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Where are we at?
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U.S. National Herb: 2 million specimens are digitized
Fern collection is completely digitized:
215,000 specimens with global representation

86 genera with >500 specimens

Past work focused on binary classification:
Mercury staining and 2 genera of clubmoss

Build a more robust taxonomic classification model?

Will taxonomic classification inform us about ecological
differences in shape?
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Schuettpelz et al. 2017



Where are we at?

175,000 specimens in 86 genera (>5
Some genera >15,000 specimens

97% accuracy for 86 genera

The taxonomic classifier:

* CNN with res-net 101 backbone
e Built in PyTorch

* 256 x 256 images

Actual Genus

* Trained using the 1cycle policy (Smith, 2018) in fastai

e Transforms = flipping, rotating, zooming, lighting
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Equisetopsida, Equisetale, Equisetaceae, Equisetum
Marattiopsida, Maratiales, Marattaceae, Angiopteris
Marattiopsida, Maratiales, Marattiaceae, Danaea
Polypodiopsida, Cyatheales, Cyatheaceae, Alsophila
Polypodiopsida, Cyatheales,Cyatheaceae, Cyathea
Polypodiopsida,Cyatheales, Cyatheaceae, Sphacropteis
Polypodiopsica, Cyatheales, Dicksoniaceae, Dicksonia
Polypodiopsida,Cyatheales, Dicksoniaceae, Lophosoria
Polypodiopsida,Glecheniaes,Gleicheniaceae, Dicranopteris

Polypodiopsida, Gielcheniales, Gleicheniaceae, Sticherus

brodict

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Crepidomanes

Polypodiopsida, Hymenophyllales, Hymenophyliaceae, Polyphlebium

Polypodiopsida, Hymenophyliles, Hymenophyllaceae, Trichomanes

Polypodiopsida, Osmundales, Osmundaceae, Osmunda
Polypociopsice, Polypodiales, Aspieniaceae, Asplenum
Polypodiopsida, Polypodiales, Athyriaceae, Athyrium
Polypociopsida, Polypodiales, Athyriaceae, Deparia
Polypodiopsica, olypodials, Athyriaceae, Diplazium
Polypodiopsida, Plypodiale, Blechnaceae, Blechnum
Polypodiopsica, Plypodiales, lechnaceae, Woodvardia
Polypodiopsida, Polypodiales, Davalaceae, Davallia
Polypodiopsida, Polypodiales, Dennstaedtiaceae, Peridium
Polypodiopsida, Polypodiales, Dryopteridaceae, Arachniodes
Polypodiopsida, Polypoiales, Dryopteridaceae, Ctenitis

Polypodiopsida, Polypodiales, Dryopteridaceas, Dryopteris

Polypodiale:

Polypodiopsida, Polypodiales, ryopteridaceae, Polybotrya

Polypodiopsida, Polypodiales, Dryopterdaceae, Polystchum

Polypodiopsica, Plypodiales, Lindsacaceae, Lindsaea
Polypodial Nephrol

Polypodiopsida, Polypodiales, Polypodiaceae, Alansmia
Polypodiopsida, Polypodials, olypodiaceae, Campyloneurum
Palypodiopsica, Polypodiales, Polypodiaceae, Cochlidium
Polypodiopsica, olypodiales, Polypodiaceae, Drynaria
Polypodiopsica, olypodiales, Polypodiaceae, Goniophlebium
Polypodiopsida, Polypodials, olypodiaceae, Lepisorus
Polypodiopsida, Polypodials, Polypodiaceae, Leptochils
Polypodiopsica, olypodiales, Polypociaceas, Melpomene
Polypodiopsida, Polypodiales, Polypodiaceae, Microgramma
Polypodiopsida, Polypodials, Polypodiaceae, Microsorum
Polypodiopsida, Polypodiales, Polypodiaceae, Moranopers
Polypodiopsida, Polypodiales, Polypodiaceae, Niphidium
Polypodiopsida, Polypodiales, olypodiaceae, Pecluma
Palypociopsica, Polypodiale, Polypociaceae, Phebodium
Polypodiopsida, Polypociales, olypodiaceae, Pleopelts
Polypodiopsica, olypodiales, Polypodiaceae, Polypodium
Polypodiopsica, olypodiales, Polypodiaceae, Pyrrosia
Polypodiopsica, Polypodiale, Polypodiaceae,Sellguea
Polypodiopsida, Polypodials, Plypodiacea, Serpocauion
Polypodiopsida, olypodiales, rerdaceae, Acrostichum
Polypodiopsica, Polypodiales, Pterdaceae, Adiantum
Polypodiopsica, Polypodiales, Pterdaceae, Antrophyum
Polypodiopsica, Polypodiales, terdaceae, Chellanthes
Polypodiopsida, Plypadiales, reridaceac, Doryopteris
Polypodiopsica, Polypodiale, lerdaceae, Gaga
Polypodiopsica, Polypodiales, Pterdaceae, Haplopteris
Polypodiopsida, Polypodiale, Plerdaceae, Jamesonia
Polypodiopsida, olypodiales, Plerdaceae, Myriopteris
Polypodiopsida, Polypodiales, Pleridaceae, Notholacna
Polypodiopsica, olypodiales, Plerdaceae, ellaca
Polypodiopsica, olypodiales, Plerdaceae, Piyrogramma
Polypodiopsida, olypodials, Plerdaceae, Polytaenium
Polypodiopsica, Polypodials, Plerdaceae, Pters
Polypociopsica, Polypodiales, Plerdaceas,Vitara

Polypodiopsida, Polypodiales, Tectariaceae, Tectaria

Palypodiales, i
Palypodiopsica, Plypodiales, Thelypterdaceae, Chrstella
Polypociopsica, olypodiales, Theypteridaceae, yclosorus
Palypociopsica, olypodiales, Thelypterdaceas, Gonioperis
Polypodiopsica, olypodiales, Theypteridaceae, Parathelypteris
Palypociopsida, Polypodiale, Thelypterdaceas, Phegopteis

Polypodiales,
Polypodiopsida, Polypodiales, Thelypteridaceae, Stiropteris
Polypodiopsida, Polypodiales, Thelypteridaceae, Telypteris

Polypodiopsica, Polypodiales, Woodsiaceae, Woodsia
Polypodiopsida,Saliniles, Marsleaceae, Marsiea
Polypodiopsica,Schizacales, Anemiaceae, Anemia

Polypodiopsida, Schizaeales, Lygodiaceae, Lygodium

Polypodiopsida, Schizaeales, Schizacaceae, Schizaea
Psiotopsida, Ophioglossales, Ophioglossaceae, Botychium
Psilotopsida, Ophioglossales, Ophioglossaceae, Ophioglossum

Psllotopsida, Psilotales, Psilotaceae, Pslotum
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Predicted Genus



Where are we going?

Given the model accuracy, can the features of the model tell
us something about morphological similarity?

Take the embedding vectors from our classifier
and use UMAP for dimensionality reduction

Can this 2D space be thought of as a morpho-space?

Problems: coloration, other materials on the sheet
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