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Penstemon degeneri

Degener’s Beardtongue

Name & History:

Penstemon degeneri is named after Otto Degener (1899-1988) a
Colorado naturalist who spent much of his professional career
documenting plants of the Hawaiian Islands. Penstemon degeneri
was first described in 1965 by Frank S. Crosswhite in a published
revision of the genus Penstemon, section Penstemon.
Taxonomy:
Subgenus: Penstemon

Section: Penstemon

Subsection: Humiles

Taxonomic Description:

Penstemon degeneri is a perennial herb that produces five or more
slender flowering stems from a woody crown. Blooming plants are
2510 40 cm (10 to 16 in) tall. Stems and leaves are minutely
puberulent.
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Leaves: Basal leaf mat is fairly prominent in early spring but tends
to senesce by the time plants are in flower. Basal and lower cauline
leaves are entire, lanceolate, petiolate, short-pubescent, and up to 6
cm (2.4 in) long. Upper cauline leaves tend to be smaller, more
linear, and sessile.



Inflorescence: The inflorescence is somewhat spare-looking, lacks
leaves, and tends to be secund. Flowers are arranged in 2 to 5
verticillasters. Cymes are 1- or 2-flowered.

Calyx: Persistent, scarious, 4 to 7 mm (0.16 to 0.28 in) long.

Flowers: Corollas are dark blue to blue-violet and 14 to 19 mm
(0.5t0 0.7 in) long. Corolla shape is tubular, shallowly 2-ridged,
and slightly ampliate. Outside corolla surface sparsely glandular-
pubescent. The corolla throat is covered with sparse yellow hairs
and ornamented with reddish guidelines.

Anthers: The anther sacs are 2 mm (0.08 in) long, parallel, but not
explanate. Fertile stamens are slightly included or barely reach the
corolla orifice.

Staminode: Bearded with sparse golden hairs along half its length.
Capsules: 7 to 9 mm (0.25 to 0.35 in) long at maturity.
Seeds: Relatively small, dark brown, angular.
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Non-Technical Description:

Penstemon degeneri shares morphological characteristics with
Penstemon radicosus and P. griffinii. Plants are upright, produce a
moderately-large number of stems, and have an overall sparse and
graceful appearance. Mature plants are typically around a foot tall.
Basal leaves are fairly long and narrow and become smaller and
narrower as you move up the stem. Stems and lower leaves are
covered with very short, fuzzy hairs.

Blooms appear somewhat sparse and inflorescences are loose and
leafless. Overall flower numbers are enhanced by production of a
fairly high number of flowering stems. The flowers tend to point in
one direction away from the stem.

Flowers are medium-small for the genus. The corolla color ranges
from dark blue to blue-violet. The corollas are trumpet-shaped with
a slight belly bulge. Sparse sticky hairs are present on the outside
surface and the throat and the corolla is lined with light yellow
hairs and red guidelines. The staminode is bearded with golden
hairs.

Period of Bloom:
Penstemon degeneri blooms for up to 6 weeks from June into July.

Origin: Penstemon degeneri is a Colorado endemic and is
distributed over a small portion of Custer and Fremont Counties in
the vicinity of Royal Gorge.
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Habitat:

Inhabiting open woodlands and montane grasslands, Penstemon
degeneri is found at elevations of 1,800 to 2,900 m (5,900 to 9,500
ft). It grows on rocky, igneous substrates, often near canyon rims.
Common companion plants include juniper, Gambel oak, prickly
pear, buckwheat, and grasses.

Where to See It:
Colorado on U.S. Highway 50 for 5.25 miles. Walk or drive on a
jeep trail north of the highway for about 0.25 miles into low,
pinyon-juniper hills and search the south-facing slopes. GPS
coordinates: 38.49739 N, 105.29230 W. Destination 2: Travel 8.3
miles northwest on U.S. Highway 50 from the outskirts of Canon
City and turn north on CO Highway 9. Travel 6.6 miles northwest
on Highway 9 and turn west (left) onto Gribble Drive. Go one mile
to Cottonwood Creek, north of Little Crampton Mountain. Search
the area along the creek, on the north face of the slope, and the area
to the north of the road. Approximate GPS coordinates: 38.5688 N,
105.44880 W.
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Culture:

Penstemon degeneri is in cultivation at the Denver Botanic
Garden. Little is known about performance of this species in
cultivation.

Conservation Status:

Penstemon degeneri is somewhat rare and potentially threatened
due to recreational activities, forest encroachment, and the
presence of invasive plants within its limited geographical range.
This species is ranked G2/23 by the Colorado Natural Heritage
Program. It is listed as sensitive by the U.S. Forest Service and
Bureau of Land Management.

Sources:

Beatty B, Jennings W, and Rawlinson R. 2004. Penstemon
degeneri Crosswhite (Degener’s beardtongue): A Technical
Conservation Assessment. USDA Forest Service, Rocky Mountain
Region. Online:
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb520
6875.pdf.

Colorado State University. 2013. Penstemon degeneri. Colorado
Rare Plant Guide. Online:
http://www.cnhp.colostate.edu/download/projects/rareplants/guide.
asp?id=21773.

Crosswhite FS. 1965. Revision of Penstemon section Penstemon
(Scrophulariaceae) 11. A western alliance in series Gracilies.
American Midland Naturalist 74:429.

Lindgren D and Wilde E. 2003. Growing Penstemons: Species,
Cultivars, and Hybrids. Infinity Publishing, Haverford,
Pennsylvania.

Penstemon Spotlight is authored by:
Dr. Stephen Love, University of Idaho
Photographs courtesy of Steve Olson, USFS, Pueblo, CO
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Documentation of Penstemon
hesperius Peck

John A. Christy
Portland State University Herbarium

Virginia Maffitt, US Fish and Wildlife Service
(USFWS; volunteer)

Introduction:

In April 2016, the American Penstemon Society (APS) awarded us
a Special Projects Grant to conduct field surveys and a variety of
analyses to determine if the species historically referred to as
Penstemon hesperius is a distinct taxon. It had not been seen in
the field for nearly 75 years and was presumed to be extinct. In
July 2008, Rachel Roberts and Ginny Maffitt discovered a tall blue
Penstemon on the Tualatin River National Wildlife Refuge, a low-
elevation site in the greater Portland metro area of northwestern
Oregon. This tall form, first collected near present-day Vancouver,
Washington by David Douglas in1825 (Douglas 1914, Pennell
1935, Keck 1945), was collected several more times in the greater
Portland metro area between 1894 and 1930. Initially identified as
a species of Penstemon, Peck (1932) recognized these specimens
as distinct and named them P. hesperius. Peck's designation
persisted in several treatments of the genus (Keck 1945, Abrams
and Ferris 1951, Peck 1961) before fading from use after it was
synonymized first under P. rydbergii var. varians (Cronquist
1959) and then P. rydbergii var. oreocharis (Holmgren 1984).

The tall plants from northwestern Oregon and southwestern
Washington share morphological and hydrological characters with
P. rydbergii var. oreocharis, but differ in height, size,
geographical range, elevation, and habitat. The differences in range
and elevation are particularly noticeable, with P. hesperius
restricted to floodplain habitats below 500 feet west of the Cascade
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Closeup of the inflorescence of Penstemon
hesperius.
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Dorothy Tuthill, Jens Fristad, and John Christy
searching the lowlands around Portland, Oregon for
undocumented populations of Penstemon hesperius.
Photo by Ginny Maffitt.

Range and in the western Columbia River Gorge. In contrast, P.
rydbergii var. oreocharis is restricted to elevations above 3000
feet, extending from the Cascade Range and northern Sierra
Nevada east to the Owyhee Mountains, and from the northern
Columbia River Basin south to the northern Great Basin in Nevada
(Holmgren 1984, Strickler 1997). Since Peck first described P.
hesperius, the Portland-Vancouver metro area has experienced
extensive agricultural and urbandevelopment. After its rediscovery
in 2008, four small populations of this Penstemon and one large
one have been located in the metro area on both sides of the
Columbia River. The botanical community and land managers
have wondered if P. hesperius really is distinct from P. rydbergii
var. oreocharis, because of the potential implications of

-~ . [
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conserving a rare, locally endemic species. Operating on a hunch
that P. hesperius is distinct, public land managers have invested
considerable funds and efforts to conserve known populations in
the wild, and to propagate new material for outplanting in habitat
restoration projects. With the APS Special Projects Grant, we
thought that investigating the issue from several different angles
may shed new light on the identity of these plants. For clarity, we
use the name P. hesperius throughout this report to distinguish the
tall, low-elevation plants originally described by Peck.

Penstemon hesperius growing on heavy clay soils in
its typical, seasonally damp habitat. Photo by Ginny

Methods:

With help from several collaborators, we examined seven lines of
inquiry to identify potential differences between P. hesperius and
P. rydbergii var. oreocharis. With the exception of the work on
seed coats, for comparative purposes all other investigations
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included material of P. hesperius, P. rydbergii var. oreocharis, P.
procerus var. procerus, and P. attenuatus var. attenuatus, all in
section Penstemon (Holmgren 2017), and confused locally with P.
hesperius. The components of the study were carried out by the
following collaborators: (1) habitat, morphology, vouchering, and
tissue sampling: John Christy and Ginny Maffitt, Portland State
University and US Fish and Wildlife Service; (2) seed coat
ornamentation: Teresa Sawyer, Oregon State University; (3) flow
cytometry: Kim Lattier, Oregon State University; (4) chromosome
counts: Craig Freeman and Elizabeth Hendrickson, University of
Kansas and Portland State University; (5) DNA analysis: Andrea
Wolfe and Dorothy Tuthill, Ohio State University and University
of Wyoming; (6) taxonomy: Craig Freeman and Noel Holmgren,
University of Kansas and New York Botanical Garden.

Results:

Habitat. We visited seven sites to examine known or locate
potentially new populations of P. attenuatus var. attenuatus, P.
hesperius, P. procerus var. procerus, and P. rydbergii var.
oreocharis. Searches of two likely sites where David Douglas may
have collected Penstemon hesperius in 1825 were unsuccessful.
All four taxa grow on seasonally wet to seasonally flooded silty or
clay loam soils, with the water table 8-12 inches below the surface
at time of flowering. Not unexpectedly, because of the differences
in elevation and geography, species associated with P. hesperius
and P. rydbergii var. oreocharis differ markedly. P. hesperius
occurs in both brushy meadow and open riparian forest.
Historically some of the meadow habitat was wet prairie that has
been modified by 150 years of grazing, farming, and hydrological
alteration. Wetter habitat includes native Carex athrostachya,
Carex feta, Carex obnupta, and Carex vulpinoidea. Drier meadow
sites contain encroaching Crataegus douglasii, Fraxinus latifolia,
Rosa pisocarpa, Spiraea douglasii, and Symphoricarpos albus,
with an herb layer composed almost entirely of exotic species.
Riparian forest habitat is mostly Fraxinus latifolia and Quercus
garryana, with a shrub layer of Crataegus douglasii, Physocarpus
capitatus, Spiraea douglasii, and Symphoricarpos albus. The herb
layer is depauperate in shaded areas, but in openings includes
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Carex obnupta, Stachys mexicana, and exotic Phalaris
arundinacea. In contrast, habitat of P. rydbergii var. oreocharis is
montane meadow with mostly native herbaceous vegetation such
as Allium validum, Antennaria spp., Carex aquatilis var. dives,
Carex nebrascensis, Carex pellita, Danthonia unispicata,
Delphinium spp., Hordeum brachyantherum, Juncus balticus,
Rudbeckia occidentalis, Senecio triangularis, and Veratrum spp.

Morphology. Noted for its tall size since Douglas first collected it
in 1825, published descriptions of P. hesperius indicate stem
heights of 2-4 feet. Our measurements averaged 3.1 feet tall, but
one population from shady habitat averaged 4.6 feet, with the
tallest reaching 5.3 feet. Average length of leaves and
inflorescences was greater in P. hesperius than P. rydbergii var.
oreocharis, while leaf width was about the same in both taxa. Stem
heights of P. rydbergii var. oreocharis are reported to be up to 2.3
feet, but our own limited sampling of two populations averaged 0.9
feet in height. Aside from its height, P. hesperius also spreads
laterally by layering, rooting at the nodes and forming mats up to 6

) y »
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Unique rhizomatous root structure of Penstemon
hesperius. Photo by Ginny Maffitt.
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feet in diameter, and in one case up to 23 feet. Stem diameters at
ground level can be 0.4 inches or more in diameter. In contrast, P.
rydbergii var. oreocharis grows as discrete individual plants 1-2
feet in diameter and is not mat-forming, and basal stems seldom
exceed 0.2 inches in diameter.

Seed coat ornamentation. Seeds of both P. hesperius and P.
rydbergii var. oreocharis are similar in shape and size, their
lengths differing less than 5%. Shape and thickness varies widely,
ranging from rounded to rectangular, usually with angular,
crenulate edges. Seed coats of both taxa have strongly reticulate
surfaces, the lumen prominent and ranging from isodiametric,
squarrose, to rectangular in outline, with a smooth to rugose
interior surface. Differences in the length and width of the lumen
are at best statistical, with those of P. hesperius being slightly
wider and slightly shorter. The interior surface of the lumen in P.
hesperius is smooth to moderately rugose, while that of P.
rydbergii var. oreocharis is moderately to strongly rugose-
papillose, but this feature is variable. Overall, seed coats of both
taxa are similar and not a useful differentiating characteristic.

Flow cytometry. Flow cytometry data for P. hesperius indicate
that its ploidy level is approximately the same as that of P.
attenuatus var. attenuatus, and the figures for these two species
are statistically distinct from those of P. rydbergii var. oreocharis
and P. procerus var. procerus. P. attenuatus var. attenuatus was
reported by Keck (1945) and Cronquist (1959) to be hexaploid (2n
= 48), inferring that P. hesperius may be the same. In contrast,
Keck (1945) reported P. rydbergii var. oreocharis to be diploid
(2n = 16), while Keck (1945) and Broderick et al. (2011) reported
P. procerus var. procerus to be both diploid and tetraploid
(2n=32).

Chromosome counts. Cytological work is still underway at the
time of this writing, so we cannot confirm the chromosome
number of P. hesperius, which was never published by previous
researchers. As outlined in the previous section, flow cytometry
data and previously published reports suggest, by inference, that P.
hesperius and P. attenuatus var. attenuatus are 2n = 48, while P.
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rydbergii var. oreocharis and P. procerus var. procerus form a
different group. Keck (1945) reported P. rydbergii var. oreocharis
is 2n = 16, while P. procerus var. procerus can be both 2n = 16
and 2n = 32 (Keck 1945, Broderick et al. 2011).

DNA analysis. Molecular work is still underway at the time of this
writing, so we cannot provide information about the genetic
differences between the taxa in question. However, initial
impressions are that P. hesperius and P. rydbergii var. oreocharis
are distinct entities.

Penstemon hesperius is important to the support of
pollinator species in the lowlands around Portland,

Taxonomy. After examining voucher specimens and reviewing
cytological and preliminary DNA results, both Freeman (pers.
comm. to Christy) and Holmgren (pers. comm. to Maffitt)
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independently have concluded that P. hesperius is distinct from P.
rydbergii var. oreocharis. The results of the project reported here
support their conclusions (Freeman 2018; Holmgren, 2018).

Conclusions:

Several lines of evidence indicate that P. hesperius and P.
rydbergii var. oreocharis are not conspecific. Habitats of P.
hesperius and P. rydbergii var. oreocharis differ markedly, the
former occurring in low-elevation brushy meadows and riparian
forest, the latter in herbaceous montane meadows. Both occur on
seasonally wet hydric soils. P. hesperius is consistently taller than
P. rydbergii var. oreocharis, has larger leaves and inflorescences,
and has a mat-forming habit that is lacking in P. rydbergii var.
oreocharis. Seed coats of both taxa are similar and are not a useful
character to help separate them. Although a chromosome count is
not yet available for P. hesperius, flow cytometry data indicate
that it may be hexaploid (2n = 48), while Keck (1945) reported P.
rydbergii var. oreocharis to be diploid (2n = 16). Results of DNA
analysis on the two taxa are still forthcoming, but initial
impressions are that P. hesperius and P. rydbergii var. oreocharis
are distinct entities. After reexamination of specimens and
evaluation of preliminary molecular work by Andrea Wolfe and
Dorothy Tuthill, Penstemon experts Craig Freeman and Noel
Holmgren both agree that P. hesperius Peck should be resurrected
as a distinct species.
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Pollination Ecology of Penstemon

Native to Colorado

Kelsey Beckrich
University of Colorado Boulder

Researchers at the University of Colorado Boulder received APS
funding to support a study of pollination ecology for several
species of Penstemon native to Colorado. This funding will support
a natural extension of previous fieldwork conducted by primary
investigator, undergraduate student Kelsey Beckrich, with the
supervision of Dr. Erin Tripp.

Their work on Penstemon pursues two objectives. The first
investigates factors that may inhibit or reduce hybridization
between two co-occurring Penstemon species, and the second
explores different traits Penstemon species exhibit to attract and
reward pollinators. These traits - such as flower color, flower
shape, nectar production and nectar sugar concentration - vary
between species and are often associated with specific pollinators.
When certain combinations of these traits reliably correspond to a
pollination vector, they are known as pollination syndromes.
Pollination syndromes within Penstemon are exemplified by
species popularly used to create bird or bee gardens, like P.
barbatus, which has red, tubular, nectar-rich flowers attractive to
hummingbirds and P. strictus, which has smaller, violet flowers
appealing to bees.

Pollination syndromes are an extension of the way different
pollinators perceive their environment and gather food. Thus,
daytime pollinators see plants very differently from nighttime
pollinators. Even among daytime pollinators, a given pollinator
sees and collects food very differently from another. Researchers at
CU Boulder hope to expand on their understanding of pollination
syndromes within Penstemon by comparing various species having
nonconforming pollination syndromes, such as P. secundiflorus, to
species with more typical pollination syndromes, such as P.
barbatus and P. strictus.
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Penstemon secundiflorus and Penstemon virens co-
occurring in the same habitat.

Current work exploring pollination syndromes was inspired by
findings from previous field work exploring mechanisms
potentially preventing hybridization between co-occurring species,
P. virens and P. secundiflorus. These two species grow within feet
of each other and flower at the same time. On occasion in natural
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settings, intermediates between the two species are encountered,
suggesting some capacity for hybridization. However, little is
known regarding whether and how often most species of
Penstemon hybridize in natural environments. Consequently, the
researchers set out to determine (a) whether these two species are
capable of hybridization, and (b) what factors may limit the
frequency of naturally occurring hybrids.

Diversity of insects collected from: Top - P. virens;
Bottom — P. secundiflorus.
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There are several factors necessary for plants to hybridize in the
wild. The most intuitive of which is for both species of plants to be
pollinated by the same pollinator. If pollinators are shared, then
there's still the possibility that the plants may be mechanically
incompatible which means that a bee traveling from the male
reproductive organs, the anthers, of species A may not contact the
female reproductive organ, the stigma, of species B. Even if both
of these obstacles were overcome, then there may be additional
incompatibilities between the plants themselves. To explore
whether any these factors may be limiting the frequency of
naturally occurring hybrids between P. virens and P.
secundiflorus, the researchers collected ecological data on floral
visitors as well as quantified differences in floral traits variation in
pollinators.

The results from this study demonstrated that the two species do
share a few pollinators, but both pollinator and floral morphologies
are significantly different. Now, researchers are continuing to
explore species boundaries - limiting factor(s) so prohibitive as to
prevent gene flow - between P. virens and P. secundiforus by
creating a controlled system for manual crosses to gauge whether
hybridization is possible when these mechanical barriers are
negated. And, inspired by the decidedly atypical appearance of P.
secundiflorus, researchers are exploring pollination syndromes
among other atypical species of Penstemon, such as P. palmeri that
do not fit neatly within the context of well-established pollination
syndromes within Penstemon.

When this research is completed, a final report of the findings will
be published.

23



Assessing Cross-compatibility to
Enhance Future Hybridizations of
Penstemons

Kim Shearer
The Morton Arboretum, Lisle, Illinois
Ryan N. Contreras
Oregon State University, Corvallis, Oregon
Condensed from a thesis submitted by Kim Shearer in partial
fulfillment of an M.S. degree.

Natural interspecific hybridization has been reported for subgenus
Penstemon (Wolfe et al., 1998) as well as breeding programs using
controlled crosses. On the other hand, there has been little
published research in subgenera Dasanthera and Saccanthera.
Dasanthera and Saccanthera are two of the listed subgenera with
plants native to the Pacific Northwest (Lindgren and Wilde, 2003).
Of particular interest for developing garden-worthy hybrids in
these subgenera were P. venustus and P. serrulatus from subgenus
Saccanthera and P. newberryi and P. davidsonii from subgenus
Dasanthera.

In a study conducted by Wolfe et al. (2006), molecular evidence
suggested subgenus Saccanthera and subgenus Penstemon were
more closely related than previously assumed based on
morphology. Thus Wolfe et al. (2006) suggested a revision of
Penstemon which would lump these two subgenera into a single
subgenus — Penstemon. Supporting this revision, Lindgren and
Schaaf (2007) published a summary of interspecific crosses of
Penstemon taxa reporting successful crosses between species of the
two subgenera.

While most penstemons are prized for their floral show, there have
been two unique red-leaved cultivars of subgenus Penstemon
released by breeder Dale Lindgren. The first, a selection of P.
digitalis Nutt. Ex Sims, is the red-foliaged, white flowered
‘Husker Red’; and the second is hybrid P. ‘Dark Towers’.
Unfortunately, neither cultivar is tolerant of consistently moist
soils (MOBOT, 2016a; 2016b). The red foliage trait was
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Flowers of Penstemon ‘Ruby’ one of the parents use in
test crosses at Oregon State University. Photo by Kim

introgressed from a wild-collected specimen that displayed some
red pigment. The species P. digitalis is native to the northern
Mississippi River basin and tends to naturalize in open woodlands,
meadows and fields (Lindgren and Wilde, 2003). ‘Dark Towers’
is progeny of ‘Husker Red’ and the interspecific hybrid P.
‘Prairie Splendor’ (P. cobaea Nutt. x P. triflorus A. Heller) with
red foliage, purple flowers and improved form (Lindgren and
Shaaf, 2009). These two cultivars were included in this project to
introgress the additional ornamental interest of foliage color.
Demand for landscape plants with novel foliage color is evident in
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the catalogs of large nurseries such as Monrovia (multiple
locations across the nation including Dayton, OR) and Terra Nova
Nurseries (Canby, OR). In Monrovia’s 2017 Featured Plants list,
>25% of the plants highlighted novel foliage color including
variegated, chartreuse, red, and purple (Monrovia, 2016). Terra
Nova is internationally renowned for their introduction of the
foliage plant Heuchera in a wide-array of colors.

A genome size survey of Penstemon (Broderick et al., 2011)
provided evidence of polyploids in the genus. Two notable
polyploids are the aforementioned P. ‘Dark Towers’ and P.
digitalis ‘Husker Red’ (2n = 12x = 96). The base chromosome
count for Penstemon is X = 8. Penstemon venustus was also
found to be polyploid (2n = 8x = 64).

The cultivar P. ‘Flathead Lake’ has been frequently used as a
bridge parent for interspecific hybridization. This particular
cultivar is a putative hybrid of P. barbatus (Cav.) Nutt. with an
unknown species of the subgenus Habroanthus (Lindgren and
Wilde, 2003; Way and James, 2003). In this study, P. ‘Prairie
Dusk’ and the Habroanthus cultivar, P. barbatus ‘Elfin Pink’
were included.

An area of Penstemon breeding that appears to be little explored is
the use of taxa native to the Southeast United States. This region is
known for a climate that is extreme in heat and humidity. At the
risk of reducing cold-hardiness, the moisture tolerance would be a
valuable trait for introgressing into hybrids for Pacific Northwest
gardens. A species of particular interest is P. tenuis Small.
Penstemon tenuis (subgenus Penstemon) is acclimated to wet
woodland soils and flowers profusely (Lindgren and Wilde, 2003).
These two traits would make P. tenuis a desirable parent in a
Penstemon breeding program. Unfortunately, there are not many
cultivars of the species available in the trade; however, the plants
are available at native plant nurseries within its native range.

The objectives of this study were to evaluate crossability of

Penstemon including a Southeast native species, Pacific Northwest
native species, and available garden cultivars in order to develop a
breeding program for improved form and tolerance for moist soils.
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Materials and methods

Parent material. We assembled a collection of cultivars and
species common in the trade and found in the Willamette Valley or
surrounding area. Species that were included: P. venustus, P.
serrulatus, P. davidsonii, P. newberryi, and P. tenuis. Other
species and hybrids that were represented in the cultivar collection
included P. digitalis, P. heterophyllus Lindl., P. xmexicali, and
P. barbatus.

Kim Shearer inspecting flowers and preparing to make
crosses among penstemon species and cultivars. Photo
bv Jason Lattier.
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Controlled crosses, selfing, and germination. Crosses were
conducted in a partial diallel design with simultaneous selfing
(Fehr, 1991) (Table 1). Flowers were emasculated prior to
anthesis. Anthers were collected at anthesis and desiccated in a
petri dish within a magenta box containing anhydrous calcium
sulfate to encourage pollen dehiscence and then stored at 4 °C.
Female parents were pollinated prior to anthesis after being
emasculated. This ensured that there was no self-pollination and
was thought to improve chances of overcoming compatibility
barriers. Plants were grown in 2 parts soilless media (Metro-Mix®
350, Sungro Horticulture Canada Ltd.) :1 part perlite; and
controlled crosses were conducted in a glasshouse of Oregon State
University West Greenhouses in the spring and summer of 2014.
Average temperature in the glasshouse for the month of June was
23 °C with an average high of 30 °C; and the average temperature
the month of July was 25 °C with an average high of 32 °C.
During fruit development, plants remained in the glasshouse.
Selfing was facilitated by bagging an entire inflorescence on a
single plant. Most taxa in this study had approximately 15 to 30
flowers per inflorescence (personal observation), with the

Assorted penstemon species making up the 2014
crossing block at Oregon State University. Photo by
Kim Shearer.
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exception of P. davidsonii and P. newberryi which produced one
to two flowers per flowering stem.

There were not enough flowers for selfing of P. davidsonii or P.
newberryi.

Fruit were collected and counted after browning and prior to
dehiscence. This was recorded as fruit set. Seeds were removed
and mass (mg) of seed was recorded in lieu of seed number, as
they were very small, in some cases almost like dust. After data
collection and seed cleaning, seeds were stratified at 4 °C in petri
dishes lined with moist lab grade filter paper for 90 d. Seedlings
and remaining seeds were then transplanted to soilless media
(Metro-Mix® 350, Sungro Horticulture Canada Ltd.) in 0.37 L
square polypropylene pots (Kord, Canada).

Results and Discussion

Our crosses resulted in considerable fruit set, but seed development
was limited (Table 1). Most seed that began to form appeared to
be underdeveloped, aborted, and smaller than previously described
(Lodewick and Lodewick, 1999). Only one hybrid seedling
germinated, which resulted from the cross P. ‘Dark Towers’ X P.
tenuis. All other seedlings were the product of the selfing of P.
‘Dark Towers’, P. tenuis, and P. venustus (Table 2).

In a study exploring interspecific compatibility amongst
Penstemon of the Columbia River Gorge, Mackaness (1959)
reported successful crosses with P. serrulatus as female parent and
P. cardwellii as male parent. We conducted 122 crosses in this
direction and seed parents produced only underdeveloped seed and
no hybrid seedlings. In the Mackaness study, crosses were
conducted outdoors in common gardens located in the Columbia
River Gorge. A potential explanation for the underdeveloped and
aborted seed could be the conditions of the growing environment.
Since the plants remained in the glasshouse for the duration of fruit
development, it is possible that heat stress was a factor in seed
abortion. These crosses were conducted in June, and fruit were
collected in August. Heat stress can affect both female and male
gametophytes, resulting in reduced seed set (Young et al., 2004).
This heat stress response could also be the factor that prohibited
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seed set in other female parents of this study that set fruit. Thus,
continued investigation of intersectional compatibility of
Penstemon, Saccanthera, and Dasanthera should be pursued under
cooler environmental conditions.

Floral development of P. davidsonii was minimal. This species
flowers profusely in its native range at elevations between 1707 —
3658 m where there is low humidity. One possible reason for
limited flowering was the warm, humid glasshouse conditions
where we grew the plants. Future controlled crosses of this taxon
should be done outdoors in a pollination cage rather than in a
glasshouse. In previous studies investigating pollination biology
and fertility of high elevation Penstemon, controlled crosses were
conducted either in situ or in a common garden setting outdoors —
both resulted in sufficient flowering (Mackaness, 1959; Chari and
Wilson 2001; Datwyler, 2001; Lara and Ornelas, 2008).

Lindgren (2009) reported in the introduction of P. ‘Dark Towers’
that there had not been any fertile seed produced in either Canby,
OR or North Platte, NE; however, we recovered selfed seed that
germinated and there is variability in vigor.

As many cultivars are reported to be garden hybrids (Way and
James, 2003; Lindgren, 2006), the lack of fertility may be due to
chromosomal hybrid sterility. In interspecific hybrid cultivars,
sterility is a common barrier to continued use of material in
breeding programs. This could be the nature of the infertility
demonstrated by P. xmexicali Pike’s Peak Purple®, which did
develop fruit set, but only produced nonviable seed.

Penstemon tenuis (2n = 2x = 16) was self-fertile in greenhouse
conditions, suggesting that heat stress and humidity were not
factors in seed abortion relative to the female parent. This stands
to reason since this species’ native range is a warm and high
humidity area. The typical flowering period for the species in its
native range is March through June; and average high temperatures
in the native distribution (Arkansas, Louisiana, Oklahoma, and
Texas) during this period range from approximately 21 °C to
greater than 26 °C (NOAA, 2017). However, a similar explanation
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Table 1. Results of controlled crosses of Penstemon completed 2014 in a glasshouse.

Female parent Male parent # flowers crossed i# fruit set [Seed mass (mg) # seedlings
P. barbatus 'Elfin Pink’ total 78 72 29.3 0
P. cardwellii 2 1 0.5 0
P. davidsonii ssp. davidsonii 23 21 5.9 0
P. rydbergii (white flower) 10 10 3.8 0
P. tenuis 10 8 3.9 0
P. venustus 20 18 9 0
P. 'Prairie Dusk' 13 13 6.2 0
P. davidsonii ssp. Davidsoniitotal 3 0 0 0
P. tenuis 3 0 0 0
P. davidsonii ssp. Menziesii [total 17 0 0 0
P. tenuis 9 0 0 0
P. venustus 6 0 0 0
P. 'Electric Blue' 2 0 0 0
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Table 1. (cont)

Female parent Male parent # flowers crossed | # fruit set | Seed mass (mg) # seedlings
P. davidsonii ssp. praetertius | total 26 4 2 0
P. tenuis 10 0 0 0
P. venustus 11 0 0 0
P. 'Prairie Dusk' 5 4 2 0
P. digitalis "Husker Red’ total 66 12 15.9 0
P. davidsonii ssp. praetertius 10 0 0 0
P. tenuis 18 8 13 0
P. venustus 21 4 2.9 0
P. 'Prairie Dusk' 17 0 0 0
g.lgsterophyllus 'Electric otal 78 8 14.2 0
P. davidsonii ssp. menziesii 8 0 0 0
P. davidsonii ssp. praetertius 37 1 1.3 0
P. rydbergii (white flower) 12 6 11.8 0
P. venustus 8 1 1.1 0
P. 'Sour Grapes' 13 0 0 0
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Table 1. (cont)

Female parent Male parent # flowers crossed | # fruit set Seed mass (mg) # seedlings
P. xmexicali (Pike's Peak Purple®) | total 295 144 49.05 0
P. cardwellii 10 2 0.2 0
P. davidsonii ssp. davidsonii 52 34 10.42 0
P. rydbergii (white flower) 67 41 11.83 0
P. tenuis 49 27 9.7 0
P. venustus 51 10 6.5 0
P. 'Sour Grapes' 66 30 10.4 0
P. rydbergii (White) total 7 0 0 0
P. tenuis 7 0 0 0
P. serrulatus total 290 41 55.1 0
P. cardwellii 122 26 16.1 0
P. rydbergii (white flower) 42 0 121 0
P. rydbergii (blue flower) 28 15 26.9 0
P. tenuis 28 0 0 0
P. venustus 44 0 0 0
P. 'Dark Towers' 26 0 0 0
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Table 1. (cont)

Female parent Male parent # flowers crossed | # fruit set | Seed mass (mg) # seedlings

P. tenuis total 480 78 229.7 0
P. cardwellii 103 2 5.6 0
P. davidsonii ssp. davidsonii 6 0 0 0
P. davidsonii ssp. menziesii 4 0 0 0
P. davidsonii ssp. 25 0 0 0
P. rydbergii (white flower) 4 0 0 0
P. rydbergii (blue flower) 11 0 0 0
P. venustus 144 63 211.2 0
P. 'Dark Towers' 183 13 12.9 0

P. venustus total 119 0 0 0
P. davidsonii ssp. davidsonii 1 0 0 0
P. rydbergii (white flower) 27 0 0 0
P. tenuis 7 0 0 0
P. Pike's Peak Purple® 16 0 0 0
P. 'Prairie Dusk' 13 0 0 0
P. 'Schéenholzeri' 27 0 0 0
P. 'Sour Grapes' 28 0 0 0
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Table 1. (cont)

Female parent Male parent # flowers crossed | # fruit set | Seed mass (mg) # seedlings

P. 'Dark Towers" total 243 47 31.3 1
P. cardwellii 10 2 0.5 0
P. davidsonii ssp. praetertius 15 0 0 0
P. tenuis 44 10 13.3 1
P. venustus 66 20 8.7 0
P. 'Electric Blue' 37 6 3.2 0
P. 'Elfin Pink' 28 1 0.5 0
P. 'Prairie Dusk' 35 5 3.3 0
P. 'Schéenholzeri' 8 3 1.8 0

P. 'Prairie Dusk’ total 263 183 288.4 0
P. davidsonii ssp. praetertius 25 20 25.6 0
P. davidsonii ssp. davidsonii 26 24 34.6 0
P. tenuis 27 0 21.5 0
P. venustus 46 44 55.8 0
P. 'Dark Towers' 43 0 0 0
P. 'Elfin Pink' 50 49 81.7 0
P. 'Schéenholzeri' 19 19 31.7 0
P. 'Sour Grapes' 27 27 375 0
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Table 1. (cont)

Female parent Male parent # flowers crossed | # fruit set Seed mass (mg) # seedlings
P. 'Raven’ total 20 17 27.1 0
P. tenuis 20 17 27.1 0
P. 'Schoenholzeri’ total 174 135 155.9 0
aka P. RUBY P. cardwellii 8 7 7.3 0
aka P. FIREBIRD P. davidsonii ssp. praetertius 16 14 12.6 0
P. tenuis 20 0 9.6 0
P. venustus 63 40 47.6 0
P. 'Electric Blue' 56 64 63 0
P. Pike's Peak Purple® 11 10 15.8 0
P. 'Sour Grapes' (Type 2)¥ | total 17 7 11 0
P. cardwellii 1 0 0 0
P. davidsonii ssp. davidsonii 10 7 11 0
P. venustus 6 0 0 0
Total 2176 748 908.95 1

YType 2 ‘Sour Grapes’ as described by Way and James, 2003.
*P. 'Husker Red' x P. 'Prairie Splendor'
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Table 2. Self-pollination of Penstemon taxa performed by

bagging whole inflorescences and evaluating fruit set, seed set,

and germinated seedlings.

# # Seed
bagged | fruit | mass
Taxon infl. set | (mg) | # seedlings
P. serrulatus 2 11 26.3 0
P. tenuis 3 41 3314 25
P. venustus 1 29 79.2 15
P. 'Dark Towers' 1 2 10.1 10
P. 'Elfin Pink' 2 47 24.6 0
P. Pike's Peak 2 17 15.2 0
Purple®
P. 'Prairie Dusk' 1 16 22.8 0
P. 'Raven' 1 6 12.9 0
P. 'Schoenholzeri' 3 48 48.8 0
P. 'Sour Grapes' 1 26 39.8 0

does not account for self-fertility of P. venustus or P. ‘Dark
Towers’ relative to other taxa included in the study. There was
considerable fruit set and underdeveloped seed, indicating a
postzygotic barrier.

Other crosses failed to set fruit, which suggests a prezygotic
barrier. This may be due to incompatibility preventing pollen
germination or decelerated tube growth (Sleper and Poehiman,
2006). S-locus was confirmed to cause self-compatibility in the
Plantaginaceae genus Antirrhinum L. (Lai et al., 2002) and in
Corylus avellana L. it was demonstrated to be the source of both
self- and intraspecific incompatibility (Thompson, 1979;
Mehlenbacher and Thompson, 1988). Means of overcoming this
incompatibility include applying mixtures of pollen or using
growth regulators known for speeding up pollen tube growth.
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Another prezygotic barrier could be physical incompatibility due to
insufficient length of pollen tube relative to the style. The pistils
and pollen tubes have not been measured in Penstemon included in
our study but there are large differences among overall flower size.
Assessing pollen tube-style physical differences could be
performed with microscopy and overcome using cut-style
pollination as demonstrated in lilies (Van Tuyl, et al., 1991).

Another key to overcoming interspecific incompatibility is the
identification of bridge species. This has been done at least once
before in Penstemon. A hybrid of P. barbatus (subgenus
Penstemon) and a species of subgenus Habroanthus produced the
cultivar P. ‘Flathead Lake’ in 1948 (Lindgren and Wilde, 2003;
Way and James, 2003). While not prized for its beauty, this
particular cultivar is reported to accept pollen indiscriminately
(Way and James, 2003; Lindgren, 2006), and it has been the parent
of numerous cultivar releases since then including the wide hybrid
P. ‘Prairie Dusk’ included in this study. When P. ‘Prairie Dusk’
was crossed with the only straight Habroanthus cultivar included
in this study, P. barbatus ‘Elfin Pink’, fruit set and seed set
occurred, but seeds aborted in crosses in both directions.

Another method of overcoming prezygotic interspecific
incompatibility would be to apply a mixture of pollen to the pistil
of a female parent. This method requires the female parent be self-
compatible. In this case, and under the conditions that this
experiment was conducted, we would recommend using P. tenuis,
P. venustus, or P. ‘Dark Towers’ as the female parent and mixing
pollen of the female with pollen of the desired male parent. In this
way, one could overcome zygotic incompatibility by fertilizing
enough ovules to prevent abortion as described by Fehr (1991).
For other taxa in this study, further evaluation of self-compatibility
under cooler environmental conditions should be considered.
Conclusion

Penstemon is a diverse group of plants with a wide-range of
adaptability based on distribution and habitat type. While crosses
in this study were not successful, we were able to make some
preliminary observations on potential for fruit set and seed set in
many cross combinations. We observed seed sizes that were
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smaller than previous reports, which indicate there was poor fill. It
is unclear if this was due to incompatibility or suboptimal
environmental conditions during seed development. Moving
forward, we recommend evaluating barriers to hybridization and
pollen viability through pollen germination and in situ pollen tube
growth experiments. Chromosome doubling could provide unique
plant material for use in future breeding projects and may facilitate
crossing with extant polyploids. Crosses onto polyploids P.
venustus and P. ‘Dark Towers’ could potentially produce viable
seed if pollen mixtures are used and such interploid crosses would
allow flow cytometry to be used to confirm hybridity of seedlings,
as we used to confirm the hybrid of P. ‘Dark Towers’ X P. tenuis.
Finally, conducting crosses in a common garden environment or
outdoor pollination cage could increase flower production in
species such as P. davidsonii and perhaps result in more viable
seed set in a range of species not adapted to high temperature or
humid conditions.
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Morphological Divergence Within
Seven Penstemon Taxa Could be
Driven by Pollinators

Rosa A. Rodriguez-Pena and Andrea D. Wolfe
The Ohio State University, Columbus, Ohio

Introduction

Penstemon is the largest genus of plants native to North America
with almost 300 species (Wolfe et al., 2006) It is characterized by a
wide range of pollination syndromes (Wilson et al., 2006).
However little is known about its floral traits evolution. Penstemon
is primarily insect-pollinated (Grant, 1994) and only thirty-nine
show traits indicative of hummingbird syndromes (Wilson et al.,
2006). Because its floral characteristics vary, the wide range of
pollinators and extended distribution, Penstemon is an excellent
system to study pollinator-mediated natural selection.

Morphological divergence in flowers structure across a geographic
range has not received enough attention (Johnson, 2006).
Pollinators are major drivers of flower evolution (Castellano
2004); however, their contribution to floral changes among distant
populations is controversial (Lazaro & Santamaria, 2016; Nattero
et al., 2010; Medrano, 2006). The Grant-Stebbins pollinator-driven
divergence model establishes that plants dispersing apart from the
range of their pollinator distribution could adapt to a new
pollination system (Johnson, 2006). Pollinator systems, or
functional pollinators, are morphologically similar pollinators that
induce similar selection pressure to flower structures. Adaptation
to different functional pollinators is correlated with divergence in
floral traits, and increased genetic differentiation between
populations due to low gene flow. In this scenario, pollination-
mediated selection creates pollination ecotypes (plants adapted to
different pollinators). Ecotypes arise as a result of differences in
pollination efficiency and geographic distribution (Grant & Grant,
1965; Stebbins, 1970). Although many studies have established a
positive relationship between pollination distribution and flower
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morphology, very few have determined how this correlation arose
(Van Der Niet et al., 2014).
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Figure . USA distribution of penstemons in this study.

The main goal of this study was to determine whether plant
morphology (vegetative and floral) changes across a wide
distribution range in seven Penstemon taxa (P. albidus, P.
whippleanus, and all the varieties of P. fruticosus and P.
glandulosus) (Figure 1). We also aimed to establish whether floral
changes (if present) were correlated with pollinators’ frequency
and identity. We expected that populations closer to each other will
show less morphological differences than populations that are
separate. In other words, | expect a positive correlation between
flower morphology and geographic distance. Because pollinators
act homogenizing phenotypic traits, populations with the same
functional pollinators should have similar flower morphology
regardless the geographic distance.
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Methods

During the summer of 2017, we collected 30 populations and 312
individuals from four species of Penstemon distributed from the
Great Plains to the Pacific Northwest (Table 1). DNA samples
from leaf tissue were also collected, dried in silica gel, and stored
for future phylogeographic studies.

Study Species

Penstemon albidus (White penstemon), subgenus Penstemon,
section Cristati. This is one of the Penstemons with the largest
distribution ranging from Canada to Texas (Figure 1). Flowers are
white, sometimes with pink guidelines (Nold 1999). Flowers are
glandular both inside and outside. Inflorescences can be glandular
or finely pubescent. Anthers are glabrous, with the sac dehiscing
the full length, and the staminode is bearded with yellow hair,
extended from tip to end, and inserted in the corolla (Figure 2).
The habitat is open prairie grassland. (Strickler 1997). It grows in
sandy or silty loam, sometimes in gravel (Nold 1999). The leaves
have a rough, sandpapery feeling to them. It can reach 30 cm tall.
It has been reported that these flowers are visited by moths (Nold
1999); however, no formal pollination studies have been
performed. Flowering is from April to July (Nold 1999).

A A o700 2 i
Figure 2. Penstemon albidus.
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Penstemon fruticosus (Bush penstemon), sub-genus Dasanthera,
section Erianthera: “fruticosus” means “shrubby” or “woody”
(Strickler 1997). Three varieties are recognized, P. fruticosus var.
fruticosus (broader leaves), P. fruticosus var. scouleri (linear or
narrow leaves, mostly entire) and P. fruticosus var. serratus
(small markedly toothed leaves) (Strickler 1997). This species
occurs from the Cascade Summit in southern British Columbia to
southwest Alberta, and from western Montana and Wyoming to
central Oregon (Figure 1). This distribution is very peculiar and
unique. According to Datwyler and Wolfe (2004), species from the
subgenus Dasanthera arise in the Rocky Mountains and have
dispersed to the Cascade Mountains. The corolla is blue/lavender
(Figure 3). Anthers are densely woolly, white, totally dehiscent and

Table 1. Species included in this study and sampled localities.

Species names/ Number of | State Elevation | Locality
Population individuals (m)
sampled

Penstemon albidus

Population 1 5 New Mexico 1576 Clayton Lake
Park
Population 2 22 New Mexico 1365 Quay county
Population 3 12 New Mexico 1346 Quay county
Population 4 10 Colorado 1601 Pawnee National
Grassland
Population 5 12 Colorado 1601 Pawnee National
Grassland
Population 6 9 Wyoming 1612 Douglas County
Population 7 10 Wyoming 1337 Thunder Basin
National
Grassland
Population 8 10 Montana 781 McCone County
Population 9 4 Montana 928 Valley County

Penstemon fruticosus
var. fruticosus

Population 1 5 Washington 747 Wenatchee
National Forest

Population 2 10 Idaho 1705 Owyhee County

Population 3 12 Idaho 1592 Boise National
Forest

Population 4 10 Idaho 1287 Boise National
Forest

Population 5 10 Idaho 1768 Boise National
Forest
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Table 1. (cont)

Population 6 10 Idaho 1539 Valley County

Penstemon fruticosus

var. scouleri

Population 7 10 Idaho 632 Bonner County,

Penstemon fruticosus

var. serratus

Population 8 10 Washington 1158 Umatilla National
Forest

Species names/ Number of | State Elevation | Locality

Population individuals (m)

sampled

Penstemon

glandulosus var.

glandulosus

Population 1 10 Idaho 883 Washington
County

Population 2 13 Idaho 953 Washington
County

Population 3 10 Idaho 895 Washington
County

Penstemon

glandulosus var.

chelanensis

Population 1 10 Washington 645 Chelan County

Penstemon

whippeanus

Population 1 5 New Mexico 3402 Carson National
Forest

Population 2 13 Colorado 3254 Uncompahgre
National Forest

Population 3 10 Colorado 2889 San Juan National
Forest

Population 4 12 Colorado 3060 San Juan National
Forest

Population 5 11 Colorado 3242 Gunnison
National Forest

Population 6 5 Colorado 3376 Gunnison
National Forest

Population 7 21 Colorado 3626 Gunnison
National Forest

Population 8 10 Colorado 2903 Routt National
Forest

Population 9 10 Colorado 3210 Routt National

Forest
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Figure 3. Penstemon fruticosus var. fruticosus.

explanate (Strickler 1997). All the varieties Inhabit open rocky
slopes to moderately dense forest, from the foothills to the high
mountains (Strickler 1997). Flowering is from May to August.

Penstemon glandulosus, Subgenus Saccanthera, section
Saccanthera, subsection Serrulari. The plant is cover with
glandular-pubescence (sticky) (Nold 1999), except for the lower
leave blades, which might be glabrous (Strickler 1997). It can grow
up to 100 cm. The leaves are serrated, with long petioles at the
base. Flowers are purple with guidelines. The corolla is glandular
outside and glabrous inside; the staminode is glabrous, slightly
exerted, and flat at the tip (Strickler 1997). Anthers are dehiscent
across the connectivity remaining saccate at the ends, and are
broader than long (Strickler 1997). There are two varieties (Figure
4), var. glandulosus, native to Washington, Oregon and Idaho, and
var. chelanensis, endemic to Chelan County, Washington (Figure
1). Penstemon glandulosus var. glandulosus has wide and
glandular dentate leaves. Penstemon glandulosus var. chelanensis
has entire lanceolate leaves; cauline leaves are smaller than basal
ones, sessile to clasping, and lanceolate to broadly ovate.
Flowering is from May to June (Nold 1999). It grows in open
rocky hillsides and canyons to scattered timber in the mountains
(Strickler 1997).

Penstemon whippleanus (Whipple's penstemon): subgenus
Penstemon, section Penstemon, subsection Humiles. It is a
widespread species, found in alpine and subalpine regions of the
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Rocky Mountains and adjacent localities. It can grow to 60 cm tall.
This species is found from Southern Montana southward through
the Rocky Mountain regions to northern Arizona and southern
New Mexico (Figure 1). The inflorescence is congested, with
conspicuous bracts. According to Nold (1999), the corolla of P.
whippleanus has the widest color variation among all Penstemons.
Corolla color ranges from dark purple to blue to pale yellow. The
staminode is golden-bearded and exserted (Figure 5).

o

Figure 4. From left to right, P. glandulosus var. chelanensis
and P. alandulosus var. alandulosus.

Morphological variation

All the morphological variables were measured in millimeters, and
recorded in excel spreadsheets. From each population, we
measured 22 morphological traits, 12 of which are indicative of
pollinator syndrome (Table 2). We also recorded categorical traits
such as corolla color, corolla stickiness, leaf surface, and leaf
margin.

Pollinator survey

We recorded the insects that touched the anthers and the stigma of
the flowers. Observations were done in 45 minutes intervals in
most of the sampled populations. Only when there were no
flowers, and it was rainy, were pollination observations not
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performed. Insects were captured and preserved in the field for
further identification. We used red dyed agarose gel to collect

Figure 5. Penstemon whippleanus flower variation.

Table 2 Plant structures measured and their acronyms

Plant structure Acronym
Biggest basal leaf length BBLL
Biggest basal leaf width BBLW
Biggest mid leaf length BMLL
Biggest mid leaf with BMLW
Calix length CL
Corolla color cC
Corolla length (with calix) CcLwcC
Corolla mouth length CML
Corolla mouth width CMW
Corolla throat length CTL
Corolla throat width CTW
Corolla tube width (apical) | CTWA
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Table 2. (cont)
Corolla tube width (base) CTWB

Inflorescence length IL
Leaf surface LS
Lower limbs length LLL
Lower limbs width LLW
Plant length PL

Smallest basal leaf length SBLL
Smallest basal leaf width SBLW

Smallest mid leaf length SMLL
Smallest mid leaf width SMLW
Upper limbs length ULL
Upper limbs width ULw

pollen from each collected insect and to determine the presence of
Penstemon pollen. We used the website “budguide.net” to identify
all insects collected.

Data analysis

We used the R software to perform all the statistical analysis.
Specifically, we used the packages “ggplot2”, “ggfortify” and
“devtools” to perform principal component analyses. To map the
species distribution, we used the package “maps”. The R packages
“reshap2” and “ggplot2” were used to create boxplots.

Results
Morphological variation

Populations of P. albidus were highly diverse. The corolla tube
width and the corolla length fluctuated the most between
populations, while corolla throat width and upper limbs length
were more stable (Figure 6). The principal component analysis
(Figure 7) with all traits showed a remarkable separation between
populations from New Mexico (southern) and the rest (northern).
This result indicates that southern populations have significantly
smaller corollas than northern populations.
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In P. fruticosus, we didn’t find significant morphological
differences between populations, nor between varieties. Curiously,
most traits overlap in the same pattern (Figure 8). Specifically, P.
fruticosus var. fruticosus more often has the biggest traits, with P.
fruticosus var. serratus in the middle, and P. fruticosus var.
scouleri with the smallest traits. The principal component analysis
results (Figure 9) indicate that P. fruticosus var. fruticosus has the
widest range of morphological variation, while P. fruticosus var.
serratus and P. fruticosus var. scouleri represent subsets within
that larger range.

The two varieties of P. glandulosus were morphologically distinct.
Penstemon glandulosus var. glandulosus has larger
morphological traits than P. glandulosus var. chelanensis (Figure
10). Likewise, the principal component analysis shows that each
variety formed a morphological cluster (Figure 11). Penstemon
glandulosus morphological variation is the most acute among the
species analyzed in this study.

Penstemon whippleanus populations were very similar to each
other, except for one population (Figure 12). Population 7, located
in Gunnison National Forest at 3626 m of elevation, is
significantly different from all other populations. The individuals
are characterized by large basal leaves, wide and short stem leaves,
and small deep purple corollas. The results from the principal
component analysis (Figure 13) also showed the individuals from
population 7 forming an isolated group. The unique morphology of
population 7 is probably correlated with environmental isolation;
however, more studies should be done before establishing such a
relationship.

Pollinator survey

All the insects that entered Penstemon flowers were determined to
carry Penstemon pollen. The populations of P. albidus were visited
by eight groups of insects, most of them Hymenoptera from the
subfamily Apoidea. The most common visitors were Anthophora
spp. bees, and small Lasioglossum spp. bees. The other visitors
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fon

were Anthidium spp. bees, Osmia spp. bees, Eucera sp. bees, one

Osmiini bee, and two moths, Bulia sp., Hyles lineata

(Hummingbird moth). In this study, the southern populations had

Figure 13. Principal component analysis of P. whippleanus populations based on

vegetative traits.

more taxonomic diversity than the northern one. However, it’s
difficult to determine whether our results represent true differences

between populations because our sampling is limited to one field
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season. On the other hand, P. fruticosus populations were visited
by seven genera (Andrena sp., Bombus sp., Musca sp.,
Pseudomasaris sp., Hoplitis sp., Lasioglossum sp., and Osmia sp.).
Curiously, populations from P. fruticosus var. serratus were
visited mostly by Osmia and Lasioglossum bees. Insects from eight
genera visited P. glandulosus populations (Bombus spp.,
Anthophora spp., Hyles lineata, Apis mellifera, Scathophag spp.,
Hoplitis spp., Osmia spp., and Lasioglossum spp.). Both varieties
were mostly visited by bees from the genus Bombus. Populations
from P. whippleanus had the least number of visitors and the
frequency of visitation was low as well. Only five genera of insects
were recorded in P. whippleanus populations (Bombus spp.,
Lasioglossum spp., Megachile sp., and Osmia spp.).

Discussion

In P. albidus, we saw a strong separation between the southern and
northern populations in both morphology and pollination. Contrary
to the expectation set by Nold (1999), moths were not the primary
visitor of P. albidus flowers. Only twice did a moth visit the
populations sampled within 117 hours of observation. However,
our results are not conclusive due to limited field seasons.

The varieties of P. fruticosus are differentiated by their leaf
morphology; however, our results didn’t support that subdivision.
Penstemon fruticosus var. fruticosus individuals had broader
leaves, but some individuals of P. fruticosus var. serratus had
leaves just as broad. Likewise, P. fruticosus var. serratus and P.
fruticosus var. scouleri both had toothed leaves. Our results are
based on only 39 individuals (29 from P. fruticosus var.
fruticosus, 5 from P. fruticosus var. scouleri, and 5 from P.
fruticosus var. serratus). More samples should be collected before
a conclusive argument about the taxonomy could be made.
Pollination frequency varies between varieties, but not between
populations. Every population of P. fruticosus had similar
pollinator frequency.

The results from the comparison between from P. glandulosus
var. glandulosus and P. glandulosus var. chelanensis are
consistent with the current taxonomy. Corolla morphology was
also distinctive. Populations from both varieties were visited by
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similar functional pollinators. Further analyses are in progress to
determine whether our observations are statistically significant.

Penstemon whippleanus has the widest flower color variation
reported for the genus Penstemon (Nold 1999). We found that
populations had either exclusively yellow or purple flowers, and
that the white variant only occurred in populations with purple
flowers. Pollinator diversity and frequency were low and didn’t
correspond with flower variation.

Three of the species included in this study have the widest
distribution in the genus Penstemon. A large distance between
populations can limit gene flow. Likewise, geographically isolated
populations are often influenced by different ecological variables.
The results from our study show that morphological variation
corresponds with geographic variation and insect visitation.
However, our conclusion is limited by sample size. We hope to
increase the sampling during summer 2018, and to find stronger
support for our conclusions.
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Penstemon fasciculatus was photographed during the 2009 APS
meeting in Chihuahua, Mexico.

Cushion of Penstemon davidsonii var. davidsonii, a species that
grows in cracks of crevices in the mountains the habitats from
British Columbia, south to California and Nevada.

67



Cushion of Penstemon angustifllus ar.uIC|s, a Iocay
endemic taxon that inhabits sandy plains and pinyon-juniper
woodlands in west-central Utah.

Habitat of Penstemon albomarginatus in the deep sands of the
Mojave Desert of Arizona, California, and Nevada.
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Penstemon barnebyi, a Iocalnlhy_/ endemic species that grows in
sagebrush and pinyon-juniper communities in east-central Nevada.
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An alpine plant, Penstemon hallii grows in open habitat at high
elevations in several Colorado mountain ranges.

Penstemon crandallii var. crandallii grows in sagebrush, scrub

oak, and pinyon-juniper habitat in western Colorado and eastern
Utah.
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A local endemic of Sevier County, Utah, Penstemon abietinus is
usually found within scrub oak or pinyon-juniper communities.




Penstemon breviculus inhabits dry rocky slopes, open sagebrush
plains, and pinyon-juniper communities in the desert transition
zones of Colorado, New Mexico, Utah, and California.
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Penstemon barbatus var. barbatus is found on dry slopes, pinyon-
juniper, Gambel oak, and ponderosa pine communities from
California east to Texas, southern Utah and Colorado, and much of
Mexico.
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Densely pubescent staminode of Penstemon australis, a species
native to the pinelands of southeastern U.S. states.
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Penstemon davidsonii var. davidsonii inhabits a region that
includes the Cascade Mountains and the Sierra Nevada Mountains
where it can be found on rocky ledges and cliffs.

A small pollinator fly visiting a flower of Penstemon filiformis, a
local northern California endemic found growing on shallow soils
in rocky gulches and flats.
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Penstemon coriaceus grows on volcanic outcrops in the mountains
of central Mexico.

Soil particles adhering to the sticky surface of a flower of
Penstemon crandallii var. atratus, a locally endemic taxon from
the LaSal Mountains of Utah.
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sagebrush/aspen/fir communities of the Wasatch Range in Utah
into southeast Idaho.

s

Penstemon albomarginatus grows in a warm Mojave Desert
climate and deep sands of Arizona, California, and Nevada.
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Penstemon comarrhenus grows with sagebrush within shrub
oak/pinyon/ponderosa pine communities in the Four Corners
region and west into Nevada.

Penstemon ambiguus var. laevissimus grows in sandy soils with
creosote bush, blackbrush, and juniper in a large region bounded
by Utah, Texas , and Mexico.
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Penstemon laevigatus is inhabits forest edges and meadows in the
eastern U.S. states from Alabama to Pensylvania and eastward to
the Atlantic seaboard.

Endemic to eastern Utah, Penstemon carnosus grows in dry
pinyon/juniper woodlands.
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Dissected flower of Penstemon cobaea var. cobaea grows with
sagebrush within shrub oak/pinyon/ponderosa pine communities in
the Four Corners region and into Nevada.

Penstemon eriantherus var. redactus grows in sandy soils with
creosote bush, blackbrush, and juniper in a large region bounded
by Utah, Texas, and Mexico.
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A locally endemic taxon, Penstemon anustifolius var. dulcis
inhabits sandy plains and shrub communities in west-central Utah.

Endemic to east-central Nevada, Penstemon barnebyi grows in dry
sagebrush and pinyon/juniper communities.
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Cut here

Members, please cut out and share this form with interested
friends and neighbors

American Penstemon Society

Dedicated to the preservation, enjoyment, culture, and
knowledge of the beautiful plants the make up the 280 species
in the genus penstemon. The Society serves as a medium of
information exchange for penstemon lovers worldwide.

WHAT DOES APS DO?

Publications- We publish bi-monthly newsletters and an

annual Bulletin filled with articles about recent field trips,
penstemon taxonomy and research, information on cultivating
penstemons, new book reviews, or other interesting material for
“penstemaniacs.”

Seed exchange- Annually, members donate wild or garden
collected seeds to trade with other members. Members can
purchase this seed, of numerous common or rare species, for a
nominal fee.

Website- www.APSdev.org is our new web-site. In addition to serving

as a communication tool for members, it includes pictures,
descriptions, and identification keys for penstemon species
species maps and locator tools, information about propagation
techniques, and many other features for the serious gardener
and plant explorer.

Annual Meetings- Every year the Society holds an annual
meeting in a new and interesting place. In addition to interesting
presentations, the meetings are structured around field trips and
botanizing excursions, guaranteed to satisfy the plant lover in
both the amateur or professional. Generally, meeting are held
somewhere in the Intermountain West of the US where
penstemons find their native ranges.
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Membership
Application

(Also use for renewal)

The American Penstemon Society involves
almost 300 penstemon aficionados world-
wide. If you love penstemons, join the
American Penstemon Society. Dues include
our newsletter, annual bulletin, and the annual
seed exchange. Dues run on a calendar basis, renewed at the first of each
year.

US and Canadian dues $15 US; elsewhere $20 US. Dues for students are
$5. Life Membership is $150. In addition, members may pay two years
in advance and receive the third year free. Please do not send cash.

You may pay either by check or by PayPal on our website at
www.apsdev.org. Make checks payable to American Penstemon
Society. Mail to:

Beth Corbin, Membership Secretary
PO Box 52, Marsing, ID 83639

If you wish to contact Dale Lindgren and/or Phoebe McFarlane, they can
be reached at aps.membership@yahoo.com. Please update any current
info with new phone numbers or e-mail addresses. Thanks for your
enthusiastic support of the Society.

Name:
Address:

Phone:
E-Mail:

We do not sell, share or distribute member data in any manner.

"The American Penstemon Society is a 501(c)(3) charitable organization. All donations
and memberships are tax-deductible to the extent allowed by law. Unless otherwise
specified, no goods or services were received for this donation”

The receipt of a newsletter or Bulletin is not considered as a "Goods".
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Growing Penstemons: Species, Cultivars, and Hybrids

This book, compiled for the American Penstemon Society by Dr. Dale Lindgren and
Ellen Wilde, contains descriptions and information on location where found,
cultivation tips, name derivation, and classification of all the species of penstemons
and information on many cultivars and hybrids. In addition there are definitions and
diagrams of basic terms used in describing penstemons, a short history of their being
brought into cultivation, and of the American Penstemon Society. There are
chapters on growing and caring for them, propagation, and hybridizing. Appendices
give recommended penstemons for different parts of the country, lists of species by
state, region, and in many National Parks, botanic gardens that feature penstemons,
sources for seeds and plants, criteria for judging penstemons in flower shows, and a
list of other sources of information on penstmons. It may be ordered from APS
Books and CD’s or from Infinity Publishing Co. on line at
www.buybooksontheweb.com or toll free (877) buy book (1-877-289-2665).

The Library

The Penstemon Library consists of all the Bulletins of the American Penstemon
Society published since 1946 and several studies and reproductions of articles about
penstemons from various publications, as well as other books on penstemons. To
borrow or copy these materials, please contact Stephen Love, University of Idaho,
1693 S. 2700 W., Aberdeen, ID 83210, (208) 397-4181, slove@uidaho.edu.

Penstemon Publications by Kenneth and Robin Lodewick

Louise Parsons continues to handle the distribution of the following Lodewick
publications. As per the wishes of the Lodewicks, all receipts benefit APS,
exclusively.

Penstemon Field Identifier. A sketchbook, illustrated by Robin, of about 260
species. Originally reproduced and distributed as a series for APS members, this is in
very short supply. However | have the masters and can make copies. US $12.00
Penstemon Nomenclature, 3" Edition. 2002. Lists all known botanical names
applied to the genus. Price reduced to US $ 3.00

Key to the Genus Penstemon. Covers 271 penstemon species and 15 related species
in 5 other genera. APS Lodewick Publications. US $ 9.00

APS members may obtain Penstemon Nomenclature, 3 Edition plus Key to the
Genus Penstemon for US $ 12.00, plus mailing costs for one publication.

Postage Fees. US and Canada: add US $4.00 for the first publication and US $1.00
for each for additional publication. Overseas customers: add US $5.00 for the first
publication and US $1.00 each for additional publications.

Make checks payable in US $ to APS and send requests to: Louise Parsons 1915 SE
Stone St. Corvallis, OR 97333-1832. Have any questions or concerns? E-mail me at
parsont@peak.org.






