Appendix 1.  Key to Western Species of Moonwort Ferns (Botrychium subgenus Botrychium) (Farrar 2005).
1.    Leaf with a trophophore (photosynthetic segment) and a sporophore (spore-bearing segment). . . 2
1.    Leaf with two more or less equal sporophore segments and no trophophore.  







B. paradoxum
2.    Pinnae above the basal pair fan-shaped, rhombic or linear, sometimes cleft into segments, but not pinnately lobed or divided, pinna veins equal and evenly distributed. . . 3  (the once dissected, pinnate species)
2.    Pinnae above the basal pair ovate or elliptic, often pinnately lobed or divided, middle veins larger and more crowded. . . 21  (the twice dissected, bipinnate and pinnate-pinnatifid species)
3.    Basal pinna pair often conspicuously enlarged and/or more strongly stalked than others, in large plants pinnately divided and replicating the central rachis and pinnae. . . 4
3.    Basal pinna pair not conspicuously larger or more strongly stalked and not pinnately divided. . . 6
4.    Trophophore sessile or nearly so; sporophore stalk shorter than trophophore. . .






B. pumicola
4.    Trophophore prominently stalked; sporophore stalk longer than trophophore. . . 5
5.     Middle pinnae narrowly attached, pinna bases acute to acuminate, light green. . .






B. simplex var. compositum
5.     Middle pinnae broadly attached, pinna bases cordate, bluish green. . 


B. simplex var. fontanum
6.    Trophophore stalk longer than distance between first two pair of pinnae and sporophore stalk (at the time of spore release) much longer than the total length of the trophophore. . . 7
6.    Trophophore stalk shorter than distance between first two pair of pinnae or sporophore stalk (at the time of spore release) shorter than the total length of the trophophore. . . 8
7.    Pinnae round to fan-shaped, outer margin rounded, entire; trophophore lax. .  








B. simplex



(see above for differentiation of western varieties of B. simplex)
7.    Pinnae rhombic, outer margin straight, coarsely toothed; trophophore stiffly upright. . .






B. montanum
8.    Basal pinna span less than 60°; pinnae narrowly spatulate to linear or rhombic. . . 9 

8.    Basal pinna span greater than 60°; pinnae broadly spatulate to fan-shaped. . . 11
9.    Pinnae as broad as long, adnate to the rachis, strongly decurrent. . . 

B. adnatum 


9.    Pinnae elongate, more or less linear to narrowly wedge shaped. . . 10
10.  Pinnae narrowly spatulate to wedge shaped, often shallowly cleft into non-spreading lobes, largest pinnae usually not basal. . . 
B. campestre
10.  Pinnae linear, often deeply cleft into widely spreading lobes, basal pinnae usually the largest. . . 




B. lineare
11.  Span of basal pinnae 60o to 120o. . . 12
11.  Span of basal pinnae greater than 120o. . . 17

12.  Trophophore sessile or short-stalked. . . 13
12.  Trophophore distinctly stalked. . . 14

13.  Trophophore sessile; pinna outer margins entire to coarsely dull-toothed to shallowly cleft into non-spreading lobes; basal sporophore branches long, often branched and twisted; basal pinnae seldom bearing sporangia*. . .








B. spathulatum
13.  Trophophore sessile to short-stalked; pinna outer margins sharply toothed, sometimes deeply cleft into spreading lobes with toothed outer margins; basal sporophore branches short, unbranched and straight; basal pinnae often bearing sporangia*. . .



B. ascendens
14.  Sporophore tall, its stalk (at time of spore release) equal to or exceeding the total length of the trophophore; sporophore branches spreading, not overlapping; pinnae fan-shaped and entire to shallowly lobed. . . 









B. minganense
14.  Sporophore short, its stalk (at time of spore release) 3/4 or less the entire length of the trophophore; sporophore branches ascending and overlapping; pinnae entire to deeply cleft into 2 (4) lobes. . . 15
15.  Pinnae entire or symmetrically cleft, outer margins regularly dentate; basal pinnae often bearing supernumerary sporangia*. . . 
B. ascendens
15.  Pinnae entire or asymmetrically cleft into a larger upper and smaller lower lobe; basal pinnae seldom bearing supernumerary sporangia*. . . 16
16.  Plants in the field with a whitish-green appearance (changing to green following collection and storage); outer pinna margins entire to crenulate. .  







B. pallidum
16.  Plants dull green; outer pinna margins entire to irregularly toothed. .

B. gallicomontanum
17.  Plants pallid (whitish) when fresh; pinnae short and broadly attached to the rachis, mushroom shaped, entire to 2-4 lobed with upper lobe(s) larger. .

B. pallidum
17.  Plants deep green to pea green; pinnae narrowly attached to the rachis, usually symmetrical, fan-shaped, entire or variously cleft into lobes. . . 18
18.  Pinnae well spaced; pinna texture delicate; margins finely toothed or crenulate. . . 






B. crenulatum
18.  Pinnae nearly touching to overlapping; pinna texture firm; margins entire to undulate, occasionally toothed or cleft into several segments. . . 19
19.  Pinnae asymmetrical with the lower half larger; sporophore stalk at spore release shorter than or equal to the length of the trophophore. . . 


B. tunux
19.  Pinnae symmetrical, sporophore stalk at spore release longer than the trophophore. . . 20
20.  Basal pinna span 120° to 180°, basal side margin slightly concave; basal pinnae sessile or nearly so; pinnae not overlapping the rachis. . . 


B. lunaria
20.  Basal pinna span greater than 180°, basal side margin strongly recurved; basal pinnae stalked; pinnae overlapping the rachis. . .B. yaaxudakeit
21.  Trophophore lustrous; sporangia bright yellow-green before spore release. . . 22
21.  Trophophore dull or glaucous; sporangia dull green before spore release. . . 24
22.  Upper pinna bases obtuse (angle > 90°) to cordate (>180°); pinna apices rounded; sporophore stalk equal to trophophore length; sporophore pinnately branched. .




B. pinnatum
22.  Upper pinna bases acute (angle < 90o); pinna apices angular; sporophore stalk shorter than trophophore length; sporophore ternately branched (divided into three main branches). . . 23
23.  Trophophore outline triangular (equilateral) with basal pinnae nearly as large as the central rachis and pinnae; pinna pairs 3-4; pinnae narrowly ovate to oblong. . . 



B. lanceolatum subsp. lanceolatum
23.  Trophophore outline narrowly triangular to broadly ovate; basal pinnae not disproportionately enlarged; pinna pairs 5-6; pinnae ovate to elliptic. . .








B. alaskense
24.  Trophophore stalk longer than the average distance between pinnae; basal pinnae usually bearing supernumerary sporangia*. . . 
B. pedunculosum
24.  Trophophore stalk equal to or shorter than the average distance between pinnae; basal pinnae seldom bearing supernumerary sporangia*. . . 25

25.  Trophophore sessile or inconspicuously stalked. . . 26
25.  Trophophore clearly stalked. . . 27

26.  Basal pinnae often conspicuously elongated; pinna lobes parallel to converging; sporophore ternately branched (divided into three main branches). . . 





B. michiganense
26.  Basal pinnae not conspicuously elongated; pinna lobes spreading; sporophore pinnately branched. . . 


B. echo
27.  Pinnae shallowly dissected, not overlapping. . .    


B. hesperium var. hesperium
27.  Pinnae deeply dissected and strongly overlapping. . . 

B. hesperium var. fenestratum

*All species occasionally produce sporangia on the lowermost pinnae.
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