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Response to the discovery of variable-leaf and
o WeStern watermilfoil hybrids in Washington

Wesley Glisson



Presenter Notes
Presentation Notes
I am presenting, but this the real work is being done by the Thum lab (Ryan and Del) and Clark County NWCB (led by Justin Collell)


Introduction to watermilfoils

Watermilfoil hybridization

Discovery of new hybrid watermilfoil in WA

Response: Management + surveys

Response: Genetic research



Watermilfoil (Myriophyllum)

* 68 species worldwide

e Characteristics (in NA)
e Aquatics (OBL)
* Column-like shape

* Pinnately-compound
leaves

e Whorls of 3-6

* Flowers on emergent
spikes



Presenter Notes
Presentation Notes
Add pictures here to show diversity!
Myrios = countless
Phyllon = leaf


Watermilfoils in
North America

14 total species
12 native (7 endemics)

Les 2018
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Presentation Notes
Cladogram includes all species with established populations in North America, including natives and introduced species. Two hybrid taxa are well supported. 
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Cladogram includes all species with established populations in North America, including natives and introduced species. Two hybrid taxa are well supported. 
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M. sibiricum
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Variable-leaf watermilfoil (M. heterophyllum)



Variable-leaf watermilfoil (M. heterophyllum)

% Myriophyllum heterophyllum

i N

* Native to SE United States
* Popular in aguarium trade

* Invasive in NE U.S. and Europe

* Class A Noxious Weed (listed 2007)
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Western watermilfoil (M. hippuroides)



Western watermilfoil (M. hippuroides)




— Myriophyllum ussuriense (AS, NA)
— M. petracion, etc. (AU, NZ)

M. alpinum, etc. (AU, NZ)

M. papilosum (AU)

M. filiforme, etc. (AU, NG)
] [ puroides NA) _

p—— M. heterophyllum (NA
M. pinnatum (NA)
— M. laxum (NA)

I:'_umummm} -
M. humile (NA)

0 M. farwellii (NA)

Les 2018

M. dicoccum (AU)
{ M. muricatum (AU)
M. latifolium (AU)

M. pedunculatum, etc. (AU)

. re—— - '- A
e M. alternifi m (AL, EL H—

qumk.m -t
M. dacummmﬂ'i.llg
| = M. oguraense (AS) "o
L—M.W

te, crlial ohin edk 99
z 'ui."ﬂ Ll 3
. oy fhe s iPNIN

M. trifida (AU) _
M. sibiricum (AS, EU, NA)
_Em.upimms,m ‘+ -

M bui.{ddonfm etc. B o

i .Ij ..‘-
Jf.h'.-‘f ruid
G uﬁ:’

g Tritowly Aarf



Presenter Notes
Presentation Notes
The story is a little more complicated and you may have noticed my not-so-well hidden gray boxes. And that’s because we have hybridization among some of these species.
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Watermilfoil hybridization

Hybridization as a stimulus for the evolution of
Why should we care? invasiveness in plants?

Hybr|d|zat|on can |ead to Norman C. Ellstrand** and Kristina A. Schierenbeck?s
(Increased) invasiveness Bit Ivasins (2009 111055105

DL 101007 /s 10530-008-9388-x

Hybridization and the evolution of invasiveness in plants
and other organisms

2000

TREE vol, 7, na. 12, December 1992 fﬂ_“' |f-ws

Plant Invasions, Interspecific
Hybridization and the Evolution

Iterspecific  hybridizalion  belween  a 0' New Plam Taxa Kristina A. Schierenbeck « N C. Ellstrand 2009
- . - ) . I5LIna - renbeck - Orman - sira
i and n g plnt s, o Richard J. Abbott .

1992

in a new, sexudlly reproducing lazo,

ECOLOGY LETTERS

Ecology Letters, (2014) 17: 1464-1477 doi: 10.1111/ele 12355

REVIEW AND
SYNTHESIS Hybridisation is associated with increased fecundity and size in

invasive taxa: meta-analytic support for the hybridisation-
invasion hypothesis 2014
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Good evidence that hybrids between native and introduced species exhibit invasive traits, that are can be worse that either parental species. 
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Good evidence that hybrids between native and introduced species exhibit invasive traits, that are can be worse that either parental species. 


Watermilfoil hybridization
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Good evidence that hybrids between native and introduced species exhibit invasive traits, that are can be worse that either parental species. 
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Good evidence that hybrids between native and introduced species exhibit invasive traits, that are can be worse that either parental species. 
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Watermilfoil hybridization
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Presentation Notes
Some evidence for this hybrid taxa, but overall hybrids were as invasive as parental lineages.  


Watermilfoil hybridization

M. heterophyllum

X

M. hippuroides

Evidence from other Myriophyllum taxa:
» Greater invasiveness of hybrids
* Displacement of native parent taxon

21
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Some evidence for this hybrid taxa, but overall hybrids were as invasive as parental lineages.  


Introduction to watermilfoils

Watermilfoil hybridization

Discovery of new hybrid watermilfoil in WA

Response: Management + surveys

Response: Genetic research

22



Discovery of new hybrid watermilfoil in WA

Response: Management + surveys

Response: Genetic research
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M. heterophyllum x M. hippuroides
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Presentation Notes
“we found clear evidence for hybridization between M. heterophyllum and M. hippuroides in one population in the western US.”



M. heterophyllum x M. hippuroides

* First documented in
2011

* Fern Ridge Reservoir, OR

* No other known locations
until...

25
Thum et al. 2011, Biological Invasions
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“we found clear evidence for hybridization between M. heterophyllum and M. hippuroides in one population in the western US.”



Clark County, 2021

* New suspected M. heterophyllum
population in private reservoir

* Visit + genetic sample

 Sample sent to Thum Lab at
Montana State University

* ID confirmed as M. heterophyllum



Presenter Notes
Presentation Notes
Jen got an email from Clark Co. about a weird milfoil species


Clark County, 2022



Clark County, 2022

e Clark County surveys
of nearby waterbodies
* Lewis River watershed

* Genetic samples
collected

e Sentto Thum Lab at
Montana State
University

A :;i. . '-_ o ary . _
.=-.'_.I. - ; i 1L - -l-:‘ 1 " L:. .:‘: =

% Cowlitz -y § *, x st
s . ¥ o ' -.: ; | . '-".: i " - 4

Skamﬁrﬂﬂ__ ;

.........

MONTANA

STATE UNIVERSITY



2022 Survey Results



2022 Survey Results

* 6 new M. heterophyllum
waterbodies

* /, including initial discovery

* First documented M.
heterophyllum x M. hippuroides
hybrids in WA

e [/ waterbodies

* All populations in small, private
ponds

30



2022 Survey
Results

Survey location - M. heterophyllum unconfirmed
M. heterophyllum

M. heterophyllum and Hybrid

M. heterophyllum x M. hippuroides

Public Boat Launch

eo@®@® X

31


Presenter Notes
Presentation Notes
2022 survey results


Q_' F ; % i . : — _‘.-_‘l:;l

. Skam

ria
ania.

Co
BE A% G e
|_I|—\F'._'.' o]

‘uﬂaod{ﬂux e ) L, . .
i . X i

L, ol

e oy

c?{;\e;ﬂ'ﬁ‘ ; [T

x_'\h .}a " 1 3 J‘T%:‘ X

vy e i ot

T | % =
Fam K X
?.”-,1_

T

[ '4
o _[ Battle Grou

nd |

-

|
2022 Survey
Results

Survey location - M. heterophyllum unconfirmed
M. heterophyllum

M. heterophyllum and Hybrid

M. heterophyllum x M. hippuroides

Public Boat Launch

32



Presenter Notes
Presentation Notes
- Many surveys
- small waterbodies, w.o public access
- lots of work


2023 Response


Presenter Notes
Presentation Notes
Add in a figure for each of these as you go through them


2023 Response

P
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' Noxious Weed

* Meetings with regional and state
organizations

Washington Department of
_ FISH&WILDLIFE
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Presentation Notes
Add in a figure for each of these as you go through them


2023 Response

* Treatment of (most) known M.
heterophyllum locations in Clark Co.

5 waterbodies treated—ProcellaCOR
e 2 unable to treat
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Presentation Notes
All small, private waterbodies. Post treatment assessments looked successful.
VLM is a Class A noxious weed so legally required to be controlled


2023 Response o 2023

* Added M. heterophyllum x M.
hippuroides to Noxious Weed List
(effective 2024)
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2023 Response

e Continued surveys
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2022 survey results


Cowlitz County
Noxious Weed
Control

No M. heterophyllum found!
But did find M. spicatum...
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2022 + 2023

Surveys
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Still awaiting genetic results, but likely more populations of both taxa found
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Still awaiting genetic results, but likely more populations of both taxa found
Tremendous work by Clark County. 


Introduction to watermilfoils

Watermilfoil hybridization

Discovery of new hybrid watermilfoil in WA

Response: Management + surveys

Response: Genetic research
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Response: Genetic research
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Watermilfoils in
North America

Les 2018
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Cladogram includes all species with established populations in North America, including natives and introduced species. Two hybrid taxa are well supported. 


Endemic watermilfoil diversity & hybridization

M. hippuroides (NA) Hybrids (NA) 7]
M. heterophyllum (NA) Hybrids (NA)
M. pinnatum (NA)

[ M laxum (NA)

NA endemics

Biol Tnvasions (20017 131687 1704
D00 L0007 s LS 30-010-05%27-0)

ORIGINAL PAPER

Molecular markers reconstruct the invasion history
of variable leaf watermilfoil (Myriophyllum heterophylium)
and distinguish it from closely related species

Evan A. Thum « Matthew P. Zuocllig -
Robert L. Johnson - Michael L. Moody -
Charles Yossbrinck

Conclusions

* These are (at least) 4 distinct species
* Hybridization is occurring

e 2 distinct lineages of M. heterophyllum present
in WA (both found in Eastern U.S.)

* These lineages may be cryptic species

* Possibly more taxonomic diversity and
hybridization history than current methods show

* More + better genetic testing needed
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Presentation Notes
“these four species—as currently recognized—may harbor additional taxonomic diversity that is uncharacterized and/or may have histories of hybridization and introgression that are not revealed by ITS and cpDNA sequences.”

Ryan mentioned how this keeps him up at night. Folks who do research will be familiar with this feeling…

Given the invasiveness of VLM and the uncommonness of WWM, it is really crucial to get to the bottom of this!
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New genetic testing techniques
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Presentation Notes
Here, we utilize DNA sequences from the chloroplast DNA (cpDNA) trnL-F region and the nuclear ribosomal (nrDNA) internal transcribed spacer regions (ITS) and amplified fragment length polymorphisms (AFLPs) to investigate genetic variation in M. heterophyllum in its native range and two disjunct introduced ranges in the US (northeastern versus western US).

And then for the procedure, what the University of Minnesota Genomics Center is doing is restriction site-associated DNA sequencing (Or RADseq). What this means is that throughout the genome, there are many restriction sites, often repetitive DNA sequences, that various enzymes can recognize and cut the DNA there. Once the whole genome is chopped up by these sites, adapters are added to enable sequencing on a flow cell. This enables a majority of the genome to be very easily sequenced, without any prior knowledge of the genome. And because each sample is digested by the same enzyme(s), the sites that one sample is cut up by and another sample is cut up by is usually a well-shared Venn diagram. This enables sample to sample comparisons, which is great for this project. So, compared to what our lab currently does for ITS sequencing, it is like having hundreds of thousands of ITS sequences from one sample to compare against other samples. Attached is a paper describing the procedure
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Presentation Notes
Here, we utilize DNA sequences from the chloroplast DNA (cpDNA) trnL-F region and the nuclear ribosomal (nrDNA) internal transcribed spacer regions (ITS) and amplified fragment length polymorphisms (AFLPs) to investigate genetic variation in M. heterophyllum in its native range and two disjunct introduced ranges in the US (northeastern versus western US).

And then for the procedure, what the University of Minnesota Genomics Center is doing is restriction site-associated DNA sequencing (Or RADseq). What this means is that throughout the genome, there are many restriction sites, often repetitive DNA sequences, that various enzymes can recognize and cut the DNA there. Once the whole genome is chopped up by these sites, adapters are added to enable sequencing on a flow cell. This enables a majority of the genome to be very easily sequenced, without any prior knowledge of the genome. And because each sample is digested by the same enzyme(s), the sites that one sample is cut up by and another sample is cut up by is usually a well-shared Venn diagram. This enables sample to sample comparisons, which is great for this project. So, compared to what our lab currently does for ITS sequencing, it is like having hundreds of thousands of ITS sequences from one sample to compare against other samples. Attached is a paper describing the procedure
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Presenter Notes
Presentation Notes
Used burke herbarium data and Ecology’s records to target surveys.
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Loma Lake
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Bob Heirman Wildlife Preserve
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Ridgefield NWR (Clark Co.)
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Presentation Notes
Duck Lake at Ridgefield NWR
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Samples sent to lab at Montana State
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Next Steps

1. Process genetic samples

2. Continue treatments of M. heterophyllum and M.
heterophyllum x M. hippuroides populations

* Treatments of 5 waterbodies planned for 2024

3. Continue surveying throughout the region
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Thank you!

Wesley Glisson

ECOLOGY , Washington State Department of Ecology

e (S wes. glisson@ecy.wa.gov
; B (360) 6888811
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Presenter Notes
Presentation Notes
Thank you and if you see anything that might be either of these two species, please get in touch!

mailto:wgli461@ecy.wa.gov
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