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ABSTRACT

Field observations and analysis of pollen loads showed that the Buff-banded
Mining Bee Andrena simillima F. Smith in Cornwall collected most of its pollen from
knapweed Centaurea nigra (Asteraceae) and bramble Rubus fruticosus agg.
(Rosaceae). Whilst A. simillima does not fit a simple binary definition of dietary
specialism it qualifies in Cornwall as a specialist bee (or eclectic oligolege), taking
pollen mainly from two unrelated plant genera. Potential drivers of this flower
specialisation are reviewed. In Cornwall, knapweed is probably a critical conservation
requirement. It is suggested that abundant knapweed (at least 450 flowers) is needed
close to nest sites (probably within 900 m). Bramble is also important, but unlikely to
be limiting as it is widespread and increasing generally in Cornwall. Andrena
simillima was found nesting both solitarily and in aggregations. A tendency for
aggregated nesting could make dense flowering knapweed a more critical
requirement for this species. The Atlantic distribution suggests climate could be a
very important factor in the conservation of this species and emphasises the
importance of SW England as possibly 'the’ European stronghold for the bee.

INTRODUCTION

Andrena simillima F. Smith has a single adult generation each year which is active
in July and early August. Andrena simillima is a UK Red Data Book species with
important populations in Cornwall (Falk, 1991).

The taxonomic status of A4. simillima is complex and in need of a modern review
using genetic sequencing. Some authors consider four distinct taxa to occur within
the aggregate of Andrena simillima senso lato in Europe. Warncke (1988) considers
the various taxa within the group to be confined to different geographical regions;
Andrena s. simillima (SW England, Western France across Central and Eastern
Europe, Andrena simillima bremensis Alfken, (Benelux, Scandinavia, and Central
Europe, see Le Divelec, 2021), Andrena simillima sischkai Warncke, (southeastern
Europe to the Caucasus), Andrena freygessneri Alfken, (Alps, see Ebmer, 2001), and
a further closely related taxon found in Morocco Andrena niveofacies Wood (Wood
et al., 2020).

Andrena simillima s.1. is listed in the Red Data Books of the Czech Republic,
Germany, the Netherlands (Kemp ez al., 2013). Outside the the UK most records are
historical specimens in collections with very few modern records of A. simillima s.1.
For example In Belgium and the Netherlands, there is only a single 19th century
specimen of A. simillima s.I. (Wood, per comm. 2023) and modern French records
are suggested to be probably largely A4. nigriceps (Genoud, per comm. 2023).
Excluding A. freygessneri from the group which has a cluster of modern records in
the Alps (Muller, 2018) .

The U.K. population is considered to be 4. s. simillima which is the nominate form
described from England (Woods, per comm. 2020) so is referred to as Andrena
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simillima in this publication (Figs 1 and 2). It is found in scattered sites in England
(Else & Edwards, 2018). Cornwall is one of the UK “hot-spots” with approximately
14 recent sites, most of which are coastal (French, 2020).

Given the paucity of modern European records the SW England populations of
A. simillima is likely to be of European importance and should have very high rarity
status (Rasmont et al., 2013).

METHODS
Study sites

Survey sites were identified using 4. simillima location records from the ERICA
Cornish database (French, 2020), Malcolm Spooner (Spooner, 1984), Josh Baum
and the Bees Wasps Ants Recording Society database (BWARS). Three sites on the
north coast of Cornwall (Tintagel, Boscastle and Trevallus) and two on the south
coast (Porthleven and Loe Bar) with strong populations of A4. simillima were used for
sampling (Figs 3—6). Study sites were up to about 80 km apart and consisted of areas
of high-quality coastal habitats with both scrub edge and flower-rich maritime
grasslands supporting a very rich bee fauna including a number of Nationally Scarce
species. All the sites had other closely related Andrena spp. present, which are
associated with late flowering Asteraceae notably the Grey-banded Mining Bee
Andrena denticulata (Kirby), and the Black-headed Mining Bee Andrena nigriceps
(Kirby) as well as A4. simillima.

Pollen analysis

Pollen sampling was carried out between 2018 and 2020. Females caught either at
nests or foraging were put in a clean tube, left for a short time for most of the pollen
load to fall off into the tube, and then released. Sample tubes from individual bees
were sent to Dr Judy Webb (Oxfordshire) for identification.

Pollen is difficult to identify to species level and was assigned to genus, tribe or
family. Within individual pollen loads (or samples) flower content was estimated
visually using a DAFOR scale (2018-19) or by percentage content (2020). The pollen
types in individual samples were assigned to classes based on the assessment of
constituents. Total constituents (2018-20) with > 9% content or those described as
abundant or dominant within a sample were separated into a ‘'major’ grouping. The

Fig. 1. Female Buff-Banded Mining Bee  Fig. 2. Male Buff-Banded Mining Bee Andrena
Andrena simillima. Pollen collecting on black  simillima.
knapweed.
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number of samples with named major pollen types present were calculated as a
percentage of the total number of samples in 2018-20 (n=53) (Fig. 7). The total
numbers of samples (2018-20) with a named pollen type present as a major
component were also counted per two-week foraging period (Fig. 8).

The proportion of each pollen type in each individual of the 2020 samples (n=34)
was computed by percentage (Saunders, 2023). Pollen types comprising <5% of a
sample were excluded from these results.

Constituents comprising <10% of a sample (2018-20) were classified as 'minor’
(Saunders, 2023). Pollen species in the range of <1-10% (Wood & Roberts, 2018)
and (Miiller & Kuhlmann, 2008) of the load are excluded from comparable studies as
they may have represented contamination. Flower and nest observations occurred
between 2018 and 2022.

RESULTS

Foraging observations and sampling

The major pollen types in all 2018-20 samples (n = 53) mainly came from only two
species of flowering plant (Fig. 1.) with bramble Rubus fruticosus agg. in 75.5% of
samples and knapweed Centaurea nigra in 52.8%. Total pollen content of all 2020
samples (n=34) consisted of 49% Rubus fruticosus agg. and 41% Centaurea nigra.
This was notable considering the very high diversity of available flower resources and
the diversity of ‘minor’ pollen types (Saunders, 2023). Fifteen per cent of samples
with major components consisted of other Asteraceae, mainly thistles (Cirsium spp.)
and, in one sample, probably goldenrod Solidago virgaurea.

Field observations broadly confirmed the results of the pollen sampling with 50%
of recorded bees observed on Centaurea nigra and 35% on Rubus fruticosus agg.
(n=69 observations).

Pollen from umbellifers (Apiaceae), probably wild carrot Daucus carota, was also
present but only as major component in 3.8% of samples, despite the plants being
abundant at all sites.

In most samples one major pollen type was dominant. In the 2020 samples (n = 34)
only three samples comprised mixtures with no one pollen type having >50%
content.

The minor constituents (< 10%) of the pollen samples were much more diverse,
with 15 pollen types from eight plant families compared to the major or dominant
classes with seven pollen types from three plant families, suggesting a wide range of
available pollen types were not being chosen by the bee, although the most frequent
minor types (77%) were still various Asteraceae (Saunders, 2023). Most of this minor
class were present in very small or trace quantities with only eight out of 53 samples
comprising >4%. Probably most represent contamination, such as pollen transfer
on the flower head by other non specialist flower visitors. For example, all the
samples from Boscastle in 2019 contained trace amounts of anthemid type pollen,
most likely from corn marigold (Glebionis segetum) which was present in
superabundance in a open field strip close to the sampling area (Fig. 6).

Nesting in Cornwall

Nests of A. simillima were found at two survey sites (Boscastle and Porthleven), in
silty loam soil on small areas of sloping or vertical bare ground, with a range of
aspects, but predominantly south-west and north-west. Most of the nests at Boscastle
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Fig. 3. An aggregation of Andrena simillima was observed nesting in vertical bare ground below
the rough slate step of the coast-path at Boscastle, 2019.

Fig. 4. Nesting site of Andrena simillima in a stone wall at Porthleven, 2020.
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Fig. 5. Sample site Tintagel, 2020. Species-rich maritime meadow with high diversity of flowers
including umbellifers and other asters used by a range of bee species. Andrena simillima showed
a preference for knapweed based on frequency of flower visits and pollen load analysis, despite
the rich range of other flower species present.

Fig. 6. Andrena simillima only collected trace amounts of anthemid pollen at Boscastle in 2019,
despite the large stand of corn marigold (shown) growing 100 m from the sampling site.
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occurred along the heavily compacted edges of a very well used section of the South
West Coast Path. Two of the Boscastle nests were adjacent to very dark slate rocks.

The 2016 Boscastle nest site had an aggregation of at least 46 females with a
similar number of males occupying about 0.5 m? of vertical bare ground and sparsely
vegetated bank (Fig. 3). A nest area found in 2019 nearby had a small aggregation of
about four females. In 2019 single females were also observed nesting solitarily in
close proximity to both the 2016 and 2019 nest aggregations. The nests at Porthleven,
associated with an aggregation of at least 10-15 females, were in loamy soil on
vertical bare ground and in gaps in stones in a west facing hedge-bank (Fig. 4).

The cleptoparasite of A. simillima is considered to be the Black-horned Nomad
Bee (Nomada rufipes F.) (Westrich, 2018; Else & Edwards, 2018). In 2016 a red form
of Nomada rufipes (in 2016 and 2019), and a dark form (in 2019,) were seen
investigating the nest aggregation at Boscastle.

Flower specialisation

Andrena simillima is listed in the literature as visiting (for pollen and/or nectar)
Cirsium sp., Centaurea sp., hemp agrimony Eupatorium cannabinum, brambles Rubus
fruticosus agg. and wild marjoram Origanum vulgare (Falk, 2015) (Else & Edwards,
2018), Hebe (S. Poland pers. comm.) and wild carrot Daucus carota (Spooner, 1984).
Else & Edwards (2018) observed a very strong preference for Rubus fruticosus agg.
and Centaurea scabiosa. Individuals have been observed collecting pollen from
flowers of common fleabane Pulicaria dysenterica (Edwards & Broad, 2006). Many
bees take nectar from a wider range of plant species than their pollen hosts; pollen
hosts are likely to be more critical than nectar hosts for species conservation
(Danforth et al., 2019).

Some of the factors driving pollen-host specialisation include physiological
adaptations by individual bee species to digest certain pollens, foraging efficiency,
phenology, quality and quantity of available flower resources and competition with
other species (Danforth ez al., 2019). It is likely the interplay between these factors
that affects foraging choices and reproductive success. Bees are usually defined as
oligolectic when flower specialist or polygolectic when generalist.

The populations of A4. simillima studied here can be classified as ‘eclectic
oligoleges’ because they took the great majority of their pollen from two unrelated
genera, Centaurea and Rubus, or ‘facultative oligoleges’ because they took Rubus
pollen early in the season but switched to Centaurea pollen when that became
available (Cane & Sipes, 2007) (Fig. 8).

The sample sites had extremely rich flower resources which was also reflected in
the diversity of trace results (Fig. 5).

Centaurea sp. and Cirsium sp. are both in the Cynareae tribe of the Asteraceae,
and share similar flower structure (Westrich, 2018). Taxonomically related plant
pollens have been found to have similar amino acid content (Wiener ef al., 2010). All
the study sites apart from Porthleven had other abundant Asteraceae, particularly
saw-wort Serratula tinctoria and various Cirsium spp. flowering at the same time, but
the bees mainly still chose Centaurea nigra. Centaurea nigra was much rarer than
Rubus fruticosus agg., but was still favoured on most sites. Apiaceae including wild
carrot and hogweed Heracleum sphondylium were as abundant as bramble at most
sites, but rarely used.

Pollen load samples collected from bees at the Porthleven nest (n= 13) consisted of
very little other than bramble pollen. Despite knapweed being very rare within 800 m,
two Porthleven samples had >40% Centaurea nigra pollen content. Yellow asters were
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Knapweed (Centaurea) Umbellifers (Apiaceas)
Bramble (Rubus) Other Asters (Asteracean)

%

Fig. 7. Percentage of total Andrena simillima samples with a named major pollen component.
Pollen types were classified as major when having either >9% content (2020) or when recorded
as abundant or dominant (2018-19) (n = 53). Other Asteraceae were mostly thistles (Cirsium) or
other Cynareae and the Apiaceae were likely to be wild carrot (Daucus carota).

very abundant near this nest but only one sample had Lactuceae type and only at 9%
content, whereas four Porthleven samples had >9% Cirsium pollen which was
occasional in the vicinity. Daucus carota pollen was not found in any of these samples
despite the plant being very abundant nearby.

A literature review found mixed evidence that either Centaurea sp. or Rubus spp.
were better quality pollen resources than other wildflowers. Centaurea nigra has high
mean pollen volume (Hicks ef al., 2016). Centaurea scabiosa had the highest pollen
yield of any ruderal wildflowers (Denisow, 2011). Rubus fruticosus agg. has higher
essential amino acid content than Centaurea (Wiener et al., 2010). Rubus fruticosus
agg. and Centaurea nigra are similar in protein lipid ratio and roughly average in the
nutritional value of common flower species studied (Vaudo et al., 2020). Pollen sterol
content also could be important for bees (Vanderplanck et al., 2020b) but
comparisons could not be made for these two species.

18

B Rubus (Rosaceae)

® Centaurea (Asteraceae)

Early Mid Late

Fig. 8. Numbers of Andrena simillima with major pollen content loads, per two-week period
starting 1°* July (2018-20).
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Some authors discuss the ““Asteraceae paradox”, with bees said to “either use it or
avoid it”, as it is deficient in some amino acids and difficult to digest (Praz et al.,
2008). Generalist bumblebees avoid Asteraceae probably due to their chemical
defences (Vanderplanck et al., 2020a). There are a large number of Asteraceae
specialist bees whereas Rosaceae is thought to mainly support unspecialised bees
with only two central European Rosaceae specialists known, neither Rubus
specialists (Westrich, 2018).

Andrenidae have very high rates of species diversity in Europe and it is thought
closely related species may co-exsist by fine tuning their phenology to exploit a
narrow range of flower species within the same host plant family (Mclaughlin ez al.,
2022). Aster preference is found within the close relatives of A. simillima.
A. denticulata and A. tridentata (Kemp et al., 2013) are considered Asteraceae
specialists and A. nigriceps has a strong association with asters. In Europe
A. simillima ssp. bremensis preferred to visit Jasione montana (Van der Smissen, J.,
2001, quoting from Stoeckhert) and A. simillima ssp. sischkai was observed on
Solidago virgaurea (Ebmer 2001). Tansy (Tanacetum vulgare) could be an important
resource for A. simillima s.l. in a German study (Mader & Vokl, 2001).

Diverse behavioural adaptations (such as “buzz foraging” and “‘scrabbling”) may
dictate which flower niche a bee species is most effective at utilising (Portman et al.,
2019). In Centaurea sp. pollen is not released until the filaments are irritated by the
visit of a pollinator (Faegri & Van der Pijl, 1979). Andrena simillima was observed
curling its body and pushing flower tubes in a bunch. Perhaps special techniques for
pollen harvesting on Centaurea sp. also work well on Rubus fruticosus agg.

The phenology of pollen resources is likely to be very important. In Cornwall
flowering in Centaurea nigra is probably better synchronised with peak bee foraging
than flowering in Rubus fruticosus agg. which on many sites was in decline by late
July. The Agriland database (Baude et al., 2016) records an earlier peak flowering
date for Rubus fruticosus agg. (16/7) than Centaurea nigra (31/7).

Scrub-edge habitats in Cornwall typically have dispersed or linear flower resources
over a large area (e.g. hedgerows), whereas hay-meadow habitats can have dense
flower resources in compact areas. Low density but wide ranging populations with
solitary nesting and unspecialised forage choice could be the most viable strategy in
scrub-edge habitats, whereas hay-meadow habitats may favour denser populations
with aggregated nesting and specialist diets. The latter could be a very efficient
strategy for optimising pollen harvesting in high quality habitats but does risk a
species being restricted to a rarer habitat. Linking these factors in this hypothesis
maybe an inference too far but does warrant consideration, as in this study the
closely related Andrena nigriceps was found in small numbers on a great range of
flowers, which may make it a more successful scrub edge bee, whereas A. simillima
which was usually found in more clustered populations thus could be more adapted
to a hay-meadow niche.

How many flowers do they need?

Larsson & Franzen (2007) estimated that 780 flowers are needed to provision 10
larval cells of the Large Scabious Mining Bee Andrena hattorfiana (F.). To estimate
the number of Centaurea flowers needed to provision a viable population of
A. simillima (e.g. 150 larvae), I used the estimated pollen volume requirement of
Andrena ruficrus (Mueller et al., 2006) and daily pollen volume per compound flower
(Baude et al., 2016) giving a “ball park™ estimate of 455 Centaurea nigra flower
heads. This is an extremely rough minimal estimate as the levels of brood failure and
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parasitism are unknown, and it takes no account of bad weather and competition by
other species. It could also be modified by the amount of bramble or other flowers used.

How near the nest should the flowers be?

Quantifying optimal or maximum foraging range is very difficult for any solitary
bee species and unconfirmed for this species. Andrena simillima has been calculated
here to have a maximum foraging range of just under 700 m (based on body size with
an inter tegular distance of c¢. 2.28 mm) using a formula by Greenleaf ez al. (2007).
One review found Andrena have maximum foraging distances of 300—600 m, but two
species were found to forage 1000-1250m from their nests (Zurbuchen, 2010).
Franzen (2009) suggested a maximum foraging distance of 900m for Andrena
hattorfiana within his study area.

In Cornwall, flower-rich coastal habitats are usually linear, confined to a narrow
strip bounded by poorer habitats inland, which gives greater confidence when
tracking foraging activity. The study combined the sampling results from nest sites
with observations along a linear transect up to about 2 km from the nests to provide
some measure of estimated foraging distance. At Boscastle most observations of
Andrena simillima were within 300m of nest sites, but some bees were found 900 m
away. At Porthleven they were using bramble flowers 200 m from the known nest site
and larger numbers from unknown nest sites were foraging on Centaurea nigra at
Loe Bar (1 km away).

True optimal (or most efficient) foraging range is very difficult to estimate but the
scarcity of Centaurea nigra in the samples from the Porthleven nest site, despite the
high abundance of Centaurea samples and foraging individuals at Loe Bar on the same
day suggests that few or no bees were travelling 1 km to Loe Bar. A pragmatic estimate
of an efficient foraging range in coastal Cornwall would therefore be about 900 m.

Nest Requirements

The study found the bee nesting both in aggregations (tight groups of individual
nest holes) and solitarily (single or well spaced individual nest holes). A few Andrena
do have communal nest entrances (Falk, 2015), this was not found and has not been
suggested for this species. The distinction between solitary and aggregated nesting
may not be so clear cut. On one site individual nests were observed widely spaced but
in a discrete area used over at least five years. The bee is rare but on the study sites it
seemed relatively numerous (and more so than the closely related A. denticulata and
A. nigriceps). This suggested population density for this species was relatively high
even if the bee does not always nest in aggregations.

Published information on the nesting of A. simillima s.1. is limited (Westrich 2018)
but does broadly agree with this research and suggest there is a requirement for
sheltered bare ground (in common with most Andrena species). There is a paucity of
studies defining the micro-climatic and substrate requirements for any andrenid
(Antoine & Forrest, 2021), although the European distribution in Warncke (1988)
suggests the Atlantic climatic envelope could be an particularly important factor for
Andrena simillima.

Conservation

Species-rich grassland has declined in the UK (Fuller, 1987) and pollinators
associated with late flowering meadows have experienced greater declines than spring
flying pollinators (Balfour, 2018). Boosting late summer flower resources may be the
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most effective intervention to increase bumblebee populations on farmland
(Timberlake et al. 2021).

In Cornwall most of the highest quality semi-natural grasslands are coastal. Whilst
many are owned by conservation bodies and/or are protected sites, management can
be difficult and the economic value of conservation grazing poor. This is leading to
scrub encroachment on many sites, with blackthorn Prunus spinosa and bramble
probably increasing. In Cornwall bee species associated with scrub edge (or bramble)
that have increased recently include the Tree Bumblebee Bombus hypnorum L. and
the Big-headed Mining Bee Andrena bucephala Stephens (French, 2020), whereas the
late grassland associates Broken-belted Bumblebee Bombus soroeensis F., Shrill
Carder Bee Bombus sylvarum L. (Saunders, 2016) and Small Scabious Mining Bee
Andrena marginata F. are probably now extinct in the county (French, 2020).

The North Cornwall coast is extremely important for scarce bees because of its
landscape scale connectivity of flower-rich grassland habitats (Saunders, 2016).
Centaurea nigra in Cornwall is a rich resource for scarce bees, including the Black-
headed Mining Bee Andrena nigriceps, the Brown Banded Carder Bumblebees
Bombus humilis Illiger and the local Green-eyed Flower Bee Anthophora bimaculate
(Panzer), and actions for Andrena simillima are likely to benefit other bee species.
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