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Deep	learning	applications	for	evaluating
taxonomic	and	morphological	diversity	in	ferns



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?	

Schuettpelz et	al.	2017

Where	are	we	at?
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Equisetopsida, Equisetales, Equisetaceae, Equisetum
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Polypodiopsida, Cyatheales, Cyatheaceae, Alsophila

Polypodiopsida, Cyatheales, Cyatheaceae, Cyathea

Polypodiopsida, Cyatheales, Cyatheaceae, Sphaeropteris

Polypodiopsida, Cyatheales, Dicksoniaceae, Dicksonia

Polypodiopsida, Cyatheales, Dicksoniaceae, Lophosoria

Polypodiopsida, Gleicheniales, Gleicheniaceae, Dicranopteris

Polypodiopsida, Gleicheniales, Gleicheniaceae, Sticherus

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Abrodictyum

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Crepidomanes

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Didymoglossum

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Hymenophyllum

Polypodiopsida, Hymenophyllales, Hymenophyllaceae, Polyphlebium
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175,000	specimens	in	86	genera	(>500)
Some	genera	>15,000	specimens

97%	accuracy	for	86	genera

The	taxonomic	classifier:
• CNN	with	res-net	101	backbone	
• Built	in	PyTorch
• 256	x	256	images	
• Trained	using	the	1cycle	policy	(Smith,	2018)	in	fastai
• Transforms	=	flipping,	rotating,	zooming,	lighting	



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

Appalaraju 2017


