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Abstract — Floral choice by bees is influenced by the bees’ previous experience with flowers. For example, bees
may learn to associate particular flower colours with rewards and prefer flowers of that colour in a given patch.
In this study, we assessed whether floral choice by the stingless bee Tetragonula carbonaria was influenced by
colour similarity to a high-quality neighbour flower, while it contained nectar, and then when it was empty of
nectar. We trained 7. carbonaria to visit highly rewarding artificial flowers (50% (v/v) honey solution) within
a patch that also contained two types of less-rewarding artificial flowers (20% (v/v) honey solution): one of the
same colour (though different pattern) as the high-quality flower and one a different colour (and pattern) to the
other two flowers. Colonies were tested with blue and yellow colour sets, where either the blue flower was most
rewarding and the yellow the least, or vice versa. We then compared preferences between the two equal-quality
flowers in the patch under two conditions: (i) when nectar was available from the high-quality flower, and (ii)
when the nectar was removed from the high-quality flower. We found that, when available, high-quality flowers
were always visited more than low-quality flowers. Under this condition, adjacent lower-quality flowers in the
patch received similar levels of visitation, regardless of their colour. When the reward was removed from the
high-quality flower (simulating an emptied flower), foragers quickly switched to using the remaining two equal-
quality flowers in the patch, but again showed no preference for the similar-coloured flower. Our results indicate
that T. carbonaria are adaptable foragers capable of quickly learning and responding to floral reward changes in
their foraging environment. At least under our experimental conditions, we found no evidence that T. carbonaria
floral choice is influenced by colour similarity to a high-quality resource in the same foraging location.

Stingless bee / Pollination / Artificial flower / Colour

1. INTRODUCTION pollen transfer and therefore pollination benefits.
However, the production of nectar can be costly

Nectar acts as a nutrient-rich reward to floral ~ (Pyke 1991). Many plants, therefore, have strat-

visitors and, by attracting floral visitors to flow-
ers for nectar rewards, plants gain assistance in
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egies to tune their nectar production to floral
visitor behaviour in ways that ensure adequate
pollination benefits without an overproduction
of nectar. One consequence of this is that not
all flowers contain nectar at any given time.
For example, climate, floral attractiveness, and
time of day can all impact nectar availability in
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flowers (Langenberger and Davis 2002; Waser
and Price 2016; Wright 1988).

The presence of flowers empty of nectar (“empty
flowers”) in an environment can impact the foraging
choices of floral visitors (Langenberger and Davis
2002; Waser and Price 2016; Wright 1988). Over
time, insects may learn to generalize floral traits
associated with unrewarding flowers (Smithson
and MacNair 1997), resulting in decreased visita-
tion to morphologically similar neighbouring flow-
ers (Smithson and Gigord 2003). For example,
where unrewarding flowers are common in a patch,
bumble bees Bombus terrestris will tend to avoid
flowers similar in colour to the unrewarding vari-
ety and instead visit flowers of dissimilar colours
(Smithson and Gigord 2003; Internicola et al. 2009).
In humans, such behaviour is known as a dissimilar-
ity effect. Conversely, empty flowers could poten-
tially increase visitation to similar flower types (a
“similarity effect”). That is, if a normally rewarding
flower is recently unavailable, bees may seek out
morphologically similar flowers for rewards (Dyer
and Murphy 2009; Gigord et al. 2002; Internicola
et al. 2009). Flowers that never contain nectar such
as orchids have even evolved to mimic rewarding
flowers to reap the benefits of colour generalisations
made by bees towards rewarding flowers (Papadop-
ulos et al. 2013).

Highly rewarding neighbouring plants can also
impact the probability that a flower is visited by
bees (Horna Lowell and Murphy 2022). “Magnet
plants” are those whose flowers are highly desir-
able to floral visitors (Ghazoul 2006; Gilpin et al.
2019a; Johnson et al. 2003). For example, louse-
wort (Pedicularis sylvatica) and lavender (Lavan-
dula spp.) are often considered magnet plants for
honey bees and bumble bees (Gilpin et al. 2019b;
Laverty 1992). By attracting floral visitors to the
vicinity, magnet plants can increase pollination
benefits to nearby plants due to “spillover effects”
(Ghazoul 2006; Johnson et al. 2003). Such spillo-
ver effects are strongest where magnet plants are
similarly coloured to neighbouring plants. Thus
nectarless orchids of similar colour to adjacent
magnet plants are more likely to gain pollination
benefits than other nearby plants of distinct colours
(Johnson et al. 2003; Peter and Johnson 2008).
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To date, most of our understanding of how
bees respond to the colour similarity of flow-
ers in a patch, whether they contain nectar or
not (i.e. nectarless or nectar-depleted) has come
from studies on two groups of social bees:
bumble bees and honey bees. Stingless bees
(tribe Meliponini) are the other major clade of
social bees, yet their foraging behaviour and
floral choices are comparatively understudied.
Stingless bees are abundant and important pol-
linators in tropical ecosystems across the globe,
visiting upwards of 215 plant families (Bueno
et al. 2021). They are also pollinators of a vari-
ety of tropical crops and are increasingly used
as managed pollinators in agro-ecosystems
(Griiter 2020). In Australia, the stingless bee
T. carbonaria is the species most widely propa-
gated for commercial trade and is an effective
pollinator of crops including macadamia, avo-
cado, and blueberry (Heard 1994; Kendall et al.
2020). T. carbonaria colonies comprise a sin-
gle queen and typically 5000-10,000 workers
(Heard 1999). The species is common through-
out both forests and disturbed environments in
tropical and subtropical Eastern Australia.

In this study, we asked the following: (1)
When a high-quality flower is present in a
patch, do T. carbonaria foragers visit nearby
flowers of similar colours more than those
of dissimilar colours?, and (2) When a high-
quality flower is depleted of nectar, do for-
agers initially visit nearby flowers of similar
colours more than those of dissimilar colours?
We tested foragers visiting resources in their
natural social context; that is, workers foraging
in the presence of nestmates, rather than lone
foragers absent of all social information.

We predicted that T. carbonaria would gen-
eralise flower colour after learning the quality
of flowers, as previously shown for the bum-
ble bee B. terrestris (Dyer and Chittka 2004;
Gumbert 2000; Rohde et al. 2013) and the
honey bee Apis mellifera (Dyer and Murphy
2009; Rohde et al. 2013). That is, we expected
that T. carbonaria would preferentially visit
flowers that were similar in colour to the most
rewarding flower in the group. Following nec-
tar depletion, we hypothesised that foragers
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would again be influenced by flower colour,
but that their floral choices would differ in
the short term and longer term after nectar
removal. We predicted that when a highly
rewarding flower is removed from a choice
set, foragers would initially have a preference
for similar coloured flowers to the high-quality
flower. When a once highly rewarding flower
had been empty for an extended period, we
predicted that foragers would learn that this
flower type was persistently unrewarding and
begin to prefer the adjacent flowers that were
least similar in colour.

2. METHODS
2.1. Colonies

We used 14 colonies of T. carbonaria
maintained by The University of Sydney and
Kuringai Council Nursery, Sydney, Australia.
Each colony was housed in a three-part Origi-
nal Australian Trigona Hive (OATH) style
wooden hive (Heard 1999). To ensure that
foragers were naive to the local natural flower
locations (therefore encouraging foraging on
our patch of artificial flowers), colonies were
moved one at a time from their usual location
to the yards of private houses in Lidcombe
or Baulkham Hills, Sydney for the period of
data collection. Experiments were conducted
between December 2021 and March 2022.

2.2. Artificial flowers

To assess the impact of high-reward flowers
on other flowers in the patch, we created a patch
of artificial flowers with three flowers that dif-
fered in colour and pattern (Table I). Two flow-
ers contained a reward of equal concentration
(Flowers A and B; 5 ml of 20% honey solution)
and one which was of higher concentration
(Flower C, the “high-reward flower”; 5 ml of
50% honey solution). Flower A had a circular
pattern, Flower B had no pattern, and Flower C

(“high-reward”) was the same colour as Flower
A, but with a radiating pattern. Patterns were
used as additional associative cues. We chose
blue and yellow as flower colours since they are
colours that can be readily discriminated by T.
carbonaria (Spaethe et al. 2014). To control for
any innate colour preferences, two colour sets
were used: one set in which A and C were yel-
low and B was blue, and a second set in which A
and C were blue, while B was yellow (Table I).
Artificial flowers consisted of the coloured
paper flower cut to shape using a precision cut-
ting machine (Cricut Maker) and placed under-
neath a 75-mm-diameter clear Perspex disc
containing radiating lines indented in the top to
hold the honey solution. The honey solution was
placed on a cotton ball that was put on top of the
artificial flower, to allow the honey solution to
seep into indentations on the artificial flowers.
Briefly, we confirmed the discriminability of
our three floral colours to bees by using spectrom-
etry to record the reflectance of cardboard, before
estimating their colour difference using the col-
our hexagon model of Chittka (1992), with the
visual phenotype of honeybees (Maia et al. 2019).
All three stimuli were separated by distances
well above documented absolute discrimination
thresholds (Supplementary Figure S1), and so
should be readily separable by our focal bees.

2.3. Pretraining and training

For each colony, we first trained foragers to a
gravity feeder to encourage them to forage at the
test location, which was a green wooden board
1 m directly in front of the hive entrance (level
with the colony). The gravity feeder consisted of
a plastic plate covered by a single sheet of paper
towel, onto which we positioned an upside-down
cup containing a 50% (v/v) honey solution so that
the solution progressively seeped onto the towel.
The gravity feeder was initially placed right next
to the hive, touching the colony entrance. Once
20 foragers were present on the feeder, we slowly
shifted it to the test location. The training feeder
was then removed and replaced by our three
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Table I Sets of artificial flowers used in this study and the relative reward offered (honey:water solution). Flower C
is the “high-reward” flower, with 50% solution, while Flowers Aand B were lower-reward concentrations (20% solu-
tion), with Flower A sharing the samecolour as C (i.e. colour-similar to the high-reward flower) while Flower B was

a differentcolour

Flower A

(similar to C)

Flower B Flower C

(dissimilar to C) (high-reward)

Yellow set f O% %%Q@
Y P

artificial flowers. Artificial flowers were placed
edge-to-edge with each other during the 30-min
training phase. During this time, bees were able to
freely forage on all three flower types. We could
confirm foragers were coming from our trained
colony by observing their flight to and from the
hive entrance.

2.4. Test phase

During the test phase, the three artificial flow-
ers were positioned in a triangular configura-
tion, with flowers 10 cm apart from each other.
The test phase had two parts (Figure 1). In the
first 50 min of the experiment, all three flow-
ers in the test set had a honey solution available.
Just before the 60-min observation interval, we
removed the honey solution from Flower C.
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Nectar removal was done by replacing the flower
with a new clean feeder with a cotton ball con-
taining no nectar on top. All flowers were also
replaced with new clean Perspex top-feeders
at this stage. During the second part of the test
phase (60—150 min), all three flowers were avail-
able for the bees to visit, but only Flowers A and
B offered any food. We performed forager counts
on artificial flowers at 10-min intervals through-
out the test phase (i.e. five counts before remov-
ing the reward from Flower C, and ten counts
after removal). We counted every stingless bee
that landed and fed on a flower for 1 min. One
minute was chosen to prevent pseudoreplica-
tion, as it was a short enough period of time to
prevent bees from returning to the feeder after
previously feeding. Between each count, foragers
were allowed to continue accessing the flowers.
However, before each new count, flowers were
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Training phase

Test phase: part 1

Test phase: part 2

N
30 mins 0 mins
V

150 mins>

N
50 mins > 60 mins
Vv

Empty flower treatment

hive

Sgua?

hive

Control treatment

Figure 1. Overview of the experimental design used to assess if flower choice by 7. carbonaria foragers is influ-
enced by colour-similarity to high-reward flowers (either full or emptied) in a patch (high reward =Flower C). The
reward was removed from Flower C during test phase part 2 in the experimental (“empty-flower”) treatments but not
the control treatments. Percentages indicate the percentage of honey used in each solution (v/v). Note, that the layout
of the three flowers was randomised during each time interval where data was recorded.

replaced with new flowers. All flowers were
cleaned with 70% ethanol before being used
again and rotated in the triangular configuration
to reduce any effects of their location and remove
any scent marks.

To confirm that any responses to nectar
removal from Flower C were due to the removal,
and not just the passage of time, we performed
both our experimental treatment (Flower C
reward was removed during the test phase;
N =12 trials) and a control treatment (no reward
removal during the test phase; N=10 trials). In
the experimental treatment, eight colonies were

used, with three colonies used more than once
(two colonies used twice with different colour
sets, and one colony used twice with the blue
set and once with the yellow set). In our control
treatment, eight colonies were used across all tri-
als, with two colonies used twice with different
colour sets. We initially ran trials for 100 min as
we anticipated that colonies would reach satia-
tion and stop foraging within that time period.
However, the first two colonies we tested were
still foraging strongly after 100 min. Since we
were interested in how T. carbonaria behaviour
changed following the switch in flower quality,
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we decided to increase the observation time to
150 min. As a result, we have 150 min of for-
aging data for 8 colonies, and 100 min for two
colonies. We retained these shorter trials in our
dataset because 100 min represented the maxi-
mum “post-flower-removal” timepoint in our
analysis (i.e. 40-min post-reward removal in the
experimental treatment; Figure 1), and evidence
from all remaining colonies was that forager
choice did not vary significantly between 100
and 150 min.

2.5. Data analysis

All analyses were conducted in R version
4.1.2 (R Core Team 2021). To establish if the
high-quality flower was the most preferred arti-
ficial flower, we performed a Kruskal-Wallis
test considering all visits to flowers before the
60-min observation interval. The Kruskal-Wallis
test was used due to a lack of normality in
data (McKnight and Najab 2010). We then used
post hoc pairwise tests to compare forager num-
bers on Flowers C vs A and B (Dunn test), with
p-values adjusted for multiple testing via the
Benjamini Hochberg Method (Benjamini and
Hochberg 1995).

We used ANOVASs to compare the number of
foragers visiting each of the neighbouring flow-
ers (Flowers A and B) to a high-reward flower
(Flower C) at three key time points: one directly
before nectar removal from Flower C (after
50 min, i.e. count 5), one directly after nectar
removal (70 min; count 7) and one after 100 min
(i.e. after foragers had time to learn that Flower
C was now consistently unrewarding). Signifi-
cant differences in forager counts between Flow-
ers A and B at any of these time points would
indicate a preference for the option that was
either similarly coloured or differently coloured
to Flower C.

Finally, we assessed whether the removal of
reward from Flower C caused changes in the
number of total foragers using the patch after
the nectar was removed in the empty flower
treatment, using a Kruskal-Wallis test. That is,
we assessed whether foragers abandoned the
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patch once the best quality flower was no longer
available.

The datasets generated during and/or analysed
during the current study are available from the
corresponding author on reasonable request.

3. RESULTS

When a high-reward artificial flower was avail-
able in the patch, foragers showed a strong prefer-
ence for this flower (i.e. Flower C), with around
twice as many foragers visiting Flower C than each
of Flowers A or B at the end of part 1 test phase in
both experimental and control treatments (Table II,
Figure 2; ¥*(2)=30.391, p <0.0001, where post
hoc pairwise tests for Flowers A vs. C and B vs.
C both p <0.0001). There was no difference in
visitation rates between Flowers A and B at this
time (F(1)=0.866, p=0.729); that is, while some
foragers did use the lower-reward flowers adjacent
to a high-quality flower, there was no preference
among these for flowers similarly-coloured to the
high-reward option.

Once the nectar was removed from the high-
reward flower, visitation to this flower decreased
rapidly within 10 min, indicating foragers quickly
learnt it was now empty (Table II; Figure 2). For-
agers shifted at this time to use the remaining
rewarding flowers (A and B) with similar numbers
on each (F(1)=0.25, p=0.621; Table I, Figure 2).
Foragers continued to show no preference between
Flowers A and B after a longer interval post-nectar
removal from the high-reward flower (i.e. once
they had time to learn that Flower C was now con-
sistently unrewarding; F(1)=0.942, p=0.338;
Table II). Overall visitation to the patch by T. car-
bonaria decreased in the presence of a previously
rewarding, but now empty, flower (experimental
treatment vs control treatment: ;(2(1) =61.687,
p=<0.001; Figure 2; Table II).

4. DISCUSSION

We investigated whether foragers of the stingless
bee T. carbonaria were influenced by the colour of a
high-quality flower when choosing between flowers
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Table II Mean numbers (+S.E.) of T. carbonaria foragers visiting artificial flowers in apatch during three-time
points in the test phase (50, 70 and 100 minutes) for experimental andcontrol treatments. Flower C was high-reward
while Flowers A and B were equal, lower reward flowers. Flowers C and A were the same colour, while Flower B

was a differentcolour. In the experimental treatment, the feeding solution (

e (it}

nectar”’) was removed fromFlower C at

the end of part 1 of the test phase (i.e. after 60 minutes) and the flower remainedempty for the rest of the test phase.
Images in this table show the “yellow set” flower coloursas examples

Timenoint 50 minutes 70 minutes 100 minutes

P (bees/min) (bees/min) (bees/min)

High-reward High-reward High-reward

Flower C Flower C recently  Flower C depleted

available depleted for >30 mins

Experimental | gy o o 2.91 (+0.83) 4.00 (+1.16) 2.81 (£0.65)
treatment

N=12) | Flower B @ 25c07 35709 3.45 (£1.01)

Flower C 4.47 (£1.02) 2.53 (+0.49) 2.67 (+0.50)

High-reward flower (C) always available

Control | p1ower A 222(£022) 3.8 (£0.83) 4.43 (£0.68)
treatment

N=10" Thiowers @@ 200@037) 200 021) 3.40 (£0.54)

Flower C 4.70 (+0.68) 7.60 (£1.44) 7.80 (£1.28)

of similar and dissimilar colours to the high-quality
flower in a patch, including after the preferred flower
became nectar-depleted. We found that while T. car-
bonaria readily foraged on less-rewarding artificial
flowers adjacent to the high-quality flower, they
were no more likely to choose those flowers if they
colour-matched the high-reward resource than if they
did not. Nor were foragers’ flower choices between
neighbouring nectar-containing flowers influenced
by the presence of an empty, previously high-quality
flower in the patch. That is, in all, T_ carbonaria for-
agers showed a consistent lack of preference between
two flowers of equal reward but different colours,
regardless of the availability of a high-quality neigh-
bour flower.

Honey bees and bumble bees have been shown to
quickly learn to make generalisations about flowers
based on colour across a range of foraging contexts
(Dyer and Chittka 2004; Dyer and Murphy 2009;
Giurfa 1991; Gumbert 2000; Rohde et al. 2013).
At least in bumble bees, this colour generalisation
extends to a preference for flowers that are similar in
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colour to those that have been previously rewarding
(Gigord et al. 2002; Johnson et al. 2003). Why then
did we detect no evidence of colour generalisations
in our experiment with foraging 7. carbonaria? A
key difference between our study and previous ones
on other bee species is that we assessed the collective
foraging choices of 7. carbonaria in a social environ-
ment, rather than those of lone foragers in isolation.
That is, foragers in our study could see and smell their
nestmates using flowers in the same patch. Social
behaviour is likely an important factor in foraging
choice in stingless bees, and by allowing interactions
with nestmates we ensured that we were assessing
foraging responses in the most ecologically relevant
context. For example, T. carbonaria uses scent
marks at food sources to recruit nestmates to profit-
able resources (Bartareau 1996; Gloag et al. 2021),
as do other stingless bee species (Bartareau 1996;
Roselino et al. 2016; Schmidt et al. 2003; Schorkopf
et al. 2007; Sommerlandt et al. 2014). Many bees,
including stingless bees, also rely on visual local
enhancement, where the presence of a conspecific
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can increase visitation to a flower (D’Adamo et al.
2000; Slaa et al. 2003; Sommerlandt et al. 2014). Pre-
sumably, social bees will rely less on their personal
experience with particular colours when selecting
flowers if they also have available the social infor-
mation provided by nestmates. Alternatively, some
foragers in our experiment may simply have been
sufficiently experienced with all three flower types
in our sets (i.e. had visited and could recall the rela-
tive values of Flowers A, B, and C) such that they
had no need to make generalisations about flower
colour once the preferred flower was empty. Indeed,
some visitation of the low-quality flowers (A and B)
persisted throughout the pre-removal stage of trials,
though we cannot confirm whether this was the result
of a few foragers repeatedly visiting these flowers,
or many different foragers visiting them infrequently.
Whichever the case, we cannot rule out that 7. car-
bonaria will sometimes respond to high-reward flow-
ers by later selecting similar colour choices (e.g. in
cases where no social information is available, and/
or if they have no direct experience with other flower
types in a patch). Ultimately, tests of individual 7.
carbonaria, in the absence of social information,
would be needed before direct comparisons with
previous studies on bumble bees or honey bees can
be made.

The natural foraging landscape for T. car-
bonaria may also help to explain why we did
not detect colour generalisations by foragers in
response to empty flowers in this study. In Aus-
tralia, many naturally occurring mass flowering
plants are trees containing thousands of flowers
of the same species, such as those in the fam-
ily Myrtaceae (e.g. eucalypts (Somerville 2019)
and Australian stingless bees often forage in trees
(Bueno et al. 2021; Griiter 2020). Compared to
meadows, where bees are likely to encounter
multiple flower species growing next to each
other, mass-flowering trees represent a less het-
erogenous foraging environment. Future efforts
to understand the responses of stingless bees
to empty flowers may require therefore a better
understanding of how they experience foraging
spaces with both high and low flower hetero-
geneity. For example, T. carbonaria and other
stingless bees may regularly need to respond to
empty flowers within inflorescences on a single

plant, rather than within patches of closely posi-
tioned different flowers.

Social insect colonies may benefit from hav-
ing some workers that visit food sources other
than those known to be the most profitable. For
example, in mass recruiting ant species, not every
ant will follow pheromone trails. Individuals that
are not following the main trail may find new
resources and may make colonies quicker to real-
locate foragers if the most profitable food source
becomes unavailable (Deneubourg et al., 1883;
Deneubourg et al. 1987; Vitttori et al., 2006). In
bees, variation in the foraging strategies of indi-
vidual bees can similarly allow colonies to adapt
quickly to changes in resource availability. Bumble
bees (B. terrestris) that are more likely to visit less
profitable flowers in a patch are also more likely to
visit novel flowers (Evans and Raine 2014), sug-
gesting that these more error-prone individuals
are most likely to be first to locate newly available
resources. In A. mellifera, individual bees may
have different foraging search strategies (different
foraging’personalities’; Dyer et al. 2014; Smithson
and Gigord 2003). Some foragers are fast to learn
the value of new resources, while others are slow
to change preferences once established. The effi-
ciency of these different strategies varies depend-
ing on how often flower quality changes in a patch
(Dyer et al. 2014). Worker bees may also vary in
their reliance on social information to make forag-
ing choices, ensuring an optimal balance between
benefiting from group knowledge and finding
new resources. (Gigord et al. 2002; Johnson et al.
2003). Although our experiments record only col-
lective-level foraging responses, our data is con-
sistent with 7. carbonaria foragers from the same
colony showing variability in their response to the
same floral cues, given that all three flowers in a
patch were used by at least some foragers. Further
work is needed to better understand how variation
in foraging decisions between workers, or “error”
in foraging decisions, contributes to the foraging
ecology of stingless bees.

High-quality flowers can sometimes facilitate
increased visitation to the lower-quality flowers
in the same patch (spillover caused by a “magnet
plant” effect). Magnet plant effects are potentially
important in the context of crop pollination, either
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because they can be used to entice wild or man-
aged pollinators to crop blooms which might oth-
erwise be a less-preferred floral resource (Johnson
et al. 2003; Montero-Castafio et al. 2016; Horna
Lowell and Murphy 2022), or because the mag-
net plant competes with the crop for pollinators.
Given the promising prospects of T. carbonaria
as a pollinator of some Australian crops (Heard
1994, 1999; Kendall et al. 2020), we recommend
that the susceptibility of this species to magnet
plant effects is a fertile area for future investiga-
tion. In our study, while we found no evidence for
flower colour generalisation in foraging decisions
(and thus no support for the idea that magnet plants
near crops must share flower colour with the crop
to be effective), we do find that 7. carbonaria for-
agers continually visited the lower-quality flow-
ers adjacent to the highest-quality flower in our
experimental patch, consistent with a possible
magnet effect of the high-reward flower. Further
experimental work comparing 7. carbonaria visi-
tation to experimental patches with and without
high-reward plants is now needed, as well as field
data of natural foraging behaviour in this species,
to better understand how co-located plants impact
foraging choice. Indeed, magnet plant effects
remain largely unstudied for all pollinators in Aus-
tralian agricultural or natural ecosystems (Gilpin
etal. 2019a).

In all, our experiment demonstrates that 7.
carbonaria are versatile social foragers, capa-
ble of quickly learning to abandon previously
rewarding but unavailable resources when for-
aging alongside nestmates. Their floral choice
in a patch was not influenced by colour similar-
ity to high-quality flowers, and some foragers
visited lower-quality resources in a patch even
when high-quality options were present. We
suggest that 7. carbonaria’s ability to adapt
quickly to new resources, and willingness to
forage on resources irrespective of their qual-
ity, may make them suitable targets for magnet
plants in a crop pollination context, and war-
rants further investigation. If and when their
foraging choices are influenced by floral colour
generalisations, and whether such behaviour
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impacts pollination networks in Australia, also
requires further study.
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