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Penstemon  

Spotlight 
 

Penstemon yampaensis  
Yampa Beardtongue 

Name & History:  

The species name ñyampaensisò refers to the Yampa River and 

Yampa Valley of northwest Colorado, the regional location for 

most populations of this very narrow endemic. William Penland 

first described Penstemon yampaensis in 1958 based on specimens 

he collected in 1953 east of Elk Springs in Moffatt County, 

Colorado. Very similar in appearance to Penstemon acaulis, 

Penstemon yampaensis is a larger (2x), more robust plant and 

based on this morphological difference was assigned its own 

binomial designation. This species exists within a small 

geographical area within Moffatt County, Colorado; Dagget and 

Uintah Counties, Utah; and Sweetwater County, Wyoming.  

Taxonomy: 

Subgenus: Penstemon 

    Section: Ericopsis 

         Subsection: Caespitosi 

Taxonomic Description: 

Penstemon yampaensis is a caespitose, perennial herb. Older 

plants form low mats up to 30 cm (11.8 in) across by short stolons. 

The compressed flowering stems originate from older, prostrate 

stems. Foliage is scabrous, being covered with pappilate hairs.  
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Leaves: cauline, narrowly oblanceolate, 15 to 20 mm (0.6 to 0.8 in) 

long, 1.2 to 4.3 mm (0.05 to 0.17 in) wide, scabrous and viscid-

pubescent.  

 Inflorescence: much reduced with few (2 to 6) flowers per stem. 

Flowers solitary and sub-sessile.    

Calyx: segments 5.5 to 9 mm (0.22 to 0.35 in) long, lanceolate, 

scabrous and viscid-pubescent, margins herbaceous. Usually 

hidden within the dense foliage. 

Flowers: lavender, 11 to 16 mm (0.43 to 0.59 in) long. Corollas are 

moderately ampliate, upper lobes erect, glandular-puberulent 

externally. Palate golden-yellow or white-bearded. 

Fertile Stamens: reaching the orifice or slightly exserted. Anther 

cells 0.8 to 1.0 mm (0.03 to 0.04 in) long, blue-black, glabrous 

with pappilate sutures, dehiscing full length and spreading but not 

explanate. 

Staminode: reaching the orifice, densely yellow to orange bearded.  

Capsules: subglobose, 2.5 mm (0.01 in) long.  
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Non-Technical Description: 

Penstemon yampaensis is a mat-forming species, flowering plants 

are usually less than 1 inch tall and up to 12 inches across. Leaves 

are small, narrowly spoon-shaped, short-hairy with a rough texture, 

and are sufficiently dense to completely hide the flowering stems. 

Flowers are relatively small, chubby-looking, and lavender in 

color. Blooms are slightly embedded in the dense foliage and are 

usually angled upward. The outside surface of the flowers is 

covered with short, sticky hairs. The inside lower corolla surface is 

covered with longer yellow or white hairs. Anthers are black in 

color and lack hairs. The staminode is yellow-hairy. 

Period of Bloom: 

Penstemon yampaensis has a relatively short bloom period from 

late May into early June. 

Area of Origin:   

Penstemon yampaensis can be found primarily within Moffatt 

County in the northwestern corner of Colorado. Adjacent areas of 

Wyoming (Sweetwater County) and Utah (Daggett and Uintah 

Counties) are home to smaller populations of this species. 
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Habitat:  

Penstemon yampaensis grows on dry ridges and semi-barren 

places, usually on sandy or shaley substrate. Companion plants 

include sagebrush, shadscale, small-statured grasses, and sparse 

pinyon and juniper scrub. Elevations of known populations range 

from 5,840 to 7,220 feet (1,780 to 2,200 m). 

Where to See It:  

From Craig, Colorado (city center) travel 31.2 miles west on the 

US Highway 40. Turn right on Colorado Highway 318 and travel 

42.2 miles. Turn right on Moffatt County Road 10N and travel 5.8 

miles; this will take you through Irish Canyon. Shortly after you 

emerge from the canyon, scout the roadsides to find Penstemon 

yampaensis. Approximate GPS coordinates for this population is 

40.8000 N, 108.7195 W.  
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Culture:  

Penstemon yampaensis is considered to be among the more 

difficult of penstemons to culture. Dry growing conditions and 

well-drained soils are a must. This small statured plant is probably 

best appreciated in rock or trough gardens, placed among other 

diminutive plants. Successful seed germination requires 12 weeks 

of stratification. 

Conservation Status: 

Penstemon yampaensis is a rare and possibly threatened species, 

although lack of universal recognition of distinction from 

Penstemon acaulis hinders the establishment of a realistic 

conservation rank. The species has global conservation status of 

G2 (imperiled), although no immediate threats to this species are 

evident.   

Sources: 

Holmgren NH, and Holmgren PK. 2017. Intermountain Flora, 

Vascular Plants of the Intermountain West, USA: Volume VII. 

New York Botanical Garden. 

Lindgren D, and Wilde E. 2003. Growing Penstemons: Species, 

Cultivars, and Hybrids. Infinity Publishing, Haverford, 

Pennsylvania. 
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Nold, R. 1999. Penstemons. Timber Press, Portland, OR. 

Stevens, MR, Love SL, and McCammon, T. 2020. The Heart of 

Penstemon Country: A Natural History of the Penstemons in the 

Utah Region. Sweet Grass Books, Helena, MT. 

 

  

Penstemon Spotlight is authored by: 

Dr. Stephen Love, University of Idaho 

Mikel Stevens, Brigham Young University 
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A ñNewò Penstemon Taxon Found 

During an Eventful Penstemon 

Collection Trip  

Mikel R. Stevens and Robert L. Johnson 

Brigham Young University 

Provo, Utah 

Prologue 

Before we begin to tell the story of ñthe tripò where the most 

recent Penstemon taxon was discovered and why we call it 

ñJoLynnôs penstemon,ò we must share the background as to why 

we were even on that eventful trip. 

Why did we choose to study P. scariosus? 

Summer 2013, we (the authors) decided to collaborate on a 

Penstemon taxonomic question that would allow us to work in the 

Utah region backcountry, where both of us love to spend our 

spring and summers. One Penstemon taxonomic question seemed 

to beg for clarification and that was the careful teasing out of the 

genetic relationships within and between the varieties of P. 

scariosus, oft referred to as the ñP. scariosus complex.ò 

Furthermore, this species might be something that we could seek 

granting opportunities for, since it included P. scariosus var. 

albifluvis, which was/is being considered for legal protection.1, 10 

Penstemon scariosus is a species with a complex range of 

morphological variability and has a narrow geographic distribution 

in the northeastern to central Utah area as well as extending into 

adjacent areas of Colorado and Wyoming (Fig. 1).5, 8, 12  

As presently described, the P. scariosus complex is an 

amalgamation of three previously described species in 1984,4 

followed in 1986, by the description of variety cyanomontanus.7 

They are now all listed as ñweakly recognizableò varieties, with 

exception of var. albifluvis, which is considered to be the most 
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Figure 1. Black dots are locations where specimens of P. 

scariosus have been recorded in Utah, Colorado, and 

Wyoming. 

distinct.3, 5, 8 Specifically, the four named varieties are var. 

albifluvis (Fig. 2A),4 var. cyanomontanus (Fig. 2B),7 var. 

garrettii (Fig. 2C),4 and var. scariosus sensu stricto (Fig. 2D). 

Penstemon scariosus and P. garrettii were first reported as unique 

species by Pennell in 1920,9 and P. albifluvis was initially 

described by England in 1982.2 In 1984, Holmgren combined the 

above three taxa into one species with the following statement 

ñAlthough P. scariosus exhibits a complex range of variability, the 
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specimens more or less sort into the three weakly recognizable 

varietiesé Each is geographically distinct.ò Later in 1986 var. 

cyanomontanus was described by Neese7 and Holmgren agreed to 

that treatment in 2017.5 Penstemon scariosus var. albifluvis is 

considered to be ñcritically imperiledò in Utah.1 A major reason for 

the concern is that there is increasing interest in the recovery of 

natural hydrocarbon reserves found in the Uinta Basin of 

northeastern Utah and the adjacent geology of Wyoming and 

Colorado. Since P. scariosus var. albifluvis is part of the P. 

scariosus complex, we thought it would be valuable to understand 

the genetic relationships within this species complex.  

 
Figure 2A. Penstemon scariosus var. albifluvis 

Winter 2014, we successfully secured a grant to study the genetic 

relationship within the P. scariosus complex, which meant that the 

two of us had sufficient funding to begin our collaborative 

backcountry research! The first collection trip the two of us made 

on this project in 2014 was to investigate a questionable 

disconnected population of supposedly ñP. scariosusò in Piceance 

Canyon, Colorado. We determined that the specimens in question 

were actually what has been considered P. fremontii var. 

glabrescens. After making extensive collections of this penstemon 
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Figure 2B. Penstemon scariosus var. cyanomontanus 

 
Figure 2C. Penstemon scariosus var. garrettii 
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Figure 2D. Penstemon scariosus var. scariosus 

and careful study of its morphology and molecular data, we 

determined that P. fremontii var. glabrescens was not related to P. 

fremontii and deserved status as a unique species which we named 

P. luculentus (Fig. 3).6, 11  However, the story of the ñeventful 

tripò we share herein takes place several weeks after our Piceance 

Canyon trip and this trip was undertaken by JoLynn and Mikel 

Stevens since Robert was committed elsewhere that week. 

The Eventful Day in the Trip 

It was going to be a long day for JoLynn and Mikel since it was 

four days after the summer solstice in 2014 (June 25th) and we try 

to be in the field during all available daylight hours. JoLynn 

frequently accompanies us on penstemon hunting trips but she 

does not like to get out of bed early, so the trip started rather quiet. 

We left our Orem, UT home about the time the sun was coming up 

(5:30 a.m.). We collected P. subglaber, our first samples of the 

day, at 6:42 a.m. a few miles east of Francis, UT along state 

highway 35 where herbarium records indicated that someone had 

once collected a P. scariosus in the area. We have never been able 

to recollect new samples of P. scariosus in that area. Shortly after 

carefully searching the area, we headed east on that highway 
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Figure 3. Penstemon luculentus 

enjoying the invigorating glimpses of the beautiful warm colors of 

the rising sun through the trees. Just after going over Wolf Creek 

Summit we were passing through clumps of woodland and open 

spaces when Mikel saw a smaller buck (ñteenager-likeò mule deer) 

that was running from the north at nearly right angles to the Toyota 

4Runner we were driving on the left side of the highway. It was 

not much of a concern because the lighting was excellent and there 

was plenty of time and distance for the deer to see we were on the 

highway.  

Well, maybe teenage deer have poor judgement, just like we 

humans, because it just kept barreling forward with a perfect 

trajectory to hit our 4Runner! The instantaneous mental 

calculations one tends to make in such a situation clearly suggested 

this scatterbrained deer seemed intent on hitting us, not we hitting 

it! I slammed on the brakes in a vain attempt to see if the deer 

would pass in front of us. No, that was not going to happen, it was 

going to hit the front left tire in an attempt to become instant deer 

burger! Well, at the last moment, that teenager realized that it had 

perhaps severely miscalculated!! It hit its hooved brakes! 

However, have you ever watched a cat try to use its claws on a 
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smooth hard surface floor to either stop, start, or turn really fast? 

Well, watch YouTube cat videos and you will know what we 

mean. Deer do not have claws! Nevertheless, that brazen teenager 

tried to dig its hooves into the pavement as if it had claws! He 

began skidding and lost its four-footed footing and slid directly at 

us. We were sure the front left tire was going to run over its legs 

since they were leading the skidding body of the deer. Then a new 

set of gruesome visions danced in our heads of having a deer with 

multiple smashed legs! Well at the last moment it regained partial 

footing and decided to hit us with the only weapons it had ï its 

antlers and head. This resulted in its head being within about 2 feet 

of Mikelôs face. Mikelôs blue eyes and those big brown eyes of that 

teenager were trying desperately to do a mind melt for a split 

second as the 4Runner went for another 10-15 feet before coming 

to a complete sudden full stop. We believed we had severely 

injured that teenage deer! But no, that deer immediately got up on 

the highway and took off back in the general direction it had come 

without a single evidence of injury! We have since wondered if the 

poor thing had been ñtrying outò for rugby, or, American football, 

or similar sport that deer participate in? 

Since the highway was narrow in that area and with no good spot 

to pull off, we drove on until we saw P. leonardii along the side of 

the road and we stopped to collect herbarium specimens. When 

Mikel went to get out of his door to collect those plants, he found it 

was extremely hard to open. After finally getting out, he found that 

the deer had left his brand! It had hit between the driver side door 

panel and the wheel well, so hard that it resulted in denting the left 

front fender behind the wheel, which caused the fender to jam into 

the door when it was opened!  

The next few hours of that morning were basically unproductive in 

our search for P. scariosus, we searched in various canyons and 

roadside stops along that highway and around the small 

communities of Hanna, and Tabiona, UT. However, we knew we 

were late in the season for finding P. scariosus in bloom at those 

elevations, but we still were hoping to find late blooming plants. 

We left that area heading to Duchesne, UT via state Highway 208 

around 11:30 a.m. We chose that route because there were historic 
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collections of P. scariosus in the Golden Stairs Canyon along that 

highway. Driving up that short canyon requires care since it is 

narrow, with little or no shoulders and frequently large oil tanker 

trucks are descending at higher speeds. It is very difficult to pull 

off the road along that area safely. The following is the story Mikel 

tells of what happened in the next few minutes. 

I asked JoLynn to, ñcarefully search,ò the road cuts for possible 

evidence of penstemon while I drove. At approximately the 

midpoint in our ascent of that short canyon, JoLynn said, ñI óthinkô 

I saw something blue.ò I kept my eyes on the road, but responded 

with skepticism, ñwas it a flower, or was it a beer can?ò Her 

response was, with a moderate level of conviction, ñI óthinkô it was 

a flower.ò Of course, I am wondering if I need to be figuring a way 

to get turned around; and, I am wondering where we can pull off, 

as well as how safe is it to investigate this ñflowerò or maybe a 

ñbeer can?ò Because of the more precarious nature of the situation, 

I wanted more confidence than, ñI think it was a flower.ò Thus, I 

ask more probing questions. In each answer, there was a stronger 

affirmation that it was indeed a flower. We worked out the details 

of how to get to the location and it was indeed a lone blooming P. 

scariosus plant. We collected our usual specimen/sample sets for 

the study, which we gave the identification of population ñ#310.ò 

During the next three days, we collected a number of P. scariosus 

specimens and tissue samples in and around the Uinta Basin 

region. Some of those specimens/samples have provided pivotal 

data in understanding the genetic relationships within the P. 

scariosus complex. However, #310 has demonstrated to be key in 

the discovery of a hidden gem within the P. scariosus complex. 

This Golden Stairs Canyon story is not unusual in our penstemon 

collections. However, #310 would not have been collected if 

JoLynn had not spotted that lone plant with its small number of 

blooms, the only blooming penstemon on that road cut; all other 

plants were setting seed! We, along with many others, had 

collected P. scariosus (#34 [Fig. 4]) within 10 air miles from this 

collection (next to Fruitland, UT). We would never have 

deliberately returned to the Golden Stair Canyon location to collect 

specimens or laboratory samples because it was so close to #34! 
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Figure 4. Field notebook entry for population #34, it is a little 

taller, but otherwise a typical Penstemon scariosus var. garrettii 

What Has Resulted From That Eventful Trip 

During the upcoming fall and winter, our students working on the 

molecular genetics of this project found that #310 was different 
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from all other collections of P. scariosus including #34. We found 

that it was so unique we began to have doubts, and we began to 

believe we possibly had made a mistake or had some mix-up in the 

samples. So late spring 2015 we returned to the region where both 

#34 and #310 were found and began to collect tissue and 

herbarium specimens from all over that area in ever widening 

circles from the Golden Staircase Canyon. In the past, we were 

trying to collect samples approximately 20 miles apart. During the 

2015 collection season, we collected samples as often as several 

hundred yards apart. The fall of 2015 and winter 2016, we studied 

the results of the spring collections in comparison to the results of 

the 2014 P. scariosus data. To our amazement, we found that there 

was no error in the previous yearôs collections or molecular data 

studies. JoLynnôs penstemon (#310) definitely was something 

genetically distinct. Our new molecular studies completely 

confirmed our 2014 collection results, that there is a unique 

Penstemon found off of Tabby Mountain. Whatôs more, JoLynnôs 

penstemon (Fig. 5A, B, C, D) is different from the collections at 

#34 (Fig. 4), near Fruitland, UT. Our study results of sample #34 

reveal that both morphometrically and its molecular fingerprint are 

 
Figure 5A. JoLynnôs penstemon 
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very much like what historically has been called P. scariosus var. 

garrettii (Garrettôs penstemon). To further complicate the 

discovery of JoLynnôs penstemon is that there are natural 

populations of JoLynnôs penstemon within approximately 1 mile of 

the P. scariosus var. garrettii #34 population.    

Once we found clear evidence that JoLynnôs penstemon was 

molecularly distinct, we began studies to find morphometric 

characteristics, which could be used to distinguish it from the rest 

of the P. scariosus complex. During our collections from the 

Tabby Mountain region, it became increasingly noticeable that 

these plants were, in general, larger than most plants from the P. 

scariosus complex collected across its entire range, including 

specimens from the region where variety scariosus is found. 

Penstemon scariosus var. scariosus is noted as the largest in that 

complex according to the predominantly utilized taxonomic keys 

(óA Utah Floraô and óIntermountain Floraô).5, 8  

A Summary of Our Study Results of the P. scariosus Complex 

We are in the later stages of preparing a manuscript for a scientific 

journal, which we anticipate becoming available sometime in late 

2021 or early 2022. That publication will have multiple maps, 

graphs, photos, and a detailed description of what we have learned 

in the multiple years studying the P. scariosus complex.  Here is a 

summary of what we will be reporting on in detail of this complex. 

According to presently accepted taxonomic classification, 

Penstemon scarious has four varieties (albifluvis, 

cyanomontanus, garrettii and scariosus). However, the taxonomic 

descriptions and associated keys (óA Utah Floraô and 

óIntermountain Floraô)5, 8 frequently used to delimit these varieties 

are not in complete agreement as to how to clearly delineate these 

varieties. Furthermore, the Flora of North America North of 

Mexico does not improve the clarity to determine varieties within 

the complex.3 These issues result in confusion as to how to classify 

these varieties. Using six key morphometric characters we 

examined 273 P. scariosus herbarium specimens. Furthermore, we  
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Figure 5B. Hillside of JoLynnôs penstemon 
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Figure 5C. JoLynnôs penstemon 

 
Figure 5D. JoLynnôs penstemon 

used ten SSR (microsatellite) markers to create a set of molecular 

fingerprints to study the population genetics of 67 accessions of P. 

scariosus, from across its native range. The results of our 

morphometric and molecular studies suggest four conclusions. 
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First, our molecular fingerprint data clearly indicate that all the P. 

scariosus found on the East Tavaputs Plateau are all distinctly var. 

albifluvis without any introgression of var. garrettii as has been 

previously hypothesized.5, 8 Furthermore, our results support 

consideration that this taxon is separate and distinct from P. 

scariosus. Thus, we propose that this taxon be returned to its 

original status as a species. Second, our molecular study suggests 

that the geographic area for var. cyanomontanus is much larger 

than the present taxonomic keys descriptions state.5, 8 We suggest 

using both geography and morphometric characters to more 

accurately define this taxon, particularly since the key character of 

possessing glandular hairs on the flowers of this variety is often 

not present. Third, our molecular data reveals significant admixture 

(hybridization) between varieties garrettii and scariosus and the 

morphometric data separating these as two varieties appears 

arbitrary. We therefore propose synonymizing var. garrettii with 

var. scariosus. Finally, our molecular data reveal a hitherto 

distinct but related genotype around Tabby Mountain, UT. Our 

morphometric data of the specimens of this area suggest that they 

are statistically larger and more robust in all plant parts (leaves, 

bracts, flowers, flower number, and plant height). Our laboratory 

data demonstrate that they are not polyploids, as some might 

propose, because of the larger plants and plant parts. Furthermore, 

the molecular and morphometric data indicate that this previously 

unrecognized genotype (JoLynnôs penstemon) has hybridized with 

P. scariosus of the broader region at a location where the two are 

growing sympatrically (near Fruitland, UT). In our upcoming 

publication covering the P. scariosus complex we will provide a 

scientific name for JoLynnôs penstemon and a taxonomic key 

which can be used to more adroitly determine which variety is 

present within a given P. scariosus population.  

Conclusion 

During our ñeventful trip,ò we attempted to play rugby with an 

adolescent mule deer, accidently discovered a new Penstemon 

taxon, verified an important remote, but little-known population of 

P. scariosus var. albifluvis,11 and collected a total of 12 

specimens/samples for our P. scariosus study along with a number 
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of other species from the genus along the way. It was a very 

productive and eventful trip! 

Epilogue 

Strangely enough, JoLynn and Mikel have an important personal 

event in connection with the remote region where evidence suggest 

some of the most robust populations of JoLynnôs penstemon are 

found. Specifically, Saturday of Easter weekend 1972, JoLynn and 

her family invited Mikel to meet her grandfather for the first time, 

for a picnic breakfast at a well-kept rest stop along Highway 40. 

This rest stop is about 8 air miles away from where JoLynn found 

#310! Her grandfather lived in Roosevelt, Utah, and he was very 

influential in her life; thus, meeting him for the first time was añbig 

deal!ò 
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Flowers of JoLynnôs penstemon 
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Class of ô93 ï Vulnerable Penstemon, 

Where Are They Now?  
Mary Sagatelova 

The Ohio State University ï Department of Evolution, 

Ecology, and Organismal Biology Columbus, Ohio  

The Endangered Species Act (ESA) of 1973 is the most 

comprehensive and prominent environmental perseveration policy 

in the United States. The remarkability of the law runs parallel to 

its unique passage ï largely unopposed by Congress and regarded 

as a symbolic gesture, the act had fortuitous consequences on 

economic development, private property rights, and recreational 

interests that draw severe criticism and lobbying efforts today. In 

its brief tenure, ESA has prevented the extinction of almost 300 

species. Despite its overwhelmingly positive impact on the 

American conservation movement, assumptions and language 

within the law itself have led to bias against a vulnerable and often 

overlooked group ï plants.  

When ESA was passed, Congressional focus on ñcharismatic 

megafaunaò established the early foundation for public and cultural 

disregard for plant species and their struggles against an ever-

changing environment. This phenomenon, regarded as ñPlant 

Awareness Disparityò, has seeped beyond individual ignorance and 

into policy. Despite almost equal representation on the Endangered 

Species List, plants receive significantly less management funding. 

Moreover, bias against flora has led to prejudice in critical habitat 

designation, recovery plan implementation, and review. To add 

insult to injury, plants are not afforded the same protections under 

ESA as animal species. While animal species are protected from 

ñtakeò on both private and public land, these federal protections 

are not extended to plant species on private land, unless otherwise 

protected by individual state law. To date, eighteen states do not 

afford any state-level protection to threatened and endangered 

plant species occurring on private land. State laws that do exist 

pale in comparison to the strength and severity of ESA. 
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Penstemon haydenii, one of three penstemon species currently 

listed under the ESA of 1973. 

As threats to plants continue to rise at an alarming rate, plant 

conservation is poorly prioritized at the state and national level. 

With a group as unique and diverse as Penstemon, it is important 

to consider how we can work to increase public awareness and 

interest in conservation. 

In 1993, the US Fish and Wildlife Service (USFWS) considered 

fifty -two different Penstemon species for federal listing under the 

ESA. The majority of which had too little information for USFWS 

to accurately assess vulnerability status. Twenty-eight years later, 

only three species are currently listed under the ESA ï P. haydenii, 
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Penstemon debilis, a Colorado species whose habitat is 

federally designated as critically imperiled. 

P. debilis, and P. penlandii, with only P. debilis designated a 

federally protected critical habitat while other species continue 

their fight for survival. 

The effects of biotic and abiotic stressors on plants are well 

documented.  Less studied, however, is the effect of political and 

legal factors on species vulnerability. Land stewardship in America 

is incredibly variable and entirely dependent upon the statutes 

governing land and resource management across different state and 

federal agencies. Variation across land management policies will 

inevitably have an effect on the degree of harm impacted on the 

species that reside on that land. 

The mission and constituency of different land management 

agencies, as well as unique statutes, drive their management 

approaches. For example, certain agencies follow a multiple use 

and sustained yield directive, as mandated by various federal 

statutes. This ensures that land is managed for purposes such as 

recreation, resource extraction, grazing, and cultural conservation. 

When appropriate or necessitated, these agencies will preserve 

habitats and specific species, but ultimately, conservation is not a 

priority. Such agencies with multiple use land management 



29 

approaches include the US Forest Service (USFS), Bureau of Land 

Management (BLM), and the National Park Service (NPS). NPS, 

while traditionally seen as environmentally driven, is mandated to 

provide recreation for human enjoyment as well as conservation. 

While NPS does afford a greater degree of protection to 

ecosystems than either USFS or BLM, the increased access for 

recreation does have negative consequences such as habitat 

fragmentation. 

 
Penstemon lemhiensis, a listed species whose habitat includes 

lands managed by multiple agencies. 
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USFWS, however, is unique in that the organization follows a 

singular dominant management directive. USFWS manages land 

exclusively for the purpose of conservation, with any additional 

activities only permitted if they do not affect protected species. 

Considering this dynamic in the context of the fifty-two original 

Penstemon species considered for listing by USFWS, it is 

interesting to evaluate how land management practices have 

affected the persistence of these species. 

The majority considered taxa occur on land managed by BLM and 

USFS, agencies which do not prioritize conservation and habitat 

protection. A significant portion of individuals also occur on 

privately-owned and managed land. Protections on private land is 

severely limited and barring any state specific regulations, is 

entirely at the mercy of the landowner.  

 
Penstemon penlandii, a listed species growing solely on a small 

parcel of land near Kremmling, Colorado. 

Many of these fifty-two species are limited to specific and unique 

ranges, with some extending into several management 

jurisdictions. An example is Penstemon lemhiensis, which 

transcends across land managed by BLM, USFS, NPS, and others. 

Penstemon lemhiensis has been recently evaluated for 

degradation, with conservation management approaches 
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recommended for the preservation of genetic diversity in certain 

populations. The same cannot be said for the majority of these 

Penstemon species. However, trans-agency collaboration is 

difficult to achieve, despite infrastructural features designed to 

facilitate it. 

 

 
Figure 1: Proportion of Penstemon species considered for 

federal protection in 1993 on land managed by various 

agencies. US Fish and Wildlife (USFWS), US Forest Service 

(USFS), Bureau of Land Management (BLM), National Park 

Service (NPS), Bureau of Reclamation (BR), Department of 

Natural Resources (DNR), Department of Defense (DOD), 

Department of Energy (DOE), Private, State, and Tribal 

entities. 

My thesis research in Andi Wolfeôs lab will focus on elucidating 
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the relationship between land management practices and species 

vulnerability. Vulnerable species are most at risk due to 

deterministic and stochastic events, which can have calamitous 

consequences on the taxa and their habitats. Understanding 

whether or not traditional land management practices add 

additional stress to species will be critical in protecting species 

moving forward.  

It is paramount that plant conservation be prioritized and threats 

mitigated. Attempts to protect Penstemon are often drowned out by 

the efforts of private industry. However, Penstemon specific 

conservation campaigns can spearhead larger plant conservation 

efforts ï the recent multi-agency conservation agreement to protect 

Penstemon grahamii and P. scariosus var. albifluvis is a notable 

example of such innovative policy. The American Penstemon 

Society, which dedicates itself to advocating for the protection of 

Penstemon must continue to be the loudest voice in championing 

not only Penstemon protective policy, but collective plant 

protection for all species.  
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Penstemon bicolor in the California 

Desert 
Nora Bales1,2, Raphaela Floreani Buzbee3, 

Sophia Winitsky4 
1Cal Poly, San Luis Obispo, California 2California 

Military Department, 3U.C. Berkeley, Berkeley, 

California, 4Montana State University, Bozeman, 

Montana 

Pinto beardtounge, Penstemon bicolor is a rare plant found in 

California, Nevada, and Arizona. Within California, it is known 

from a restricted area along the stateôs southeastern border in 

Castle Mountains National Monument and Mojave National 

Preserve. We, as botanists, intend to investigate and update the 

conservation status of Penstemon bicolor in California, where we 

believe the taxon could qualify for elevated protection based on its 

local rarity and habitat threats. 

Background 

According to the California Natural Diversity Database (CNDDB), 

there are nine occurrences of P. bicolor in California. All 

populations except one are known from the Hart Peak area of 

Castle Mountains National Monument. The exception is a disjunct 

population on Homer Mountain, approximately 13 miles (21 km) 

southeast of Hart Peak, in the Mojave National Preserve which has 

not been seen since 1996 (CNDDB). The plant was also 

historically observed in an area now occupied by the Castle 

Mountain Mine, a privately held and operational mine within 

Castle Mountains National Monument.   

Documentation for the known populations is vague: two of the 

nine populations were previously estimated to have over 50 plants, 

but all others include only one or two observed plants. The limited 

distribution of this species in California is threatened by mining, 

renewable energy development, hybridization with Penstemon 

palmeri (NatureServe), cattle grazing, ORV activity, and feral 

burros (CNPS). Additionally, although Castle Mountains National 
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Monument was protected in 2016 under the Antiquities Act, 

National Monument status can be rescinded by executive order. 

 
 

Species info and taxonomic status: 

Penstemon bicolor was first collected by Katharine Brandegee in 

1915 from Clark County, Nevada (Clokey & Keck 1939). It is a 

short-lived perennial herb/subshrub that grows up to 5 dm, with 

glaucous, serrate, and petioled or clasping leaves. Showy, magenta 

to yellow or white flowers typically bloom April-May. Like many 

Penstemon taxa, P. bicolor has a narrow and restricted range. Its 

distribution is limited to semi-disturbed areas of desert mountains 

with calcareous rocky or gravelly soils. It grows in creosote bush 

scrub, blackbush scrub, or Joshua tree woodland communities from 

elevations of 700 - 1500 meters (Wetherwax & Holmgren 2012). It 

is known to occur with other Penstemon species, and hybridization 

has been suggested (Smith 2005). P. bicolor is also used 

horticulturally and could be a potential addition to gardens 

throughout the southwest.  

Species level relationships within Penstemon have been 

Credit: Jean Pawek 
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historically difficult to untangle due to recent radiation throughout 

North America and interspecific hybridization (Wessinger et al 

2016). Anther morphology and patterns of dehiscence are 

important features used to identify clades and species within the 

genus Penstemon. Penstemon bicolor has fully dehiscent and 

spreading anther sacs, that are 1.3-2 mm long (Wetherwax & 

Holmgren 2012). Two varieties have been described, var. bicolor 

and var. roseus, to capture the speciesô floral color diversity (Smith 

2005). They have similar habitat requirements and distinct, but 

overlapping, geographic ranges. Recent studies have not found 

genetic evidence supporting the two varieties as unique entities 

(Stone et al 2020). The type material also supports the absorption 

of the varieties into P. bicolor, as Brandegeeôs 1915 specimens 

contain both yellow and magenta color morphs (Smith 2005). 

Exact taxonomic level is not critical for our exploration, because 

all populations of P. bicolor (regardless of variety) face similar 

threats within California. 

Conservation status: 

Penstemon bicolor is considered rare across its range, but the 

rarity status of the species varies by state and federal jurisdiction. 

In California, it has a S1 state rank of ñcritically imperiledò 

(NatureServe), and the California Native Plant Society lists it as 

1B.1 (rare, threatened, or endangered) (CNPS). The species is 

somewhat more widespread in Nevada where it is ranked as 

threatened (NatureServe). In Arizona, its distribution is limited to 

the northwestern portion of the state and it is ranked as imperiled 

(NatureServe). 

Our plan:  

Thanks to generous funding from the American Penstemon 

Societyôs Special Projects Grant, we will be gathering more 

information about the population status of P. bicolor in the 

California deserts. In April 2021, we will travel to Castle Mountain 

National Monument to visit the known, extant occurrences on 

public land in California. For each population, we will count 

individuals, record phenology and reproductive viability, and 
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collect environmental and plant community data. The size and 

extent of each occurrence will be measured using GPS units to 

better assess occupancy and range of this species. Our field 

surveys are planned in collaboration with local experts and 

botanists at the Mojave National Preserve and the California 

Botanic Garden.  

Using statewide standard data collection protocols, we will be able 

to update P. bicolor records in the California Natural Diversity 

Database (CNDDB) and contribute to statewide vegetation 

mapping efforts of the California Department of Fish and Wildlife 

(CDFW) and the California Native Plant Society. We hope that a 

better understanding of California P. bicolor populations can 

inform and improve conservation for this rare and beautiful plant. 

 

Credit: James Morefield 
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About us: 

Sophie, Raphaela, and Nora are three Californian botanists 

specializing in the rich flora of our home state. The three of us met 

in 2018 while working as vegetation ecologists for the California 

Native Plant Society.  We share a deep love of plants and 

cumulatively we have over 20 years of professional experience as 

botanists and ecologists.  

Sophie is a PhD student at Montana State University, studying the 

systematics, evolution, and conservation of the often-overlooked 

false prairie clovers, Marina (Fabaceae). She received her M.S. at 

the California Botanic Garden, where she compiled a floristic 

inventory of Adobe Valley in Mono County. Sophie has worked 

for the Jepson Herbarium and Inyo National Forest. She grew up in 

Los Angeles and is especially fond of California's deserts and 

loves backpacking, hiking, and wandering around in search of new 

plants. Her favorite penstemon is P. incertus. 

Raphaela is a PhD student at the University of California, 

Berkeley. Her current research is focused on climate change 

impacts to botanical diversity in California - especially in unique 

ecosystems like coastal prairies, serpentine, and alpine 

environments. She has worked as a professional botanist and 

vegetation ecologist for numerous land-management and 

conservation agencies and enjoys gardening, hiking and watercolor 

painting. Her favorite penstemon is P. heterodoxus.  

Nora is a resource manager for the California Army National 

Guard and a Masterôs student at California Polytechnic State 

University, San Luis Obispo. Her current research is focused on 

the interactions of biological soil crusts with and the survival of a 

rare plant on the California coast. She grew up wandering the 

Sierra Nevada foothills, and particularly loves grasslands and oak 

woodlands. In her spare time, she enjoys hiking, backpacking, and 

knitting. Her favorite penstemon is P. newberryi.  

Stay tuned for our findings in a future issue of the APS Bulletin! 
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Testing Hybridization Hypotheses in 

Shrubby Penstemons (Penstemon 

subgenus Dasanthera) 
Benjamin W. Stone 

Dept. of Evolution, Ecology, & Organismal Biology 

The Ohio State University 

Columbus, OH 

Background: 

Penstemon subgenus Dasanthera ï the shrubby Penstemons ï 

contains nine species distributed mainly in montane regions of the 

Pacific Northwest of North America. Hybridization is common in 

this group, evidenced by the abundance of hybrid cultivars 

available (Vesall, 1990), the exceptional inter-species fertility 

observed in crossing experiments (Every, 1977), and the plethora 

of well-documented hybrid populations in nature (Clausen et al. 

1940; Datwyler & Wolfe, 2004; Every, 1977). The frequent 

hybridization between species can provide a major obstacle for 

studies employing molecular sequence data; indeed, this was likely 

a major barrier to early molecular phylogenetic studies in 

Dasanthera (Datwyler & Wolfe, 2004). Phylogenetically, 

Dasanthera is sister to the rest of Penstemon (Wolfe et al. 2006), 

and while recent work has elucidated the evolutionary relationships 

among Dasanthera species (Stone & Wolfe, 2020), several 

taxonomic questions persist. 

Perhaps the most intriguing of these questions involves the 

putative hybrid origins of two taxa: Penstemon fruticosus var. 

serratus, and P. davidsonii var. praeteritus. A. D. Every, in his 

1977 dissertation on the biosystematics of Dasanthera, proposed 

that these two taxa are the product of hybridization between P. 

fruticosus and P. davidsonii (Every, 1977). Every hypothesized 

that the cooler climatic conditions of the Pleistocene would have 

provided suitable habitat for P. fruticosus and P. davidsonii at 
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Penstemon davidsonii var. davidsonii 

lower elevations in the Columbia Basin and Intermountain Region, 

where they would be in close contact and could hybridize. When 

the glaciers began to retreat, these areas would once again become 

inhospitable, leaving only óislandsô of suitable habitat in relatively 

isolated outposts at higher elevations. Populations that persisted in 

these areas would likely have both P. fruticosus and P. davidsonii 

ancestry. Everyôs hypothesis, if supported, would explain the 

disjunct distribution of P. davidsonii var. praeteritus, which is 

found only in the Steens Mountains in southeastern Oregon and the 

Black Rock Range in northwestern Nevada, far from the Cascades 

and Sierra Nevada ranges where P. davidsonii is typically found. 

Likewise, it would explain the endemism of P. fruticosus var. 

serratus, found only in the Blue, Wallowa, and Seven Devils 

Mountains of southeastern Washington, northeastern Oregon, and 

west-central Idaho. Every provided support for these hypotheses in 

the late 1970ôs through the analysis of putative parent and hybrid 

chromatograph profiles (Every, 1977). But, although molecular 

sequencing techniques and methodological approaches to identify 

hybrid taxa have advanced remarkably since the late ó70ôs, they 

have not yet been applied in a formal test of Everyôs hypotheses. 
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Penstemon fruticosus var. fruticosus 

Methods: 

I generated high-throughput sequence data using a single-enzyme 

digest approach to Genotyping by Sequencing (GBS) (protocol 

described in Elshire et al. 2011) for 120 samples of P. fruticosus 

and P. davidsonii. Sampling included individuals from across the 

geographic distributions of both species and encompasses all 

described varieties of both species: P. davidsonii var. davidsonii, 

var. praeteritus, and var. menziesii, and P. fruticosus var. 

fruticosus, var. serratus and var. scouleri. Samples were either 

procured from herbarium specimens or from tissues collected in 

the field and immediately dried with silica gel. GBS libraries were 

prepared with 100 nanograms of DNA from each sample and were 
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sequenced on an Illumina Hi-Seq 2500 using paired-end 150bp 

sequencing. All post-sequencing data processing was performed on 

the Unity computing cluster at The Ohio State University with the 

ipyrad software (Eaton & Overcast, 2020).  

I used the software HyDe (Blischak et al. 2018) to detect 

hybridization and introgression between the focal taxa. To perform 

hypothesis tests, HyDe estimates the test statistic ‎, which ranges 

from 0-1, and represents the proportion of parent ancestry in a 

taxon; for example, in a 50:50 hybrid, ‎ = 0.5. The test statistic ‎, 
in conjunction with an assessment of statistical significance, 

enables HyDe to determine whether there is support for the hybrid 

formation of taxa, and to estimate the proportion of genetic 

contribution from each parent into the hybrid. HyDe was used to 

test whether there is molecular support for the putative hybrid 

origins of P. davidsonii var. praeteritus and P. fruticosus var. 

serratus, as outlined by Every (1977), but also to test molecular 

support for the hybrid origin of P. davidsonii var. menziesii and P. 

fruticosus var. scouleri. 

Results: 

Of the four taxa tested for hybrid origins, two (P. davidsonii var. 

menziesii and P. fruticosus var. serratus) produced results 

indicative of hybrid origins (Table 1). Results also suggest that P. 

davidsonii var. menziesii may also be the product of hybrid 

speciation. Conversely, P. fruticosus var. serratus is likely the 

result of hybridization followed by backcrossing with P. fruticosus 

var. fruticosus. Interestingly, P. davidsonii var. praeteritus shows 

no evidence of hybrid origins, while P. fruticosus var. scouleri 

shows some evidence of introgression, although this result was not 

deemed statistically significant. 
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Penstemon davidsonii var. praeteritus with a visiting pollinator 

(genus Pseudomasaris) 

 

Table 1. Results of hypothesis tests in HyDe 

Putative Hybrid Z-score p-value ‎ 

  praeteritus - 1 -0.083 

  menziesii 5.96 1.38 e-09 * 0.526 

  serratus 11.70 0 * 0.249 

  scouleri 1.89 0.0295 0.102 

All comparisons were performed with P. davidsonii var. 

davidsonii as parent 1, and P. fruticosus var. fruticosus as 

parent 2. Significant p-values are signified with an asterisk. 
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American Penstemon Society Grant 

Expands the Alhambra Native Plant 

Trail  
Jane Moore and Elaine Jackson 

Friends of Alhambra Creek, Martinez, California 

Friends of Alhambra Creek (FoAC) is a local volunteer 

organization located in Martinez, California. The group was 

established in 1991. FoAC has promoted local creek projects and 

habitat enhancement since its inception. One of FoACôs notable 

projects, the Alhambra Native Plant Trail, is a series of California 

native plant gardens on public and private lands throughout 

Martinez. This project takes a dedicated group of volunteers, 

affectionately referred to as ñThe Trail Teamò to plant and 

maintain the native plant gardens. The idea for the Alhambra 

Native Plant Trail came about after the John Muir National 

Historic Site (JMNHS) had a native garden installed near its 

Visitor Center in 2007/08. Volunteers who worked in the garden 

thought it would be a good idea to plant more native gardens 

throughout Martinez to promote our local native flora and create 

habitat for our local native fauna. Our first garden on the Alhambra 

Native Plant Trail was installed in 2010 at the Martinez Amtrak 

Station. Since then, the Trail has blossomed into 18 gardens 

located between the Amtrak Station garden and the JMNHS 

Visitor Center garden.  

In 2020, FoAC applied for a $500 American Penstemon Society 

grant to promote the use of native penstemon in our native habitat 

gardens. There was a sparsely planted bed at the JMNHS that was 

perfect for a penstemon garden. Adding a separate bed of 

penstemon would not only expand the existing native garden, but it 

would also have the benefit of being highly visible. Anyone who 

enters the JMNHS grounds from the parking lot or the Visitor 

Center will see the penstemon bed. The JMNHS is visited by 

approximately 50,000 people a year! In addition to the penstemon, 

there are a few native grasses planted to compliment the foliage. 

Our penstemon selections were made with the intention of 
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providing wildlife habitat and nectar for hummingbirds and 

butterflies. We also took into consideration the fact that California 

is one of just a few locations in the world to have a Mediterranean 

climate. 

When FoAC was awarded the American Penstemon Society grant, we 

contracted with The Watershed Nursery in Richmond, CA and Native 

Here Nursery in Berkeley, CA to propagate four types of penstemon that 

are native to our area. 

¶ P. heterophyllus (foothill beardtongue) 

¶ P. centranthifolius (scarlet bugler) 

¶ P. heterophyllus ssp. purdyi (Purdyôs penstemon) 

¶ P. heterophyllus var. heterophyllus (bunchleaf penstemon) 

The plants were grown from locally collected seeds. 

Penstemon heterophyllus (foothill beardtongue) is an herbaceous 

perennial that spreads to 2ô wide. The 1ò to 1.5ò blue tubular 

flowers densely cover the 20ò spikes. This penstemon is endemic 

to California and is found in all the major coastal mountain ranges 

and the northern Sierra Nevada foothills. It is adapted to poor, dry, 

well-drained soil. Once established, it requires no summer water. 

These traits make it an excellent choice for rock gardens. Native 

Americans used penstemon roots to relieve toothaches. 

Penstemon centranthifolius (scarlet bugler) is an upright perennial 

that is summer deciduous and grows from 2ô to 4ô tall and about 1ô 

wide. It is native to northern, southern, and central California. 

Long red flowers appear in the spring and continue to bloom 

throughout summer. Hummingbirds are attracted to the red flowers 

and nectar. P. centranthifolius prefers well-draining soil but can 

tolerate clay soil and poor drainage. It can provide vibrant color in 

rock gardens and along pathways.  

Penstemon heterophyllus var. heterophyllus (bunchleaf 

penstemon) is a perennial that is 8ò to over 3ô and blooms spring 

through early summer. Found in open rocky places near chaparral, 

this penstemon needs good drainage and rocky soils. Once 

established, it needs little to no water in summer. 

Penstemon heterophyllus var. purdyi, (Purdyôs penstemon) is a 

perennial that grows up to 2ô tall and blooms spring through early 
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summer. It is found in open rocky places near chaparral, openings 

in oak woodlands, and grasslands. Purdyôs foothill penstemon 

needs good drainage and rocky soils and little to no water in 

summer once established. 

Propagation of the penstemon plants began in May 2020. We 

ordered one-gallon size plants.  

              

             
Top: Penstemons growing in one-gallon size pots at The 

Watershed Nursery. Bottom: A volunteer tending the 

penstemons at Native Here Nursery; picking up the 

penstemons from The Watershed Nursery on January 2, 

2021. 

California has been suffering from drought for a long time. So, 

naturally, we wanted to plant with the rain to give the new plants a 

healthy start. Rain was in Martinezôs weather forecast in early 

January, so, wanting to take advantage of the rain and get the 

plants in the ground, we planned a date for FoAC volunteers and 
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partners to plant the penstemons. Sadly, due to COVID-19 

restrictions, the JMNHS was closed to the public, and our 

volunteers were not allowed on the grounds to plant. Thankfully, 

National Park Service Ranger Keith Park understood the necessity 

of getting the plants in the ground and volunteered to plant them 

for us. 

As it turns out, it was lucky Ranger Park was doing the planting 

because he found evidence of a critter near the new plantings. 

Ranger Park is an expert gopher catcher, and he set a trap. He has 

created his own design by setting two traps, one in each direction 

of the gopher tunnel, and staking them down so the gopher doesnôt 

take the trap with it. 

The penstemon plants have been in the ground since January 8, 

2021, and we have been lucky to get some rain. Our plan is to 

monitor their progress and water the plants as necessary until they 

are established. 

The JMNHS Visitor Center is in the background of the photo 

below, and the entrance to the grounds is the gate on the left. The 

parking lot is to the right and behind the bed shown in the photo. It 

will be hard for visitors to miss the beautiful flowering penstemon 

in this location. Another location where we planted some 

penstemon is on Alhambra Ave., one of our main thoroughfares in 

Martinez. 

Many of the FoAC members ordered their own penstemon plants 

to plant in their own gardens. We plan to educate people about our 

native penstemons, as well as complete an informal study of how 

the penstemons fare in our chosen planting locations. 
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Top: Ranger Keith Park with the penstemon plants just prior 

to planting. Middle:  Ranger Park planting the penstemons at 

the JMNHS. Bottom: Planting plan for the penstemon bed at 

JMNHS. 
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Opposite Top: The new penstemon bed at the JMNHS. Top: 

Evan Levy with the Contra Costa Resource Conservation 

District (CCRCD) planting at the corner of Alhambra Ave. 

and E St. Alhambra High School is right next door. Opposite 

Bottom: Evan and Daniel Correa of the CCRCD planting 

penstemons. 
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P. centranthifolius 

 
P. heterophyllus 
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P. heterophyllus ssp. purdyi 

 

Local artist Dorrie Langley, with the Martinez Arts 

Association, created a sign to express our gratitude to the 

American Penstemon Society. The sign will be installed at the 

JMNHS Penstemon Garden. We hope to do a follow-up article 

when the plants are in bloom. 

We could not have done this project without the help of our 

community partners and the generous grant from the American 

Penstemon Society. 

Friends of Alhambra Creek would like to thank: 

California Native Plant Society, East Bay Chapter 

ebcnps.org 

Contra Costa Resource Conservation District 

ccrcd.org 

https://ebcnps.org/
http://www.ccrcd.org/
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EcoMulch  

ecomulch.org 

Martinez Arts Association  

www.martinezarts.org 

National Park Service at the John Muir National Historic Site 

www.nps.gov/jomu/index.htm 

Native Here Nursery  

nativeherenursery.org 

The Watershed Nursery 

watershednursery.com 

  

http://www.ecomulch.org/
http://www.martinezarts.org/
http://www.nps.gov/jomu/index.htm
https://nativeherenursery.org/
https://www.watershednursery.com/
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Determining the Salt Tolerance of 

Two Penstemon Species Using a 

Near-continuous Gradient Dosing 

System 
Asmita Paudel and Youping Sun 

Utah State University 

Logan, UT 

Penstemon is Americaôs largest endemic genus, with over 270 

species, and is currently placed in a Plantaginaceae family (Kramer 

2009). Penstemons are commonly being used in gardens because 

of showy flowers that often bloom from spring into summer 

(Lattier 2016). Most of the penstemon species are drought tolerant 

and grow best in well-drained soils (Kratsch 2011). Although we 

know much about penstemons, we have little information about 

their salt tolerance.  

Plant species or cultivars have different responses to salinity. High 

soil salinity makes water less available to plants by decreasing soil 

water potential and causes stunted plant growth along with foliar 

injury such as leaf burn, scorch, necrosis and premature defoliation 

(Niu and others 2010). Identifying salt tolerant penstemon species 

for landscape use will allow use of reclaimed water or low-quality 

groundwater for irrigation.  

We completed a study screen two penstemon species [Penstemon 

barbatus (beard-lip penstemon, also known as golden-beard 

penstemon) and Penstemon strictus (Rocky Mountain beardtongue, 

sometimes called simply beardtongue)] were screened for salinity 

tolerance in a greenhouse.  

Materials and Methods 

A near-continuous gradient dosing (NCGD) system (Hawks and 

others 2009) was constructed in a USU research greenhouse 

(Logan, UT). Water-soluble fertilizer 21N-2.19P-16.6K (Peters 

ExcelÈ 21-5-20 Multi-Purpose Fertilizer; ICL Specialty Fertilizers, 

Dublin, OH) at 48 gĿL-1 in tap water and 
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ethylenediaminetetraacetic acid (EDTA-iron; BASF Corporation, 

Research Triangle Park, NC) at 0.033 gĿL-1 were injected to deliver 

a nutrient solution of 161 mgĿL-1 nitrogen. Similarly, 450 gĿL-1 

calcium chloride (CaCl2; Hi Valley Chemical, Centerville, UT) 

stock solution was injected into the nutrient solution to make 

0.52% CaCl2. Commercial emitters (Rain Bird Xeri-Bug emitters 

and pressure-compensating modules; Rain Bird Corp., Tucson, AZ) 

at different flow rates were coupled to irrigate plants at the volume 

of 14 gallons per hour. There were 8 salinity levels ranging from 

electrical conductivity (EC) of 1.0 to 6.7 dS·m-1. 

Penstemon barbatus and P. strictus were purchased from Native 

Roots, LLC (Twin Falls, ID). They were transplanted into one-

gallon injection-molded polypropylene containers (PC1D-1) 

containing commercial substrate Metro-Mix® 820 (Canadian 

Sphagnum peat moss, 35-45% bark, coir, coarse perlite and 

dolomite; SunGro Horticulture, Agawam, MA). Uniform plants 

were selected and were randomly assigned to treatments (Figure 

1). The experiment was started on 25 Nov. 2019 and ended on 22 

Feb. 2020. During the experiment, greenhouse temperature was 

maintained at 25oC during the day and 20oC at night.  

Figure 1. Penstemons arranged in a near-continuous gradient 

dosing (NCGD) system at the start of the experiment. 

Irrigation system was on for 1 minute twice a week until the 8th 
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irrigation, thrice a week until the 32nd irrigation, and once every 

day, until the 41st irrigation.  

Visual quality of each plant was recorded before harvest (Figure 2) 

using the score from 0 to 5, where 0 = dead; 1 = severe foliar salt 

damage (over 90 % leaves damaged with burn and necrosis); 2 = 

moderate foliar salt damage (90% to 50%); 3 = slight foliar salt 

damage (less than 50%); 4 = good quality with minimal foliar salt 

damage; 5 = excellent without foliar salt damage (Sun and others 

2015). Canopy width (centimeters) at two perpendicular directions 

were measured at the initiation and termination of experiment. 

After harvest, shoots were dried in an oven at 70  for 4 days and 

shoot dry weight (g) was determined. 

Figure 2. Penstemons before harvest. 

Experimental Design 

A randomized complete block design (RCBD) was used with six 

replications per salinity level per species. Results were analyzed 

using an analysis of variance (ANOVA) procedure. Linear and 

quadratic trend analysis were performed for all growth parameters. 

All statistical analyses were conducted using SAS (Version 14.1, 

SAS Institute Inc. Cary, NC).  
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Results 

Visual score. Visual ratings represent the aesthetic value of 

ornamental plants and are of importance in identifying salt-tolerant 

species (Sun and others 2015; Paudel and others 2019). 

Penstemons at higher EC levels had some foliar salt damage 

(Figure 3 and 4). There was a significant interaction between 

species and saline treatments (P = 0.0002).  

 
Figure 3. Photo of representative Penstemon barbatus irrigated 

with saline solution. 

Visual score of P. barbatus and P. strictus decreased linearly (P < 

0.0001) and quadratically (P = 0.0025), respectively, with 

increasing EC levels of saline solution (Figure 5).  

After the 8th irrigation, P. strictus started showing tip burn on old 

leaves. Before harvest, the average visual score of P. barbatus and 

P. strictus was 4 and 1.7, respectively, at an EC of 6.7 dS·m-1. 

Minimal to slight foliar salt damage was observed in P. barbatus 

and slight to severe foliar salt damage was observed in P. strictus 

at higher salinity levels (Figure 5). Half of P. strictus irrigated with 

saline solution at an EC of 6.7 dS·m-1 were dead; and the 

remaining plants had moderate to severe foliar salt damage with an 

average visual score of 1.7. Salt injury was observed in the leaves 
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of P. strictus with increasing salinity levels, but no mortality below 

6.7 dS·m-1. 

 
Figure 4. Photo of representative Penstemon strictus irrigated 

with saline solution. 

Figure 5. Visual score of P. barbatus and P. strictus irrigated 

with saline solution. 
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Figure 6. Increase in canopy width of P. barbatus and P. 

strictus irrigated with saline solutions. 

Canopy width. Canopy width of P. barbatus and P. strictus 

decreased linearly (P = 0.009) and quadratically (P = 0.007) with 

increasing EC level of saline solution (Figure 6). Likewise, Cramer 

(2003) has reported that leaf expansion in all plants is reduced with 

increasing soil salinity.  

Shoot dry weight. Shoot dry weight was impacted by both salt 

treatment (P = 0.0005) and penstemon species (P < 0.0001). Shoot 

dry weight of P. barbatus and P. strictus decreased linearly with 

increasing EC levels of saline solution (P = 0.004 and P < 0.0001, 

respectively) (Figure 7). There was 24%, 36%, 33%, and 38% 

decrease in shoot dry weight of P. barbatus when irrigated with 

saline solution at an EC of 3.1, 3.8, 4.7, 5.9, or 6.7 dS·m-1 

compared to 1.0 dS·m-1. Similarly, shoot dry weight of P. strictus 

decreased by 10%, 36%, 27%, 50%, and 73%, respectively, when 

irrigated with saline solution at an EC of 3.1, 3.8, 4.7, 5.9, or 6.7 

dS·m-1. In similar findings by other researchers, shoot dry weight 

of Penstemon ×mexicali (hybrid beardtongue) and Penstemon 

palmeri (Palmerôs penstemon) decreased with increasing salinity 

levels in the irrigation water (Zollinger and others 2007). 
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Figure 7. Shoot dry weight of P. barbatus and P. strictus 

irrigated with saline solution. 

In summary, Penstemon barbatus had acceptable visual quality 

with less foliar salt damage than P. strictus. Penstemon barbatus 

also had less reductions in shoot dry weight than P. strictus. These 

results demonstrated that P. barbatus may be more tolerant to 

salinity stress than P. strictus.  
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Curiosities of the Penstemon 

Staminode 
Paige Fabre 

The Ohio State University, Columbus, OH ï  

Department of Evolution, Ecology, and Organismal 

Biology 

Dr. Andi Wolfeôs lab at The Ohio State University has been 

dedicated to studying Penstemon for over 20 years. We are 

currently in the process of publishing an updated and highly 

resolved phylogeny that will help us answer many exciting 

questions, particularly those pertaining to trait evolution. My 

research is focused on how the ñbeardtongueò, or staminode, has 

evolved over time and in response to different pollinator pressures.   

From a developmental standpoint, the staminode represents a 

vestigial stamen that has lost its ability to produce pollen (Walker-

Larsen and Harder, 2000). Staminodes are found throughout 

angiosperms and have taken on a variety of appearances and 

functions. Morphology of the staminode is usually consistent 

within individual plant groups, however Penstemon is unique in 

that the staminode exhibits tremendous diversity in morphology 

(Fig. 1). With its origin in the early Pleistocene (Wolfe et al., 

2006), Penstemon has developed this incredible variation over 

short evolutionary time, making this genus an ideal study system 

for examining staminode morphology in a phylogenetic context. 

As morphology begets function, we hypothesize that these 

different morphologies have distinct functions during pollination. 

We want to know what is driving diversification in staminode 

morphology and understand why Penstemon is unique from other 

plant groups. My specific research questions are: (1) how has 

staminode form and function changed over evolutionary time? (2) 

how has staminode form and function evolved with different 

pollinators? and (3) what are the specific genes that are important 

to staminode form and function? I am attempting to answer these 

questions through a combination of data mining, new field 
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observations, and genetic studies.  

 

Figure 1: Example diversity of staminode morphology in 
Penstemon © Dr. Andi Wolfe 

My research began with taking inventory of staminode variation in 

Penstemon. Using data from Flora of North America (Freeman, 

2019), as well as my own observations, I am documenting how 

specific aspects of staminode morphology vary from species to 

species. For example, the staminode length ranges from 

prominently exserted past the corolla mouth (P. grahamii) to 

inserted deep within the corolla (P. goodrichii). The flesh can be 

white (P. albidus) or varying degrees of purple (P. anguineus), 

blue (P. cyananthus), magenta (P. ambiguus), or yellow (P. 

centranthifolius).  Staminodes can be thin and wiry (P. 

pseudospectablis) to thick and robust (P. goodrichii). The tip of 

the staminode can be straight (P. spectabilis) to coiled (P. 

grandiflorus). The staminode can be extremely hairy (P. 

ophianthus) to completely glabrous (P. albomarginatus). Hairs 

can be confined to just the staminode apex (P. aridus) or along the 

length of the staminode (P. barnebyi). The hairs are usually only 


