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Ornithophily in the trumpet creeper (Campsis radicans)
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illustrated as early as 1731. However, neither historical nor modern accounts accu-

floral adaptations for ornithophily. This paper explores their surprisingly immersive

in two populations in the Ozark Mountains. The ruby-throat's bill is approximately

the corolla length of ornithophilous plants to match the bill length of their principal
hummingbird pollinator. To access the nectary, ruby-throats grasp or cling to the ven-
tral petal lobe of the corolla with their claws and thrust their head and upper body into
the flower. This immersive “floral-diving” had not been formally documented among
the 356 species of hummingbirds until now. The didynamous anthers and stigma are
strategically positioned inside the corolla to brush the crown feathers when the ruby-
throat inserts its head. A narrow stricture in the corolla, about a third of the way up,
allows the bill and tongue of hummingbirds to pass while blocking bumblebees and
carpenter bees from reaching the nectary. As a result, the abundant sucrose-rich flo-
ral nectar seems to be reserved for hummingbird pollinators.
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1 | INTRODUCTION Der Pijl, 1979). Hummingbirds (Trochilidae) are the most special-

ized nectarivorous birds in terms of morphology and behavior
Ornithophily refers to the evolutionary adaptation of flower- (Schuchmann, 1999; Stiles, 1978). This monophyletic clade, with
ing plants for bird pollination (Cronk & Ojeda, 2008; Faegri & Van a peak in species diversity in the equatorial Andes (Rahbek &

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
Published 2024. This article is a U.S. Government work and is in the public domain in the USA. Ecology and Evolution published by John Wiley & Sons Ltd.

Ecology and Evolution. 2024;14:€70279. www.ecolevol.org 1of11
https://doi.org/10.1002/ece3.70279


https://doi.org/10.1002/ece3.70279
http://www.ecolevol.org
mailto:
https://orcid.org/0000-0003-1406-5246
http://creativecommons.org/licenses/by/4.0/
mailto:gravesg@si.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fece3.70279&domain=pdf&date_stamp=2024-09-10

GRAVES

20f11 WI LEY-ECOIOgy and Evolution

Open Access,

Graves, 2000), has been diversifying in the Western Hemisphere
for at least 22 million years (McGuire et al., 2014). The 356 extant
species (Chesser et al., 2022; Remsen et al., 2023) occupy a collec-
tive geographic range spanning 115 degrees of latitude from Alaska
to Tierra del Fuego. The trochiliform radiation has had a profound
impact on the floral evolution and pollination strategies of flow-
ering plants (Barreto et al., 2024; Grant & Grant, 1968; Temeles &
Kress, 2003). An estimated 7000 plant species representing 68 plant
families are reliant on hummingbirds for pollination, the dependence
inferred from generic-level characters such as brightly colored,
scentless flowers with elongated corolla tubes, exposed stigmas
and stamens, and the production of large volumes of sucrose-rich
nectar (Abrahamczyk et al., 2014). It is conceivable that the number
of hummingbird-pollinated species exceeds that of all other bird-
pollinated plants worldwide.

The flora of eastern North America includes 31 plant spe-
cies (Austin, 1975; Bertin, 1982c), representing 21 genera and 18
families, that are pollinated by the ruby-throated hummingbird,
Archilochus colubris (L.), the sole breeding hummingbird in this re-
gion (Weidensaul et al., 2020). Trumpet creeper (Campsis radicans
(L.) Seem. ex Bureau), a member of the cosmopolitan Bignoniaceae,
is the quintessential example of ornithophily in the eastern United
States. This flamboyantly orange-flowered liana is widely distrib-
uted east of the Great Plains, particularly south of 40°N latitude
(Kartesz, 2015), with a native geographic range greater than 1.5 mil-
lion km?. Thriving in sunny locations on moist rich soils, especially
in riparian corridors, trumpet creeper frequently climbs trees to a
height of 15m and sprawls over fencerows, embankments, masonry
walls, bridge abutments, and abandoned buildings. The zygomorphic
flowers (60-90mm in length) are arranged in terminal inflorescences
composed of 12-35 flowers organized in 3-flowered dichasial cymes
(Bertin, 1982a; Gentry, 1992). Mature plants may bear hundreds of
blossoms during the summer flowering season.

The foundational studies on the pollination ecology of trumpet
creeper began in the 1970s (Bertin, 1982a, 1982b, 1990a, 1990b;
Bertin & Peters, 1992; Bertin & Sullivan, 1988; Elias & Gelband, 1975,
1976; Hardin et al., 1972). Working at field sites in Missouri and lllinois,
Bertin (1982a) confirmed that the liana was adapted for hummingbird
pollination. Although bumblebees and honeybees were capable of
pollinating flowers, ruby-throats deposit ten times as much pollen per
visit. More recent studies in Tennessee, where hummingbirds were
scarce (Van Nest et al., 2021), and in Poland, where trumpet creeper
was introduced as a garden ornamental and hummingbirds are absent
(Kolodziejska-Degorska & Zych, 2006), confirmed the efficacy of bee
pollination. The presence of contrasting nectar guides inside the co-
rolla (Hardin et al., 1972), a characteristic of melittophilous flowers,
suggests that trumpet creeper may employ a hybrid pollination strat-
egy to attract both hummingbirds and bees.

Trumpet creeper has been admired by horticulturists since the
Colonial era for its showy flowers (Cothran, 2003). It was among the
first ornamental plants from North America introduced to Europe,
with records of its cultivation in England dating to 1640. It has be-
come naturalized far outside its native range in North America, Asia,

South America, and Europe (Observations iNaturalist). Due to its
aggressive growth and clonal spreading, it can quickly become un-
manageable in gardens and ornamental plantings. Trumpet creeper
has been classified as one of the more problematic native weeds in
the southeastern United States (EImore et al., 1989; Marble, 2018).

1.1 | Historical prolog

The ruby-throat is the most intensively researched humming-
bird species (Schuchmann, 1999; Weidensaul et al., 2020), with
a historical literature dating to the 17th century (Clayton, 1693;
Grew, 1693; Josselyn, 1672). The earliest known illustration of an
ornithophilous plant with its primary pollinator (Figure 1) is a hand-
colored etching of a ruby-throat feeding at a trumpet creeper flower
(Catesby, 1731). Early natural history accounts mentioned several
nectar plants (Bartram, 1792; Kalm, 1770), with trumpet creeper
receiving the most attention (Audubon, 1831, 1835; Catesby, 1731,
Nuttall, 1832; Wilson, 1810). The mutualistic relationship between
trumpet creeper and ruby-throats was well known several decades
before the formal conceptualization of ornithophily as a pollination
syndrome in flowering plants (Delpino, 1867).

Catesby (1731: 65) appears to be the only observer to note the
considerable physical exertion required for these birds to obtain
nectar legitimately from trumpet creeper flowers, “The Humming
Birds delight to feed on these Flowers; and, by thrusting themselves
too farinto the Flower, are sometimes caught.” This observation was
presumably made in the Carolinas or Virginia.

Alexander Wilson, who had access to Catesby's volume
(Ord, 1828), composed a lengthy account on ruby-throats in his clas-
sic American Ornithology, which included a description of it feeding

at trumpet creeper flowers (Wilson, 1810: 28):

The Humming-bird is extremely fond of tubular flow-
ers, and | have often stopt, with pleasure, to observe
his manoeuvres among the blossoms of the trumpet
flower. When arrived before a thicket of these that
are full blown, he poises, or suspends himself on wing,
for the space of two or three seconds, so steadily, that
his wings become invisible, or only like a mist; and
you can plainly distinguish the pupil of his eye look-
ing round with great quickness and circumspection;
the glossy golden green of his back, and the fire of
his throat, dazzling in the sun, form altogether a most
interesting appearance. The position into which his
body is usually thrown while in the act of thrusting
his slender tubular tongue into the flower, to extract
its sweets, is exhibited in the figure on the plate [X].

Wilson's account made no mention of ruby-throats inserting
themselves in flowers or becoming trapped. It is plausible that he
either overlooked Catesby's observations or did not fully appreciate
their significance.
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PLATE. 47,

FIGURE 1 |lllustrations of ruby-throated hummingbird (Archilochus colubris) and trumpet creeper (Campsis radicans): Left by

Catesby (1731) and right by Audubon (1835).

Audubon (1831), who closely studied Wilson's work, did not de-
scribe the mode of ruby-throat foraging at trumpet creeper flow-
ers. However, his iconic painting of ruby-throats (1835) showed a
swarm feeding at a cluster of trumpet creeper inflorescences. Two
birds are depicted with their bills inserted in flowers, although not
deeply enough to obtain nectar. Both are hovering rather than
perched, giving the impression that ruby-throats are capable of le-
gitimately obtaining nectar from trumpet creeper flowers without
fully inserting their heads inside the corolla. This portrayal became
the prototypical representation of ruby-throat foraging behavior
and likely shaped the perception that further study was unneces-
sary. As a result, neither historical nor modern accounts accurately
describe their feeding behavior at trumpet creeper flowers.

This paper unravels the mystery of Catesby's “caught” humming-
birds and documents an immersive foraging mode in ruby-throats
that is, at the very least, rare among hummingbirds. An analysis of
floral traits further clarifies the ornithophilous adaptations of trum-

pet creeper for hummingbird pollination.

2 | METHODS
2.1 | Trumpet creeper populations
| investigated floral traits at two locations 20km apart in Baxter

County, Arkansas, near the southern margin of the Salem Plateau
of the Ozark Mountains. These sites lie in the western portion

of the liana's native range, (Observations - iNaturalist), approxi-
mately 215km southwest of Bertin's (1982a) nearest study area
in Missouri.

e White River (36°11.7' N, 92°16.9' W; elevation 110m). Flowers
were sampled from July 29, 2023, to September 20, 2023, from
two intertwined lianas growing on an arbor situated on sandy
loam on the bank of the White River, the principal river in the
Ozark highlands.

e Norfork Lake (hereafter Norfork) (36°22.5" N, 92°13.9" W; el-
evation 177m). Flowers were sampled from August 4, 2023, to
September 20, 2023, from numerous lianas growing along 75m of
roadside tangles on a well-drained cobbled slope overlooking the

lake, an impoundment of the North Fork of the White River.

2.2 | Overview of trumpet creeper floral traits

The campanulate corolla widens from a narrow elongated cylindri-
cal base and terminates in five rounded petal lobes that unfold at
anthesis. The ventral petal lobe (Figure 2) functions as a landing plat-
form for hummingbirds and bees. The pentagonal corolla opening is
vertically compressed, wider horizontally than it is tall. The base of
the corolla, which encloses the basal nectary and superior ovary, is
protected by a leathery cup-shaped calyx. Most corollas curve sub-
tly downward above the calyx. The circular nectary averages 4.0mm
in diameter (Elias & Gelband, 1976). The corollary stricture marks the
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point where the narrow basal tube flares abruptly. The four staminal
filaments and a short curled staminode emerge from the interior wall
at the corollary stricture and curve along the inner walls toward the
opening. The anthers are arranged in a didynamous configuration,
with a proximal and distal pair. The dorsifixed anthers are positioned
along the dorsal wall inside the corolla opening. The style protrudes
through and partially blocks the aperture of the stricture (Figure 2).
The flattened, approximately diamond-shaped stigma usually lies
between the proximal and distal pairs of anthers along the dorsal
wall of the floral tube.

Trumpet creeper flowers contain an anthocyanin pigment, cyan-
idin 3-rutinoside (Harborne, 1967), resulting in rich orange and red
hues on the internal and external surfaces of the corollas (Figure 2),
typical of hummingbird-pollinated flowers (Grant & Grant, 1968).
Contrasting red to magenta nectar guides extend from the reflexed
petal lobes at the mouth of the corolla inward past the anthers and
stigma toward the corollary stricture (Figure 2).

Individual flowers can yield nectar volumes exceeding 115pL/
day (Bertin, 1982a; Edge, 2010; Van Nest et al., 2021), the highest
average volume reported for ornithophilous plants in North America
at temperate latitudes (see McDade & Weeks, 2004; Stiles, 1975;
Stiles & Freeman, 1993). Flowers typically open between 06:00
and 14:00h (Bertin, 1982a). Newly opened flowers have an aver-
age initial nectar volume of 40pL. Nectar production continues at
a rate of 5pL/h throughout the day, slows abruptly at sunset, and
ceases the following day (Bertin, 1982a). Trumpet creeper flowers,
like those of most ornithophilous species, have little or no scent, at
least to human olfaction. The sugar concentration of floral nectar,
in sucrose equivalents, ranges from 24% to 35%, averaging approx-
imately 30% (Bertin, 1982a; Edge, 2010; Van Nest et al., 2021). This
concentration is slightly higher than the average 25.4% sugar ob-
served in 202 species of hummingbird-pollinated plants but signifi-
cantly lower than the average 41.6% observed in 156 bee-pollinated
plants (Pyke & Waser, 1981). Floral nectar sugar of trumpet creeper
is predominately sucrose (73%), with lesser percentages of fruc-
tose (18%) and glucose (9%) (Baker et al., 1998). In a sample of 137
hummingbird-pollinated species, Baker et al. (1998) found a range
of 18-97% sucrose, with an average of 58%. Extrafloral nectaries
have been identified on the petiole, calyx, and the outer surface of
developing corollas (Elias & Gelband, 1975, 1976). These are visited

FIGURE 2 Trumpet creeper flowers.
Left: Cluster of flowers in typical upright
orientation. Right: Corolla split along the
ventral midline. The ovary, nectary, and
style have been removed with the calyx.
Inset: View of the corollary stricture
after the distal end of the flower can be
removed. The severed stump of the style
blocks the center of the narrow aperture
(2-3mm wide).

by ants. There is no evidence that hummingbirds exploit extrafloral
nectar, which must be miniscule in calorie equivalents compared to

the copious floral nectar.

2.3 | Floral data

| stored newly opened flowers in plastic bags and transported
them in a refrigerated cooler for later measurement and dissection.
Insect-damaged flowers were culled in the field, while undersized
flowers were retained in the population samples. Most floral meas-
urements were made with digital calipers to the nearest 0.1 mm.
The width of the corolla opening (horizontal plane) was measured
first. The corolla was then split distally along the ventral midline
far enough to measure the position of the stigma in relation to the
proximal and distal pairs of anthers. The calyx, nectary, ovary, and
stigma were then removed as a single unit. Corolla length (minus
calyx) was measured from the base, which approximates the posi-
tion of the nectary, to the notches flanking the ventral petal lobe
at the mouth of the floral tube. The corolla was then split from
end to end along the ventral midline, pressed flat under a sheet
of glass, and photographed alongside a scale bar (Figure 2). The
distance from the corolla base to the corollary stricture, approxi-
mated by the base of the distal anther filaments, was measured
from scaled photographs (to the nearest mm). | also measured the
distance from the corolla base to the filament tips of the longest
proximal and distal pairs of anthers. The stigma-nectary distance
was derived from the position of the stigma relative to the distal
pairs of anthers.

2.4 | Hummingbird foraging behavior

| observed ruby-throats foraging at the White River site during
three flowering seasons: July 9, 2020, to August 8, 2020, June 30,
2021, to August 11, 2021, and July 29, 2023, to September 20,
2023. Hummingbirds at this site were habituated to humans and
commonly fed at trumpet creepers within 2m of seated observers.
None of the hummingbirds was marked or tagged. Video recordings
of foraging were made with a Nikon Coolpix P1000™ camera. Still
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photography was also conducted with a Canon Eos 80D™ equipped
with a 400mm lens.

2.5 | Statistical analysis

The pollination biology literature provides limited guidance on the
expected statistical distribution of floral trait measurements in orni-
thophilous plants. To address this gap, | calculated summary statistics
for six key floral measurements that bear directly on hummingbird
pollination and nectar extraction in trumpet creeper (Appendix 1).
The D'Agostino-Pearson K? test (hereafter K? test), which combines
the skewness (\/b_l) and kurtosis (b,) statistics, was used to evaluate
the goodness-of-fit of floral trait measurements to a normal distribu-
tion (D'Agostino et al., 1990). The K? test has robust power over a
wide range of sample sizes and is preferred over the Shapiro-Wilk W
test (Shapiro & Wilk, 1965) when data sets include repeated values.
| report ¢ coefficients as a measure of the degree of similarity be-
tween observed distributions and a normal distribution. The values
of ¢ range from -1 to 1, where zero indicates perfect conformity to
a normal distribution.

None of the six floral traits displayed significant skewness
(Appendix 1). Kurtosis was observed in a single trait in the White
River population. However, the omnibus K? test indicated that
the distribution of several traits in both populations deviated sig-
nificantly from normality. Corolla length (Figure 3) was notable in
exhibiting high ;(2 values and correspondingly low p-values in both
populations, resulting from peaked and left-skewed distributions.
Overall, floral traits in both populations exhibited low to moderate ¢
coefficients (observed values, 0.10-0.55).

Rather than employing data transformations to normalize trait
measurements, | used the nonparametric Spearman rank correla-
tion coefficients (rs) to evaluate the strength of correlations be-
tween traits. Population differences in traits were evaluated with
the nonparametric Mann-Whitney U-test (Hollander & Wolfe,
1973). This test combines measurements from the White River
and Norfork populations into a single sample and then assesses
the range and location of the lowest group's distribution within
the overall sample range against a ranked distribution that ap-
proaches normality. All p-values are two-tailed. To reduce the risk
of Type 1 errors resulting from multiple comparisons, a Bonferroni
correction was applied to similar analyses within each popula-
tion. The significance level was adjusted by the number of tests,
a=0.05/6=0.0083.

3 | RESULTS
3.1 | Floral trait variation
Corolla length in the two populations ranged from 58 to 75mm

(Appendix 1). The minimum length represents the shortest dis-
tance that must be bridged by hummingbirds or bees to reach the
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nectary through the corolla opening. Median corolla length and
opening width were 7.6% longer and 4.2% wider, respectively,
in the White River population than at Norfork. Corolla length
and width were marginally correlated at White River (r5=0.23,
p=.01, n=115) and less so at Norfork (r,=0.15, p=.09, n=123).
Differences in flower size between the two study sites may be
partly attributed to site favorability, Norfork being higher and
drier than White River.

The positions of the stigma, proximal anthers, and distal anthers,
with respect to the nectary, were relatively similar in both popula-
tions (Appendix 1). Anthers and stigma were inserted well inside the
corolla opening. The stigma was usually located between the prox-
imal and distant pairs of anthers (Figure 3). The stricture-nectary
distance was similar in the two population samples (Mann-Whitney,
p-value=.83).

The proximal anther-nectary distance exhibited a marginal
correlation with corolla length at White River (r,=0.28, p=.002,
n=113), but a stronger correlation at Norfork (r,=0.48, p <.0001,
n=123). In both populations, there were strong correlations be-
tween corolla length and distal anther-nectary distance (White
River, r.=0.45, p<.0001, n=113; Norfork, r,=0.53, p<.0001,
n=123). The stigma-nectary distance was also significantly cor-
related with corolla length at White River (r,=0.37, p<.0001,
n=113) and Norfork (r,=0.26, p=.003, n=123). All floral traits,
external and internal, exhibited low coefficients of variation within
populations (0.04-0.09).

3.2 | Hummingbird foraging behavior

Ruby-throats were observed at trumpet creeper flowers at the
White River site from mid-June to mid-September. The frequency of
visits increased in August coincident with the departure of orchard
orioles (Icterus spurius), which compete for nectar and pierce flow-
ers, and the augmentation of local hummingbird populations with
hatching year birds. Ruby-throats typically explore multiple inflores-
cences during foraging visits, making hovering passes around flower
clusters before approaching closely. This surveillance likely serves
multiple functions, including assessing bud development and flower
maturity, locating oriole piercings as shortcuts to nectar, and check-
ing for potential predators.

After selecting a flower, a ruby-throat hovers forward and grasps
the ventral petal lobe at the corolla opening with both feet (Figure 4).
The curved claws penetrate the soft spongy petal surface, providing
leverage to thrust its head and upper body into the trumpet-shaped
corolla. When the fit is snug, individuals may become wedged or
“caught” as observed by Catesby (1731). During these instances, wing
movements typically pause, with the wings either folded or held in
a posterior-facing delta position (see video URL in Data Availability
Statement). Ruby-throats appear to employ leg thrusts and wing beats
to back out of the corolla. Although scores of hummingbird species
are known to insert the full length of their bills into flowers (see eBird
photo archives, Media Search-Macaulay Library and eBird), until now,
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FIGURE 3 Trait distributions of trumpet creeper flowers at two
sites in the Ozark Mountains. Corolla length and the distances
from the floral nectary to the proximal anthers, distal anthers,

and stigma. These data document the inserted positions of the
reproductive structures (Appendix 1).

none have been documented to consistently thrust their entire head
and upper body into snug tubular corollas while clinging. | propose
the term “floral-diving” to characterize this distinctive feeding tech-
nique, which was the only method ruby-throats used to obtain nectar
through the corolla opening at the Ozark study site.

As ruby-throats enter and exit the corolla, their heads brush the
stigma and both pairs of anthers, which are positioned well inside
the flower opening. The snug fit and the position of the anthers near
the dorsal midline ensure precise deposition of pollen on the hum-
mingbird's crown. Individuals feeding at trumpet creeper flowers are
dusted and often caked with pale yellow pollen (Bertin, 1982a). This
foraging mode may require horizontal or upward-facing flowers, as
grasping the petal might be difficult from an inverted position (but
see Reid et al., 2023). Hummingbirds may perform the floral-diving
maneuver 2-3 times in rapid succession at the same flower. These
quick entrances and exits might reduce the risk of ambush by pred-
ators such as mantids (Nyffeler et al., 2017), vespine wasps (Carr

& Golinski, 2020), and birds (Graves, 2022b), though this remains
speculative.

Prolific flowering and the abundance of floral nectar and pollen
make trumpet creeper highly appealing to hummingbirds and bees
(Bertin, 1982a). However, the copious nectar is also irresistibly attrac-
tive to the nectar-robbing orchard oriole (Graves, 2022a). Orioles use
their bills to penetrate the corolla and the leathery calyx to access nec-
tar. The slit-like piercings typically measure 12-20mm in length and
extend through the base of the corolla parallel to the long axis of the
flower. During the peak blooming season, orioles robbed more than
92% of flowers at the White River site before they departed in late July
(Graves, 2022a). Hovering ruby-throats readily visit oriole piercings
and empty calyces after the corollas have been detached by orioles.
While ruby-throats are known secondary nectar-robbers, there have
been no documented observations of ruby-throats piercing trumpet
creeper corollas themselves, although this remains a possibility (see
Inouye (1980) for discussion of primary and secondary nectar-robbery).

3.3 | Billlength and nectar accessibility

The conventional wisdom that corolla length of hummingbird-
pollinated plants matches the bill length of its primary pollina-
tor (Dalsgaard et al., 2009; Maglianesi et al., 2014; Rico-Guevara
et al.,, 2021; Snow & Snow, 1980; Temeles et al., 2009) does not
apply in this case. Trumpet creeper corollas are roughly three times
the length of the longest bills of female (18.3+0.7mm) and male
(16.4+0.6mm) ruby-throats (bill measurements from Weidensaul
et al., 2020; Temeles, 1996) used feeder experiments to demon-
strate that the maximum depth of nectar extraction for female ruby-
throats, with fully extended tongues, was approximately 40mm
when feeding from 3mm diameter tubes. This indicates that ruby-
throats must insert their bill tips about 36-53mm past the corolla
opening for their tongues to reach the circular nectary at the base
of the tubular trumpet creeper flower. This distance may be a few
millimeters less if nectar is pooled above the nectary, but the hum-
mingbird's head must be fully inserted in either case. The eyes of
ruby-throats, located 22-24 mm behind the bill tip, are positioned
12-29 mm inside the tubular corolla during floral-diving. While it is
unclear whether their eyes are closed while feeding, the birds are
certainly blinded and highly vulnerable to predators during this time.

4 | DISCUSSION

One of the least anticipated findings was that ruby-throats use
their feet to cling to trumpet creeper flowers, enabling them to
thrust their heads and upper bodies deeply into the snug corollas.
While floral-diving has not been formally reported in humming-
birds, it is likely that this foraging mode is practiced by several,
perhaps many, hummingbird species in regions with rich ornitho-
philous floras. For example, a recent report on nectar-robbery by
the sword-billed hummingbird (Ensifera ensifera) in the Ecuadorian
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FIGURE 4 Ruby-throated hummingbird
floral-diving at a newly-opened trumpet
creeper flower. (a) Inspection of flower
and preparation to land. (b) Clinging to

the ventral petal lobe with both feet. (c)
Head and neck are thrust into the flower.
(d) Wings paused while hummingbird
extracts nectar.

Andes (Reid et al., 2023) included an unremarked photograph of a
feeding bird clinging to the bottom of a hanging Brugmansia san-
guinea flower. The bird's head is inserted into the corolla, while its
wings are unencumbered and freely beating. Sword-bills have long
been known to insert their heads into hanging flowers of Passiflora,
Datura, and Brugmansia while hovering (Fjeldsd & Krabbe, 1990;
Snow & Snow, 1980), but not while clinging. This example falls
short of the immersive floral-diving observed in ruby-throats but it
suggests that sword-bills may be capable of similar behavior. These
observations are emblematic of the major gaps in our knowledge
of hummingbird foraging ecology. Such discoveries would be less
surprising if they originated from remote sites in the species-rich
Andes (Rahbek & Graves, 2000), involving a poorly-known, range-
restricted species (e.g., Fitzpatrick et al., 1979; Graves, 1980).
However, if behaviors like clinging and floral-diving can be over-
looked in a well-studied species in eastern North America, what
else might we have missed?

The prevalence of clinging behavior in hummingbirds is not
well understood. A recent survey by Colwell et al. (2023) catego-
rized 220 species into two groups—those that cling to flowers with
their feet to obtain nectar and those that obtain nectar solely by
hovering. These groups were further subdivided into those that
engage in nectar-robbery and those that feed only legitimately.
Clinging species tend to exhibit larger feet and shorter bills after
accounting for body size, phylogenetic signal, and elevation. None
of the 15 species that breed in the United States, including the
ruby-throat, has been reported to cling (Colwell et al., 2023). The
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ruby-throat, which exhibits moderate foot size and bill length,

was categorized as a hovering feeder that does not engage in
nectar-robbery.

Flower dissection revealed a second unexpected finding—the
stricture in the trumpet creeper corolla is sufficiently narrow to pre-
vent large bees from reaching the nectary. This constriction, situated
21-33mm above the nectary, is buttressed by the swollen bases of
the four staminal filaments and staminode. The aperture, blocked by
the protruding style, forms a roughly concave diamond shape (insert
in Figure 2). Ruby-throats can easily insert their bill tip and tongue
through the gap. Larger bees (e.g., Apis, Bombus, and Xylocopa) are
unable to pass through the strictures of the largest trumpet creeper
flowers. Several small halictid bees (Augochlora sp.) were found
trapped in the narrow corolla base below the stricture during flower
dissection. These were able to force their way through the stricture
but were unable to back out.

The distance from the nectary to the stricture is 2-3 times
longer than the proboscis length of the native bumblebees and
carpenter bees in eastern North America (Cariveau et al., 2016),
making the floral nectar inaccessible in uptilted flowers. Although
the viscosity of 30% sucrose nectar at ambient temperatures (25-
30°Q) is relatively low (~2.1-2.2mPa-s), it is unclear whether the
nectar seeps into the slender basal stem and through the stric-
ture of horizontally tilted flowers where long-tongued bees could
potentially reach it. In any event, the ruby-throat appears to be
the sole pollinator capable of easily accessing floral nectar in most
trumpet creeper flowers.
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These observations raise important questions about pop-
ulation variation in floral morphology and the prevalence of
floral-diving across the native range of trumpet creeper. The low
coefficients of variation in trait measurements within the Ozark
populations suggest that corolla length and the inserted positions
of anthers and stigma may be under strong selection. However,
there may be populations elsewhere with shorter flowers that
ruby-throats can feed from legitimately while hovering. Field
observations have shown that nectar-robbing orioles can dis-
rupt pollination in local patches of trumpet creeper in the Ozarks
(Graves, 2022a). The extent to which orioles undermine the mutu-
alistic relationship between ruby-throats and trumpet creeper in
other areas where they geographically overlap remains to be de-
termined. The function of nectar guides in trumpet creepers also
calls for further study. Are they ancestral traits retained as a bet-
hedging strategy for bee-pollination when hummingbird density is
low, or do hummingbirds use them to pinpoint the corollary stric-
ture? Do they vary geographically? Nectar guides in narrow tu-
bular corollas are likely hidden from view of nectar-feeding birds,
but they may serve a purpose in spacious campanulate flowers
where converging lines are easily seen by ruby-throats entering
the corolla. Other pressing tasks include a geographic assessment
of floral nectar volumes, the concentrations of disaccharide and
monosaccharide sugars, and the potential use of extrafloral nec-
taries by hummingbirds. Finally, kinematic analysis of clinging and
floral-diving may provide valuable insight into the energetic costs
and benefits of this immersive and apparently rare foraging mode

in hummingbirds.

AUTHOR CONTRIBUTIONS

Gary R. Graves: Conceptualization (lead); data curation (lead); formal
analysis (lead); funding acquisition (lead); investigation (lead); meth-
odology (lead); project administration (lead); resources (lead); super-
vision (lead); validation (lead); visualization (lead); writing - original
draft (lead); writing - review and editing (lead).

ACKNOWLEDGMENTS

| thank Robert Bertin and an anonymous reviewer for critiques of
the manuscript. Leslie Overstreet (Joseph F. Cullman 3rd Library
of Natural History, Smithsonian Institution Libraries) advised
on Catesby (1731). Fieldwork was supported by the Alexander
Wetmore Fund (Smithsonian Institution) and the Smoketree
Trust.

FUNDING INFORMATION
None.

CONFLICT OF INTEREST STATEMENT

The author has no conflict of interest to declare.

DATA AVAILABILITY STATEMENT
Raw data for floral trait metrics are deposited in Dryad https://doi.
org/10.5061/dryad.kédjh9wgp. Video of hummingbird foraging is

available at ML617831323-Ruby-throated Hummingbird-Macaulay
Library.

ORCID

Gary R. Graves " https://orcid.org/0000-0003-1406-5246

REFERENCES

Abrahamczyk, S., Souto-Vilards, D., & Renner, S. (2014). Escape from
extreme specialization: Passionflowers, bats and the sword-billed
hummingbird. Proceedings of the Royal Society B: Biological Sciences,
281(1795), 20140888.

Audubon, J. J. (1831). Ornithological biography. Adam Black.

Audubon, J. J. (1835). Ruby-throated hummingbird, plate CCLIII, the birds of
America (Vol. 3). Havell.

Austin, D. F. (1975). Bird flowers in the eastern United States. Florida
Scientist, 38(1), 1-12.

Baker, H. G., Baker, |., & Hodges, S. A. (1998). Sugar composition of nec-
tars and fruits consumed by birds and bats in the tropics and sub-
tropics. Biotropica, 30, 559-586.

Barreto, E., Boehm, M. M. A, Ogutcen, E., Abrahamczyk, S., Kessler, M.,
Bascompte, J., Dellinger, A. S., Bello, C., Dehling, D. M., Duchenne,
F., Kaehler, M., Lagomarsino, L. P., Lohmann, L. G., Maglianesi, M.
A., Morlon, H., Muchhala, N., Ornelas, J. F., Perret, M., Salinas, N. R.,
... Graham, C. H. (2024). Macroevolution of the plant-hummingbird
pollination system. Biological Reviews, 2, 13094. https://doi.org/10.
1111/brv.13094

Bartram, W. (1792). Travels through north and South Carolina, Georgia,
east and West Florida, the extensive territories of the Muscogulges,
or creek confederacy, and the country of the Chactaws. James &
Johnson.

Bertin, R. I. (1982a). Floral biology, hummingbird pollination and fruit
production of trumpet creeper (Campsis radicans, Bignoniaceae).
American Journal of Botany, 69, 122-134. https://doi.org/10.2307/
2442837

Bertin, R. I. (1982b). Paternity and fruit production in trumpet creeper
(Campsis radicans). American Naturalist, 119(5), 694-709. https://
doi.org/10.1086/283943

Bertin, R. 1. (1982c). The ruby-throated hummingbird and its major food
plants: Ranges, flowering phenology, and migration. Canadian
Journal of Zoology, 60(2), 210-219. https://doi.org/10.1139/
282-029

Bertin, R. I. (1990a). Effects of pollination intensity in Campsis radicans.
American Journal of Botany, 77(2), 178-187. https://doi.org/10.
1002/j.1537-2197.1990.tb13544.x

Bertin, R. I. (1990b). Paternal success following mixed pollinations of
Campsis radicans. American Midland Naturalist, 124(1), 153-163.
https://doi.org/10.2307/2426088

Bertin, R. ., & Peters, P. J. (1992). Paternal effects on offspring quality in
Campsis radicans. American Naturalist, 140(1), 166-178. https://doi.
org/10.1086/285408

Bertin, R. I., & Sullivan, M. (1988). Pollen interference and cryptic self-
fertility in Campsis radicans. American Journal of Botany, 75(8),
1140-1147. https://doi.org/10.1002/j.1537-2197.1988.th08827.x

Cariveau, D. P, Nayak, G. K., Bartomeus, |., Zientek, J., Ascher, J. S,,
Gibbs, J., & Winfree, R. (2016). The allometry of bee proboscis
length and its uses in ecology. PLoS ONE, 11(3), e€0151482. https://
doi.org/10.1371/journal.pone.0151482

Carr, J. M., & Golinski, J. E. (2020). Vigilance behaviors of ruby-
throated hummingbirds (Archilochus colubris) reflect elevated risk
of competitive interactions with vespine wasps. Wilson Journal
Of Ornithology, 132(2), 295-305. https://doi.org/10.1676/1559-
4491-132.2.295

Catesby, M. (1731). The natural history of Carolina, Florida and the Bahama
islands (Vol. 1).

85U8017 SUOWILIOD BAIIRID) 3|qedldde ay) Aq peusenob are sspile YO ‘8sh JO SaInJ o Areiq) 8UIIUO AB|IA UO (SUORIPUOD-PUB-SUWLBY/WIOY A3 1M ARe.d 1 U UO//SdNL) SUORIPUOD PuUe SWB | 83U 88S *[7202/TT/9z] Uo ARiqiauluo A8|im ‘@b1ebuoy| 1A Aq 6/20. €899/200T OT/I0pA0D" A8 |im AteIq Ul uo//:Sdny Wolj pepeojumod ‘6 ‘20 ‘85..S702


https://doi.org/10.5061/dryad.k6djh9wgp
https://doi.org/10.5061/dryad.k6djh9wgp
https://macaulaylibrary.org/asset/617831323
https://macaulaylibrary.org/asset/617831323
https://orcid.org/0000-0003-1406-5246
https://orcid.org/0000-0003-1406-5246
https://doi.org/10.1111/brv.13094
https://doi.org/10.1111/brv.13094
https://doi.org/10.2307/2442837
https://doi.org/10.2307/2442837
https://doi.org/10.1086/283943
https://doi.org/10.1086/283943
https://doi.org/10.1139/z82-029
https://doi.org/10.1139/z82-029
https://doi.org/10.1002/j.1537-2197.1990.tb13544.x
https://doi.org/10.1002/j.1537-2197.1990.tb13544.x
https://doi.org/10.2307/2426088
https://doi.org/10.1086/285408
https://doi.org/10.1086/285408
https://doi.org/10.1002/j.1537-2197.1988.tb08827.x
https://doi.org/10.1371/journal.pone.0151482
https://doi.org/10.1371/journal.pone.0151482
https://doi.org/10.1676/1559-4491-132.2.295
https://doi.org/10.1676/1559-4491-132.2.295

GRAVES

Chesser, R. T., Billerman, S. M., Burns, K. J., Cicero, C., Dunn, J. L,
Hernandez-Barios, B. E., Jiménez, R. A., Johnson, O., Kratter, A. W.,
Mason, N. A., Rasmussen, P. C., & Remsen, J. V. (2022). Check-list of
north American birds. American Ornithological Society.

Clayton, J. (1693). Mr. John Clayton, rector of Crofton at wake-field, his
letter to the Royal Society, giving a farther account of the soil, and
other observables of Virginia. Philosophical Transactions of the Royal
Society, 17, 978-998.

Colwell, R. K., Rangel, T. F., Fuc¢ikova, K., Sustaita, D., Yanega, G. M., &
Rico-Guevara, A. (2023). Repeated evolution of unorthodox feed-
ing styles drives a negative correlation between foot size and bill
length in hummingbirds. American Naturalist, 202(5), 699-720.
https://doi.org/10.1086/726036

Cothran, J. R. (2003). Gardens and historic plants of the antebellum south.
University of South Carolina Press.

Cronk, Q., & Ojeda, I. (2008). Bird-pollinated flowers in an evolutionary
and molecular context. Journal of Experimental Botany, 59(4), 715-
727. https://doi.org/10.1093/jxb/ern009

D'Agostino, R. B., Belanger, A., & D'Agostino, R. B., Jr. (1990). A sugges-
tion for using powerful and informative tests of normality. American
Statistician, 44(4), 316-321. https://doi.org/10.1080/00031305.
1990.10475751

Dalsgaard, B., Martin Gonzalez, A. M., Olesen, J. M., Ollerton, J.,
Timmermann, A., Andersen, L. H., & Tossas, A. G. (2009). Plant-
hummingbird interactions in the West Indies: Floral specialisa-
tion gradients associated with environment and hummingbird
size. Oecologia, 159(4), 757-766. https://doi.org/10.1007/s0044
2-008-1255-z

Delpino, F. (1867). Sugli apparecchi della fecondazione nelle piante anto-
carpee (Fanerogame). Sommario di osservazioni fatte negli anni 1865-
1866. M. Cellini & Co.

Edge, A. A. (2010). Characteristics of nectar production and standing crop
in Campsis radicans (Bignoniaceae). MSc thesis. East Tennessee State
University.

Elias, T. S., & Gelband, H. (1975). Nectar: Its production and functions in
trumpet creeper. Science, 189(4199), 289-291. https://doi.org/10.
1126/science.189.4199.289

Elias, T. S., & Gelband, H. (1976). Morphology and anatomy of floral and
extrafloral nectaries in Campsis (Bignoniaceae). American Journal of
Botany, 63(10), 1349-1353. https://doi.org/10.1002/j.1537-2197.
1976.th13220.x

Elmore, C. D., Heatherly, L. G., & Wesley, R. A. (1989). Perennial
vine control in multiple cropping systems on a clay soil.
WeedTechnology, 3(2), 282-287. https://doi.org/10.1017/S0890
037X0003181X

Faegri, K., & Van Der Pijl, L. (1979). Principles of pollination ecology (Third
ed.). Pergamon.

Fitzpatrick, J. W., Willard, D. E., & Terborgh, J. W. (1979). A new species
of hummingbird from Peru. Wilson Bulletin, 91, 177-186.

Fjeldsa, J., & Krabbe, N. (1990). Birds of the high Andes. Zoological
Museum, University of Copenhagen.

Gentry, A. H. (1992). Bignoniaceae: Part Il (tribe Tecomeae). Flora
Neotropica, 25(2), 1-370.

Grant, K. A, & Grant, V. (1968). Hummingbirds and their flowers (p. 114).
Columbia University Press.

Graves, G. R. (1980). A new species of metaltail hummingbird from
northern Peru. Wilson Bulletin, 92, 1-7.

Graves, G. R. (2022a). The Campsis-Icterus association as a model sys-
tem for avian nectar-robbery studies. Scientific Reports, 12, 11936.
https://doi.org/10.1038/s41598-022-16237-9

Graves, G. R. (2022b). Merlin takes hummingbird in flight over lake.
Journal of Raptor Research, 56(2), 265-266. https://doi.org/10.
3356/JRR-21-67

Grew, N. (1693). The description of the American Tomineius, or hum-
ming bird, communicated by Nehemiah Grew, M. D. and fellow of

Ecology and Evolution 90of11
=t S VY LEy- 2o

the Royal Society. Philosophical Transactions of the Royal Society, 17,
760-761.

Harborne, J. B. (1967). Comparative biochemistry of the flavonoids-VI.:
Flavonoid patterns in the Bignoniaceae and the Gesneriaceae.
Phytochemistry, 6(12), 1643-1651. https://doi.org/10.1016/S0031
-9422(00)82897-6

Hardin, J. W., Doerksen, G., Herndon, D., Hobson, M., & Thomas, F.
(1972). Pollination ecology and floral biology of four weedy genera
in southern Oklahoma. Southwestern Naturalist, 16(3/4), 403-412.
https://doi.org/10.2307/3670071

Hollander, M., & Wolfe, D. A. (1973). Nonparametric statistical methods.
John Wiley and Sons.

Inouye, D. W. (1980). The terminology of floral larceny. Ecology, 61(5),
1251-1253. https://doi.org/10.2307/1936841

Josselyn, J. (1672). New Englands rarities discovered. G. Widdowes.

Kalm, P. (1770). Travels into North America; containing its natural history,
and a circumstantial account of its plantations and agriculture in gen-
eral, with the civil, ecclesiastical and commercial state of the country,
the manners of the inhabitants, and several curious and important re-
marks on various subjects (Vol. 1). William Eyres.

Kartesz, J. T. (2015). Campsis radicans. Floristic Synthesis of North
America, Version 1.0. Biota of North America Program (BONAP).
http://bonap.net/MapGallery/County/Campsis%20radicans.png

Kolodziejska-Degorska, I., & Zych, M. (2006). Bees substitute birds in
pollination of ornitogamous climber Campsis radicans [L.] seem. In
Poland. Acta Societatis Botanicorum Poloniae, 75, 79-85.

Maglianesi, M. A., Blithgen, N., Béhning-Gaese, K., & Schleuning, M.
(2014). Morphological traits determine specialization and resource
use in plant-hummingbird networks in the neotropics. Ecology,
95(12), 3325-3334. https://doi.org/10.1890/13-2261.1

Marble, S. C. (2018). Native weedy pests of the Deep South. HortScience
horts, 53(9), 1244-1249. https://doi.org/10.21273/hortsci131
12-18

McDade, L. A., & Weeks, J. A. (2004). Nectar in hummingbird-pollinated
Neotropical plants I: Patterns of production and variability in 12
species. Biotropica, 36(2), 196-215. https://doi.org/10.1111/j.1744-
7429.2004.tb00312.x

McGuire, J. A., Witt, C.C.,Remsen, J. V., Corl, A., Rabosky, D. L., Altshuler,
D. L., & Dudley, R. (2014). Molecular phylogenetics and the diversi-
fication of hummingbirds. Current Biology, 24, 1-7.

Nuttall, T. (1832). Manual of the ornithology of the United States and of
Canada. The land birds. Hilliard and Brown.

Nyffeler, M., Maxwell, M. R., & Remsen, J. V., Jr. (2017). Bird preda-
tion by praying mantises: A global perspective. Wilson Journal Of
Ornithology, 129(2), 331-344. https://doi.org/10.1676/16-100.1

Ord, G. (1828). Sketch of the life of Alexander Wilson, author of the American
ornithology. Harrison Hall.

Pyke, G. H., & Waser, N. M. (1981). The production of dilute nectars by
hmmingbird and honeyeater flowers. Biotropica, 13(4), 260-270.
https://doi.org/10.2307/2387804

Rahbek, C., & Graves, G. R. (2000). Detection of macro-ecological pat-
terns in south American hummingbirds is affected by spatial scale.
Proceedings of the Royal Society of London B, 267, 2259-2265.

Reid, M., Vickers, R., & Marks, J. (2023). First report of nectar robbing by
sword-billed hummingbird Ensifera ensifera. Ornitologia Neotropical,
34(2), 107-110.

Remsen, J. V., Areta, J. |, Bonaccorso, E., Claramunt, S., Del-Rio, G.,
Jaramillo, A., Nores, M., Pacheco, J. F., Robbins, M. B., Schulenberg,
T.S., Stiles, F. G., Stotz, D. F., & Zimmer, K. J. (2023). A classification
of the bird species of South America. Verion 12 July 2023. Museum of
Natural Science, Louisiana State University.

Rico-Guevara, A., Hurme, K. J, Elting, R., & Russell, A. L. (2021). Bene"fit”
assessment in pollination coevolution: Mechanistic perspectives
on hummingbird bill-flower matching. Integrative and Comparative
Biology, 61(2), 681-695. https://doi.org/10.1093/icb/icab111

85U8017 SUOWILIOD BAIIRID) 3|qedldde ay) Aq peusenob are sspile YO ‘8sh JO SaInJ o Areiq) 8UIIUO AB|IA UO (SUORIPUOD-PUB-SUWLBY/WIOY A3 1M ARe.d 1 U UO//SdNL) SUORIPUOD PuUe SWB | 83U 88S *[7202/TT/9z] Uo ARiqiauluo A8|im ‘@b1ebuoy| 1A Aq 6/20. €899/200T OT/I0pA0D" A8 |im AteIq Ul uo//:Sdny Wolj pepeojumod ‘6 ‘20 ‘85..S702


https://doi.org/10.1086/726036
https://doi.org/10.1093/jxb/ern009
https://doi.org/10.1080/00031305.1990.10475751
https://doi.org/10.1080/00031305.1990.10475751
https://doi.org/10.1007/s00442-008-1255-z
https://doi.org/10.1007/s00442-008-1255-z
https://doi.org/10.1126/science.189.4199.289
https://doi.org/10.1126/science.189.4199.289
https://doi.org/10.1002/j.1537-2197.1976.tb13220.x
https://doi.org/10.1002/j.1537-2197.1976.tb13220.x
https://doi.org/10.1017/S0890037X0003181X
https://doi.org/10.1017/S0890037X0003181X
https://doi.org/10.1038/s41598-022-16237-9
https://doi.org/10.3356/JRR-21-67
https://doi.org/10.3356/JRR-21-67
https://doi.org/10.1016/S0031-9422(00)82897-6
https://doi.org/10.1016/S0031-9422(00)82897-6
https://doi.org/10.2307/3670071
https://doi.org/10.2307/1936841
http://bonap.net/MapGallery/County/Campsis radicans.png
https://doi.org/10.1890/13-2261.1
https://doi.org/10.21273/hortsci13112-18
https://doi.org/10.21273/hortsci13112-18
https://doi.org/10.1111/j.1744-7429.2004.tb00312.x
https://doi.org/10.1111/j.1744-7429.2004.tb00312.x
https://doi.org/10.1676/16-100.1
https://doi.org/10.2307/2387804
https://doi.org/10.1093/icb/icab111

GRAVES

100f 11 .
Ecol Evol
WI LE Y-Ecelogy and Evolution

Open Access,

Schuchmann, K.-L. (1999). Family Trochilidae. In J. del Hoyo, A. Elliott, &
J. Sargatal (Eds.), Handbook of the birds of the world. Vol. 5. Barn-owls
to hummingbirds (pp. 468-680). Lynx Edicions.

Shapiro, S. S., & Wilk, M. B. (1965). An analysis of variance test for nor-
mality (complete samples). Biometrika, 52(3/4), 591-611. https://
doi.org/10.2307/2333709

Snow, D. W., & Snow, B. K. (1980). Relationships between hummingbirds
and flowers in the Andes of Colombia. Bulletin of the British Museum
of Natural History, 38, 105-139.

Stiles, F. G. (1975). Ecology, flowering phenology, and hummingbird pol-
lination of some costa Rican Heliconia species. Ecology, 56(2), 285-
301. https://doi.org/10.2307/1934961

Stiles, F. G. (1978). Ecological and evolutionary implications of bird pol-
lination. American Zoologist, 18(4), 715-727. https://doi.org/10.
1093/icb/18.4.715

Stiles, F. G., & Freeman, C. E. (1993). Patterns in floral nectar character-
istics of some bird-visited plant species from Costa Rica. Biotropica,
25, 191-205. https://doi.org/10.2307/2389183

Temeles, E. J. (1996). A new dimension to hummingbird-flower relation-
ships. Oecologia, 105(4), 517-523. https://doi.org/10.1007/BF003
30015

Temeles, E. J., & Kress, W. J. (2003). Adaptation in plant-hummingbird
association. Science, 300, 630-633.

Temeles, E. J., Koulouris, C. R., Sander, S. E., & Kress, W. J. (2009). Effect
of flower shape and size on foraging performance and trade-offs in
a tropical hummingbird. Ecology, 90(5), 1147-1161. https://doi.org/
10.1890/08-0695.1

APPENDIX 1

Van Nest, B. N., Edge, A. A., Feathers, M. V., Worley, A. C., & Moore,
D. (2021). Bees provide pollination service to Campsis radicans
(Bignoniaceae), a primarily ornithophilous trumpet flowering vine.
Ecological Entomology, 46(1), 117-127. https://doi.org/10.1111/een.
12947

Weidensaul, S., Robinson, T. R, Sargent, R. R., Sargent, M. B., & Zenzal,
T. J. (2020). Ruby-throated hummingbird (Archilochus colubris), ver-
sion 1.0. In P. G. Rodewald (Ed.), Birds of the world. Cornell Lab of
Ornithology.

Wilson, A. (1810). American ornithology; or the natural history of the birds
of the United States (Vol. 2). Bradford and Inskeep.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Graves, G. R. (2024). Ornithophily in
the trumpet creeper (Campsis radicans). Ecology and Evolution,
14, €70279. https://doi.org/10.1002/ece3.70279

SUMMARY STATISTICS OF FLORAL TRAIT MEASUREMENTS (MM) OF CAMPSIS RADICANS FROM TWO POPULATIONS IN THE OZARK

MOUNTAINS IN NORTHERN ARKANSAS

Mann-Whitney U

White River Norfork Z p
n 115 123
Corolla length Mean (SD) 70.1+3.1 65.4+2.5
Ccv 0.04 0.04
Median 70.6 65.6 10 <.001
Range 60.2-75.2 57.6-70.8
Kurtosis 0.53 1.22
Skewness -0.94 -0.80
D'Agostino’s K2 7 15.7 16.20
test <001 <001
1) 0.37 0.36
n 114 123
Stricture-nectary Mean (SD) 25.0+1.8 249+1.8
ClHEl cv 0.07 0.07
Median 25 25 0.21 .83
Range 21-33 21-30
Kurtosis 2.39 -0.16
Skewness 0.65 0.44
D'Agostino's K2 Va 17.3 41
test <001 13
1) 0.39 0.18
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