/j.1466-8238.2011.00753.x


Blomberg, S.P., Garland, T. & Ives, A.R. (2003) Testing for phylogenetic sig-

nal in comparative data: behavioral traits are more labile. Evolution,

57(4), 717–745. Available from: https://doi.org/10.1111/j.0014-

3820.2003.tb00285.x

Breeze, T.D., Bailey, A.P., Balcombe, K.G., Brereton, T., Comont, R.,

Edwards, M. et al. (2021) Pollinator monitoring more than pays for

itself. Journal of Applied Ecology, 58(1), 44–57. Available from:

https://doi.org/10.1111/1365-2664.13755

Büchi, L. & Vuilleumier, S. (2014) Coexistence of specialist and generalist

species is shaped by dispersal and environmental factors. American

Naturalist, 183(5), 612–624. Available from: https://doi.org/10.

1086/675756

Callaghan, C.T., Poore, A.G.B., Hofmann, M., Roberts, C.J. & Pereira, H.M.

(2021) Large-bodied birds are over-represented in unstructured citi-

zen science data. Scientific Reports, 11(1), 19073. Available from:

https://doi.org/10.1038/s41598-021-98584-7

Calosi, P., Bilton, D.T., Spicer, J.I., Votier, S.C. & Atfield, A. (2010) What

determines a species’ geographical range? Thermal biology and latitu-

dinal range size relationships in European diving beetles (Coleoptera:

Dytiscidae). Journal of Animal Ecology, 79(1), 194–204. Available

from: https://doi.org/10.1111/j.1365-2656.2009.01611.x

Cane, J.H. (1987) Estimation of bee size using Intertegular span (Apoidea).

Journal of the Kansas Entomological Society, 60(1), 145–147.
Cretois, B., Simmonds, E.G., Linnell, J.D.C., van Moorter, B.,

Rolandsen, C.M., Solberg, E.J. et al. (2021) Identifying and correcting

spatial bias in opportunistic citizen science data for wild ungulates in

Norway. Ecology and Evolution, 11(21), 15191–15204. Available

from: https://doi.org/10.1002/ece3.8200

Dániel-Ferreira, J., Berggren, Å., Wissman, J. & Öckinger, E. (2022) Road

verges are corridors and roads barriers for the movement of flower-

visiting insects. Ecography, 2, ecog.05847. Available from: https://

doi.org/10.1111/ecog.05847

Estrada, A., Meireles, C., Morales-Castilla, I., Poschlod, P., Vieites, D.,

Araújo, M.B. et al. (2015) Species’ intrinsic traits inform their range

limitations and vulnerability under environmental change. Global

Ecology and Biogeography, 24(7), 849–858. Available from: https://

doi.org/10.1111/geb.12306

Estrada, A., Morales-Castilla, I., Meireles, C., Caplat, P. & Early, R. (2018)

Equipped to cope with climate change: traits associated with range

filling across European taxa. Ecography, 41(5), 770–781. Available
from: https://doi.org/10.1111/ecog.02968

Falk, S. (2019) Field guide to the bees of Great Britain and Ireland. London:

Bloomsbury Publishing.

Fitch, G. & Vaidya, C. (2021) Roads pose a significant barrier to bee move-

ment, mediated by road size, traffic and bee identity. Journal of

Applied Ecology, 58(6), 1177–1186. Available from: https://doi.org/

10.1111/1365-2664.13884

Fletcher, R.J., Reichert, B.E. & Holmes, K. (2018) The negative effects of

habitat fragmentation operate at the scale of dispersal. Ecology,

99(10), 2176–2186. Available from: https://doi.org/10.1002/ecy.

2467

Gaston, K.J. (2009) Geographic range limits: achieving synthesis. Proceed-

ings of the Royal Society B: Biological Sciences, 276(1661), 1395–
1406. Available from: https://doi.org/10.1098/rspb.2008.1480

GBIF: The Global Biodiversity Information Facility. (2024a) GBIF Occur-

rence Download. https://doi.org/10.15468/dl.axexgg

GBIF: The Global Biodiversity Information Facility. (2024b) What is GBIF?

https://www.gbif.org/what-is-gbif

Gorostiague, P., Sajama, J. & Ortega-Baes, P. (2018) Will climate change

cause spatial mismatch between plants and their pollinators? A test

using Andean cactus species. Biological Conservation, 226, 247–255.
Available from: https://doi.org/10.1016/j.biocon.2018.07.003

Greenleaf, S.S., Williams, N.M., Winfree, R. & Kremen, C. (2007) Bee forag-

ing ranges and their relationship to body size. Oecologia, 153(3),

589–596. Available from: https://doi.org/10.1007/s00442-007-

0752-9

Hartig, F. (2022) DHARMa: residual diagnostics for hierarchical (multi-

level/mixed) regression models. R package (0.4.6).

Hedtke, S.M., Patiny, S. & Danforth, B.N. (2013) The bee tree of life: a

supermatrix approach to apoid phylogeny and biogeography. BMC

Evolutionary Biology, 13(1), 138. Available from: https://doi.org/10.

1186/1471-2148-13-138

Kassas, M. (2002) Environmental education: biodiversity. The Environmen-

talist, 22, 345–351. Available from: https://doi.org/10.1023/A:

1020766914456

Kleijn, D., Winfree, R., Bartomeus, I., Carvalheiro, L.G., Henry, M., Isaacs, R.

et al. (2015) Delivery of crop pollination services is an insufficient

argument for wild pollinator conservation. Nature Communications, 6,

7414. Available from: https://doi.org/10.1038/ncomms8414

Lembrechts, J.J., Nijs, I. & Lenoir, J. (2019) Incorporating microclimate into

species distribution models. Ecography, 42(7), 1267–1279. Available
from: https://doi.org/10.1111/ecog.03947

Lenth, R. (2022) emmeans: Estimated marginal means, aka least-squares

means. R package version 1.7. 2.

Martin, A.E. & Fahrig, L. (2018) Habitat specialist birds disperse farther

and are more migratory than habitat generalist birds. Ecology,

99(9), 2058–2066. Available from: https://doi.org/10.1002/ecy.

2428

Morimoto, J. (2020) Species-level, but not family-level diet breadth pre-

dicts geographic distribution of Sydney butterflies. Insect Conserva-

tion and Diversity, 13(3), 313–318. Available from: https://doi.org/

10.1111/icad.12388

Munguía, M., Townsend Peterson, A. & Sánchez-Cordero, V. (2008) Dis-

persal limitation and geographical distributions of mammal species.

Journal of Biogeography, 35(10), 1879–1887. Available from: https://

doi.org/10.1111/j.1365-2699.2008.01921.x

Nieto, A., Roberts, S.P.M., Kemp, J., Rasmont, P., Kuhlmann, M., García

Criado, M. et al. (2014) European red list of bees. Luxembourg: Publi-

cation Office of the European Union.

Pearson, R.G. & Dawson, T.P. (2003) Predicting the impacts of climate

change on the distribution of species: are bioclimate envelope

models useful? Global Ecology and Biogeography, 12(5), 361–371.
Available from: https://doi.org/10.1046/j.1466-822X.2003.00042.x

Phillips, S.J., Dudík, M. & Phillips, S.J. (2008) Modeling of species distribu-

tions with Maxent: new extensions and a comprehensive evaluation.

Ecography, 31(2), 161–175. Available from: https://doi.org/10.1111/

j.2007.0906-7590.05203.x

Polce, C., Garratt, M.P., Termansen, M., Ramirez-Villegas, J., Challinor, A.J.,

Lappage, M.G. et al. (2014) Climate-driven spatial mismatches

between British orchards and their pollinators: increased risks of pol-

lination deficits. Global Change Biology, 20(9), 2815–2828. Available
from: https://doi.org/10.1111/gcb.12577

Pöyry, J., Luoto, M., Heikkinen, R.K., Kuussaari, M. & Saarinen, K. (2009)

Species traits explain recent range shifts of Finnish butterflies. Global

Change Biology, 15(3), 732–743. Available from: https://doi.org/10.

1111/j.1365-2486.2008.01789.x

R Core Team. (2020) R: a language and environment for statistical comput-

ing, R Foundation for Statistical Computing. https://www.R-project.

org/.

Raes, N. & Ter Steege, H. (2007) A null-model for significance testing of

presence-only species distribution models. Ecography, 30(5), 727–
736. Available from: https://doi.org/10.1111/j.2007.0906-7590.

05041.x

Raiol, R.L., Gastauer, M., Campbell, A.J., Borges, R.C., Awade, M. &

Giannini, T.C. (2021) Specialist bee species are larger and less phylo-

genetically distinct than generalists in tropical plant–bee interaction

networks. Frontiers in Ecology and Evolution, 9, 699649. Available

from: https://doi.org/10.3389/fevo.2021.699649

TRAITS DRIVE BEE CLIMATE ENVELOPE FILLING 9

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70023 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [22/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/j.0014-3820.2003.tb00285.x
https://doi.org/10.1111/j.0014-3820.2003.tb00285.x
https://doi.org/10.1111/1365-2664.13755
https://doi.org/10.1086/675756
https://doi.org/10.1086/675756
https://doi.org/10.1038/s41598-021-98584-7
https://doi.org/10.1111/j.1365-2656.2009.01611.x
https://doi.org/10.1002/ece3.8200
https://doi.org/10.1111/ecog.05847
https://doi.org/10.1111/ecog.05847
https://doi.org/10.1111/geb.12306
https://doi.org/10.1111/geb.12306
https://doi.org/10.1111/ecog.02968
https://doi.org/10.1111/1365-2664.13884
https://doi.org/10.1111/1365-2664.13884
https://doi.org/10.1002/ecy.2467
https://doi.org/10.1002/ecy.2467
https://doi.org/10.1098/rspb.2008.1480
https://doi.org/10.15468/dl.axexgg
https://www.gbif.org/what-is-gbif
https://doi.org/10.1016/j.biocon.2018.07.003
https://doi.org/10.1007/s00442-007-0752-9
https://doi.org/10.1007/s00442-007-0752-9
https://doi.org/10.1186/1471-2148-13-138
https://doi.org/10.1186/1471-2148-13-138
https://doi.org/10.1023/A:1020766914456
https://doi.org/10.1023/A:1020766914456
https://doi.org/10.1038/ncomms8414
https://doi.org/10.1111/ecog.03947
https://doi.org/10.1002/ecy.2428
https://doi.org/10.1002/ecy.2428
https://doi.org/10.1111/icad.12388
https://doi.org/10.1111/icad.12388
https://doi.org/10.1111/j.1365-2699.2008.01921.x
https://doi.org/10.1111/j.1365-2699.2008.01921.x
https://doi.org/10.1046/j.1466-822X.2003.00042.x
https://doi.org/10.1111/j.2007.0906-7590.05203.x
https://doi.org/10.1111/j.2007.0906-7590.05203.x
https://doi.org/10.1111/gcb.12577
https://doi.org/10.1111/j.1365-2486.2008.01789.x
https://doi.org/10.1111/j.1365-2486.2008.01789.x
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1111/j.2007.0906-7590.05041.x
https://doi.org/10.1111/j.2007.0906-7590.05041.x
https://doi.org/10.3389/fevo.2021.699649


Revell, L.J. (2012) Phytools: an R package for phylogenetic comparative

biology (and other things). Methods in Ecology and Evolution, 2,

217–223.
Robertson, C. (1925) Heterotropic bees. Ecology, 6(4), 412–436.
Robinson, E.L., Huntingford, C., Semeena, V.S. & Bullock, J.M. (2023) CHESS-

SCAPE: high resolution future projections of multiple climate scenarios

for the United Kingdom derived from downscaled UKCP18 regional cli-

mate model output. Earth System Science Data Discussions, 2023, 1–51.
Available from: https://doi.org/10.5194/essd-15-5371-2023

Rocha-Ortega, M., Rodriguez, P. & Córdoba-Aguilar, A. (2021) Geographi-

cal, temporal and taxonomic biases in insect GBIF data on biodiver-

sity and extinction. Ecological Entomology, 46(4), 718–728. Available
from: https://doi.org/10.1111/een.13027

Ruete, A. (2015) Displaying bias in sampling effort of data accessed from

biodiversity databases using ignorance maps. Biodiversity Data Jour-

nal, 28(3), e5361. Available from: https://doi.org/10.3897/BDJ.3.

e5361

Seliger, B.J., McGill, B.J., Svenning, J.C. & Gill, J.L. (2021) Widespread

underfilling of the potential ranges of north American trees. Journal

of Biogeography, 48(2), 359–371. Available from: https://doi.org/10.

1111/jbi.14001

Senapathi, D., Biesmeijer, J.C., Breeze, T.D., Kleijn, D., Potts, S.G. &

Carvalheiro, L.G. (2015a) Pollinator conservation - the difference

between managing for pollination services and preserving pollinator

diversity. Current Opinion in Insect Science, 12, 93–101. Available
from: https://doi.org/10.1016/j.cois.2015.11.002

Senapathi, D., Biesmeijer, J.C., Breeze, T.D., Kleijn, D., Potts, S.G. &

Carvalheiro, L.G. (2021a) Pollinator conservation requires a stronger

and broader application of the precautionary principle. Current Opin-

ion in Insect Science, 46, 95–105. Available from: https://doi.org/10.

1016/j.cois.2021.04.005

Senapathi, D., Carvalheiro, L.G., Biesmeijer, J.C., Dodson, C.A., Evans, R.L.,

McKerchar, M. et al. (2015b) The impact of over 80 years of land

cover changes on bee and wasp pollinator communities in England.

Proceedings of the Royal Society B: Biological Sciences, 282(1806).

Available from: https://doi.org/10.1098/rspb.2015.0294

Senapathi, D., Fründ, J., Albrecht, M., Garratt, M.P.D., Kleijn, D.,

Pickles, B.J. et al. (2021b) Wild insect diversity increases inter-annual

stability in global crop pollinator communities. Proceedings of the

Royal Society B: Biological Sciences, 288(1947), rspb.2021.0212. Avail-

able from: https://doi.org/10.1098/rspb.2021.0212

Stevens, V.M., Whitmee, S., Le Galliard, J.F., Clobert, J., Böhning-Gaese, K.,

Bonte, D. et al. (2014) A comparative analysis of dispersal syndromes

in terrestrial and semi-terrestrial animals. Ecology Letters, 17(8),

1039–1052. Available from: https://doi.org/10.1111/ele.12303

Thomas, C.D. (2010) Climate, climate change and range boundaries. Diver-

sity and Distributions, 16(3), 488–495. Available from: https://doi.

org/10.1111/j.1472-4642.2010.00642.x

Torné-Noguera, A., Rodrigo, A., Arnan, X., Osorio, S., Barril-Graells, H., Da

Rocha-Filho, L.C. et al. (2014) Determinants of spatial distribution in

a bee community: nesting resources, flower resources, and body size.

PLoS One, 9(5), e97255. Available from: https://doi.org/10.1371/

journal.pone.0097255

Turley, N.E., Kania, S.E., Petitta, I.R., Otruba, E.A., Biddinger, D.J.,

Butzler, T.M. et al. (2024) Bee monitoring by community scientists:

comparing a collections-based program with iNaturalist. Annals of the

Entomological Society of America, 117(4), 220–233. Available from:

https://doi.org/10.1093/aesa/saae014

Wyver, C., Potts, S.G., Edwards, M., Edwards, R. & Senapathi, D. (2023)

Spatio-temporal shifts in British wild bees in response to changing

climate. Ecology and Evolution, 13(11), e10705.

Wyver, C. & Roberts, S. (2025) Dataset and R Code supporting results

from “Life-history traits predict ability of British wild bees to fill their

climate envelopes.”. Dryad https://doi.org/10.5061/dryad.

3j9kd51sb

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

Table S1. Traits of species used in the analysis.

Table S2. Model summary showing relationship between climate

envelope size (developed in Wyver et al. (2023), and life-history traits.

Figure S1. Tree showing phylogenetic relationship between species

used in this analysis.

How to cite this article: Wyver, C., Potts, S.G., Roberts, S.P.M.

& Senapathi, D. (2025) Life-history traits predict the ability of

British wild bees to fill their climate envelopes. Ecological

Entomology, 1–10. Available from: https://doi.org/10.1111/

een.70023

10 WYVER ET AL.

 13652311, 0, D
ow

nloaded from
 https://resjournals.onlinelibrary.w

iley.com
/doi/10.1111/een.70023 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [22/10/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.5194/essd-15-5371-2023
https://doi.org/10.1111/een.13027
https://doi.org/10.3897/BDJ.3.e5361
https://doi.org/10.3897/BDJ.3.e5361
https://doi.org/10.1111/jbi.14001
https://doi.org/10.1111/jbi.14001
https://doi.org/10.1016/j.cois.2015.11.002
https://doi.org/10.1016/j.cois.2021.04.005
https://doi.org/10.1016/j.cois.2021.04.005
https://doi.org/10.1098/rspb.2015.0294
https://doi.org/10.1098/rspb.2021.0212
https://doi.org/10.1111/ele.12303
https://doi.org/10.1111/j.1472-4642.2010.00642.x
https://doi.org/10.1111/j.1472-4642.2010.00642.x
https://doi.org/10.1371/journal.pone.0097255
https://doi.org/10.1371/journal.pone.0097255
https://doi.org/10.1093/aesa/saae014
https://doi.org/10.5061/dryad.3j9kd51sb
https://doi.org/10.5061/dryad.3j9kd51sb
https://doi.org/10.1111/een.70023
https://doi.org/10.1111/een.70023

	Life‐history traits predict the ability of British wild bees to fill their climate envelopes
	Abstract
	INTRODUCTION
	METHODS
	Traits
	Climate envelope models
	Calculating climate envelope filling ability
	Impact of traits on climate envelope filling ability

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


