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Abstract. Hand-pollination experiments followed by epifluorescence microscopy of pistils of Uvularia
grandiflora Smith (Colchicaceae) indicated a trend toward late-acting self-incompatibility. Pollen tube growth in
pistil tissue of bagged but unmanipulated flowers (mechanical self-pollination) was insignificant. As each pistil
produces three stigmatic lobes, insects deposited pollen on an average of more than two in open-pollinated flowers.
Medium-sized male and female bees were dominant pollen vectors representing four genera (Andrena, Lasioglossum,
Nomada, and Osmia) within four families (Andrenidae, Halictidae, Apidae, and Megachilidae). Male bees comprised
greater than half (59%) of the bees collected. Pollen load analysis indicates that the majority of female bees collected
on U. grandiflora carried the pollen grains of the host flower’s pollen mixed with grains of one or more coblooming
species (polylectic foraging). The majority of nectar-drinking male bees also carried pollen loads that included grains
of at least one coblooming species. We recorded pollen morphotypes of 12 coblooming vernal species on bees
carrying mixed loads. Gynes of Bombus species were infrequent visitors. We report the rediscovery of females of

Andrena uvulariae and the first collection of males of 4. uvulariae from U. grandiflora.
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Utech and Kawano (2002) recognized five
species in the genus Uvularia all confined to the
eastern temperate USA and southeastern Canada.
Known commonly as bellworts, straw lilies, or
merrybells, all five are conservative signature
species in the vernal perennial flora of open
woodlands and deciduous forests. Some species
form dense colonies based on subterranean stolons
(Whigham 1974, Wijesinghe and Whigham 1997,
2001). In such species, ramet production domi-
nates over genet production, especially when
colonies are established under dense canopies.
Seed production is selectively advantageous when
Uvularia perfoliata L. is exposed to forest
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disturbance and plants grow in canopy gaps
(Kudoh et al. 1999).

Wilbur (1963) revised the genus and discredited
previous reports of interspecific hybridization. In
addition, he reviewed the presence of nectar glands
on tepals of all five Uvularia species. The same
author described the presence of a shallow
nectariferous depression at the base of each tepal.

References to insect-mediated sexual reproduc-
tion in Uvularia species dates to the 19th century,
although it is fragmentary and anecdotal. Robert-
son (1896) referred to bee visits of U. perfoliota
and Uvularia grandiflora Smith flowering in
Madison, WI, citing observations in an unpub-
lished manuscript by Trelease. Whigham (1974)
observed wingless staphylinid beetles in the
flowers of U. perfoliata and concluded that they
were the pollinators. McCall and Primack (1987)
reported visitations by unidentified beetles, halictid
bees, and gynes of a Bombus species on Uvularia
sessilifolia.

McCall and Primack (1987) compared the
fecundity of U. sessilifolia L. with two other
woodland perennial herbs. Their hand-pollination
experiments on U. sessilifolia showed that the
species was self-incompatible but often partheno-
carpic (producing seeds in the absence of sperm)
when allowed to self-pollinate mechanically (au-
togamy) or self-pollinated by hand. They found
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“unfilled” seeds in the capsule but did not
determine whether they were the production of
embryonic lethals or merely collapsed, unfertilized
ovules.

Motten (1986) had similar results for the
breeding system of U. sessilifolia. In this study,
flowers cross-pollinated by hand showed an 83%
fruit set with fruit containing greater than four
seeds/fruit compared with 8% in flowers self-
pollinated by hand, with each capsule producing
one seed/fruit. However, Motten (1986) also found
that the primary insect visitors were bees in the
family Andrenidae. Pollen load analyses on 15 of
the 18 andrenids collected showed that 14 bees
carried the pollen of U. sessilifolia mixed with
coblooming species.

The yellow flowers of U. grandiflora bloom
midspring and produce both nectar and pollen. The
geographic distribution of U. grandiflora in North
America ranges from the east coast of Canada and
the USA as far west as the Dakotas and as far south
as Alabama (Utech and Kawano 2002). Robertson
(1928) reported a flowering period for this species
from April 12 to May 11 in Carlinville, IL. Seeds
are dispersed from mid-July to early August
(Seibert and Savidge 1991) by four different
species of ants (Whigham 2004).

Early collections of floral foragers of U.
grandiflora include Robertson (1896) and Grae-
nicher (1906). Working in the Carlinville, IL area,
Robertson (1896) collected females of three
Bombus species and a male and female of two
Andrena species respectively. Graenicher (1906)
suggested that this species was pollinated in
southern Illinois primarily by Bombus pensylvani-
cus (De Geer) (as americanorum Fabricius) but
believed that smaller bees in the genera Osmia
(Megachilidae), Andrena (Andrenidae), and un-
identified members in the Halictidae were also
effective pollen vectors. These observations were
refined and much improved by Seibert and Savidge
(1991), also working in Illinois. They found that
the dominant pollinators of this herb were gynes (n
=23) and two workers of Bombus griseocollis De
Geer and were the first to conduct hand pollination
in situ. They found that U. grandiflora was self-
incompatible.

There are two reasons for extending fieldwork
and breeding experiments on U. grandiflora. First,
we need to determine whether self-incompatibility
in this species is early or late acting. In fact, recent
evidence shows that prezygotic self-incompatibil-
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ity in insect-pollinated, petaloid monocots is no
longer restricted to late-acting incompatibility (Ren
et al. 2019 and see review in Vance et al. 2004)
and may represent an important apomorphy to map
onto future phylogenetic trees. Second, evidence
suggests that visiting insect diversity for woodland
species often changes with years and sites (see
reviews in Bernhardt and Edens-Meier 2010;
Edens-Meier et al. 2011a; Bernhardt ef al. 2013,
2014). Therefore, we ask which insects carry the
pollen of U. grandiflora?

Materials and Methods. Stupy Sites. Two
populations of U. grandiflora were studied in 2012
(April 1 to April 7) and 2013 (April 13 to May 7)
at Cuivre River State Park, Lincoln County, MO.
We had to repeat the open and bagged control
groups in 2018 (April 17 to April 20) because our
original number of collected specimens was
inadequate for analyses. These two populations
were used as a part of an ongoing field study on
vernal pollinator networks at Cuivre River State
Park (see Bernhardt et al. 2016, Edens-Meier et al.
2018, and Ren et al. 2019). To test our hypothesis
that flowering displays are influenced by the
environment, we compared plants growing on a
WSW-facing slope in a clumped formation with
one of a more random distribution growing on a
NNW-facing slope.

We logged 62 hr at the field sites. In 2012, data
were collected in early April from 10:00 am to
1:00 pm. In 2013, data were collected from mid-
April to early May between 10:00 am and 12:00
pm.

Although U. grandiflora is not considered rare
in Missouri, plants are usually found sparsely
distributed throughout woodlands. The populations
were 3.62 km apart and located in dry-mesic loess/
glacial till woodlands. As members of this genus
are known to be stoloniferous, we counted and
measured flowering stems. The Turkey Hollow
Trail (THT) population grew on a WSW-facing
slope (39.0170N, 90.9252W) and produced ap-
proximately 62 flowering stems, some occurring in
massive, presumably vegetative clumps (Fig. 1).
The Big Sugar Creek Trail (BSC) population grew
on a NNW-facing slope (39.0492N, 90.9317W)
and produced approximately 25 flowering stems
annually (Fig. 2). Most flowering stems at this site
were individually dispersed along the slope. A
pressed specimen of U. grandiflora (voucher #
6452255) and coblooming plants from these sites
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Fic. 1.

Turkey Hollow Trail field site at Cuivre
River State Park. Note Uvularia grandiflora (yellow
flowers) clumped next to fallen log on steep hillside.

were deposited in the herbarium of the Missouri
Botanical Garden, St. Louis, MO.

MEASUREMENTS. Fifteen stems from each site
were measured on April 3, 2012 (10:00 am to 2:30
pm) from the terminus to the level of the humus
layer. The length and width of 15 flowers at each
site. were measured in 2012 (April 3) and 2013
(April 20 THT; April 21 BSC). Length was
measured from the base of the floral receptacle to
the terminus of the longest tepal. Width was
measured at the widest distance from the terminus
of one tepal directly opposite on the corolla. The
number of flowers was counted on 15 stems in
2012 and 2013 at both sites.

FLoraL ATTRACTANTS AND REwARDs. The tepals
of U. grandiflora are described as golden yellow
(Utech and Kawano 2002), but no ultraviolet (UV)
analysis has been described to date to determine
the presence of UV reflectance. Ultraviolet pho-
tography procedures followed Verhoeven et al.
(2019). To determine whether flowers were
fragrant, we smelled open flowers and also placed
individual flowers in clean, capped scent jars. The
cap was removed and the contents were smelled as
described by Bernhardt ez al. (2016). We checked
the base of tepals to see if they had nectar glands as
described previously by Wilbur (1963).

As this is a flower of early spring, we wanted to
know if the tepals and the interior floral chamber
surrounding the anthers and stigmas were warmer
than the ambient air. Tepal temperature protocol
and equipment followed Bernhardt et al. (2016),
whereas recording the temperature of the floral
chamber followed Edens-Meier et al. (2018).

UVULARIA GRANDIFLORIA (COLCHICACEAE)

Fic. 2. Big Sugar Creek field site at Cuivre River
State Park. Uvularia grandiflora are dispersed on
hillside.

ANALYSES OF OPEN, INSECT-POLLINATED FLOWERS
vs. BAGGED (UNMANIPULATED) FrLOwERs. Flower
buds (n =26 buds on 26 stems) were labeled with
jeweler’s tags on April 17, 2018. A total of 13 buds
was bagged under tulle, whereas 13 buds remained
unbagged and open to the environment. Both
bagged and open flowers were harvested 3 days
later. Each group of flowers was placed in a labeled
glass container and fixed in a 3:1 solution of 95%
ethanol:glacial acetic acid that was made up in situ.
Flowers were fixed for 3 hr before storing in 70%
ethanol. To prepare each flower for epifluorescence
photomicrography, the flower was softened in a
10% solution of sodium sulfite at 45 °C for 10 min.
It was then taken through two baths of distilled
water (10 min each) before the flower was
dissected, and the gynoecium was excised. Each
gynoecium was placed on a glass slide. The three
styles were teased apart to avoid overlapping; the
ovary was butterflied with a single-edged razor
blade and bathed in three to four drops of
decolorized aniline blue. The softened tissues were
spread gently by placing a glass coverslip over the
specimen and applying pressure to the coverslip
with the tip of a probe. All subsequent protocols,
procedures, and storage of specimens followed
Edens-Meier et al. (2011b). Zeis Axioscope 40 and
Zeiss Axioscope Imager M2 were used to examine
the specimens. We recorded the number of stigmas
bearing pollen grains and tubes, the number of
pollen grains on each stigma, the number of pollen
tubes in the gynoecium, and the length of the
longest penetrating pollen tube in each gynoecium.

BREEDING SysTEms. We used only one flower/
scape. While flowers were in full bud (tepals not
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Fic. 3. Comparison of stem height of Uvularia
grandiflora between two study locations in 2012 and
2013.

open but yellow color visible), we isolated them
under tulle. When the tepals separated we divided
them into two categories. Hand-mediated self-
pollinated flowers (n = 11) received pollen from
the dehiscent anthers within the same flower. This
pollen was applied exclusively to the introrsive
sides of the stigmatic lobes (the pollen-receptive
sites) with a clean toothpick. Cross-pollinated
flowers (n = 10) were emasculated and received
only pollen from coblooming flowering stems
located at least 1 m away. We did not attempt
cross-pollinations between flowers belonging to
stems within the same clump. Flowers were
harvested 24 to 48 hr after each treatment and
processed as above.

INSECT OBSERVATIONS AND COLLECTIONS. Insect
activity on flowers was observed from 9:00 am to
12:00 pm and on separate occasions observations
continued until 5:30 pm over the flowering seasons
for 2 consecutive years. To witness foraging inside
the flowers, tepals were removed and insect
activity was videotaped using a Sony HDR-
CX760V digital high-definition video camera
recorder.

Insects visiting flowers were caught using
individual ziplock bags. Vapors of 95% EtOH
were used to euthanize captured specimens (see
Edens-Meier et al. 2018). The body of each
euthanized insect was then placed on a separate
glass slide and bathed in one to two drops of either
95% EtOH or ethyl acetate, carefully scraping the
body with a pin to dislodge grains in scopae or
corbiculae. Once the solvent evaporated, the
residue on the slide was stained with Calberla’s
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fluid, a coverslip was applied, and the slide and
pinned insect received coreferenced labels. Pollen
load analyses and micrography followed protocols
in Bernhardt e al. (2013, 2014). Measurement of
insects (length, width, and thoracic depth) fol-
lowed Edens-Meier et al. (2011a). When insect
specimens could not be identified to species, they
were identified to genus. Specimens were stored in
the fumigated insect cabinet in the Camilo Billikin
Bee Laboratory at St. Louis University pending
deposition in the entomological museum at The
University of Kansas in Lawrence, KS.

EXPERIMENTAL DESIGN AND ANALYSES. The overall
design is a contrast between two populations (THT
vs. BSC) and 2 yr (2012 and 2013). Therefore, we
used a two-way analysis of variance for comparing
means for the various flower and plant traits
measured. The data were log transformed to meet
the assumptions of the test. Given that there are
only single populations with distinct environmen-
tal parameters, this research design represents a
pseudoreplication (Hulbert 1984). To account for
this, we treated populations as a random effect
(Underwood 1997).

To test the hypothesis that there might be a
difference between the two populations, due to
differential environmental conditions, in the height
at which flowers are presented, we used an analysis
of covariance (ANCOVA), with height of the
tallest flower as the response variable, the height of
the stem as the independent variable, and popula-
tion as the covariate. For this analysis, we
combined the data for both years. All analyses
were performed in the R computational environ-
ment (v.3.4.1, R Core Team 2017).

Results. FLORAL PHENOLOGY AND MEASUREMENTS.
During the hot, dry, early spring of 2012 (see
Edens-Meier et al. 2017), plants were observed in
bloom by March 3 (personal communication,
Bruce Schuette). In 2013, plants were observed
in bloom from April 11 through May 5. Flowering
stems produced one to three flowers at both sites.
There was a significant difference in stem height
(F=23.12, P < 0.0001), with the THT population
having larger means both years (Fig. 3). Alterna-
tively, there were no differences between years (F
= 0.35, P = 0.556) or interactions between
populations and years (F' = 0.215, P = 0.814).

There were no significant differences between
years (F =2.07, P = 0.156) or populations (F' =
1.03, P = 0.903) or interactions (F = 2.36, P =
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Fic. 4. Comparison of flower width of Uvularia
grandiflora between two study locations in 2012 and
2013.

0.130) in flower length. Alternatively, there was a
significant year effect (F=38.52, P < 0.0001) for
flower width, with 2013 flowers being significantly
wider than in 2012 (Fig. 4). There was no
significant effect for population (F = 0.40, P =
0.812) or interactions (F = 2.99, P =0.089).

As plants in the THT population were taller than
the ones in BSC, we addressed the question if this
resulted in differential height of floral presentation.
The ANCOVA was significant for the independent
variable (F=314.9, P < 0.0001; Fig. 5) as well as
the interaction between site and stem height (F =

30
I

Height of tallest flower (cm)
20
|

Height of stem (cm)

Fic. 5. Regression lines for the highest flower
(cm) vs. stem height (cm) for two study locations
(Turkey Hollow Trail [THT], solid green; Big Sugar
Creek [BSC], dashed blue). Red marks represent
plants with two flowers, and the triangle represents
the single stem with three. Lines had significantly
different slopes, with the THT location being steeper
than the BSC.

UVULARIA GRANDIFLORIA (COLCHICACEAE)

Fig. 6. Pistil of bagged Uvularia grandiflora
showing a few pollen grains on stigmatic surface and
a few germinating pollen tubes.

3.921, F = 0.0358). The two populations had a
floral display at different height increments.
Specifically, the slopes of the lines differed
(BSC: b = 0.8169, P < 0.0001, R = 0.6898;
THT: b =1.0681, P < 0.0001, R = 0.8585).

FLORAL ATTRACTANTS AND REWARDS. Ultraviolet
patterns were not detected. No discernible odor
was detected in either fresh flowers or flowers in
vials. Nectary pockets were found at the base of
the six tepals as described by Wilbur (1963).

No significant difference was found between the
interior floral chamber temperature vs. ambient air
temperature. In addition, there was no significant
difference between floral tissue (tepal) temperature
and ambient air temperature.

ANALYSES OF BAGGED AND OPEN INSECT-POLLINAT-
ED FLowERs. Only three of the 13 bagged flowers
of U. grandiflora had pollen on their stigmas (Fig.
6) and the differences were very highly significant
(W=11, P < 0.0001). There were also significant
differences in the total number of pollen grains,
with one of three stigmas on the same gynoecium
having pollen grains (W =11, P=0.0002). Finally,
there were also significant differences in pollen
tube numbers, with 5 to 15 pollen grains found on
a stigma lobe and 5 to 15 pollen tubes were found
penetrating style tissue, but the longest pollen tube
only penetrated less than a quarter of the style
length. In contrast, 12 of 13 pistils of flowers
exposed to insects contained pollen grains on their
stigmas (W = 11, P = 0.0001, Fig. 7). Of the 12
gynoecia bearing pollen, pollen grains were
deposited on one to three stigma lobes. The
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FiG. 7. Pistil of open Uvularia grandiflora clearly
demonstrating deposition of pollen grains on
stigmatic surface and germination of many pollen
tubes.

number of pollen grains deposited on stigma lobes
ranged from 4 to 328. The number of pollen tubes
penetrating style tissue ranged from 1 to 234.
Three gynoecia contained pollen tubes penetrating
the ovaries.

HAND-MEDIATED PoLLinaTIONS. Eight of the 10
hand-crossed pollinated pistils of U. grandiflora
showed pollen germination on all three stigmatic
lobes, tube penetration of the style, and entrance
into the ovary. When 11 pistils were self-pollinated
by hand, we also observed germination on all three
lobes, with pollen tube penetration to at least half
the length of the style. However, only one pistil in
this treatment contained one pollen tube entering
its ovary. One pistil showed aberrant swollen
pollen tubes in the style tissue. There were no
statistical differences in the number of pollen
grains on the stigma between hand-crossed and
hand self-pollinated treatments (W =4, P=0.667),
nor in the index of pollen tubes in the style (W=5,
P = 0.437). Alternatively, there was a significant
difference in the index of the number of pollen
tubes that reached the ovary, with the hand-
crossed-pollination treatment being significantly
higher (W =9, P=0.015).

INSECT OBSERVATIONS AND COLLECTIONS. Over two
seasons, we collected a total of 71 insects (70 bees
and one fly, Table 1). Bee foraging was greatest on
warm, sunny days. Most bees were observed to
land midway on the length of the tepals or toward
the apices of the tepals before crawling upward
and into the floral chamber and largely disappear-

[VoL. 147

il

Fic. 8. Andrena carlini foraging on open flower
of Uvularia grandiflora.

ing from view (Fig. 8). A few entered the floral
chamber by flying directly up the aperture made by
the loosely funnel-form perianth. To see what was
occurring once a bee entered the floral chamber,
we intentionally removed three adjacent tepals to
expose the androecium and gynoecium. We
subsequently videotaped a male Andrena species
as it entered the floral chamber and contacted the
stigma lobes while it foraged for nectar at the bases
of the tepals https://www.youtube.com/watch?
v=qiCNsnkss_U.

Four families of bees were represented, of
which 59% were males (Table 1). The majority
of bees collected belonged to seven Andrena
species (n = 49). However, all specimens of
Andrena uvulariae were collected only from the
Turkey Hollow site (Fig. 9). Nineteen A. uvulariae
(n = 11 females, n = 8 males) were collected as
these bees foraged or slept (one) in the flowers.
The second most commonly collected genus,
Osmia, was represented by four species (n = 17),
of which 88% were males. In addition, we
observed male bees attempting to deter a female
bee (possibly Osmia bucephala Cresson) from
visiting the flowers as seen in a video made in
2013, https://www.youtube.com/watch?v=LQ9g__
wiuaag. This type of agonistic behavior was
frequently observed.

Gynes of Bombus species were observed
infrequently. One gyne was observed but not
captured foraging on U. grandiflora when the
ambient temperature was only 7.22 °C. Only one
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Table 1.

UVULARIA GRANDIFLORIA (COLCHICACEAE)

Bee and fly species captured while foraging on Uvularia grandiflora (2012—13) including sex,

number (N), length (mm), width (mm), thoracic depth (mm), and standard deviation values (SD) for each

measurement. NA = not applicable.

Species Sex N Length SD Width SD Thoracic depth SD
Andrena carlini Female 4 12.2 1.4 4.1 0.5 3.5 0.4
Andrena carlini Male 6 9.9 0.6 3.0 0.3 2.5 0.3
Andrena cressonii Female 1 9.2 NA 3.1 NA 2.8 NA
Andrena erigeniae Male 1 7.9 NA 24 NA 1.5 NA
Andrena pruni Female 1 12.0 NA 4.1 NA 2.9 NA
Andrena rugosa Female 2 10.4 1.8 32 0.30 2.8 0.3
Andrena tridens Female 5 9.9 0.7 3.1 0.2 2.5 0.3
Andrena tridens Male 11 8.2 0.7 2.3 0.1 1.9 0.2
Andrena uvulariae Female 11 7.4 0.6 2.3 0.2 1.7 0.3
Andrena uvulariae Male 7 5.7 0.7 1.9 0.4 1.4 0.2
Bombus bimaculatus Gyne 1 18.0 NA 8.6 NA 6.9 NA
Lasioglossum cattellae Female 1 5.4 NA 1.8 NA 1.2 NA
Lasioglossum subviridatum Female 1 6.2 NA 1.7 NA 1.1 NA
Nomada luteoloides Male 1 8.3 NA 2.1 NA 1.5 NA
Osmia atriventris Male 1 8.3 NA 2.6 NA 2.1 NA
Osmia bucephala Male 5 11.8 0.8 44 0.2 34 0.4
Osmia lignaria Male 1 8.9 NA 32 NA 24 NA
Osmia pumila Female 2 6.8 1.1 2.7 0.0 2.1 0.2
Osmia pumila Male 8 6.3 0.7 2.1 0.2 1.6 0.2
Bombylius sp. 1 Unknown 1 8.5 NA 3.8 NA 2.2 NA

Bombus bimaculatus Cresson was captured while
foraging (Table 1). On one occasion, a gyne of
Bombus (near) impatiens was captured in a plastic
bag at the Turkey Hollow site while it foraged in a
flower of U. grandiflora. Upon release, she
immediately flew to a clump of U. grandiflora in
flower and visited a total of five flowers before
exiting the site.

InsecT MEASUREMENTS. The largest bee captured
while foraging on U. grandiflora was B. bimacu-
latus, whereas male A. uvulariae were the smallest

Fic. 9.  Andrena uvulariae (female).

(Table 1). Bee size ranged from 5.22 to 17.97 mm
in length (Table 1). Most of the bees (74%) were
large (>10 mm), whereas 26% of the bees were of
medium size (4—7 mm) as classified by Edens-
Meier et al. (2018).

PoLLeN Loap AnaLyses. The majority of bees
collected on U. grandifiora carried the pollen of
this species. However, pollen loads of 57 bees
showed that only two carried pure loads of the host
flower’s pollen (Table 2). Andrena uvulariae
carried the greatest number of pure loads of
pollen, but some males and females carried mixed
pollen loads (Table 2). All the remaining bees and
one fly carried a minimum of at least one other
coblooming species mixed with grains of U.
grandiflora. The bee carrying the greatest number
of pollen morphotypes was a male of O.
bucephala, with seven additional pollen morpho-
types in which the pollen of U. grandiflora was
mixed with Claytonia virginica L., Cercis cana-
densis L., Phlox divaricata L., Anemonella
thalictroides (L.) Spach, Corydalis sp., an uniden-
tified member of the Asteraceae, and an uniden-
tified tricolpate eudicot grain. In all, bees with
mixed pollen loads visited a total of 12 plant
species. Ten of the 12 vernal species were known
to secrete nectar. We could not determine whether
A. thalictroides and Hydrastis canadensis L.
secreted nectar. The most commonly identified
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Table 2. Pollen load analyses of insects collected on Uvularia grandiflora in 2012 and 2013 (pooled). f=

female; m = male.

Pollen loads

Species (gender) n Uvularia only

Uvularia + other species Other species only No pollen

Diptera
Bombylius sp. 1 (f)

Hymenoptera
Andrena carlini (f)
Andrena carlini (m)
Andrena cressonii (f)
Andrena erigeniae (m)
Andrena pruni (f)
Andrena rugosa (f)
Andrena tridens (f)
Andrena tridens (m)
Andrena uvulariae (f)
Andrena uvulariae (m)
Bombus bimaculatus (f)
Lasioglossum catellae (f)
L. subviridatum (f)
Nomada luteoloides (m)
Osmia atriventris (m)
Osmia bucephala (m)
Osmia lignaria (m)
Osmia pumila (f)
Osmia pumila (m)
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pollen mixed with the pollen of U. grandiflora was
a combination of Cercis canadensis and a Prunus
species.

Discussion. FLorRAL PHENOLOGY AND MEASURE-
MENTS. Despite differences in floral phenology in
2012 and 2013, plant height remained constant
within the two populations. Plants at the THT site
were consistently taller both years than at the BSC
site. Several possible and potentially overlapping
explanations exist. This includes environmental
differences, diverging genetic origins, and different
temporal demographies. The simplest explanation
is that the taller plants at the THT site grew on a
WSW-facing slope and received more sunlight
than plants growing on the NNW-facing slope at
the BSC site, resulting in the production of more
photosynthate directed into the production of taller
stems. In contrast, floral width appears to parallel
phenological changes between 2012 and 2013.
Adaptive plasticity in floral display is a common
strategy of many animal-pollinated flowers (Harder
and Johnson 2005). This is probably driven by the
fact that many of the pollinators are insects whose
metabolic rate is environmentally determined
(Vicens and Bosch 2000). In turn, site-specific
phenology and flowering display influence the
quality and quantity of seed production (Kudo

2006). What specific mechanism(s) is (are) driving
the differential floral display between the two
populations in our research remains to be inves-
tigated.

FLORAL ATTRACTANTS AND REwARDS. The yellow
flowers of U. grandiflora offer nectar and pollen as
rewards. Yellow is a common visual attractant in
vernal insect-pollinated petaloid monocots in
North America. We find yellow flowers in Trillium,
Erythronium, Cypripedium, Calochortus, Hypoxis,
etc. (see Vol. 26 of Flora of North America). The
lack of temperature differences within and outside
the floral chamber is not surprising since the
yellow color pattern is uniform. Cypripedium
parviflorum has an inflated chamber and there is
no significant change in temperature during the
cool spring weather (Edens-Meier et al. 2018). It is
more likely that floral temperatures will change
when pigmentation patterns are dark, such as those
found in Viola pedata (Bernhardt et al. 2016),
which also grows at Cuivre River.

ANALYSES OF OPEN INSECT-POLLINATED FLOWERS
AND BREEDING SysTEMs. Seibert and Savidge (1991)
conducted hand-pollination experiments on a
population of U. grandiflora in Trelease Woods
(Urbana, IL). They concluded that this species was
“mostly self-incompatible.” Our bagging experi-
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ments indicate that mechanical self-pollination is
minimal but this does not answer the question of
what happens if a bee visits more than one flower
on the same scape or ramet. Our fluorescence
studies suggest that there is a late-acting self-
incompatibility system following experimental
hand-pollinations. Specifically, pollen tubes pro-
duced by self-pollination do enter the style but
appear less likely to enter the ovary compared with
tubes produced by cross-pollination over the same
length of time. This is common in other petaloid
monocots (Gibbs 2014).

INSEcT OBSERVATIONS AND CoOLLECTIONS. The
majority of bee species collected exiting the
flowers of U. grandiflora belonged to polylectic
lineages associated with the pollination of other
vernal herbs in the Midwest (Edens-Meier et al.
2011a, b, 2018; Bernhardt et al. 2016; Ren et al.
2019). The only exception is Andrena uvulariae,
but some females of this species also foraged on
other plant species. Claims that this bee species is
an obligate oligolege require more tests of pollen
load analyses as mixed loads are found on other
specialist species regarded previously as foraging
specialists (Bernhardt and Walker 1996).

Mitchell (1960) first described the 4. uvulariae
female. Since then, members of this species have
remained elusive. The male of this species has not
yet been described. Within the past few years,
however, 4. uvulariae has been found, usually
collected by bowl traps, in several locations and
habitats in the USA, primarily in and east of the
Appalachians (Ascher and Pickering 2017). Spec-
imens have also been discovered in some older
collections from the eastern USA, often misdeter-
mined as the very similar Andrena ziziaeformis
Cockerell (Ascher and Pickering 2017). Notably,
the only known locations west of the Appalachians
in addition to our Cuivre River sites are several
widely separated locations in the Missouri Ozarks
(Arduser and A. Harmon-Threatt, unpublished), in
central Indiana (R. Jean, personal communication),
and in SE Wisconsin (L. Anchor, unpublished),
this despite extensive and ongoing collecting
efforts in Illinois, Indiana, and Missouri, where
Uvularia species, particularly U. grandiflora, are
relatively common. Our current research adds new
information on the foraging behavior of the female
A. uvulariae, and suggests one simple reason why
this species has remained so elusive while
populations of Uvularia species are so broadly
distributed throughout northeastern USA. It is

UVULARIA GRANDIFLORIA (COLCHICACEAE)

possible that small, foraging bees are concealed
within the corolla and remain undetected. Its
relative scarcity—if real—west of the Appala-
chians suggests that A. wvulariae may have
restrictive or unique microhabitat requirements,
particularly since our entire collection of this
species originated exclusively from only one, the
drier and less mesic, of our two sites.

Male bees, of course, do not actively collect
pollen. However, our pollen load analyses showed
that the majority of male bees collected must have
contacted the anthers passively as they foraged,
presumably, for nectar. Most of these males
probably take nectar from a range of coblooming
species because our pollen load analysis showed
that 19 of 30 male bees also carried grains from
flowers other than the host species.

Why were 59% of bees collected on U.
grandiflora males? The most likely explanation
is that U. grandiflora at our sites blooms at a time
of year in which male bees outnumber or are equal
to the number of females. However, it is not
unusual to find an aggregation of male bees on
flowers that attract female bees that collect pollen
from a narrow lineage of flowering plants
(oligolectic foraging). This is well documented
for bee taxa in which the females collect pollen
from a narrow and closely related clade of
angiosperms. The best-known examples of this
include bees foraging on the genus Cucurbita
(Hurd and Gorton 1971) and in some species in the
genus Conospermum (Proteaceae; Houston 1989).
High concentrations of male bees, though, are
usually associated with flowers that are sexual
mimics (e.g. Ophrys; Vereecken and Francisco
2014) and in some Neotropical orchids offering
perfume rewards to Euglossine species (Roubik
2014). Our results were quite different because U.
grandiflora flowers attracted male bees from three
families (Andrenidae, Apidae, Megachilidae) rep-
resenting three unrelated genera. The majority of
males foraged on these flowers and some males
appeared to be patrolling the flowers and were
attacking or harassing bees of other species.

When records of bee collections on U. grandi-
flora are compared over a century, a complex
picture of its pollinator guild emerges. In fact, this
guild may be very labile over relatively short
distances. Collections in Illinois favored large-
bodied, eusocial Bombus species (Robertson 1896,
1928; Seibert and Savidge 1991) over smaller-
bodied solitary species. Graenicher (1906) be-
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lieved that in addition to being pollinated by
Bombus species, smaller bees may also serve as
effective pollen vectors. Our collections over two
seasons indicate that Graenicher’s predictions are
correct at certain sites. Specifically, Andrena and
Osmia species, medium- to large-bodied bees,
were more common as agents of pollen dispersal
than Bombus species in our research. Bee diversity,
body size, and sex ratios differ from earlier studies.
We encourage further studies of this plant species
and on other vernal, woodland plants with broad,
North American distributions to understand vari-
ation in the pollination ecology of endemic
species.
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