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Can flower constancy in nectaring butterflies be explained
by Darwin’s interference hypothesis?
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Abstract When foraging for nectar many insects exhibKey words Foraging efficiency - Majoring - Butterfly -
flower constancy (a preference for flower species whi&eward - Learnir.i
they have previously visited) and frequently ignore re-
warding flowers of other species. Darwin proposed the
favoured explanation for this behaviour, hypothesizidgtroduction
that learning of handling skills for one flower species in-
terferes with the ability to recall handling skills for preHoneybees are proverbially industrious yet appear to be
viously learned species. A crucial element of this hinefficient. The phenomenon of flower constancy (exhib-
pothesis is that savings in handling time resulting froimed by honeybees, bumblebees and butterflies) seems to
constancy must exceed increases in travelling time nepresent a sub-optimal pattern of foraging that attracted
cessitated by ignoring other suitable species. A conviltiee interest of Aristotle (Grant 1950) and Darwin (1876),
ing quantification of this trade-off has not been achievadd continues to provoke empirical and theoretical stud-
and tests to date on bumblebees indicate that savinge(Lewis 1986, 1989; Possingham et al. 1990; Real et
handling time are too small to offset an increase in tral: 1990; Woodward and Lavert 1992; Goulson and Cory
elling time. To assess further the validity of Darwin’s hyt993; Goulson 1994; Laverty 1994a,b; Goulson et al.
pothesis, handling and flight times of the butterfl,997). Individual insects learn to associate a particular
Thymelicus flavuswere measured under natural condeolour, shape or scent with reward and visit a particular
tions, and the abundance and reward provided by flosver species more frequently than would be expected
available flower species quantified to enable estimatibg chance. In doing so they are presumed to incur a pen-
of foraging efficiency. Butterflies exhibited a mean imalty of increased travelling time in comparison to a gen-
crease in handling time of 0.85 s per flower associatealist strategy of visiting all suitable flowers, and may
with switching between flower species, although traso ignore more rewarding alternative “prey” types
magnitude of this difference varied greatly among flowé\ells and Wells 1983, 1986).
species. Switching was not associated with a decrease iseveral explanations for flower constancy have been
travelling time, contrary to expectation. Switching wgsoposed (Darwin 1876; Proctor and Yeo 1976; Real
more frequent following a lower than average rewal®81; Barth 1985; Waser 1986; Dukas and Real 1993a),
from the last flower visited. In butterflies, flights servbut the consensus at present is that constancy is a result
functions other than movement between nectar souradsrestricted knowledge and learning constraints. Insects
such as mate location (unlike worker bees). Hence comy be flower-constant because they do not have infor-
stancy may be a viable strategy to reduce time spentmation on rewards available from alternative sources
handling flowers and increase time available for oth@iells and Wells 1986). Also, foragers may be con-
activities. Although savings in handling time may b&trained by their ability to learn, retain and retrieve mo-
small, Darwin’s interference hypothesis remains a vator skills for handling several prey types (flower species)
explanation for flower constancy in foraging butterflies.(Hughes 1979). Learning to extract nectar or pollen from
within the structure of a flower takes a number of visits
to that flower species, resulting in a decline in handling
time on successive visits (e.g. Laverty and Plowright
D. Goulson []) - J.C. Stot - S. A H 1988; Lewis 1986, 1993). Knowledge of how to handle
Uﬁivgrusﬁ)c/)%f S)outHan'"lpt(?r:J, Debarimgmsoc;nBiology, one ﬂqwer Species can be lO.St when it |s_replaced by In-
Biomedical Sciences Building, Bassett Crescent East, formation about handling a different species, or retrieval
Southampton SO16 7PX, UK of memories may be hampered by switching between
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species of flower differing in floral morphology (interFlower species and nectar reward
ference effects) (Heinrich et al. 1977; Stanton 1984; Go-

. ; . cluding casual observations, we notedlavusvisiting flowers
uld 1985; Lewis 1986; Woodward and Laverty 19923} nine plant species (although some of them were visited very

Hence after the initial learning process a flower-constafely): Vicia cracca, Lathyrus pratensis, Trifolium praten@e-
forager maintains a low handling time, while a labile fobaceae)Achillea millefolium(Compositag) Centaurea scabiosa,

ager may incur a penalty of an increased handling tifrRontodon autumnaligAsteraceae)nautia arvensigDipsacac-

: : ; . ae),Rhinanthus minofScrophulariaceae) andinacamptis pyra-
following switches between flower species. This is & idalis (Orchidaceae). We estimated the abundance of flowers of

sentially an amplification of the hypothesis first pranese nine species using a 182-m transect across the study site tak-
posed by Darwin (1876) (Waser 1983). en on 25 July, recording all fully open (but not senescent) inflores-

Despite the proliferation of literature discussing theences within 1 m either side of the transect. The transect was

causes of flower constancy few tests have been atteripgsed to lie across the centre of the area used for behavioural ob-
- 7. . servations.

ed, ’and there is little empirical evidence to support Dar-1 fayusprimarily visited flowers of four species of plarg:

win’s explanation for flower constancy. Tests to date (@Babiosa Lathyrus pratensisTrifolium pratenseand V. cracca

bumblebees) found that increases in handling time félowers of the three legume species are all similar in structure, al-

lowing switching were too small to compensate for saﬂh—ough th‘]?y d'ﬁe;lmarked'y in ﬁo'o‘” (toathe humag eye) a?d the

ings in travelling time (Woodward and Laverty 199 000 AR o e rasconbo o1 e pratenserequently

s >20 red flowers per inflorescense craccad—8 purple flow-
Laverty 1994a; Gegear and Laverty 1995). WOOdwaégs andL. pratensisl-5 yellow flowers.C. scabiosas a typical

and Laverty (1992) found small interference effectemposite with many small purple flowers. We measured corolla
(0.8-2.0 s) when caged bees were forced to switch Bgpths for 30 flowers of each of these four most frequently visited
tween two flower species. Laverty (1994a) found no iEI_ant species. The volume of nectar was also recorded for these

lant species to ascertain any differences in nectar availability. We
terference effects when bees foraged naturally am sured the volume of nectar available both in flowers which

four plant species with simple flower structure, artthd been covered by a paper bag for at least 90 min, and in flow-
small effects when switching between two complexs which had not been covered. We removed nectar from five

; i lowers on each of ten inflorescences from different plants for
flower species [ 1 s). Similarly, Gegear and Lavert); ach of the four species, both covered and uncovered. Samples

(1995) found that interference effects were linked {f.re taken on two consecutive days (22—23 July) between 10 a.m.
morphological complexity: there were no interference efnd 3 p.m., during which time the weather was approximately uni-
fects following learning of a second flower species withrm and sunny and. flavusand other insects were active. Nectar
simple morphology, but an increase in handling time gps extracted using a drawn-out glass microcapillary tube, and the

. op of nectar blotted onto filter paper (Whatman Type 1 Qualita-
2.2 s resulted from learning to handle a complex flow ). A calibration curve was constructed using known volumes of

Also, experience with other Spe_cies of brO&d'y similaficrose solution pipetted onto filter paper. The resulting linear re-
flower morphology may actually increase learning ratgeession line fitted through the origin (area=2675.1xvolume,
(Laverty 1994b). r2=0.98) was then used to convert the diameter of each circle on

S ;< the filter paper into a volume.
We attempt to test Darwin's interference hypothesis maDuring the same period we measured nectar concentrations us-

the small skipper butterflyrhymelicus flavugl.epidop- ing a refractometer (Bellingham and Stanley Ltd., London, UK)
tera: Hesperiidae). flavusexhibit a significant “history powered by a portable generator. To obtain sufficient volumes ten

effect” (sensuLewis 1989), in that they are more likelynflorescences on different plants of each species were covered

to visit flowers of the same species as that last visit ith fine netting for 4 h before extracting nectar as above. Nectar
from ten flowers from each inflorescence was combined to pro-

. . . . 1.
after taklng Into account spatlal effects ("e' they eXh'Qlfje sufficient volumes for accurate measurement of concentra-
a degree of constancy) (Goulson et al. 1997). Howewugyy.

switching between flower species is common (Goulson
et al. 1997). We test whether butterflies do incur a pengl—tt v forading behaviour
ty of increased handling time when switching betweéf{ o' foraging behaviou

species under natural conditions. Secondly, we tegtquantify flight and handling times we recorded the sequence of
whether flight times are shorter when butterflies switelsits of individual T. flavus foraging under natural conditions

between flower species. By quantifying time budgets a@@ong flowers onto a dictaphone, and subsequently transcribed

; ; s o tiggings from the audio tapes using the behavioural analysis soft-
nectar rewards we estimate the relative efficiencies re packag@bserver(Noldus Information Technology, Wage-

constancy to particular flower species and switchingngen, The Netherlands). All recordings were made between
Lastly, we examine factors triggering switching behage a.m. and 3 p.m. Flight times between flowers and handling
iour. time on each flower were recorddd flavusis unusual in its toler-
ance of very close observation while foraging, so that the time tak-
en from landing to location of the nectaries could be observed
- (during which the proboscis is maneuvered into position) hence-
Materials and methods forth called probing time. Once the nectary was located the pro-
boscis became still or pulsed rhythmically as the butterfly imbibed
Field-work was carried out in July and August 1996 at Yew Hillectar (henceforth called feeding time). We followed each butter-
Nature Reserve (near Compton, south of Winchester, HampsHie until it was lost from sight, engaged in a swirl with a conspe-
NGR 455265) in southern England. Yew Hill is a flower-riclgific or ceased to visit flowers. In total 121 individuals were fol-
grassland on chalk soils with a north-easterly aspect, and suppomegd while visiting 1408 flowers (the range of flowers visited per
a large population of. flavus butterfly was 3-36). None of the butterflies oviposited during ob-
servation.




227

Fig. 1 Numbers of inflores- 357
cences of each of the ten plant
species visited byhymelicus 3l ) )
no. inflorescences in transect

flavusin an 182 mx2 m tran-

sect across the study site, and

the total numbers of individual 2.5
flowers and inflorescences ac-

Ono. inflorescences visited
M no. florets visited
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Analysis Bfeeding time
. . . . . Oprobing time with previous visit
Probing, feeding and flying times were analysed using ANOVA to® fo samo species |

M probing time with previous visit
to different species

1

partition differences between plant species and according tQ
whether the butterfly arrived from a different flower species or the
same species. Mean times were used per each individual for gach
of the flower species visited. Probing times did not approximate%a
a normal distribution, and so a Box-Cox procedure was used toes-
timate the appropriate transformationi<Y0-179 (Sokal and Rohlf &
1981). Similarly feeding times and flying times were log-trang- ¢ |
formed to achieve approximation to normality. Flights were e§-3,
cluded from the analysis when the butterfly returned to the same
inflorescence. Plant species and previous experience (same flowér,
different flower or unknown) were initially included as factors,
and all two-way interactions, with sequential removal of factorsO

which did not contribute significantly to the model. c oo v oaca R E—

Fig. 2 Feeding and probing times (mean+SE) of T2flavusvis-

iting flowers of four species. Probing times are separated accord-

ing to whether the flower that the butterfly previously fed upon
of the same or of a different species. Sample sizes for feeding

T,h,e abundance of the nine species Qf flower Seen to}[,i\ﬁ%, probing time (previous visit to same species) and probing
visited by T. flavus matches approximately with theime (previous visit to different species) were 869, 790 and 26 for
number of inflorescences of each which were actuaflgntaurea scabiosa53, 376 and 28 fovicia cracca 49, 30 and
visited by the 121 foraging butterflies (linear regressio for Lathyrus pratensiand 37, 26 and 9 fdfrifolium pratense
r2=0.89, F, =54.9,P<0.001) (Fig. 1). Since visits were'eSPectivel’
scarce to all but four flower speciégs. (scabiosaV. cra-
cca L. pratensisandTrifolium pratensganalysis of time same flower species (means 5.10 and 5.7 §,0.35,
budgets during foraging was confined to these species.) (Fig. 2). However, although probing time did not
Overall, differences in probing time for each flower spéiffer significantly according to either plant species or
cies were not significantF 30s~1.17, n.s.), with meansswitching/constancy in isolation, there was a significant
of 5.3, 4.6, 6.2 and 2.8 s f@. scabiosaV. cracca L. interaction between the twoF{ 3,52.72, P=0.014)
pratensisand T. pratensg(Fig. 2). There is no obvious(Fig. 2). Probing times differed markedly according to
relationship between probing time and corolla depgitevious experience in only one flower speciespra-
(5.1+0.13, 7.3£0.09, 9.0+£0.22 and 10.5+0.14, mmzS&nse (means 6.07 and 2.63 s, respectively). [Equrat-
for C. scabiosaV. cracca L. pratensisand T. pratense ensisthe mean probing time is actually higher following
respectively). NotablyT. pratensehas the deepest flow-a recent visit to the same species (Fig. 2). There is no ob-
ers yet the shortest mean probing time. vious relationship between morphological complexity
Overall there was no significant difference in probinand the effects of experience on handling time (for ex-
time following a switch in plant species visited comample, the probing times for the three legumes exhibit
pared to butterflies which had previously visited thguite different patterns).

Results
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Fig. 3 Nectar volumes (+SE) in flowers of the four plant specidsg. 4 Nectar concentrations (+SE) in flowers of the four plant
most commonly visited by. flavus Flowers were either uncov- species most commonly visited Ay flavus Nectar was pooled
ered, and thus exposed to depletion of nectar levels by visitingfimm ten inflorescences, and five samples taken per species. Re-
sects, or covered in paper bags for 90 min to exclude insects. fractometer readings were calibrated against known concentrations
each species five flowers were sampled from ten inflorescencesbsucrose solutic:

separate plan:s

As might be expected, feeding time was not affected®|
by switching/constancyF ,,;~1.81, n.s.), but differed
between plant specie$4,,~4.31, P=0.006). The pri- %
mary cause of this difference is the greater feeding tifg
on L. pratensiscompared to other species (Fig. 2). Corf
trary to expectation, there is little apparent rela‘cionsrﬁ;p10
between mean feeding time and the mean levels of negtar
available in the four species, although pratensehas ¢ -
both the lowest nectar volume in uncovered flowers ahd,
the shortest feeding time (Fig. 3). The nectar volume,
present differed significantly among species when both
uncovered and covered (Kruskal-Wallis tegt;=45.1, °
P<0.001, anc2,=155.4,P<0.001, respectively). Howev-
er, nectar volumes when covered versus uncovered were
not closely linked: in particulat,. pratensiscontained g 5 Fiight times of foraging butterflies. THest four columns
approximately 3 times more nectar thdncraccaunder indicate flight times of butterflies which visited the same flower
natural conditions, but when insects were exclutled species successively (they were flower-constant). The mean for all
pratensisaccumulated about half of the nectar voluniﬁg{ %f‘ﬂ}gfﬁ%?scs\'/ﬁg‘ S?N i?gﬁf}g”gtet\%gg; ?;g&gfgggé;of("
found in V. cracca(Fig. 3). C. scabiosaproduced the ;g Based on 418 flights by 121 butterflies
highest volume of nectar under both conditions, and also
the highest concentration of nectar, although differences
between species in nectar concentration were not statistire between flowers differed significantly according to
cally significant (Kruskal-Wallis tes2,=4.16,P=0.24) the plant species visitet{,,4.24,P=0.007). This dif-
(Fig. 4). ference is primarily attributable to the greater flight time

Feeding times have been shown to be indicative of thiben foraging among. pratensiscompared to the other
volume of reward obtained (Harder 1986, Kato 198&pecies (Fig. 5). Overall there was no difference in the
Thus we can examine whether butterflies were mdtight time when butterflies were constant compared to
likely to switch species following a lower than averagghen they switched between flower species, (=2.69,
reward (as indicated by a feeding time below the averd®gD.104), although on average insects flew for longer
for each flower species). Of 405 flights between infloreghen switching between flower species (Fig. 5). There
cences, 348 were between the same flower specieswad no relationship between feeding time and subse-
57 involved a switch (14%). Switching was less commauient flight time E; 3050.017, n.s.).
following an above-average reward; switching occurred Expected rewards for strategies of constancy to each
in 9 out of 117 flights (7.7%) compared to 48 out of 28# the four plant species can be calculated from the mean
flights (16.7%) when the last reward received was lowward per inflorescence (nectar concentrationxvol-
(x2,=4.8,P<0.05). umexno. flowers visited) divided by the total of mean

The mean flight time between inflorescences for foobserved flight, probing and feeding times (Table 1).
aging butterflies was 5.70 s (+0.68 SE). When insedthis calculation assumes that the nectar reward in ran-
visited successive flowers of the same species, the flightnly selected inflorescences is representative of those

+/- SE

-+
_+
3=
I

C. scabiosa
V. cracca

L. pratensis
T. pratense
constant
switch
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Table 1 Calculation of expected rewards per time for constancgscences are visited in proportion to their abundance, and uses
to each of four flower species versus switching between specisserved flight times
Expected reward from a strategy of switching assumes that infin-

Centaurea Vicia cracca Lathyrus Trifolium Switching
scabiosa pratensis pratense
a) Observed flying time 4.10 3.77 11.5 7.00 9.72
b) Handling time per 8.46 7.74 12.8 5.34 9.08
flower (probing+feeding)
c) Mean no. Flowers 4.16 1.78 1.50 2.18 241
visited per inflorescence
d) Handling time per 35.2 13.8 19.2 11.6 21.9
inflorescencelfxc)
e) Reward per flower 3.73 0.86 2.37 0.16 1.72
(Kg sucrose)
f) Reward per 15.5 1.54 3.55 0.35 5.34
inflorescence|fg sucrose)dxe)
Reward per timeyg s?) 0.39 0.09 0.12 0.02 0.17

(fl(a+d))

actually visited; there is evidence that bees may be abith experience is in accordance with Darwin’s interfer-
to detect and avoid inflorescences which contain little reace hypothesis (Darwin 1876), and with laboratory
ward (Corbet et al. 1984; Wetherwax 1986; Kato 198&udies of butterfly behaviour (Lewis 1986). It is also in
Duffield et al. 1993; Guirfa 1993). The calculation doemyreement with studies of bumblebee foraging under
not take into account differences in energetic costsoafged and field conditions (Woodward and Laverty
different foraging strategies which may relate to the prb992; Laverty 1994a), both in that there is a saving in
portion of time spent in flight. The expected reward férandling time associated with constancy, and that this
C. scabiosais markedly higher than for the other spesaving is small. The mean increase in handling time
cies, withT. pratensehe least efficient choice. The exfound here (0.85 s) is similar to that found for caged
pected reward from a strategy of switching can similafyimblebees switching between two plant species
be approximated by using the mean reward per flonl@8—2.0 s) (Woodward and Laverty 1992) and for bum-
weighted according to frequency of each flower speciglebees foraging naturally among four plant species
(i.e. assuming that the butterfly visits flowers as it ezl s) (Laverty 1994a). The increase in handling time is
counters them), and using actual mean flight time foonsiderably less than that found for the butte®igris
butterflies switching between flower species. Visitingapae(7 s) (Lewis 1986), but in the latter study effects of
each of the four flower species as they are encountesedtching were quantified after long periods of enforced
results in a lower reward per time than constancg.to constancy under laboratory conditions.
scabiosabut a higher reward than constancy to the otherLaverty (1994a) argues that the small saving in han-
three flower species despite the small increase in probitigg time he observed is insufficient to account for con-
time. stancy, since Darwin’'s hypothesis depends upon the
avoidance of interference effects resulting in a time sav-
ing in excess of the increased travelling time required by
Discussion constancy (compared to visiting all available flowers).
Our estimates of reward per time indicate that constancy
Differences in the proportions of inflorescences of platt C. scabiosais the most profitable strategy, with
species visited byrhymelicus flavusan be attributed switching more profitable than constancy to the other
largely to differences in abundance, with common sgbree species. Contrary to naive expectation the observed
cies visited more than scarce species. Despite the gfiggitt time for movements between different flower spe-
differences in mean nectar volume between flower spées (9.72 s) is greater than the mean flight times for
cies, no clear preferences for the more rewarding speciesstancy to three of the four plant species. Switching is
are apparent in terms of overall visitation. not associated with a saving in travelling time. This find-
We demonstrate that, for butterflies foraging undérg is in accordance with previous studiesTbfymelicus
natural conditions, recent experience of a particuldvus which suggest that switching is associated with
flower species may reduce the time required to locate theger flights (Goulson et al. 1997). In bees, constancy
nectaries on subsequent visits (although this differertoean artificial flower has been found to decline with in-
was marked only fofrifolium pratensg It is worth not- creasing flight time between visits (Greggers and Menzel
ing that for one plant specieks. (pratensi} there was ac- 1993), while a low reward may actually trigger longer
tually a non-significant decrease in handling time follovilights (Dukas and Real 1993b). We may expect switch-
ing switching. The overall decrease in handling timieg to occur when an individual finds itself in an area in
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which the preferred food source is absent or scarce. Rlferences
ternatively switching may be triggered by a low or zero

reward in recently visited flowers. Using the feedingarth FG (1985) Insects and flowers, the biology of a partnership.
time per flower as an indication of reward received, we George Allen and Unwin, London
found evidence for the former. Switching occurred mo?é’fgeelteif\ﬁ;g;'ﬂé% %gv%érBsr?r;Ng F%t('iﬂhcj)f?gdpi'g%‘(3159;33_)2%2”2%95
frequently following a 'OWeF th.a.” average feeding tIm&?esswell JE (1990) How and why do nectar-foraging bumblebees
In bees, low rewards from individual flowers are known “jnitiate movements between inflorescences of wild bergamot
to promote movement among inflorescences of the samemonarda fistulosgLamiaceae)? Oecologia 82:450-460
flower species (Cresswell 1990; Kadmon and ShmiBarwin CI(I%'87?1) Th?vleffectsLof %ross- and self-fertilization in the
i animal kingdom. Murray, London

1992) a.”d have been found. t.o promote .SW|tCh|ng l11_?uffield GE, Ggibson RC, G)i/Ihoon PM, Hesse AJ, Inkley CR, Gil-
tween different coloured artificial feeders in laboratory™ g FS. Barnard CJ (1993) Choice of flowers by foraging
studies (Greggers and Menzel 1993). To our knowledgehoney-bees Apis melliferd — possible morphological cues.
ours are the first field data suggesting switching among Ecol Entomol 18:191-197 ' _
ﬂower Spec|es as a result Of recelVlng a |0W reward Dukas R,Real LA (1993&) Leal‘n_lng COI’IStl’aIr?tS and floral choice

In T. flavusthe flowers encountered during flights, ,CEnaviour in bumble bees. Anim Behav 46:637-644

. . . g Mg sb}:kas R, Real LA (1993b) Effects of recent experience on forag-

endlng in a switch tended to include low frequenC|eS (6] |ng decisions by bumblebees. Oec0|ogia 94:244-246
the flower species previously visited (Goulson et abegear RJ, Laverty TM (1995) Effect of flower complexity on re-
1997). Hence it seems probable that both low rewards';;rzn(;g% fé%vf\_)/ef-hand“ng skills in bumble bees. Can J Zool
per f'OWef and a IOW abundan_ce of the prefered .ﬂ.owgguld JL (1985) How bees remember flower shapes. Science
may trigger switching behawour, foraging decisions 927:1492-1494
which clearly make economic sense. Goulson D (1994) A model to predict the role of flower constancy

An ideal test of Darwin’s interference hypothesis in inter-specific competition between insect pollinated flowers.
would compare strictly constant individuals with butters  1heor Biol 168:309 314 _
fli hich exhibited t Instead q[ulson.D, Cory JS (1993) Flower constancy and learning in the

Ies which exhibited no constancy. Instéad, we SuggeStioraging behaviour of the green-veined white buttemgris

that the butterflies are facultatively constant, moving be- napi. Ecol Entomol 18:315-320
tween flowers of the same species when that specie§asison D, Ollerton J, Sluman C (1997) Foraging strategies in the

i itehi i small skipper butterfly,Thymelicus flavuswhen to switch?
abundant and rewarding, but switching if they cannot AN Bahay 310094018

fmd. it. By eXpIO't'.ng the patch_y T‘at“re of flower dIStrI'Gran‘[V (1950) The flower constancy of bees. Bot Rev 3:82-97
bUUO_nS and for_aglng largely within C'“mps of each pla_@?eggers U, Menzel R (1993) Memory dynamics and foraging
species nectarivores can keep both flight and handlingstrategies of honeybees. Behav Ecol Sociobiol 32:17-29
times to a minimum. Guirfa M (1993) The repellent scent-mark of the honeyhpis

; ; ; ; ; _mellifera ligusticaand its role as communication cue during
Previous studies suggest that, in butterflies, flights be oraging. Insectes Soc 40:59—67

tween flowers are longer than those made by bees gRfler LD (1986) Effects of nectar concentration and flower
are often longer than is necessary simply to find anotherdepth on handling efficiency of bumblebees. Oecologia 69:
flower (Schmitt 1980; Waser 1982; Goulson et al. 1997). 309-315

A probable explanation for this is that, in butterflie$!€inrich B, Mudge PR, Deringis PG (1977) Laboratory analysis
! ' of flower constancy in foraging bumblebeddombus tern-

flights may serve several purposes including mate loca- 4riysandB. terricola Behav Ecol Sociobiol 2:247—265
tion, territory defence and larval foodplant location (agtughes RN (1979) Optimal diets under the energy maximization
tivities not carried out by bees) (Waser 1982; Goulson etpremise: the effects of recognition time and learning. Am Nat

al. 1997). If this is so then Darwin’s interference hypoth- 113:209-221

esis does not require savings in handing time to exc&doR & SR 61 EREIT IS 1 P bees forag
increases in travelling time. Savings in handling timeto M (1988) Bumble bee visits tapatiensspp.: pattern and
may allow more time for these other activities, so that efficiency. Oecologia 76:364-370

any saving is advantageous. Laverty TM (1994a) Costs to foraging bumble bees of switching

s PP i« Pplant species. Can J Zool 72:43-47
A definitive test of Darwin’s interference hypOtheSIﬁaverty TM (1994b) Bumble bee learning and flower morphology.

remains elusive. If butterflies are not constrained by trav- aAnim Behav 47:531-545
elling time (since this may serve other functions) theaverty TM, Plowright RC (1988) Flower handling by bumble-
constancy may be a mechanism for minimising time bees: a comparison of specialists and generalists. Anim Behav

; ; 36:733

Sr?enltjon f-IO,W(;rS' Hr?we.ver It r_gmalns thdbe dlemonStra:j_eegvis AC (1986) Memory constraints and flower choicéiaris
that Darwin’s hypothesis provides a valid explanation fof '\ anae Science 232:863-865
flower constancy in worker bees which are largely freggwis AC (1989) Flower visit consistency Rieris rapae the
from activities other than foraging. cabbage butterfly. J Anim Ecol 58:1-13 _
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