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Abstract – Nectar-related traits influence the number of bee visits to sunflowers, but the effects of floret size on 
the diversity and composition of bee communities are unknown. In 4 year × planting date combinations, bees 
were collected from sunflowers with small (< 7.5 mm), medium (7.5–9 mm), or large (> 9 mm) florets, and counts 
of foraging bees were used to clarify bee responses to plant traits. No effect of floret size on diversity of forag-
ing bees was found, but associations of bee tongue length and floret size led to differences in the communities 
foraging on sunflowers with small, medium, or large florets. Though most wild bees preferred to forage on plants 
with more nectar and smaller florets (≈ easier access to nectar), Bombus spp. showed an opposite response to 
floret size, foraging preferentially on lines with large florets. Changes in Melissodes spp. foraging preference in 
the presence of Bombus spp. also suggest interactions between small- and large-bodied bees may be important.

Community composition / Diversity / Sunflower / Melissodes / Bombus

1. INTRODUCTION

Sunflowers, Helianthus spp., are native 
to North America and comprise more than 
50 wild species (Rogers et al. 1982), most of 
which require cross-pollination due to genetic 
self-incompatibility (Heiser et al. 1969). Cul-
tivated sunflower, Helianthus annuus L., is 
grown as a global oilseed crop that has been 
bred for improved self-fertility (i.e., reduced 
pollinator-dependence) for decades. However, 
the crop is still reliant on pollinators in at least 
two ways. First, to produce the hybrid cultivars 
sold by seed companies, pollen must be moved 
by bees from male-sterile to male-fertile inbred  
lines (DeGrandi-Hoffman and Chambers 2006, 
Greenleaf and Kremen 2006). Second, even 

within hybrid cultivars bred for self-fertility, wild 
and managed bees increase yields as much as 
70% (Aslan and Yavuksuz 2010a, b; Carvalheiro 
et al. 2011; Mallinger et al. 2019; Mallinger and 
Prasifka 2017b). The observed increase in yield 
for self-fertile hybrids that are allowed open-
pollination by insects may be related to plant 
stress due to high temperatures during bloom 
(DeGrandi-Hoffman and Chambers 2006).

Because of the ongoing importance of bees 
to sunflower production, research in sunflower-
pollinator interactions has focused on determin-
ing what plant traits might explain variation 
in bee preference among cultivated sunflower 
inbreds and hybrids, with various studies indi-
cating volatile compounds (Pham-Delégue et al. 
1989), pollen availability (Tepidino and Parker 
1982; Mallinger and Prasifka 2017a), and nec-
tar sugar content or composition (Mallinger 
and Prasifka 2017a) as important traits. Most 
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recently, wild bee visitation to sunflower inbred 
lines was strongly associated with ease of access 
to nectar, as indicated by the size (≈ depth) of 
florets (Mallinger and Prasifka 2017a; Portlas 
et al. 2018). Given that floret depth in sunflower 
is controlled by a small number of genes which 
do not appear to be linked to other key traits 
(Reinert et al. 2020), there is potential to breed 
for sunflowers with shorter florets as preferred by 
nectar-foraging bees.

Recent studies on sunflower pollination also 
have found that an assortment of native, wild 
bees, rather than honeybees, Apis mellifera L., 
account for most of the pollination services 
provided to sunflowers in the Midwestern USA 
(Mallinger and Prasifka 2017a, 2017b; Mallinger 
et al. 2019; Portlas et al. 2018). Though there is 
variation in tongue length for honey bee work-
ers (Waddington and Herbst 1987), the broader 
native bee community shows far greater varia-
tion in tongue length which is expected to impact 
their foraging preferences (Thompson 2001, 
Rollings and Goulson 2019). In spite of the vari-
ation in body size and tongue length, native bees 
as a community still show greater visitation rates 
to sunflowers with shorter florets (Mallinger and 
Prasifka 2017a; Portlas et  al. 2018). Though 
Mallinger and Prasifka (2017a, 2017b) and  
Mallinger et al. (2019) identified most bees to 
species level, they did not evaluate possible 
effects of floret size on pollinator community 
composition and diversity.

Research on sunflower pollination has empha-
sized the effects of specific plant traits on pol-
linator visitation rates or abundance but yields 
of pollinator-dependent crops sometimes depend 
on the diversity of bee visitors rather than their 
abundance (Hoehn et al. 2008). While previous 
work identified greater bee visitation rates to 
shorter florets (Mallinger and Prasifka 2017a; 
Portlas et al. 2018), whether or not floret length 
influenced overall bee diversity or community 
composition was not explored. Accordingly, 
this study examined whether sunflower lines 
with small, medium, or large florets were visited 
by different bee communities. Estimates of bee 
tongue lengths for the different species found 
visiting sunflowers were also used to evaluate if 

tongue lengths matched the floret sizes of their 
preferred sunflower lines.

2.  MATERIALS AND METHODS

2.1.  Field site

Inbred sunflower lines were planted on May 
16, and June 14 in 2018 and May 21 and June 
14 in 2019 at Casselton, ND, under standard cul-
tivation practices. Each row was 6 m in length 
with 0.76 m between rows. Experimental plots 
were part of larger sunflower fields with dimen-
sions of 52 × 128  m in 2018 and 49 × 122  m 
in 2019. Six lines were planted in 2018 and 
increased to 12 lines in 2019, including three 
wild annual sunflower accessions (entries held 
in the USDA’s National Plant Germplasm Sys-
tem). The single row plots in 2018 spanned 18 
rows (in a single range) in the early planting and 
6 rows in 3 ranges in the late planting (4 large, 
2 medium, and 3 small varieties). In 2019, plots 
were 12 rows in two ranges (3 large, medium, 
small, and wild varieties) in both early and late 
plantings. Additional lines in 2019 were selected 
to balance sampling in floret size categories and 
maximize overlap of bloom across the lines. Each  
line was planted as a two-row pair and each pair 
considered a unit for sampling and analysis pur-
poses. Floret depths were categorized as small  
(< 7.5 mm), medium (7.5–9 mm), or large (> 9 mm).

2.2.  Floret collection

Floret samples were taken by cutting a wedge 
from the head representing roughly one-sixth of 
the total area. To standardize location of sam-
pled florets, wedges were taken when 10–30% of 
florets had begun anthesis. Wedges were stored 
in the freezer (− 18 °C) until processed. Florets 
were removed from the wedge and scanned, 
and TIFF images were generated. Using ImageJ 
(Schneider et al. 2012), a macro (automated code 
block) was created that measured the length of 
each floret.
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2.3.  Bee collection and identification

To evaluate the community composition and 
diversity of bees foraging across sunflower lines, 
a standardized number of foragers were collected 
across lines. In the 2018 season, up to 30 bees 
were collected during bloom for each line, and 
in 2019, a total of 25 bees per line were collected 
over 5 concurrent days. Bees were collected after 
they had begun foraging on a sunflower head. 
Bees were collected individually in 50 ml vials, 
kept in a cooler on ice packs until they could 
be brought out of the field, and then stored in 
a freezer at − 18 °C until they were processed. 
Specimens were pinned and identified using 
DiscoverLife© keys (Ascher and Pickering 
2017). Species were verified using a reference 
collection of bees from sunflowers in the Great 
Plains. Specimens in Lasioglossum and Diadasia 
were identified to genera and all other bees were 
identified to species. Lasioglossum and Diada-
sia represented 1–2% of the specimens collected, 
so it was determined genus level identification 
was sufficient. Specimens are currently stored at 
USDA ETSARC in Fargo, ND.

2.4.  Walking bee counts

To quantify visitation rates across lines, at 
the onset of bloom in 2019, bee counts were 
conducted for each sunflower line by walking 
between the pair of rows per line and count-
ing bees foraging on the heads. Each surveying 
event for a line was 1 min in duration and was 
repeated 4 times, approximately 1 h apart over a 
4-h period. Wild sunflowers were not included 
in the walking counts due to differences in the 
number and size of heads per plant (making it 
challenging to compare visitation rates) and a 
bloom period that extended before and after the 
inbred lines.

2.5.  Nectar sampling

Within each sunflower line, a subsample of 
n = 3 sunflower heads were bagged when the 

plants had 10% of florets in anthesis. Bags were 
secured to prevent bees and other insects from 
foraging on the florets. A 6.6-μl microcapillary 
tube was used to sample nectar from individual 
florets by inserting the tube until it reached the 
base of the floret. Florets sampled were 24 h 
post-anthesis, and 10 florets were sampled per 
head or until nectar volume approached the 
maximum capillary height of 72 mm. For each 
sample of ~ 10 florets, the length of the tube con-
taining nectar was measured in millimeters, and 
nectar volume per floret in mm was determined 
by dividing nectar volume by the number of flo-
rets sampled (less than or equal to 10). The nec-
tar within the tube was immediately dispensed 
onto a handheld refractometer and the percentage 
of sugar (Brix) in the nectar recorded.

2.6.  Statistical analysis

All data were analyzed using RStudio 1.1.463 
(RStudio Team 2018). Species diversity per sun-
flower line was estimated with SpadeR (Chao 
et al. 2015) using bootstrapping (n = 100). Hill 
numbers (effective number of species) (q = 0, 
q = 1, q = 2) were used to compare diversity 
between floret categories (short, medium, large) 
within each year × planting date. Sensitivity to 
species relative abundances is indicated by “q” 
where more weight is given to the most abundant 
species as “q” increases (Chao et al. 2014a). Hill 
numbers are standardized to allow for quantifica-
tion of species and comparison across multiple 
systems (Chao et al. 2014b), and do not require 
abundances to be equal (Harvey et al. 1983). 
Diversity values were compared between floret 
categories with an ANOVA in RStudio. The sim-
ilarity of bee communities visiting different flo-
ret size categories was assessed by conducting a 
PERMANOVA (package “vegan”) on the species 
abundances with planting date, floret category, 
and planting date × floret category as the factors.

Non-metric multidimensional scaling 
(NMDS) was conducted using package “vegan” 
and function metaMDS based on Bray–Curtis  
similarity and two dimensions. Comparisons  
of relative species abundance between  
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planting dates were performed for each year 
with the addition of floret size as a factor. The 
significance of vectors was determined using 
permutations of 999 random permutations. 
Only significant variables were demonstrated 
(p < 0.05).

To examine the relationship between 
bee tongue length and floret length, tongue 
lengths were estimated for each specimen 
from morphometrics and models built by 
Cariveau et  al. (2016) (package = ‘BeeIT). 
For each year × planting date combination, a 
Kruskal–Wallis one-way analysis of variance 
tested for differences in bee tongue length dis-
tributions across floret size categories. Dunn’s 
test (package = “dunn.test”) (Dinno 2017) was 
used to make pair-wise multiple comparisons 
post hoc (significance occurs at alpha/2 where 
alpha = 0.05). Calculations to obtain the mis-
match between bee tongue length and floret size 
were taken by subtracting the floret size from 
the tongue length of each individual bee (Stang 
et al. 2009). When values are < 0, the floret is 
longer than the tongue and when > 0 the floret 
is shorter. Of the species collected, only four 
were present in sufficient numbers in both the 
early and late plantings to analyze differences. 
Average values were compared between early 
and late-collected Melissodes agilis Cresson, 
M. communis Cresson, M. trinodis Robertson, 
and Lasioglossum spp. using Welch two sam-
ple t-test. There were four species of Bombus 
that had enough specimens to determine aver-
age degree of mismatch: Bombus bimaculatus 
Cresson, B. griseocollis (De Deer), B. impa-
tiens Cresson, and B. ternarius Say. Because 
the Bombus species were not present in the 
early planting, mismatch could only be calcu-
lated for the late planting.

Stepwise forward regression (package =  
“MASS”) (Ripley et al. 2019) was conducted to 
determine the relationship between bee visitation 
rates determined in timed walking counts and flo-
ral traits including floret length, nectar volume, 
and nectar concentration for the two different 
plantings (early and late) in 2019. This analysis 
was conducted using total visitation rates in early 
planted sunflower for all bees combined, and for 

Bombus spp. and non-Bombus spp. separately. 
Bees were separated into two groups in the late 
planting due to the majority of Bombus spp. only 
being present in the later planting.

3.  RESULTS

3.1.  Bee diversity in relation to floret size

The number of species observed per sun-
flower line varied between 2 and 8, with 
an average of 5 species collected. In 2018, 
Melissodes agilis and M. trinodis were the 
most abundant bees in both the early and 
late planted sunflowers (Table  I). A similar 
pattern was seen in 2019 (M. agilis and M. 
trinodis were the most abundant in early and 
in small and medium florets late), but Bom-
bus griseocollis was most abundant in large 
florets of late planted sunflowers (Table II). 
No evidence for floret size affecting diver-
sity of foraging bees was found, as species 
richness (q = 0) (early 2018: F(2,4) = 1.18, 
p = 0.40; late 2018: F(2,6) = 1.36, p = 0.33; 
early 2019: F(2,9) = 1.23, p = 0.37; late 
2019: F(2,9) = 0.33, p = 0.73), Shannon 
diversity (q = 1) (early 2018: F(2,4) = 2.42, 
p = 0.21; late 2018: F(2,6) = 2.61, p = 0.15; 
early 2019: F(2,9) = 0.97, p = 0.42; late 
2019: F(2,9) = 0.23, p = 0.79), and Simpson 
diversity (q = 2) (early 2018: F(2,4) = 2.07, 
p = 0.24; late 2018: F(2,6) = 1.97, p = 0.22; 
early 2019: F(2,9) = 0.62, p = 0.56; late 2019: 
F(2,9) = 0.15, p = 0.86) were not significantly 
different (p > 0.05) among floret sizes for any 
year × planting date combination (Figure 1).

The NMDS illustrated that the composition 
of bee communities visiting sunflowers was not 
affected by floret size in 2018, but communi-
ties differed between early and late plantings 
(F(1,16) = 9.02, p = 0.001). For 2019, both 
date (F(1,23) = 6.09, p = 0.001) and floret size 
(F(2,23) = 2.48, p = 0.01) significantly influ-
enced the composition of the sunflower bee 
communities (Figure 2).
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3.2.  Bee tongue length in relation to floret 
size

Distributions of bee tongue lengths differed 
among the floret categories (small, medium, 
large) within both the early 2018 (χ2 = 15.35, 
df = 2, p < 0.01) and late 2018 (χ2 = 41.80, df = 2, 
p < 0.01) planting dates. The same general pat-
tern was found in both early (χ2 = 28.78, df = 2, 
p < 0.01) and late (χ2 = 41.49, df = 2, p < 0.01) 
planting dates in 2019. Significant pairwise dif-
ferences always occurred between small and 
large florets (p < 0.05), but differences in tongue 
length distributions between medium florets 
and the other size categories were inconsistent 
(Figure 3).

Comparisons of the average bee tongue length 
to the depth of the floret where bee species were 
collected showed significant differences between 
the early and late planting. On average, M. agilis 
(t =  − 9.39, df = 195, p < 0.05) and M. trinodis 
(t =  − 3.95, df = 143, p < 0.05) foraged on lines 
with florets that were shallower relative to tongue 
length in the late planting (Figure 4). Lasioglos-
sum sp. foraged only on sunflowers with florets 
deeper than the tongue lengths (t =  − 2.7, df = 4, 
p < 0.07). Bombus spp. were present exclusively in 
the late planting, and large positive mismatch val-
ues show all four species foraged on lines with flo-
rets that were shallow relative to tongue length (B. 
bimaculatus 8.42 mm, B. griseocollis 8.70 mm, B. 
impatiens 5.10 mm, and B. ternarius 5.36 mm).

Table I
Species composition of bees collected from early- and late-planted sunflowers in 2018. Species divided by flo-
ret categories of small (< 7.5 mm), medium (7.5–9 mm), and large (> 9 mm)

Early Late

Family Tribe Species Small Medium Large Small Medium Large

Andrenidae
  Andrenini Andrena helianthi 19 1 2 4 4 0
  Protandrenini Pseudopanurgus labrosiformis 4 0 0 0 3 0

Apidae
  Apini Apis mellifera 1 0 1 0 0 1
  Bombini Bombus bimaculatus 0 0 2 0 1 5

Bombus fervidus 0 0 0 0 0 4
Bombus griseocollis 1 0 0 4 1 18
Bombus pennsylvanicus 0 0 0 0 0 1
Bombus ternarius 0 0 0 4 1 17

 Emphorini Diadasia sp. 8 1 1 0 0 0
 Eucerini Melissodes agilis 29 7 20 43 23 60

Melissodes communis 0 0 1 1 5 1
Melissodes trinodis 36 8 12 31 18 11
Svastra obliqua 0 0 0 0 0 1

Halictidae
  Halictini Lasioglossum sp. 0 2 1 0 0 0

Megachilidae
  Megachilini Megachile brevis 0 0 0 1 2 0

Megachile latimanus 0 0 1 3 0 1
Total 98 19 41 91 58 120
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3.3.  Bee visitation and floral traits

Bee responses to f loral traits differed 
between planting dates in 2019. Forward step-
wise regression showed bee visitation in early-
planted sunflowers was significantly impacted 
by floret size, nectar volume, and sugar content 
(F(3,5) = 4.88, p = 0.05). In late-planted sun-
flower, the model excluding Bombus spp. only 
included nectar volume (F(3,5) = 6.70, p = 0.04) 
as a predictor. The separate model for Bombus 
spp. included nectar volume and floret size as 
significant factors (F(3,5) = 19.63, p < 0.01), 
with bees foraging preferentially on lines with 
large florets.

4.  DISCUSSION

Sunflowers in the northern Great Plains are 
typically planted between early May and mid-
June, with decisions based on a variety of factors 
such as climate, convenience, and pest avoid-
ance. Planting early means growers may harvest 
prior to inclement weather in the fall, and can 
also reduce damage from the red sunflower seed 
weevil (Smicronyx fulvus LeConte), the most 
damaging insect pest in this region (Oseto et al. 
1987). Conversely, late plantings can help avoid 
damage by several other insect pests (Oseto et al. 
1989; Prasifka et al. 2016). The short active peri-
ods for various wild bee species in summer mean 

Table II
Species composition of bees collected from early and late-planted sunflowers in 2019. Species divided by flo-
ret categories of small (< 7.5 mm), medium (7.5–9 mm), and large (> 9 mm)

Early Late

FamilyTribe Species Small Medium Large Small Medium Large

Andrenidae
 Andrenini Andrena commoda 20 1 2 0 0 0

Andrena helianthi 13 14 1 28 5 1
 Protandrenini Pseudopanurgus labrosiformis 17 6 0 0 0 0

Apidae
 Apini Apis mellifera 0 0 0 0 1 0
 Bombini Bombus bimaculatus 0 0 0 3 8 4

Bombus fervidus 0 0 1 0 1 0
Bombus griseocollis 0 0 0 10 15 18
Bombus impatiens 0 0 0 0 6 2
Bombus pennsylvanicus 0 0 0 0 0 1
Bombus ternarius 0 0 0 6 16 8

 Eucerini Melissodes agilis 52 52 33 55 25 7
Melissodes communis 0 2 0 0 2 1
Melissodes trinodis 41 25 10 43 24 7
Svastra obliqua 1 2 2 0 0 0

Halictidae
 Dieunomiini Dieunomia triangulifera 0 0 0 1 0 0
 Halictini Lasioglossum sp. 3 1 0 3 1 0

Megachilidae
 Megachilini Megachile latimanus 0 0 2 0 0 0

Megachile pugnata 0 0 1 1 1 1
Total 155 103 50 150 105 50
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changes in the bee community are likely between 
early- and late-planted sunflowers.

Understanding pollinator responses to crop 
traits in pollinator-dependent plants is impor-
tant for maximizing and maintaining consist-
ency of yields (Aizen et al. 2008; Hoehn et al. 
2008). It is well-documented that bee foraging is 

influenced by the size of flowers (Harder 1983; 
Eckhart 1991; Conner and Rush 1996; Stang 
et al. 2009) and the quality or quantity of nec-
tar (Harder 1983; Klumpers et al. 2019). Prior 
research in sunflowers has shown bees respond 
negatively to increasing floret depth and posi-
tively to increasing nectar volume (Mallinger and 

Figure 1.  Diversity curves constructed with interpolated (solid line) and extrapolated (dashed line) data. Bands indi-
cate a 95% confidence interval. Curves were plotted for small, medium, and large florets for: early 2018 (A); late 
2018 (B); early 2019 (C); late 2019 (D)
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Prasifka 2017a, b, Mallinger et al. 2019, Portlas 
et al. 2018, Prasifka et al. 2018). Our findings 
in this study are similar to prior research and 
improve our understanding of how floret size 
and planting date influence the communities of 
bees pollinating sunflowers, and how specific 
pollinator responses to plant traits may differ. 
Further examination of bee species present in 
areas where sunflowers are cultivated (i.e., 
South Dakota, California, Texas) could help 
inform decisions on planting dates: if small- and 
medium-bodied bees (sunflower specialists) are 
considered more important, earlier planting dates 
may enhance pollination, but if large-bodied gen-
eralists (Bombus spp.) are needed, later planting 
would be beneficial.

Over 4 year × planting date combinations, 
collections of bees from sunflowers show two 
obvious patterns. First, M. agilis and M. trino-
dis were almost always the most abundant spe-
cies, which is unsurprising given their status 
as sunflowers oligoleges (Parker et al. 1981; 
Ascher and Pickering 2017) and recent collec-
tions of sunflower pollinators in the Northern 
Great Plains (Mallinger and Prasifka 2017a, 
2017b). Second, the numbers of Bombus spp., 
particularly B. griseocollis, increased greatly 
between bloom of early- and late-planted 

sunflowers. Bombus griseocollis was the most 
abundant species in lines with large florets for 
the late planting in 2019, perhaps because its 
long tongue is more suited to reach nectar at the 
bottom of large florets. The increase in Bombus 
spp. late in the season is a substantial change to 
the community of foraging bees in sunflowers, 
and studies focusing solely on early-planted 
sunflowers risk missing this genus and any 
effects these species have on pollination.

When pollinator diversity was assessed using 
various indices, floret size did not significantly 
affect the diversity of bees visiting sunflowers, 
with approximately ~ 5 bee species actively for-
aging in each floret size category. Despite an 
absence of floret size effects on diversity, the 
composition of foraging bee communities var-
ied between planting dates and, in 2019, bee 
community composition differed between the 
floret sizes as well. The relative stability in spe-
cies diversity across floret lengths and planting 
dates is beneficial given evidence that increased 
diversity is associated with greater crop yields 
(Blüthgen and Klein 2011; Garibaldi et al. 2014; 
Eeraerts et al. 2020).

Data on the distributions of bee tongue 
lengths provide another way to examine 
pollinator responses to f loret depth. One 

Figure 2.  Non-metric multi-dimensional scaling (NMDS) plots illustrating the distribution of species in early vs late 
plantings for 2018 (A) and 2019 (B). Ellipses represent 95% confidence intervals for each planting date’s centroid. 
Stress values indicate a fair to good fit
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generalization is that the ranges of tongue 
lengths were broad across floret size categories. 
Stated another way, bees foraged on a greater 
range of floret depths than would be expected 
based on tongue length and floret depth alone. 
Some of this variation can be attributed to 
aspects of floret morphology not accounted for 
in this study such as floral opening width and 
diameter (Eckhart 1991) relative to width of the 
head of the bee. It was also uncommon to find 
bees with the longest tongues (Bombus spp.) 
foraging in lines with small or medium florets; 
this may be a result of increased handling time 
that makes foraging on smaller florets less 

efficient for larger bees (Inouye 1980; Harder 
1983; Klumpers et al. 2019). Even with a broad 
range of tongue lengths collected across floret 
size categories, there were still significant dif-
ferences in distributions, with bees matching 
their body size to floret size (i.e., more short-
tongued bees on lines with small florets). The 
trend towards foraging bees’ matching tongue 
lengths to floret size is another way to visual-
ize and understand floret size effects on sun-
flower bee communities. Lastly, a significant 
effect of time can be seen by examining the 
average mismatch of tongue length and flo-
ret size. Specifically, while M. agilis and M. 

Figure 3  Distribution of bee tongue lengths by floret category: early 2018 (A), late 2018 (B), early 2019 (C), late 
2019 (D). Within the year and planting date, significant differences between distributions of bee tongue lengths were 
observed between the three floret categories (p ≤ 0.05) with the exception of Medium-Large in early 2018 (p = 0.367) 
and Small-Medium in late 2018 (p = 0.398)
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trinodis were always estimated to be forag-
ing on florets whose depth was less than their 
tongue lengths, there was a significant increase 
in this mismatch for both species between the 
early- and late-planted sunflowers. Though not 
conclusive, the movement of M. agilis and M. 
trinodis towards smaller florets coinciding with 
the increase in Bombus spp. foragers is consist-
ent with the idea that resource partitioning is 
occurring in the native bee community foraging 
on sunflowers.

Stepwise models of bee visitation to individ-
ual lines in 2019 provided another clarification of 
prior results in sunflowers. As seen by Mallinger 
and Prasifka (2017a), increasing nectar volume 
consistently elicited a positive response from 
bees across the season, and in early-planted sun-
flowers bee visitation decreased with increasing 
floret depth as observed by Portlas et al. (2018). 
However, Bombus spp. (only abundant in late-
planted sunflowers) had the opposite response, 
with visitation increasing to lines with larger 

florets. This has been shown in other studies of 
bumble bees (Eckhart 1991; Conner and Rush 
1996; Stout 2000) and, as noted above, may be a 
function of handling-time and related energetic 
costs.

Collectively, these results provide clarifica-
tion of previous observations and recommend 
changes or future areas of study. To obtain a 
more complete understanding of bee pollina-
tion, future studies should attempt to include 
late-planted sunflowers, for which insect-plant 
interactions may differ due to the increased 
numbers of Bombus spp. While specific plant 
traits (floret size and other nectar-related traits) 
can explain most variation in bee foraging in 
sunflowers, additional factors are likely impor-
tant in some contexts. In particular, interspe-
cific interaction between small- and large-
bodied bees is one likely source of variation in 
pollinator choice and should be further studied 
to understand its impact on insect behavior and 
crop pollination.

Figure 4.  Average mismatch for bees collected in 2019. Species marked with an asterisk indicate significant differ-
ence between mismatch of the early and late planting (p < 0.05). Bombus sp. consistently foraged on sunflower florets 
whose depth was less than the tongue length
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