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The relationships among butterfly size, visitatiate, handling time,
and floral display size

By Melissa Pickett

ABSTRACT: A complete understanding of interactions ocaogriat the community level in
pollination networks is necessary to create beteservation policies in a rapidly changing
world. Such interactions may be governed by sesetd morphological characteristics of both
floral displays and insect pollinators. The goatto$ study was to examine the effects of
butterfly size and floral display size on interaos between butterflies and floral displays.
Measurements were made on both floral displayscatt@rflies in the lab, and individual
butterflies were followed in the field to recordenactions between butterflies and floral
displays. Butterfly size was found to significanitifluence visitation rate both within and
across plant species (p=0.0226). Butterfly sizendit significantly influence handling time
though a negative relationship was apparent betwettarfly size and handling time within a
plant species. Floral display size did not sigaifitly influence visitation rate (p=0.6888). Both
nectar depth (p=0.001) and abundance (p<0.001) foarel to significantly influence total
number of visits. Floral display size had no défre relationship with handling time.

Exclusion of a single flowering species resulted significant relationship between the two
variables (p=0.034) suggesting that more researolkdessary to determine if a relationship
exists. The results of this study suggest thapkmize-based morphological features of both
butterfly pollinators and the floral species theésitinfluence interactions between the two, and

further research in this direction should be pudsioedevelop more comprehensive models.

INTRODUCTION:

Understanding relationships between plant-polinatorphology and behavior can lead
to a better comprehension of the complex interastmccurring within a community. These
relationships may then be used to make predictibtize frequency and types of interactions

that do occur, ultimately providing better conséioratechniques. Stang et al. (2006, 2007,
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2009) showed that visitor proboscis length, nettthe depth, and relative abundance of species
can be used to predict the frequency of interastlmetween pollinators and flowers. However,
there is still some disagreement between expectédbserved interactions which, as Stang
(2008) suggests, could be due to a failure to cal of the important aspects that determine
plant-pollinator interactions from the pollinatopsrspective. Such aspects might include the
energetic cost of foraging versus the net energgiic (Boggs 1988 and references therein),
which is related to plant and/or pollinator morpiwp} (Woodward et al. 2005). Thus, to better
predict interactions at a community level, otheedbased relationships should be examined, and
where applicable, included in existing models.

Butterflies are frequent visitors to flowers, iraseh of energy and nutrient rich nectar
(Corbet 2000, Bertin 1989). During foraging bolatsnectar, butterflies also transfer pollen
from plant to plant, making them pollinators in nmafistic plant-pollinator networks (Waser
2007, Herrera 1987, Bertin 1989). Though frequembt as efficient as bees, butterflies are still
considered important in their role as plant potioma (Herrera 1987, Bertin 1989). Butterflies
tend to visit inflorescences or flower clusters emfsequently than they do solitary flowers
(Corbet 2000). There is also evidence that buigsr¥isit large inflorescences more frequently
than they do small ones (Gomez et al. 2008, Aretyal. 2007, Vaughton & Ramsey 1998,
Schemske 1976). This may be due to the greateamsegetic gains provided by large
inflorescences as walking between flowers is lessgetically expensive than flight (Corbet
2000) and may suggest that there is a relatiorsttyween inflorescence size and butterfly
visitation rate. This is further supported by Bu{@005) who showed that plants with larger
floral displays received pollinator visits moredteently than plants with smaller floral displays.

As visitation rate is closely related to handlimge (Corbet 2000, Herrera 1989), a relationship
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may also exist between the size of the floral ég@nd handling time. Furthermore, Herrera
(1989) showed that as butterfly proboscis lengtindased, flower handling time ravandula
latifolia decreased. This pattern has also been obsenrariblebees (Inouye 1980), though
the relationship has not been extensively studirdutterflies, proboscis length is positively
correlated with body size, indicating that a negatelationship between handling time and
butterfly size may exist (Knute 2007, Corbet 20B0ggs 1988). This also suggests that there
may be a relationship between butterfly size asdation rate as visitation rate is related to
handling time (Corbet 2000, Herrera 1989). Alsogér animals have higher energetic
requirements than smaller animals (Peters 198Bgrefore, larger butterflies would have higher
nectar requirements met by visiting more flowerd aould have higher visitation rates than
smaller butterflies. In this study | examine te&tionships existing among butterfly size,
proboscis length, handling time, visitation rated doral display size.
To examine these potential size-based relationstiipdollowing hypotheses were tested in this
study:
» Buitterfly proboscis length, body length, and bodgssare positively correlated
* As butterfly size increases, visitation rate (numtifevisits to floral displays per minute)
will increase
» As floral display size increases, visitation rate #otal number of butterfly visits to the
plant species will increase
* As butterfly size increases, handling time per ldigfthe total residence time on a
display) will decrease

» As floral display size increases, handling time glisplay will decrease
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The hypotheses in relation to visitation rate,ltotanber of visits and handling time were first
tested across all plant and butterfly speciesaatarg in the community and second within the
four most visited plant species separately. Intamd experimental size manipulations on two
plant species were performed and the following hiypses tested:
* As the size of a floral display within a plant sjgs decreases handling time will
increase

* As the size of a floral display within a plant sjgscdecreases visitation rate will decrease

MATERIALS AND METHODS:

Sudy site and observation period:

This study took place at the Rocky Mountain BiadadjLaboratory in Gothic, Gunnison
County, Colorado, USA from July 6, 2009 to Augus2609. The study site was located in a
dry rocky meadow. Pollinating insects of four agl@ere observed to be present in the
meadow. Five families of butterflies were seen anl@ast seventeen species were present.
There are 22 plant species flowering in the meadoring this time, 12 of which were observed

to be visited by butterflies (See Appendix).

Sze parameters of butterfly and plant species:

A minimum of five butterflies of each observed cps were captured for morphological
measurements (with the exception of rare speciegich only as many butterflies as | was able
to catch were measured). They were cooled dowrbemgght to the lab where | measured

proboscis length, body length, body mass, andethgth of the forewing. Each butterfly was
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photographed for confirmation of species identitg &0 determine total wing area using ImageJ
software. Butterflies were then released backéomeadow.

Ten flowers or floral heads from each of the fla@ecies visited by butterflies were
collected. Total surface area of the floral digptaumber of open flowers or number of nectaries
(single flowers), corolla diameter, nectar tubetdlegnd nectar tube diameter were measured
with digital calipers and a dissecting microscop@ese measurements were made and provided

by Martina Stang.

Determination of visitation rate and handling time:

| followed individual butterflies for as long asgsible, recording their behavior with a
digital voice recorder. | selected butterflies tofbllowed by entering the meadow and following
the first butterfly | saw. The butterfly was thielowed for as long as possible. Upon losing
the butterfly | walked in a random direction utdame across another butterfly, which | would
then follow for as long as possible. This proogas repeated every day for a minimum of two
hours, over a two week period. For each butterfligserved, | recorded species and which floral
displays were visited. | later analyzed the vom®ordings to determine total time spent at each
display (which I term handling time in this papand the number of floral displays visited per
unit time. Floral abundance was determined oncmguhe two weeks of butterfly observation
by making floral counts at 36 1Gmlots along a transect previously established laytida

Stang.

Experimental manipulations of floral display size:
To further evaluate the effects of floral disptage on handling time and visitation rate,

experimental plots usingriogonum umbellatum andLinum lewisii were constructed.
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Eriogonum umbellatum produces a compact inflorescence whileum lewissi produces single
flowers with five nectaries. Both were visited &wide array of pollinators including butterflies
and could easily be manipulated.

The experiment involvingriogonum umbellatum consisted of six 1mx1m plots. One
third of the inflorescences were enlarged in sires third reduced in size, and the remainder
served as unaltered controls. | increased therggtence size by bringing three floral heads of
adjacent stalks together and using a twist tieotd them in place. | decreased inflorescence size
by removing three umbels unless this would remdvidoavers from the plant in which case |
removed all but one umbel. Plant treatments wamdamly assigned. Plots were observed for
one hour each, in fifteen minute increments wittation between plots after each increment.
These observations were made from 6 July 2009 gtw@wuly 2009, for a total of six hours of
observation.

TheLinumlewisii experiment consisted of three 60cmx80cm experiah@hts, each
consisting of six rows of eight flower picks spadéitm apart. Half of the flowers in each array
were reduced through cutting half of the petalswffile the other half of the flowers remained
as unaltered controls. Plants were randomly platéuk plots. The plots were then observed
for five hours making recordings of visitation amahdling time for all visitors. Observations
were made on thé"910", and 22 of July totaling 15 hours of observation. Buttgeisitation

was too low to provide enough data for statistanalysis.

Data analysis.
Regression analyses were performed using JMP a88 Séftware to evaluate

relationships between floral display size and aisiin rate, floral display size and handling time,



Pickett 8

proboscis length and handling time, body size amtihng time, and body size and visitation
rate. All parameters were found to be normallyrdiated, so no transformations were done on
the data. Regressions were used to evaluateoredaips between butterfly size, visitation rate,
and handling time, and multiple regressions weeglis evaluate the influence of floral display
size on visitation rate and handling time corregfior floral abundance and nectar tube depth.
Though experiments yielded very low butterfly \asibn, a t-test was preformed to evaluate
differences in handling times for the seventeeits/imade by one butterfly tolanum lewissi

plot (Table 1).

RESULTS
Relationships among butterfly morphological features:

There are significant positive relationships betwpeboscis length, body length, and
body mass (Figure 1). The relationship betweerythenigth and proboscis length%®.84,
p<0.0001) shows that there is little variation frdm regression line with the exception of two
points lying above the line. Both of these pomnts based on data from butterflies of the family
Hesperiidae (Figure 1). Because butterflies of tamily differed so much morphologically and
behaviorally from the other four butterfly familigsersonal observation), they were excluded
from all other analyses. Excluding Hesperiidae,rilationship between body mass and
proboscis length was significant’@®.543, p=0.004) as was the relationship betweely brass

and body length (R0.571, p=0.0028).
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Figure 1: Relationships between butterfly body length, proboscis length, and body mass. P-values for body length vs.

proboscis length, body mass vs. proboscis length, and body mass vs. body length are <0.001, 0.004, and 0.0028

respectively. The graphs for body mass vs. proboscis length and body length do not include Hesperiidae data.

Sze influences on visitation rate and total number of visits:

A strong positive relationship was found betweettdstly body mass and visitation re

across all visitedloral species (Figure 2,°=0.676, p=0.0226, n=10)Significant relationship

between visitation rate and proboscis length wese faund within the four most visited ple

species (Figure 3)This relationship was most significant ‘Arenaria congesta (p<0.0001,

n=8) and less significant fa&rigoron speciosus (p=0.0510, n=9andViguiera multiflora

(p=0.0791, n=6, while there was no significant relationship fioee most visited speci,

Heterotheca villosa, though there was a positive trelR’=0.252, n=8).
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Figure 2: The relationship between butterfly body mass and visitation rate across all plant species.
Each point represents average visitation rate for one species of butterfly. P=0.0226.
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Figure 3: The relationships between butterfly proboscis length and visitation rate for the four most visited floral species
(see Appendix). Each point represents the average visitation rate for a butterfly species. The relationships for Arenaria
congesta, Erigoron speciosus, and Viguiera multiflora are significant or almost significant with p-values of <0.0001,

0.0510, and 0.0791 respectively.
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There was no relationship found between floral ldiggize and visitation (total number
of visits) across all butterfly species (Figurd4=0.016, p=0.6888, n=12). The only floral
factors which were found to significantly impacsi@tion were nectar depth and floral
abundance (Figure 5, Nectar Depth vs. Visitatiérd®47, p=0.001, n=12, Abundance vs.
Visitation R'=0.700. p<0.001, n=12). Multiple regression whkge two factors explained
91.6% of the variation in visitation and was nopnoved with the addition of floral size. There
were no relationships between floral display size w@sitation within a butterfly species either
(Figure 6 Speyeria: R?=0.423, p=0.1618, n=b. heteronea: R?*=0.155, p=0.3809, n=7). Nectar
tube depth was found to be the only significantmter for visitation for.. heteronea only

(Figure 7, B=0.597, p=0.0418, n=7).

Floral Display Size vs. Visitation
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Figure 4: The relationship between floral display size and visitation across all butterfly and plant
species. The relationship is non-significant, p=0.6888.
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Abundance vs. Visitation
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Figure 5: The relationships between nectar depth and visitation and abundance and visitation across all plant

and butterfly species. Both relationships are significant with p-values of 0.001 and <0.001 respectively.
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Figure 6: The relationships between floral display size and visitation for the two butterfly species/genus that

visited most frequently (See Appendix). Neither relationship is significant. Speyeria: R’=0.423, p=0.1618, n=6 L.

heteronea: R’=0.155, p=0.3809, n=7
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Lycaena heteronea

y=6.597x + 5.611
R*=0.597
4

#Visits

Nectar Tube Depth (mm)

Figure 7: The relationship between visitation and nectar tube depth for the butterfly species Lycaena
heteronea. It is the only significant factor explaining visitation, and only for this butterfly species.
R’=0.597, p=0.0418, n=7

Sze influences on handling times:

There was no significant relationship between bilftbody mass and handling time
across floral species tR0.137, p=0.1235) nor between floral display size handling time
across all butterfly species{0.068, p=0.4101). There was no relationship betwftoral
display size and handling time across butterflycgseafter correcting for number of open
flowers (or accessible nectaries) and nectar tepehd However, exclusion of just one floral
speciesEriogonum subal pinum, showed a significant negative relationship betwibertwo
variables (Figure 8,%0.407, p=0.034, n=11). There were also no relatigss between floral
display size and handling time within butterfly sjgs after correcting for these factors through
multiple regression Speyeria: R’=0.370, p=0.2002, n=6L.. heteronea: R*=0.049, p=0.6342,

n=7).
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Floral Display Size vs. Handling Time
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Figure 8: The relationship between floral display size and handling time after excluding Eriogonum
subalpinum. Each point represents the average handling time for a butterfly species. P=0.034
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Figure 9: The relationships between butterfly proboscis length and handling time for the four most visited floral species (see
Appendix). Each point represents the average handling time for a butterfly species. All relationships are non-significant.
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When handling time was considered individuallytfoe four most visited plant species, there
were still no significant relationships betweentérity proboscis length and handling time,

though negative relationships between the two béagawere evident (Figure 9).

Experimental size manipulations on handling time and visitation rate:

Neither experiment yielded many butterfly visitais. Of the insect visitations tonum lewissi,
63.9% were made to unaltered flowers while 36.1%eweade to the reduced flowers (See Table 1).
Solitary bees made up 57.3% of all visits, withadlier insect species making up the remaining 427 %
visits. Butterflies (including Hesperiidae) madgeanly 4.8% of all visits and included only three
individuals. A t-test preformed based on the atgins of one butterfly to multiple flowers withihe
plot. was non-significant (p=0.7841, n=17). Notertties visitedEriogonum umbellatum. Solitary bees
contributed 67.5% of all visits, with flies contuting 17.5% of visits, and the remainder was mada b
surphid fly. There was little difference in thergentages of visits to each of the three treatm&ue

Table 2).

Table 1: Number of visitations made to altered analtered_inum lewiss by all insect visitors.

Solitary | Bumble | Bee Butterflies | Flies Surphid Other
Bees Bees Fly Flies Insects
Unaltered | 212 27 45 20 37 10 7
Plants
Altered 109 17 30 7 20 9 10
Plants

Table 2: Number of visitations made to controtlueed, and enlargegrigonum subal pinum by
all insect visitors.

Solitary Bee Fly Bee Fly
Reduced Size 7 3 1
Control 10 5 0
Enlarged Size 10 4 0




Pickett 16

DISCUSSION
Relationships among butterfly morphological features:

Butterfly proboscis length, body length, and boagss were found to be significantly,
positively correlated (Figure 1) in agreement wiitea morphological scaling found in separate
studies by Knute (2007), Corbet (2000), and Bod§88). Such size based scaling in butterflies
is consistent with morphological scaling found ther organisms as well (Borrell 2007, Agosta
and Janzen 2005, Bullock 1999, Silva 1998, Bullacll Pescador 1983). These relationships
are important as they are correlated to multigéehistory traits and influence the number and
types of interactions which can occur within a camnrty (Woodward et al. 2005). The longer
proboscis lengths observed in larger butterfliey merease the number of flower nectaries
accessible to them, providing for their greatertaeecquirements as compared to smaller

butterflies. This feature may also increase themerality as pollinators.

Sze influences on visitation rate:

Butterfly size (as measured by both mass and pobtength) was significantly related
to visitation rate both across the floral commuaityl within individual floral species, providing
evidence in support of the second hypothesis. eflies of all sizes were observed to feed from
the same floral species (see Appendix). Howewaeger individuals have higher energetic
requirements than smaller individuals (Peters 198Bjch for butterflies is provided by nectar
from flowers. This means that larger butterfliesstnobtain higher quantities of nectar than
smaller butterflies to maintain their metabolic ggsses. As they are feeding from the same

floral species, more visits must be made to olitaerhigher levels of nectar. The results of this
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study suggest that this is occurring within thdipator community. As larger butterflies are
more frequent visitors to flowers than smaller édties, it is possible that their role as
pollinators is more important than that of smaliatterflies as they have more opportunities to
pick up pollen on their bodies and distribute ittba stigmas of more flowers. This, however, is
speculation and would require further study inipallor efficiency to determine how butterfly
visitation is affecting plant reproduction from thkant’s perspective.

Interestingly, floral display size did not appé&ahave a significant influence on
visitation rate, contrary to what has frequentlgmeeported both for butterflies and for the
entire insect pollinator community in general (Gane¢al. 2008, Arroyo et al. 2007, Buide
2005, Vaughton & Ramsey 1998, Schemske 1976). mhishave been due to a short
observation period which failed to capture the alctsitation to large floral displays or to error
in measuring the floral size actually importanirifiuencing visitation. It is also possible that
other factors are much more important in deterngmisitation than floral display size. Nectar
depth and abundance were shown to be importamréact determining plant-butterfly
interactions in concurrence with findings by Statgl. (2006). It is also interesting that
butterflies, which have some of the longest probssif insect pollinators (Krenn et al. 2005),
visited flowers with deeper nectar tubes more fesdly than those with shorter nectar tubes,
even though they did visit flowers with a rangenettar tube depths. This suggests that there
may be more morphological matching between prokdsagth and the nectar tube depth of
visited flowers than previously thought. Butterflimay visit flowers with deeper nectar tubes
more frequently than they do flowers with shorttaetubes due in part to competition with

other insect pollinators. By visiting flowers assible to fewer insects, the chances of obtaining
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nectar are greater, potentially resulting in marergetically optimal foraging efforts, though this

requires further study.

Sze influences on handling times:

Neither butterfly size nor floral display size wagnificantly related to handling time.
However, there did appear to be a negative trehddssn butterfly proboscis length and
handling time within a plant species (Figure Shehegative trends | observed combined with
Herrera’s (1989) findings that butterfly handlimogé decreased with increasing proboscis length
as well as Inouye’s (1980) study showing the sastagionship with bumblebees, suggests that a
relationship between the two variables likely derist. Failure to capture this relationship was
probably due to difficulty in ascertaining handlitage per flower. In this study handling time
was defined as the total amount of time spent fboral head, excluding events which were
clearly not feeding bouts. However, this methatbigs differences based on the number of
flowers a butterfly actually probes, contributimgthe large variation. Determining handling
time per flower rather than per floral head wouédrbore informative and reveal if a relationship
between butterfly size and handling time reallygderist. This might best be done by using a
video camera to record feeding bouts and countergés or by observing single feeding bouts
with binoculars, a counter, and stop watch in taklf rather than following individual
butterflies to try to determine both handling tiared visitation rate simultaneously.

There seemed to be no relationship between ftbsalay size and handling time. This
suggests that the energetic expenditures of maintaa position upon a floral display are not
greatly different between floral displays of vaisasizes. However, there are many other

morphological features, such as distance betweadividual flowers and the spatial distribution
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of nectar within a floral display which differ be#en the plant species which were visited.
These factors were not investigated either in tinfmence on handling time, nor on their
potential to confound the study. It is possiblattlooking only at species with similar nectar
depths, nectar distributions, and distances betwebwidual flowers in an inflorescence, but
differing display sizes may reveal that size daegehsome influence on handling time, though
other morphological features are more importamfluencing this feature. Due to difficulties
in finding species meeting these requirementsay bbe more valuable to make experimental
manipulations of size within one flower species(below) or to use a species (suckhemaria
congesta) which naturally varies in size, to control fohet confounding factors.

It is also worthy to note that exclusion of a $énglant species resulted in a significant
negative relationship between floral display sizd handling time. This plant species,
Eriogonum subal pinum, forms a floral display from multiple umbels. Hewver, umbels do not
align to form a continuous platform and differ ieight as well. Thus, the umbel size may be
more important for handling time than the totaksuf the display, which may imply that floral
size does have an impact on butterfly handling tifdae to the incongruous results of this
study, more research is needed before any conokisioould be made on the influence of floral

display size on handling time.

Experimental size manipulations on handling time and visitation rate:

Butterfly visitation was too low at both experint@nocations to draw any statistical
conclusions on the influence of floral size ontagon. There was also no statistically
significant difference between the handling timetfe control and size reduckthum lewissi.

This is probably because the sample size (n=17teamsmall to reveal any differences that may
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exist. It therefore seems that either a greatemataf time on the magnitude of a multi-year
experiment or locations where butterfly abundasdegher, is needed to obtain enough
observations to make any conclusions. Butterfghfl paths tend to be very great, so the odds of
them appearing in small plots seems to be rathal &md may lead to an underestimation of the

importance of butterflies as pollinators within@lmator network.

CONCLUSION

This study indicates that, for butterflies, bodsess an important factor influencing
visitation rate. It also appears to influence hiaxgckime, with increasing body size negatively
related to handling time. Floral display size dnesseem to be an important factor determining
visitation, contrary to findings in other studids seems that plant abundance and nectar tube
depth are much more important factors in deternginisitation. The influence of floral display
size on handling time is somewhat contradictorguieng that more intensive studies on
handling time be conducted before deciding howugnitial floral display size is on handling
time. A greater understanding of factors govegrihese interactions is essential for forming a
more comprehensive picture of the overall commuimitgating more accurate prediction
models, and generating better conservation prograrhe results provided by this study may be
incorporated into such prediction models forming@e comprehensive understanding of the

plant-pollinator community in a dry rocky meadow.
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APPENDIX:

All butterfly visitors and the number of visits éaspecies (or genus/family when species is unknown)
was observed to make to each flower species.

ol on| 3| F| 2| 0| S| E I 0 2 m 3
= 121 121 = Q > 8 = =
€1 &1 8|8 2| & 5|5| 8| | =| ¢ B
S S = = = | 3 3 a = e 8 S
c > > @ c g o >
85|58 ¢|&| 5| % = 8| | B
= 8| 8| 5| B|5| 3 3 = g
5| = | 8 s 8 3 @
c [
3 3
Plant 1080 | 880 | 476 | 310 | 7161 | 46 1586 | 29 10835 3146 31 1919 27499
Abundance
Butterfly #
Species Individuals
followed
Chlosyne 13 4 1 1 0 8 0 0 0 1 0 0 1 16
acastus
Coenonympha 41 13 8 0 0 32 4 3 0 15 1 0 6 82
tullia
Colias 12 0 0 0 0 0 0 3 18 8 0 0 4 33
alexandra
Hesperiidae 7 0 1 0 0 12 0 0 0 5 0 0 0 18
Lycaena 39 0 0 0 0 27 1 34 0 20 6 2 29 119
heteronea
Lycaena nivalis | 27 34 2 0 0 3 0 4 0 5 3 0 13 64
Papiliorutulus | 4 0 0 0 0 13 0 0 0 0 0 0 1 14
Polyommatinae | 17 7 1 0 1 6 1 0 0 20 1 3 2 42
Pontia 2 2 0 0 0 0 0 1 0 7 0 0 22 32
protodice
Soeyeria 29 1 0 0 0 2 0 38 0 82 1 0 17 141
Total 191 61 13 1 1 103 6 83 18 163 12 5 95 560




