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Flora of North Dakota Before 2010

North Dakota
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Flora of North Dakota Before 2010

One of the least botanically researched states

Only 55% of territory covered, some counties have less then 20
herbarium samples in public databases.Shipunov 2019 – 11 – 08 5 / 105
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Flora of North Dakota Main Achievements

North Dakota flora research
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Flora of North Dakota Main Achievements

Oak savanna growing on aeolic sands

We tried to concentrate our efforts in most floristically interesting
regions.Shipunov 2019 – 11 – 08 8 / 105



Flora of North Dakota Main Achievements

Typical collection plot
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Flora of North Dakota Main Achievements

Now in 2019
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Flora of North Dakota Main Achievements

Collection workflow

Plant collection movie (2 min)
Shipunov 2019 – 11 – 08 11 / 105

http://ashipunov.info/shipunov/school/misc/mov/nd_flora_collection_movie.mp4


Flora of North Dakota Main Achievements

Checklist workflow

(This is how Rmanual works, the R-based semi-automatic workflow
which is capable to make photographic manuals from the set of flat
tables and images.)
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Flora of North Dakota Main Achievements

Flora of North Dakota: the Web page

http://ashipunov.info/shipunov/fnddb/
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http://ashipunov.info/shipunov/fnddb/


Flora of North Dakota Main Achievements

Flora of North Dakota: the book

Checklist PDFShipunov 2019 – 11 – 08 14 / 105

http://ashipunov.info/shipunov/fnddb/shipunov20190220_flora_of_north_dakota_illustrated_checklist.pdf


Flora of North Dakota Main Achievements

PDF book, typical page
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Flora of North Dakota Main Achievements

Every page of book combined from multiple sources

Automatic
numeration

Table of
authors

Table of 
common 
names

Integrated
species
list

Names of photo
folders

List of
photos
+
thumbnails
of
images

Table of 
color
codes

Shipunov 2019 – 11 – 08 16 / 105



Flora of North Dakota Main Achievements

North Dakota plant manual

Plant Manual PDF
Shipunov 2019 – 11 – 08 17 / 105

http://ashipunov.info/shipunov/school/biol_448/nd_manual/nd_manual.pdf


Flora of North Dakota Main Achievements

North Dakota Ethnobotany Database

http://ashipunov.info/shipunov/school/biol_310/nd_
ethnobotany.htm
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http://ashipunov.info/shipunov/school/biol_310/nd_ethnobotany.htm
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オオバコ: Plantago and Plantagineae What are Plantagineae

Genus Plantago

About 230 species, distributed worldwide. Above is Plantago barbata
(Torres del Paine, Patagonian Andes).Shipunov 2019 – 11 – 08 20 / 105



オオバコ: Plantago and Plantagineae What are Plantagineae

Littorella

Only three species, in lakes or desalinated seas: Patagonia, American
Great Lakes and Northern EuropeShipunov 2019 – 11 – 08 21 / 105



オオバコ: Plantago and Plantagineae What are Plantagineae

Aragoa, Columbian páramo endemic

About 20 species, mostly in Columbia, only one in Venezuela.
Affinities were unknown before 2000s.Shipunov 2019 – 11 – 08 22 / 105



オオバコ: Plantago and Plantagineae Current results
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オオバコ: Plantago and Plantagineae Current results

Plantago of North America
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オオバコ: Plantago and Plantagineae Current results

219 species, 1700 sequences, 900 tree terminals

Albicans

Aragoa

Coronopus

Littorella

Plantago

Psyllium

Bougueria
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オオバコ: Plantago and Plantagineae Current results

Phylogenetic density: 3D surface
subg. Plantago

subg. Coronopus

subg. Psyllium s.l.
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オオバコ: Plantago and Plantagineae Current results

Ripeline
DNA database

Synonymy and species checks
��

Make list of “wanted” species
��

Align, trim, gapcode
��

Concatenate
��

“Technical” trees
��

Alignment-free k-mer
ww

Single marker NJ
''

Maximum parsimony
(through “phangorn”)

zz
Bayesian

(through MrBayes)

$$

That amount of work is possible to manage with Ripeline,
semi-automatic R-based workflow which is capable to work with
thousands of sequences.
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オオバコ: Plantago and Plantagineae Current results

Machine learning places unsampled species
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Colors (subgenera) are from DNA, positions (species)—from
morphology. If species has no DNA, its position will tell subgenus.
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オオバコ: Plantago and Plantagineae Perspectives
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オオバコ: Plantago and Plantagineae Perspectives

The review of Plantagineae
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オオバコ: Plantago and Plantagineae Perspectives

Regional reviews

“Flora Malesiana” and “Flora of Lower Volga”
Shipunov 2019 – 11 – 08 31 / 105



オオバコ: Plantago and Plantagineae Perspectives

Plantago hakusanensis, P. japonica, and hybridity in
plantains

Shipunov 2019 – 11 – 08 32 / 105
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ツゲ科: Buxus, Haptanthus and other Buxaceae Haptanthus story

Haptanthus hazlettii

One of the most rare plants in the world...

Shipunov 2019 – 11 – 08 34 / 105



ツゲ科: Buxus, Haptanthus and other Buxaceae Haptanthus story

Search strategy

The main strategy was to search along borders of tree
cuts/pastures/plantations. Most of flowering small trees are concentrated
there.
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ツゲ科: Buxus, Haptanthus and other Buxaceae Haptanthus story

Haptanthus found again!
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ツゲ科: Buxus, Haptanthus and other Buxaceae Most important developments

Phylogeny of Buxaceae sensu lato

Buxus

Didymeles

Notobuxus

Pachysandra

Sarcococca

Styloceras

Tricera

Kichijiso

Sealya

Haptanthus
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ツゲ科: Buxus, Haptanthus and other Buxaceae Most important developments

Didymeles toamasinae nom.prop., new species from
Madagascar

Shipunov 2019 – 11 – 08 39 / 105



ツゲ科: Buxus, Haptanthus and other Buxaceae Most important developments

Kihijiso terminalis nom.prop. and Sealya conzattii
nom.prop.: species of two new monotypic genera

Shipunov 2019 – 11 – 08 40 / 105
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Bitterbushes, Picramnia family What is Picramniaceae

Picramnia

About 40 species, mostly in Central and South America, one species
(P. pentandra) in USA (Florida).

Shipunov 2019 – 11 – 08 42 / 105



Bitterbushes, Picramnia family What is Picramniaceae

Alvaradoa

About 8 species, mostly in Central America (A. amorphoides also in
Florida).

Shipunov 2019 – 11 – 08 43 / 105



Bitterbushes, Picramnia family What is Picramniaceae

Nothotalisia

Only recently discovered but spans from Panama to Peru. 3 species.
Shipunov 2019 – 11 – 08 44 / 105



Bitterbushes, Picramnia family Results in Picramniaceae phylogeny
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Bitterbushes, Picramnia family Results in Picramniaceae phylogeny

Phylogenomics

Plastome phylogeny with Picramniales support
(Logacheva & Shipunov, 2017, fragment)

Shipunov 2019 – 11 – 08 46 / 105



Bitterbushes, Picramnia family Results in Picramniaceae phylogeny

First phylogeny of Picramniaceae: 95% of species
coverage

Alvaradoa

Nothotalisia

Picramnia
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Bitterbushes, Picramnia family Results in Picramniaceae phylogeny

Geographical patterns in Picramniaceae phylogeny

Talisia nervosa

Alvaradoa amorphoides
Alvaradoa amorphoides
Alvaradoa puberulenta
Alvaradoa subovata
Alvaradoa arborescens
Alvaradoa haitiensis

Alvaradoa jamaicensis
Alvaradoa lewisii
Nothotalisia cancellata

Nothotalisia peruviana
Nothotalisia piranii
Nothotalisia piranii
Picramnia glazioviana
Picramnia parvifolia
Picramnia glazioviana
Picramnia glazioviana
Picramnia campestris
Picramnia juniniana
Picramnia ramiflora
Picramnia oreadica

Picramnia dictyoneura
Picramnia sphaerocarpa
Picramnia guianensis
Picramnia sellowii
Picramnia sellowii
Picramnia sellowii
Picramnia sellowii
Picramnia reticulata
Picramnia sellowii
Picramnia bullata
Picramnia excelsa

Picramnia gracilis
Picramnia nuriensis
Picramnia tumbesina
Picramnia caracasana
Picramnia oreadica

Picramnia magnifolia
Picramnia guerrerensis
Picramnia teapensis
Picramnia teapensis
Picramnia xalapensis
Picramnia andrade−limae
Picramnia bahiensis

Picramnia elliptica
Picramnia elliptica
Picramnia grandifolia
Picramnia antidesma
Picramnia latifolia
Picramnia deflexa
Picramnia thomasii
Picramnia hirsuta

Picramnia polyantha
Picramnia polyantha
Picramnia pentandra
Picramnia ciliata

Darien.to.Peru.plus.Amazon
Central.America.and.West.Indies
Bolivia.to.extra.Amazonian.Brazil

Shipunov 2019 – 11 – 08 48 / 105



Other research projects Hemihomonyms

Other research projects
Hemihomonyms

Shipunov 2019 – 11 – 08 49 / 105



Other research projects Hemihomonyms

What happens if you search for “Oenanthe” in Google?
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Other research projects Hemihomonyms

Hemihomonyms Database

Hemihomonyms Online Database
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http://ashipunov.info/shipunov/os/homonyms/
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Other research projects Russian Arctic spruces

Picea ×fennica, the putative hybrid between P. abies
and P. obovata

Shipunov 2019 – 11 – 08 53 / 105



Other research projects Russian Arctic spruces

Molecular affinities do not correspond with morphology
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Russian European Arctic hybrid species almost always deviates
towards Siberian parent, Picea obovata.
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Other research projects Chokeberries, Aronia

Russian Aronia mitschurinii is either a hybrid or
spontaneous mutation of American A. melanocarpa

Shipunov 2019 – 11 – 08 56 / 105



Other research projects Chokeberries, Aronia

We did not find any support for the hybridity

Sorbaronia fallax A−215 leafy2

Sorbus aucuparia KT834297 leafy2

Aronia mitschurinii S9 leafy2

Aronia arbutifolia A−403 leafy2

Aronia floribunda A−606 leafy2

Aronia melanocarpa4 A−609 leafy2

Aronia floribunda A−210 leafy2

Aronia floribunda A−707 leafy2

Aronia melanocarpa4 A−213 A−610 leafy2

Aronia arbutifolia A−603 A−801 leafy2

Aronia floribunda A−205 leafy2

Aronia melanocarpa4 A−203 A−206 leafy2

Aronia melanocarpa2 A−204 leafy2

Aronia melanocarpa4 A−408 leafy2

Aronia melanocarpa A−804 leafy2

0.02
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Other research projects Chokeberries, Aronia

Geomatric morphometry points on the serious
differences between Russian species and other
chokeberries

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

A. arbutifolia

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

A. melanocarpa

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

A. mitschurinii

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

A. floribunda

Shipunov 2019 – 11 – 08 58 / 105
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Other research projects Dactylorhiza “northern tetraploids”

Dactylorhiza “northern tetraploids”
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Other research projects Dactylorhiza “northern tetraploids”

Manifold learning with “anchors” allows to connect
these with Dactylorhiza psychrophila described in
1920s

−4 −2 0 2 4

−
6

−
4

−
2

0
2

PC1 (26.5% variance)

P
C

2 
(2

1.
9%

 v
ar

ia
nc

e)

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●

●

●

●

● ●

●
●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

● ●

●

●

●

●

●●

●

●

I

M

M
II

T

T

T
T

I

M

IB
BBB

I
B

F

I

F

I I
I

F

● B
F
I
M
T

Shipunov 2019 – 11 – 08 61 / 105



Other research projects DNA purity from ancient samples

Other research projects
DNA purity from ancient samples

Shipunov 2019 – 11 – 08 62 / 105



Other research projects DNA purity from ancient samples

DNA purity suffers only a little from the age of sample

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●
●

●

●

●●

●

●

●

●

●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●
●

●●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●●

●

●

●

0 50 100 150

1.
0

1.
5

2.
0

AGE

P
U

R
IT

Y

All
Plantageae
Picramniaceae
Buxineae
Aronia

Shipunov 2019 – 11 – 08 63 / 105



Other research projects Flora of Small islands in Arctic White Sea

Other research projects
Flora of Small islands in Arctic White
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Other research projects Flora of Small islands in Arctic White Sea

Small, uprising islands of the White Sea (Russian
Arctic)
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Other research projects Flora of Small islands in Arctic White Sea

Number of species grows differently for different types
of islands

Shipunov 2019 – 11 – 08 66 / 105



Other research projects Flora of Small islands in Arctic White Sea

Extremely rare stable population of Epipogium
aphyllum orchid
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Other research projects Flora of Small islands in Arctic White Sea

Islands on lakes and on sea, how do they differ?
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Other research projects Stability of Shape and Size in Herbarium

Herbarization may lead to significant shape changes

Whereas herbarization did not change distance between two Ribes
species (left), leaves of Potamogeton perfoliatus become more similar
to leaves of close species, Potamogeton praelongus (right).
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Other research projects Caucasian primroses

Primula vulgaris changes flower color along the Black
Sea coast
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Other research projects Caucasian primroses

Extensive sampling helped to find the “inflection point”
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Teaching projects Introduction to Botany

The original botany textbook

Textbook PDF (contains also information for Rmanual and Ripeline)
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http://ashipunov.info/shipunov/school/biol_154/textbook/intro_botany.pdf


Teaching projects Introduction to Botany

How to make herbarium

PDF of the manualShipunov 2019 – 11 – 08 76 / 105

http://ashipunov/shipunov/school/biol_448/herbarium/herbarium.pdf


Teaching projects Introduction to Botany

New biology laboratories

Unique “Concepts of Biology” class
based on evolution and history of life

Shipunov 2019 – 11 – 08 77 / 105



Teaching projects Introduction to Botany

Atlas to the Trees and Shrubs of Minot State University

https://natureatlas.org/plants/minot/Shipunov 2019 – 11 – 08 78 / 105

https://natureatlas.org/plants/minot/


Teaching projects Introduction to Botany

Diversity, geography and history of life textbook

Textbook PDFShipunov 2019 – 11 – 08 79 / 105

http://ashipunov.info/shipunov/school/biol_111/ph_key/ph_key.pdf
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Teaching projects Internet projects

Classifications of flowering plants and all living world

Constantly updated since 1990s
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Teaching projects Internet projects

Support Web sites of several scientific journals
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Teaching projects Internet projects

Books: authoring, co-authoring, editing
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Teaching projects Internet projects

Open collection of plant images

Collection URL
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http://ashipunov.me/shipunov/ph/
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Teaching projects Data Analysis with R

Data Analysis and R together: textbook

Textbook PDFShipunov 2019 – 11 – 08 86 / 105

http://ashipunov.info/shipunov/school/biol_240/en/visual_statistics.pdf


Teaching projects Data Analysis with R

Computer Literacy for Science Majors

Textbook PDFShipunov 2019 – 11 – 08 87 / 105

http://ashipunov.info/shipunov/school/univ_110/comp_lit_sci_maj/comp_lit_sci_maj.pdf


Teaching projects Data Analysis with R

shipunov package for R

10 types of clusterings × 6 types of data
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Teaching projects Data Analysis with R

tapkee package for R

Manifold learning (dimension reduction) unfolds the swiss roll
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Teaching projects Data Analysis with R

My GitHub

https://github.com/ashipunov/
Shipunov 2019 – 11 – 08 90 / 105

https://github.com/ashipunov/


Teaching projects Data Analysis with R

My TEX software

https://ctan.org/author/shipunov/
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https://ctan.org/author/shipunov/
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Teaching projects Hands-on Biogeography

Puerto Rico (El Yunque)
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Teaching projects Hands-on Biogeography

Ecuador (Mindo)
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Teaching projects Hands-on Biogeography

Hawaii (inside the Mauna Loa volcano)
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Teaching projects Hands-on Biogeography

Open botanical excursions in North Dakota
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Teaching projects Tropical Greenhouse

Inside the greenhouse
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Teaching projects Tropical Greenhouse

Amborella trichopoda flowers in the greenhouse

Greenhouse video (6 min)
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http://ashipunov.me/shipunov/ph/20190503_msu_greenhouse/mov/inside_the_case1.mp4


Teaching projects Tropical Greenhouse

My YouTube channel: “Tales from Greenhouse”

Includes many short video stories about plants,
both indoor and outdoor:

https://www.youtube.com/channel/UCxPchT-Zp8ADvsVR9lHCRmA
Shipunov 2019 – 11 – 08 100 / 105

https://www.youtube.com/channel/UCxPchT-Zp8ADvsVR9lHCRmA
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Teaching projects Perspectives

Ethnobotany textbook
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Teaching projects Perspectives

Dynamic atlas of plant families
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Teaching projects Perspectives

Machine learning for botanists and zoologists
I would like to propose the short seminar course which concerns machine
learning. 5–7 seminars are planning. We will learn:
▶ basic R such as data loading, modifications, plotting, plus simple

statistical tests;
▶ the very basics of multivariate plotting, including 3D and trellis

approaches;
▶ non-supervised methods including principal component analysis (PCA)

and its variants (like CCA), t-SNE, self-organizing maps (SOM), various
clustering techiques including k-means, DBSCAN and mean-shift;

▶ geometric morphometry methods available in R;
▶ various supervised methods like recursive trees, bagging

(RandomForest) and boosting ensemble learning, proximity learning
(kNN and others), and blackbox learning like support vector machines
(SVM) and neural networks;

▶ selected semi-supervised methods;
▶ here will be also an opportunity to discuss your own data.
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Conclusion

Thank you very much for the attention!

For references and links to my works, please check
http://ashipunov.info
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