Genetic Updates for Mimulus
gemmiparus, Penstemon
acaulis, and P. yampaensis

Mit McGlaughlin

University of Northern Colorado
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Presenter Notes
Presentation Notes
Branson is a former Masters student who conducted this research for his thesis.


Mimulus gemmiparus - Rocky Mountain Monkey Flower
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* Formally treated as Erythranthe I S &
gemmipara (W.A. Weber) G.L. Nesom
& N.S. Fraga (Phrymaceae)

* Colorado endemic plant which
possesses a limited range, strict
habitat requirement, and unique life
history

e 11 known natural populations
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Presenter Notes
Presentation Notes
This represents the entire known distribution at the time this project was initiated. In the last 2 years an additional site has been found in Rocky Mountain National Park east of North Inlet on the other side of the divide. Reintroduction efforts have also occurred in the south and central regions, using plants sourced for these know native populations. Those populations were intentionally not sampled for this project.




Presenter Notes
Presentation Notes
4 of the 5 known patches are Coral Creek. All plants are found in wet crevices, often under overhangs. This is a common occurrence where multiple discrete patches occur at a site. One of the questions was if these patches are composed of multiple genetic individuals or if each patch is a single clone. We were also interested in if there is spatial variability across patches.


Brood Bulbil

* Asexually produced plantlet ->
clonal spread o

* Acts similarly to a seed —can over- § . SSSEEEN
winter and grow into a new plant & oS SRS
4}-- b

* New plant will be genetically
identical to the plant it formedon

* New sites could be founded witha %"
single bulbil :

e Concerns about genetic
bottlenecks and lack of adaptation



Study Aims

Q1. Does M. gemmiparus exhibit clonal spread?

Q2. Is there evidence of inbreeding within populations and patches?
Q3. What is the level of genetic diversity contained within patches and
populations composed of multiple patches?

Q4. How is genetic diversity partitioned across the range of M.
gemmiparus and should different regions be treated as separate

management units?



Population | N!

_North Inlet  [SECY
 Eastlnlet [EIS
27
Pleasant
Valley 19
Guanella Pass 13
22
Black
2
Elk Creek 5
-
74
Corral Creek 27

Total

# of Clones
2

1
1
1
1
1
1
1
1

26
4

1,2

1

A A WW R B

28

6 - 25,28 -33
5, 26,27, 28
Average

r of samples; 2 - Clone ID, specific clone found; 3 - E
ic diversity, and 5 - H, Shannon index corrected for sample size

genotypes’

1.040

1
1
1
1
1
1

1

9.219
1.602
1.806

effective number of ge

0.039 0.069

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
0.904 1.327
0.390 0.380
0.121 0.161



Presenter Notes
Presentation Notes
Summary of genetic diversity for all 11 sampled pops, including 278 distinct plants. All sites except North Inlet, Corral Dome, and Corral Creek were found to be composed of a single genetic individual across all patches. The second clone found at North Inlet (clone 2) was found in a single plant and was recently diverged from clone 1, indicating that the difference is most likely due to recent mutation. At Corral Creek each patch was composed of a distinct clone. Only Corral Dome showed within patch clonal diversity. Additionally clone 28 was shared between Corral Dome, Corral Creek, and Hakins Gulch. In total we only found 33 total genetic individuals for the entire species. It is likely that there are more genetical individuals at Corral Dome, but not at other sites. 


Northern Region
East Inlet, North Inlet, St. Vrain, Pleasant Valley

Central Region
100 Guanella Pass, Geneva Basin

' Central Region
\ Black Mountain, Elk Creck

EEQ_L—B_‘_

Hankin's Guleh, Corral Dome, Comral Creek



Presenter Notes
Presentation Notes
Phylogenetic tree of all sampled individuals. Top/Yellow includes all individuals in the 4 northern sites. Middle/Green includes all central plants. Clone 3 was in Guanella Pass and Geneva Basin. Clone 3 was in Black Mtn and Elk Creek. Blue/bottom all southern samples. Much more genetic structure is seen. Notice the branch with the * in the south. This is very different genotype located in one patch at Corral Creek. The branch length (right/left) is indicative of the amount of genetic divergence, so you can see that the regional clones are all very different. Tree pattern and clone diversity also supports south -> north colonization with single successful colonization events. 


&
1 uew,wwmu
| — | — .n.-_.
n__.a.N.ﬁ
.\_ ms
[
Y
F'é
% _H__..hwr u.h,.m.,w
| — | —

=4

9

00%
0%
80%
70%
60%
50%
40%
30%
20%

10% K
0%
100%

.


Presenter Notes
Presentation Notes
Structure diagram. Each vertical line is a sampled plant and all 278 plants are lined up next to each other. Top panel shows K=4, dividing the data into 4 groups all shown with a distinct color. Lower panel shows K=5, dividing the data into 5 groups, which best aligns with the phylogenetic tree, splitting the central group into 2 groups. Can see clone 2 in north inlet and then the 1st three lines in corral creek are the very distinct plants in one patch.
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Conclusions

Q1. Does M. gemmiparus exhibit clonal spread?

- Strict clonal spread was observed

- No evidence of sexual reproduction

Q2. Is there evidence of inbreeding within populations and
patches?

- No evidence of inbreeding because there is no sexual

reproduction



Conclusions

Q3. What is the level of genetic diversity contained within
patches and populations composed of multiple patches?

- Most populations are composed of a single clone (8) or each
patch is a distinct clone (1)

- Only Corral Dome had multiple clones within patches (all)

- Genetic diversity is distributed very unevenly, with only the

South having measurable amounts of genetic diversity



Conclusions

Q4. How is genetic diversity partitioned across the range of M.
gemmiparus and should different regions be treated as separate
management units?
- Strong regional structure

- North — 4 populations, 2 observed clones, 1 clone rare

- Central — 4 populations, 2 observed clones in 2 regions

- South — 3 populations, 29 observed clones



Management Units

North Inlet . .
Rocky Mountain National Park
East Inlet
. . North
Saint Vrain ,
Arapahoe-Roosevelt National Forest
Pleasant Valley
Guanella Pass , ,
i Centrall Pike-San Isabel National Forest
Geneva Basin
Black Mountain
Central? Staunton State Park
Elk Creek
Hankin’s Gulch
Corral Dome South Pike-San Isabel National Forest

Corral Creek



Conservation Recommendations

* Mimulus gemmiparus should be reconsidered for listing under the
ESA —> previous determination relied heavily on number of stems

* The entire species is composed of ~33 genetic individuals
 Lack of diversity = lack of adaptability

* Substantial disturbance at a single site, Corral Dome, could lead to the
loss of 79% of all known diversity

e Within regions, there is limited concern about moving plants from
one site to another — e.g. all north is effectively identical

* All genetic diversity could be easily captured in cultivation



Understanding Species Boundaries Between
Penstemon acaulis and Penstemon
yampaensis: Implications for Conservation

and Management N
Juliet Simpson




Penstemon acaulis and P. yampaensis

 P. acaulis — endemic to NE
Utah and SW Wyoming

* P yampaensis - NW
Colorado (Moffat County)
e Disagreements on which

species to recognize and
the specific distribution

 P. acaulis was a candidate
for ESA listing (1990’s)

@ Penstemen aceulis
@ Pensiemon vampaensis

llllllll



Presenter Notes
Presentation Notes
Distribution of two taxa. PEAC named 1st (1934). PEYA named in 1958. Many flora’s, Utah, great basin treatment of penstemon, Weber’s CO flora treat PEYA as a variety of PEAC. Ackerfield CO flora and Flora of Northern America treat PEYA as a distinct species. Note the NE corner of UT (Dagget County) where both species have been found and identified. This area has also been described to have a morphological transition from PEAC to PEYA.


P. yampaensis
TN



Presenter Notes
Presentation Notes
Main distinguishing characters have been leaf length and width. 


Study Aims

Q1. What is the genetic taxonomic placement of P. yampaensis

and should it be recognized at the level of species distinct from

P. acaulis?

Q2. Is there evidence of hybridization among P. yampaensis and
P. acaulis?

Q3. What is the genetic connectivity among populations within

and among drainages?
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parisons of Leaf Length and Width
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Presenter Notes
Presentation Notes
Main distinguishing characters have been leaf length and width. Can see that there are differences when you look at species means. However, when you look at population level stats the differences are not clear. But there is a trend of longer and wider leaves as you go from west to east.
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Presenter Notes
Presentation Notes
Phylogenetic trees. Left with an outgroup, P. grahamii, that shows that the species are sister, but distinct. Notice that there is blue that are plants from Dagget County. Right tree, population level tree. Shows geographic structure in PEYA, all pops are different colors and have a unique evolutionary history. PEAC – other than Washam all pops are intermixed – one gene pool.

Found a single hybrid, shown on both trees that is an intermediate between the two species. COOL!


P E


Presenter Notes
Presentation Notes
Structure diagram. Each vertical line is a plant. K = number of groups the plants were divided into. K=4 was best supported. Shows that PEAC is one group and PEYA is three regionally structured groups. K 2/3 shown so that you can see that Well Road and Clay Basin, both in dagett county, have an affinity for PEYA not PEAC. Also notice the hybrid in radio tower. Is almost a 50/50 split between PEAC (blue) and group 2 (gray).


W. of Flaming Gorge
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Central Moffat
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O PEAC - County Road 13
@ PEAC - Radio Tower
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B PEAC - Well Road
OPEAC - Clay Basin

A PEYA - Bull Canyon

A PEYA - Limestone Ridge
@ PEYA - Smelter Hill

¢ PEYA - Sand Wash

@ PEYA - Elk Springs Ridge
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Presenter Notes
Presentation Notes
Principle Component Analysis – all sampled plants divided up by genetic space – Axis 1 is right/left and explains 24% of the genetic variability. Axis 2 is up/down and explains 5% of variability. Points close to each other are genetic similar. Resolves the same groups as structure, but good to have confirmation with another analysis. Also notice the single green point between Group 1 and group 2/3 – this is the hybrid
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Presenter Notes
Presentation Notes
Map showing the resolved genetic groups 1 PEAC, 2 dagget, 3 north of browns park, 4 southern distribution. Should all be managed as separate units.


Results

Q1. What is the genetic taxonomic placement of P. yampaensis and should it be
recognized at the level of species distinct from P. acaulis?

- Two evolutionary distinct species, species boundary does not follow
state line
Q2. Is there evidence of hybridization among P. yampaensis and P. acaulis?

- Yes. 1 hybrid found. Is of recent origin because it is a 50/50 split.
Q3. What is the genetic connectivity among populations within and among
drainages?

- Each geographic area/drainage is genetically distinct, indicating that

among area gene flow is not common.



Conservation Recommendations

* P. acaulis (PEAC) and P. yampaensis (PEYA) are separate species
e PEAC — UT/WY west of Flaming Gorge

 PEYA — UT/CO east of Flaming Gorge -> NE UT pops not previously treated as
this species

* 4 total management units — 1 PEAC, 3 PEYA
* Plants should not be moved among management units

* PEAC should be reconsidered for ESA listing -> new circumscription
reduces range by ~55% (~900 sqg/km total)

* Hybridization can occur so management should limit the potential to
move seeds among species



U.S.
FISH & WILDLIFE
SERVICE

U.S. DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

Penstemon acaulis and
Penstemon yampaensis

Funding and Collaborators

Sami Naibauer
‘doer of all things’
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