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Abstract. 1. Ivy (Hedera helix and H. hibernica) is a common autumn-flower-
ing plant found in Europe, North Africa, Macaronesia and Asia. Here, we use
five complementary approaches (pollen trapping, nectar refractometry, local
and regional surveys of insects foraging on ivy flowers, local survey of ivy abun-
dance) to evaluate its importance to the honey bee (Apis mellifera) and other
flower-visiting insects in Sussex, England.

2. Pollen trapping at six hives in two locations showed that an average 89%
of pollen pellets collected by honey bees in the autumn were from ivy.

3. Observations of foraging honey bees on ivy showed that ivy nectar is an
even greater target than pollen, as 80% were collecting only nectar. Refractom-
etry of samples from ivy flowers and from honey bees foraging on ivy showed
that ivy nectar is rich in sugar, 49% w/w.

4. Surveys showed that the main insect taxa foraging on ivy were honey bees
(21%), bumble bees (Bombus spp., 3%), ivy bees (Colletes hederae, 3%), com-
mon wasps (Vespula vulgaris, 13%), hover flies (Syrphidae, 27%), other flies
(29%) and butterflies (4%). The surveys also showed significant temporal and
spatial variation in taxon abundance and proportion.

5. A survey showed that ivy was very abundant on a small scale in both rural
and urban areas, being present in 10/10 and 6/10 0.2 9 0.2 km samples within
two 4 9 4 km areas respectively.

6. The results show that ivy should probably be considered a keystone species
with a high value in the conservation of flower-visiting insects in autumn.

Key words. Apis mellifera, Colletes hederae, Hedera helix, keystone species, pol-
len analysis, pollinating insects.

Introduction

Honey bees (Apis mellifera L.) and other pollinating

insects have declined since WW2 with a major factor
being the reduction in flower abundance (Biesmeijer et al.,
2006; Carvell et al., 2006; Goulson et al., 2008; Potts

et al., 2010). Nevertheless, the relative importance of dif-
ferent plant species in the diet of different pollinating
insects is not fully known. Previous work has shown, for

example, that white clover (Trifolium repens L.), heather

(Calluna vulgaris (L.) Hull), bramble (Rubus spp.), oilseed
(Brassica spp.) and hawthorn (Crataegus spp.) are among
the most important sources of nectar and pollen for honey

bees in the United Kingdom (Roberts, 1994; Beekman &
Ratnieks, 2000). Similarly, heather and red and white clo-
vers (Trifolium pratense L. and T. repens) and are some of

the most important floral resources for bumble bees
(Goulson et al., 2005). Nevertheless, the importance of
different plant species in the diet of pollinators is dynamic

and shows seasonal variation (Visscher & Seeley, 1982;
Roubik & Villanueva-Guti�errez, 2009). Knowledge of the
importance of plant species to animals that rely on them

can be useful in informing land management, environment
policy and conservation action (Dicks et al., 2010).
Research on honey bee foraging (M.J. Couvillon,

R. Sch€urch & F.L.W. Ratnieks, unpublished data) has
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shown that in Sussex (southern Britain) the average forag-
ing distance of honey bees, as determined by decoding
waggle dances (Beekman & Ratnieks, 2000) reduces from
summer (July and August, ca. 4 km) to autumn (Septem-

ber and October, ca. 2 km), suggesting that floral
resources become more available. We hypothesised that
this increase in floral resource abundance is due to the

blooming of ivy (Hedera spp.). Ivy is a common and
widespread native plant found throughout Britain in both
rural and urban areas and blooms mainly in September

and October (Metcalfe, 2005). Ivy bloom can be prolific,
although it is often overlooked, as the flowers are small
(5 mm) and inconspicuous, lacking bright petals.

The ivy genus, Hedera, comprises ca. 16 species distrib-
uted throughout Europe, North Africa, Macaronesia and
Asia. The two British species are H. helix L. and its tetra-
ploid daughter species H. hibernica (Kirchner) Bean

(Ackerfield &Wen, 2003). Both are common and have over-
lapping distributions throughout most of the British Isles,
although H. hibernica is considered under-recorded (Met-

calfe, 2005). Both species are woody climbers with almost
identical morphology (McAllister & Rutherford, 1990). The
juvenile form has lobed leaves and creeps over the ground,

but climbs vertically on substrates, such as tree trunks,
cliffs, walls and buildings when mature, aged 10 years or
more, and produces ovate leaves and flowers (Clark, 1983).
The aim of this study was to assess the local abundance

of ivy and its importance as an autumn food source to
honey bees and other flower-visiting insects in both urban
and rural areas by determining: (i) the proportion of pol-

len pellets collected by honey bee foragers from ivy during
its main flowering period, (ii) the sugar concentration in
ivy nectar and the proportion of honey bee and bumble

bee (Bombus spp.) foragers collecting nectar versus pollen,
(iii) the local and (iv) regional assemblage and relative
abundance of ivy flower-visiting insects and (v) the local

distribution and abundance of ivy. By collecting these five
complimentary data sets, we are able to build a signifi-
cantly more comprehensive picture than previous studies,
which were based either on the analysis of honey bee pol-

len pellets (Coffey & Breen, 1997) or counts of insects for-
aging on ivy flowers (Vezza et al., 2006; Ollerton et al.,
2007; Jacobs et al., 2010).

Methods

Pollen collection and identification

Pollen was collected from 6 honey bee (A. mellifera) obser-

vation hives. Three were at the rural location (Laboratory of
Apiculture & Social Insects, University of Sussex, Brighton,
UK; latitude: 50.863889, longitude:�0.083830386) and three

at the urban location (Dorothy Stringer High School, Brigh-
ton, UK; latitude: 50.849370, longitude: �0.14167996). The
two locations are 4.5 km apart.

Pollen from each hive was obtained by placing a pollen
trap (5.0 mm plastic mesh; E.H.Thorne, UK) onto the

end of each hive’s 40 mm diameter entrance tube. The
mesh knocks pollen pellets from the pollen baskets of
returning foragers as they pass through. Pollen was col-
lected approximately weekly on days with good foraging

weather during the main ivy flowering period, from 13
September to 15 October 2011, 09.00 hours–17.00 hours
local time. Each sample was the group of pollen pellets

collected from one hive on one day. After collection and
prior to identification, pollen samples were stored at
�20 °C for 3 weeks.

Pollen was identified dichotomously as either ivy or
non-ivy. In most cases, the daily sample from a hive was
abundant and we analysed 50 pellets. Occasionally (6 of

29), the sample was less than 50 pellets and all were iden-
tified. A further 4 samples returned 0 pellets. All pellets
were of a single colour indicating that the pollen came
from a single plant species, as expected given that the fre-

quency of mixed honey bee pollen pellets is very low
[0.05% in Wales, UK (Percival, 1947), <0.01% in Cald�en,
Argentina (Andrada & Teller�ıa, 2005)]. In addition, when

examining pollen under the microscope, we never saw
more than one pollen type per pellet.
A small amount of pollen from each pellet, comprising

several hundred grains, was made into a temporary slide
under a cover slip with water and examined under bright
field using Zeiss Axiophot microscope (Carl Zeiss, Oberke-
chen, Germany) at 4009 magnification. Ivy pollen was

identified by reference to a suite of characteristic features
described by Van Helvoort and Punt (1984) and to samples
collected locally. In practice, a combination of shape and

size made it easy to recognise.

Measurements of sugar concentration in ivy nectar

Total sugar concentration (% w/w, °Brix) was mea-

sured from 10 ivy flowers individually on one warm (day-
time average 14 °C) and sunny day (4 October 2012) from
a patch near peak bloom in Falmer, using a handheld
refractometer designed for small volumes (Model 45–81,
Bellingham & Stanley, Tunbridge Wells, UK). As the nec-
tar is secreted on the surface of an exposed floral disc, it
was transferred onto a refractometer prism by smearing

the disc surface against the prism surface. In addition,
sugar concentration was measured from the crop contents
of 10 honey bee workers foraging on the same patch of

ivy at the same time. Crop contents were obtained by
chilling captured bees and gently pressing on the abdomen
to cause regurgitation of a small volume. Test bees were
not killed and were then released.

Survey of ivy flower visitors on a small scale in Falmer

Insects on ivy flowers were surveyed in five locations
within Falmer village, which neighbours the University

of Sussex campus (latitude: 50.865006, longitude:
�0.078547061) and is 500 m from the experimental apiary

� 2013 The Royal Entomological Society, Insect Conservation and Diversity

2 Mihail Garbuzov and Francis L. W. Ratnieks



at the Laboratory of Apiculture & Social Insects. The
locations were chosen to have abundant flowering or
soon-to-flower ivy and were 60–380 m apart.
Surveys took place at approximately weekly intervals

corresponding with the main 2011 ivy flowering period on
the following dates: 15, 23, 30 September and 10, 14
October. The surveys were repeated in 2012 on 21 Sep-

tember and 6, 10, 14 October. Temperature was recorded
on each day at 15 minutes intervals from 09.00 hours to
17.00 hours local time using a weather station (Vantage

Pro 2, Davis, CA, USA) located at the Laboratory of
Apiculture & Social Insects; the means of these 33 records
per day were used to produce a daytime average in subse-

quent analyses. The 2011 surveys were made during good
weather, that is, sunny, warm (range of daytime averages
13.7–23.9 °C) and with low or modest wind (range of day-
time averages 0.1–2.6 m s�1). In 2012, we also aimed to

make surveys on only good days. Nevertheless, poor
weather meant that the surveying temperature range was
lower (9.6–15.0 °C), but still not windy (0.4–0.8 m s�1).

On each day, the ivy bloom intensity at each location was
quantified by assigning it a score 0 (absence of bloom), 1
(<⅓ of maximum), 2 (⅓–⅔ of maximum) and 3 (full

bloom, >⅔ of maximum).
Insects visiting ivy flowers were quantified using a snap-

shot method, in which the insects foraging in a defined
patch of flowers are recorded near instantaneously (<10 s)

by eye. On each surveying day each of the five locations
had 10 snapshots, each of an area of 1 m2 of flowering
ivy. Each snapshot used the same general area per loca-

tion but not the same precise area of flowers. Snapshots
were made in sequence by walking from one location to
the next, such that there was an interval of 10–20 minutes

between snapshots at each location, to minimise the
chance of recording the same insect twice on the same for-
aging visit to a patch. As the main aim of the snapshots

was to determine the relative abundance of insect taxa,
the exact sizes of the areas surveyed were not critical.
All ivy flower visitors recorded were insects and were

identified to taxa as follows: (i) Honey bee, A mellifera,

(ii) Bumble bees, Bombus spp., (iii) Ivy bee, Colletes hede-
rae Schmidt & Westrich, (iv) Common wasps, Vespula vul-
garis L., (v) Hover flies, Diptera: Syrphidae, (vi) Other

flies, Diptera: Other, (vii) Butterflies, Lepidoptera (Fig. 1).
The presence or absence of pollen in the pollen baskets of
A. mellifera and Bombus spp. was also noted.

Survey of ivy flower visitors over a wider area in Sussex

In addition, insects on ivy flowers were surveyed on a
larger scale in 8 locations within 30 km wide area in Sus-
sex, UK in 2012 (Fig. 2). The locations were paired such

that 1 urban and 1 rural location (within ca. 4 km of each
other) were surveyed at each of 4 general locations. Two
general locations were on chalk (alkaline) soil type (Brigh-

ton, Seaford) and two were on Wealden group strata
(acidic: mudstone, siltstone and sandstone) soil type

(Uckfield, Hailsham) (British Geological Survey, 2012).
Surveys were made at intervals broadly corresponding
with the early (22 September), middle (30 September–6
October) and late (14–16 October) ivy flowering periods.

In each survey period exactly 100 individual insects were
recorded in each location. The insects were identified to
the taxa in the same way as in the Falmer survey, with

the exception that 11 sphecid wasps (Mellinus arvensis)
were added to the ‘Wasps’ group. These were only seen at
the Hailsham general location.

Survey of ivy local abundance

The abundance of ivy was estimated in two 16 km2

(4 9 4 km) areas (Fig. 3). One, approximately centred on
the Laboratory of Apiculture & Social Insects, was mainly

rural and comprised mainly agricultural land. The other,
centred approximately on the Dorothy Stringer High
School in the city of Brighton, was urban. Each was sub-

divided into 400 200 9 200 m sub-areas, 10 of which were
randomly chosen and surveyed.
Each sub-area was surveyed on foot and the abundance

of ivy determined by approximating its growth form to
either a surface, for example, when growing over ground,
walls, fences or trees (to the nearest 1 m2) or volume,
when taking a shrub-like form (to the nearest 1 m3). A

small proportion of each area (11 � 2% per urban sub-
area, 4 � 3% per rural sub-area) was not surveyed due to
inaccessibility (e.g. private back gardens). This non-sam-

pled area was measured by analysing Google satellite
images using the software ImageJ 1.45s (National Institute
of Health, Bethesda, MD, USA).

Statistical analyses

The relationships between the proportion of ivy pollen
pellets, sampling date and location were analysed using
Generalised Linear Mixed Model (GLMM) (Zuur et al.,

2009), where proportion of ivy pollen was included as the
response variable, sampling date and location as fixed
effects and hive as a random effect to account for non-

independence of data within hives. Arcsine square root
transformation was applied to the proportion data prior
to the analysis. The optimal structure of random compo-

nents was determined by altering the model in steps by
allowing (i) the intercept and (ii) the intercept and slope
to vary. Subsequently, the significance of each step was
determined from the change in the fit of the model (mea-

sured as �2 log-likelihood ratio) in a v2 distribution with
appropriate degrees of freedom.
The relationships between the number of insect visitors

per snapshot, survey date, bloom intensity and tempera-
ture were similarly analysed using GLMM, where the
number of insects was included as the response variable;

survey date, bloom intensity and temperature as fixed
effects and location as a random effect. One GLMM was
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run for each taxon, hence significance of P-values was
judged against the Bonferroni-corrected a-level (0.05/6 in
2011, 0.05/7 in 2012).
Each sample of 100 insects from each of 8 locations

across Sussex was treated as a ‘community’ for the pur-
poses of the analysis. Permutational multivariate ANOVA

(PERMANOVA) (Anderson, 2001; Anderson et al., 2011) was

used to determine how much (or if any) variation in com-
munity structure (expressed as a matrix of Bray–Curtis
dissimilarity indices between individual ‘communities’) is

explained by land use (urban or rural), soil type (chalk or
Wealden group) or sampling period (early, middle or
late).

All statistical analyses were performed in R v.2.15.2 (R
Development Core Team, 2012). GLMMs were run using
function lme [package nlme (Pinheiro et al., 2012)]. PERMA-

NOVA was run using function adonis [package vegan

(Oksanen et al., 2012)]. All values reported are means �
standard error, unless otherwise stated.

Results

Ivy pollen collection by the honey bee

From 13 September to 15 October 2011 a mean of
89.0% (SD = 12.5%, SE = 2.3%, n = 29) of the pollen

pellets collected by A. mellifera were ivy with a range of
58–100% per sample (Fig. 4). Percentages did not vary

among sampling dates (L = 0.376, d.f. = 1, P = 0.540),
nor between the urban and the rural location (L = 0.375,
d.f. = 1, P = 0.541), and there was no interaction between
sampling date and location (L = 0.319, d.f. = 1,

P = 0.572).
The model fit was not significantly improved by the

addition of hive factor as either a random intercept

(L = 0.282, d.f.=1, P = 0.594) or a random intercept and
slope (L = 5.472, d.f.=9, P = 0.791), indicating that there
were no differences among the hives.

Sugar concentration in ivy nectar

The sugar concentration in nectar collected from ivy
flowers was 49.2 � 1.4% (n = 10) and was not signifi-
cantly different from that in crop contents of honey bees

foraging on the same flower patch, 49.5 � 1.5% (n = 10)
(t-test, t18 = �0.146, P = 0.886), strongly suggesting that
the sole content of bee crops was ivy nectar. The overall

mean sugar concentration in ivy nectar was thus estimated
at 49.3 � 1.0%.

Survey of ivy flower visitors on a small scale in Falmer

The mean numbers of insects in each taxon and their

relative proportions are shown in Fig. 5. In 2011, over
half the flower visitors came from just 2 species, the

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Fig. 1. Insects on ivy flowers: (a) honey bee (Apis mellifera) worker with a pollen load in its basket, (b) common wasp (Vespula vulgaris)

♂, (c) ivy bee (Colletes hederae) ♀, (d) hover fly (Eristalis tenax, Syrphidae, honey bee mimic), (e) green bottle fly (Lucilia sp., Calliphori-

dae) and (f) red admiral butterfly (Vanessa atalanta). (g) Mature ivy climbing over the wall of a house in Derbyshire, northern England,

UK and (h) the Pevensey castle, southern England, Sussex, UK. (i) Ivy flowers with nectar sugars turned into white crystals due to evapo-

ration of water.
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common wasp, V. vulgaris (27.5%) and the honey bee,
A. mellifera (27.2%; 85% of all bees). Bumble bees, Bom-
bus spp., comprised 4.7% (15% of all bees), and no other
bees were seen. True flies (Diptera) comprised 37.8%, of

which over half (52.7%, but 19.9% of all insects) were
hover flies (family Syrphidae). Lepidoptera were 2.7% of
all insects recorded.

In 2012, in contrast, Diptera were the most abundant
group comprising 62.2% of all insects, of which about a
third (36.4%, but 22.7% of all insects) were hover flies.

Apis mellifera were 22.7% (78% of all bees) and Bombus
spp. were 3.5% (12% of all bees). Ivy bees, C. hederae,
which were not seen in 2011, were 2.9% (10% of all bees).

The relative abundance of V. vulgaris dropped consider-
ably to only 3.5%. Lepidoptera were 5.2% of all insects.
In 2011, from a total of 172 A. mellifera workers and

30 Bombus spp. workers recorded, 16% and 27%, respec-

tively, had pollen in their baskets. Twenty-eight of 30

Bombus spp. individuals were ‘two-banded white tails’
(B. terrestris L./lucorum L. colour group) and 2 were
‘browns’ (B. pascuorum Scopoli colour group) (after Fus-
sell & Corbet, 1992). Of the 17 Lepidoptera recorded, all

were butterflies (16 red admirals, Vanessa atalanta L.; 1
speckled wood Pararge aegeria L.).
In 2012, from a total of 39 A. mellifera workers and 6

Bombus spp. workers recorded, 28% and 0%, respectively,

Fig. 2. Survey of ivy flower visitors over a wider area in Sussex.

Community structures of ivy flower-visiting insects in 8 locations,

1 urban (U) and 1 rural (R) within each of 4 general locations

sampled at periods broadly corresponding to the early (22 Sep-

tember), middle (30 September–6 October) and late (14–16
October) ivy flowering periods in 2012. The 4 general locations

represent alkaline chalk (Brighton, Seaford) and acidic Wealden

group (Uckfield, Hailsham) soil type.

Fig. 3. Survey of ivy local abundance. Map showing the two

4 9 4 km study areas: rural, centred approximately on the Labo-

ratory of Apiculture & Social Insects at the University of Sussex

(1) and urban, centred approximately on the Dorothy Stringer

High School (2). Ivy abundance was recorded by surveying on

foot in the ten randomly selected 200 9 200 m sub-areas (black)

within each area.
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had pollen in their baskets. Three of 6 Bombus spp. indi-
viduals were ‘two-banded white tails’ and 3 were ‘browns’
(Fussell & Corbet, 1992). Of the 9 Lepidoptera recorded,
all were butterflies (8 red admirals, V. atalanta; 1 comma,

Polygonia c-album L.).
Both V. vulgaris and Vespula germanica Fabricius are

active in Britain in September and October. Neverthe-

less, all individuals that we were able to observe closely
in both years were identified as V. vulgaris. No hornets
(Vespa crabro L.) were seen even though they occur

locally and are still flying in early autumn (FR pers.
obs.).
The significance of the relationships between the number

of insects per snapshot and date, bloom intensity and tem-
perature for each taxon are shown in Table 1. In 2011, all
taxa except V. vulgaris were significantly more abundant
with higher bloom intensity. Apis mellifera, non-syrphid

Diptera and Lepidoptera showed a significant trend over
sampling date; however, the very low slope estimates
(0.054, �0.023 and 0.006 respectively) make this trend
negligible. Furthermore, only A. mellifera was slightly

more abundant with warmer temperatures (b = 0.176).
In contrast, in 2012, no taxon showed a significant rela-

tionship with bloom intensity. The abundances of Syrphi-

dae and Lepidoptera were significantly related to
sampling date, but the low slope estimates (0.026 and
0.012 respectively) again make this relationship of little

importance. Furthermore, Syrphidae and Lepidoptera
were slightly more abundant with warmer temperatures,
but the slope estimates were again very low (0.087 and

0.045 respectively).

Survey of ivy flower visitors over a wider area in Sussex

Variation in structure of ivy flower-visitor communities
was not significantly related to either soil type (chalk vs.

Wealden group, F = 3.219, d.f.=1, P = 0.061), land use
(urban vs. rural, F = 2.864, d.f.=1, P = 0.058) or sampling
period (early vs. middle vs. late, F = 1.641, d.f.=2,
P = 0.183). There were also no significant interactions (all
P > 0.05). The general location, however, had a significant
relationship with community structure (F = 6.563, d.f.=2,
P = 0.002), explaining 34% of variation among commu-

nity samples (R2 = 0.336). All communities were domi-
nated by Diptera (including Syrphidae), which on average
comprised 67.5% of all insects (Table 2). Notable differ-

ences among communities include the highest relative pro-
portion of A. mellifera in Hailsham (32.3% compared to
mean 14.3%), the highest relative proportion of C. hede-

rae in Seaford (16.5% compared to mean 5.4%), the high-
est relative proportion of wasps V. vulgaris in Uckfield
(18.8% compared to mean 7.3%) and the highest relative

proportion of butterflies in Brighton (9.0% compared to
mean 5.0%) (Fig. 2; Table 2).

Survey of ivy local abundance

In the mainly rural area ivy was recorded in 6 of 10

40 000 m2 sub-areas with a mean of 79 � 42 m2 and
5 � 5 m3 per sub-area, comprising ca. 0.2% of the total
area (Fig. 3; Table 3). In the mainly urban area, ivy was

recorded in all 10 sub-areas with a mean of 390 � 98 m2

and 39 � 14 m3 per sub-area, comprising ca. 1% of the
total area. On average, 4 � 3% and 11 � 2% of each
sub-area was not surveyed due to inaccessibility in the

rural and urban areas, respectively. In both areas, ivy was
found growing over the ground, walls, buildings, fences,
hedges and trees, and in one sub-area even over tomb-

stones. Ivy can, therefore, climb over a wide range of sub-
strates, both natural and man-made (Fig. 1g,h).
Nevertheless, ivy was absent from agricultural fields,

which was the only habitat type in the survey where it
was not found.
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Fig. 5. Survey of ivy flower visitors on a small scale in Falmer.

Mean numbers of individuals � standard error (a) and relative

abundance (b) of each insect taxon recorded on ivy flowers in 5

locations within Falmer village in 5 observation days between 15

September and 14 October (2011, grey bars) and 4 observation

days between 21 September and 14 October (2012, white bars).

The values above bars (b) are the total numbers per taxon (total

632 in 2011, 172 in 2012).
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Discussion

Ivy abundance and role in honey bee diet

Our results show the ivy pollen is very prominent in the
honey bee diet during September and October, averaging
89.0% of pollen pellets (Figs 1a and 4). This likely reflects

the fact that relatively few other plant species in Britain
flower during this time. Our results also show that, in
addition to being widespread throughout Britain on a

broad scale [10 9 10 km grid (Metcalfe, 2005)], ivy is also
abundant on a local scale (Fig. 3; Table 3). Given that
honey bees can forage up to 10–12 km from the hive

(Beekman & Ratnieks, 2000), it is likely that a honey bee
colony in Britain would never be out of range of ivy. In
agreement with this, Coffey and Breen (1997) found that
in Ireland ivy was one of the dominant pollen sources in

September and the only source remaining in October.
Pollen is the sole source of proteins, lipids, vitamins

and minerals for developing honey bee brood and young

adults (Herbert, 1992). Indeed, pollen foraging is directly
stimulated by brood rearing (Vaughan & Calderone,
2002). In temperate regions, honey bees are still rearing

brood in September and October, while the dwindling
amounts of pollen availability at the end of season pro-
vide a cue for colony transition into a broodless state for
overwintering (Mattila & Otis, 2007). In colonies at the

Laboratory of Apiculture & Social insects, there is consid-
erable brood rearing in September. This diminishes
through October and by November there is rather little

brood in most colonies (FR pers. obs.). The amount of
pollen stored in the comb is maintained around a homeo-
static set-point (ca. 1 kg in strong colonies) (Fewell &

Winston, 1992; Seeley, 1995). Hence, the pollen collected
in late season and stored over winter is used to commence
brood rearing in the following season much earlier (typi-

cally in late winter) than the weather conditions permit
foraging (Seeley & Visscher, 1985).
Although ivy pollen is important, our data indicate that

ivy nectar is of even greater importance, given that 79.7%

of honey bees (also 94.6% of bumble bees) foraging on

ivy flowers did not have pollen in their baskets. In line
with this, Greenway et al. (1975) reported that in Ireland
a significant amount of the winter honey stores were made
from ivy nectar. The total sugar concentration in ivy nec-

tar recorded in this study was 49.3% (w/w), which is con-
siderably higher than that reported previously in Italy,
3.5–7.5% (Vezza et al., 2006) and Britain, 10–11% (Wykes,

1953) (values reported in different units converted to %
w/w as recommended by Bolten et al. (1979)). The differ-
ence observed between our data and previous studies may

be caused by both nectar being diluted by other water
sources, such as dew and rain, and being concentrated by
evaporation, which is facilitated by the open structure of

flowers, where the nectar is secreted on the exposed sur-
face of the floral disc. Indeed, it is sometimes possible to
observe flowers where the sugar concentration has reached
nearly 100%, turning into solid crystals (Fig. 1i). Seeley

(1995) reported a wide range of nectar sugar concentra-
tions in the crops of returning honey bee foragers, with
49.3% not unusually high. In addition, it compares

favourably with that found in plant species well-known to
be attractive to the honey bee, such as bramble, Rubus
fruticosus (15–39%) and white clover, Trifolium repens

(23–34%) (Wykes, 1953; Roberts, 1994) and is near the
theoretically derived optimal concentration of 55% (Kim
et al., 2011). Furthermore, the accessibility of nectar could
mean that it is easy to gather and further contribute to

the net profitability of foraging on ivy flowers. Ivy nectar,
therefore, may be a high quality foraging resource for
honey bees and other insects.

Ultimately, however, the importance of ivy to the honey
bee should be determined through its effects on fitness, or,
in beekeeping terms, colony survival and productivity. For

instance, Mattila and Otis (2006) showed experimentally
that the pollen collected in spring may have positive effects
on brood rearing and honey yield in the ensuing season.

McLellan (1976) reported that the colony pollen intake in
September is 0–8% of a total intake between June and
September, suggesting that it may be helpful for a colony
by helping to rear young workers before overwintering.

Furthermore, Farrar (1936) [in Keller et al. (2005)] found

Table 1. Survey of ivy flower visitors on a smaller scale in Fatner. P-values (and slope estimates where relationship is significant) of

explanatory variables and random location factor for the number of insects per snapshot in multilevel GLMMs for each taxon. Values in

bold are significant at Bonferroni-corrected a-level (0.05/6 in 2011, 0.05/7 in 2012)

Apis mellifera Bombus spp.

Colletes

hederae

Vespula

vulgaris Diptera: Syrphidae Diptera: all other Lepidoptera

2011

Date <0.001 (0.054) 0.546 N/A 0.700 0.059 <0.001 (�0.023) 0.001 (0.006)

Bloom intensity <0.001 (0.875) <0.001 (0.192) N/A 0.156 <0.001 (0.537) 0.001 (0.228) 0.001 (0.074)

Temperature <0.001 (0.176) 0.060 N/A 0.900 0.463 0.463 0.029*

2012

Date 0.016* 0.382 0.074 0.092 0.001 (0.026) 0.784 <0.001 (0.012)

Bloom intensity 0.110 0.048* 0.009* 0.858 0.869 0.011* 0.383

Temperature 0.156 0.077 0.549 0.583 0.007 (0.087) 0.387 <0.001 (0.045)

*P-value significant before, but not after the Bonferroni correction.
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that the colony size in spring (expressed as % of the col-
ony size in autumn) is positively correlated with the
amount of pollen stores available to the overwintering
colony and that larger colonies grew faster in spring and

produced more honey during the first nectar flow period.
In addition to pollen, ivy nectar may also be very

important, for example, by improving winter survival,

since one of the commonest causes of mortality during
this time is starvation due to insufficient food stores in
both managed (vanEngelsdorp et al., 2012) and natural

colonies, especially those founded in summer by swarms
(Seeley, 1978). Moreover, due to wide distribution and
abundance of ivy throughout Britain, the foraging dis-

tances may often be short, which would result in foraging
profitable enough to make a honey crop, as reported by
beekeepers (e.g. Greenway et al., 1975). In line with this,
M.J. Couvillon, R. Sch€urch & F.L.W. Ratnieks (unpub-

lished data) found twofold reduction in the average for-
aging distance from July – August to September –
October, which can almost certainly be attributed to ivy.

Nevertheless, it remains difficult to speculate on the ulti-
mate value of ivy in terms of colony fitness, as further
experimental work is needed.

Importance of ivy for other insects

In addition to the honey bee, ivy flowers are visited in
abundance by other Hymenoptera, Diptera and some
Lepidoptera (Figs 1,2 and 5). The most numerous species

recorded in Falmer in 2011 was the common wasp, V. vul-
garis (Fig. 1b). Workers, males and young queens were all
seen. Although ivy attracts a wide range of flower visitors,

Vespula spp. appear to be by far the most effective pollin-
ators (Ollerton et al., 2007; Jacobs et al., 2010), while
Ollerton et al. (2007) suggested that ivy is functionally

specialised for pollination by Vespula spp., as they are
likely to exert most selection on flower morphology.
Indeed, ivy flowers share a number of traits in common
with other wasp-pollinated plants, such as dull, pale green

colour and a musky odour (Ollerton et al., 2007). Never-
theless, in the study of Jacobs et al. (2010), the Pollination
Potential (PP) index score of wasps (0.90) vastly exceeded

that of honey bees (0.02), bumble bees (0.04) and hover
flies (0.01) largely due to the difference in their relative
abundance (1435 wasps, 57 honey bees, 42 bumble bees

and 140 hover flies were recorded). In contrast, this study
shows that relative abundance of ivy flower visitors can
vary greatly both spatially and temporally. Thus, for
example, using the average relative abundance of ivy

flower visitors recorded across Sussex in 2012 yields PPI
index scores of ca. 0.30 for wasps, ca. 0.35 for honey bees,
ca. 0.10 for bumble bees and ca. 0.21 for hover flies.

Honey bees, bumble bees and hover flies, therefore, are
almost certainly important pollinators of ivy.
Other studies have recorded a similar insect fauna of ivy

flower visitors consisting of bees (mainly A. mellifera and
Bombus spp.), wasps (Vespula spp.), true flies (particularlyT
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syrphids) and butterflies, in Hertfordshire, UK (Jacobs
et al., 2010), Northamptonshire, UK (Ollerton et al.,
2007) and Tuscany, Italy (Vezza et al., 2006). The total
number of ivy flower-visiting insect species recorded in

Britain is at least 72 from the orders of Dermaptera,
Diptera, Hymenoptera and Lepidoptera (Metcalfe, 2005),
but the list is certainly not complete. In addition, we

recorded the abundance and insect taxa foraging on a
suite of garden flowers as part of a different study
(M. Garbuzov & F.L.W. Ratnieks, unpublished data.),

conducted during July–September 2011 near Falmer, UK,
and found in total three times as many bumble bees as
honey bees, which is in contrast to this study where honey

bees outnumbered bumble bees by about 10 to 1 on ivy.
This may suggest that ivy is unattractive to bumble bees.
However, it is more likely to reflect the seasonal life cycle
of bumble bees with annual colonies, most of which die

out by late summer or early autumn (Prŷs-Jones &
Corbet, 1991). On average 12.5% of bumble bees had
pollen in their baskets, indicating that some colonies were

still rearing brood. In contrast, honey bee colonies are
perennial and have workers all year round. Common
wasp colonies are also annual, but their numbers reach

the peak from late summer to early autumn (Edwards,
1980), which may explain why their numbers on ivy were
high in 2011. In 2012, however, the common wasp abun-
dance (both relative and absolute) dropped considerably

from the previous year, which can be explained by the
cyclic population dynamics characterised by extreme vari-
ation in yearly abundance known in this species in Eng-

land (Archer, 1985). Although some Dolichovespula wasps
are common around the study area (FR pers. obs.), none
were seen on ivy, as they have a shorter life cycle with

smaller colonies that die out in late summer (Edwards,
1980).
Bumble bees typically forage closer to the nest (450–

750 m (Knight et al., 2005)) than honey bees, but given
the high abundance of ivy on a small scale (Table 3), col-
onies are unlikely to be out of range of ivy in Britain,
especially in urban areas where many nests are founded in

gardens (Osborne et al., 2008). Less is known about for-

aging range in V. vulgaris, but in related species V. rufa
(Arnold (1966) in Spradbery, 1973) and V. pensylvanica
(Akre et al., 1975) individuals forage up to ca. 900 m
away from the nest. The other insects, such as true flies

and butterflies, are not central-place foragers, thus may
stay in the general vicinity of flowering ivy once it is
located.

The ivy bee (C. hederae) (Fig. 1c) is a solitary bee with
a strong preference for ivy floral resources (Bischoff et al.,
2005). M€uller and Kuhlmann (2008) report that 88% of

pollen loads collected by C. hederae contain pollen of
Hedera spp. It is one of the latest bees to emerge in wes-
tern Europe, with its flight activity beginning in early Sep-

tember and largely coinciding with the ivy flowering
period (Kuhlmann et al., 2007). It was first recorded in
mainland Britain in 2001 (Cross, 2002) and is rapidly
spreading along the south coast (BWARS: 2012). The

largest relative abundance of C. hederae was recorded in
the general location of Seaford, where it comprised 16.5%
of all ivy flower visitors (Fig. 2; Table 2).

On average 91% of butterflies recorded on ivy flowers
were red admirals (V. atalanta). In autumn adults either
enter winter hibernation (Fox & Dennis, 2010) or emigrate

southward to breed (Stefanescu, 2001; Brattstr€om et al.,
2010). The comma butterfly (P. c-album) does not migrate,
but does hibernate as an adult, with the second and last
generation adults emerging in September (Howarth, 1984).

Ivy may be an important source of nectar for improving
their survival during these times. The other species seen,
the speckled wood (P. aegeria), is not a migrant and does

not overwinter as an adult but is a woodland specialist.
Given that ivy is found in most types of woodland (Met-
calfe, 2005), it may be an important food plant for P. ae-

geria. In addition, ivy is a main larval food plant of the
holly blue butterfly (Celastrina argiolus L.).

Conclusions

Our results show that ivy flowers have great importance

to flower-visiting insects in autumn. Given that ivy is

Table 3. Survey of ivy local abundance. Amount of ivy (mean � standard error) per 200 9 200 m sub-area approximated either to an

area cover (m2) or volume (m3) in two 4 9 4 km areas

Area

Ground*

(m2)

Walls/fences

(m2)

Hedges

(m2) Trees (m2)

Shrub-like

form (m3)

Approximate

surface area of

voluminous shrub-

like form (m2)

Total area

(m2)

Proportion

not surveyed

Area 1: rural

(around

Laboratory of

Apiculture & Social)

9 � 9 11 � 7 9 � 7 50 � 24 5 � 5 17 � 16 96 � 43 4 � 3%

Area 2: urban

(around Dorothy

Stringer High School)

43 � 15 129 � 42 8 � 2 211 � 64 39 � 14 99 � 32 489 � 156 11 � 2%

*All ivy growing over ground was juvenile, while >90% of ivy on all other substrates and all ivy in shrub-like form was mature.
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abundant and well-distributed both locally and nation-
ally, being recorded in almost all 10 9 10 km squares in
Britain (Metcalfe, 2005), and because it is doubtlessly the
most abundant autumn-flowering species, it is unlikely

that there is a more important autumn-flowering plant
species in Britain to honey bees and other flower-visiting
insects, including late season butterflies. Indeed, ivy may

well be a keystone species (Power et al., 1996) for flower-
visiting insects in autumn. Our study investigated the
value of flowers, but ivy also provides berries and nesting

sites for birds (Snow & Snow, 1988; Kurucz et al., 2010)
and in Britain alone is a foodplant for 77 species of her-
bivorous insects and mites (Metcalfe, 2005). In addition,

ivy is associated with 47 species of fungus (Metcalfe,
2005). These are almost certainly underestimates. From a
human perspective, ivy is rather unappreciated or even
considered undesirable, perhaps because its flowers are

not showy and because it is a climber. It is frequently
blamed for damaging walls and harming trees and so is
often removed. But, contrary to popular belief, ivy rarely

presents a problem to the trees it climbs (Cowan, 2000).
Indeed, it has recently been appreciated for its benefits in
the insulation of buildings and pollution reduction in

urban areas (Viles et al., 2011). Our study provides fur-
ther evidence of the benefits of ivy to wildlife, which we
hope can be used to inform decisions by householders,
land owners, environment managers and policy makers.
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