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Over the past 70 years, many fern classifications, nearly all based on
morphology,

most explicitly or implicitly phylogenetic,

have been proposed.

The most complete and commonly used classifications, some intended primarily as herbarium
Christensen

(filing) schemes, are summarized

in Table 16.1, and include:

(1938), Copeland (1947), Holttum (1947, 1949), Nayar (1970), Bierhorst

(1971), Crabbe et al. (1975), Pichi Sermolli (1977), Ching (1978), Tryon and Tryon
(1982), Kramer (in Kubitzki, 1990), Hennipman (1996), and Stevenson and Loconte
(1996). Other classifications

or trees implying relationships, some with a regional

focus, include Bower (1926), Ching (1940), Dickason (1946), Wagner (1969),Tagawa
and Iwatsuki (1972), Holttum (1973), and Mickel (1974). Tryon (1952) and Pichi
Sermolli (1973) reviewed and reproduced many of these and still earlier classifications, and Pichi Sermolli (1970, 1981, 1982, 1986) also summarized information
on family names of ferns. Smith (1996) provided a summary and discussion of
recent classifications.
With the advent of cladistic methods and molecular sequencing techniques,
there has been an increased interest in classifications reflecting evolutionary
relationships. Phylogenetic studies robustly support a basal dichotomy within
vascular plants, separating the lycophytes (less than 1 % of extant vascular plants)
from the euphyllophytes

(Figure 16.l; Raubeson and Jansen, 1992, Kenrick and

Crane, 1997; Pryer et al., 2001a, 2004a, 2004b; Qiu et al., 2006). Living euphyllophytes, in turn, comprise two major clades: spermatophytes

(seed plants),

which are in excess of 260 000 species (Thorne, 2002; Scotland and Wortley,
Biology and Evolution of Ferns and Lycopliytes, ed. Tom A. Ranker and Christopher H. Haufler. Published
by Cambridge University Press. © Cambridge University Press 2008.
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Euphyllophytes
Monilophytes

Figure 16.1 Consensus phylogeny depicting relationships of major vascular plant
lineages. TI1e topology summarizes the results of previously published phylogenetic
studies (e.g., Raubeson and Jansen, 1992; Kenrick and Crane, 1997; Renzaglia et al..
2000; Pryer et al., 2001a; see main text for others). Resolved nodes have received
bootstrap support :::70. (From Smith et al., 2006b.)

2003), and ferns (sensu Pryer et al., 2004b), with about 9000 species, including
horsetails, whisk ferns, and all eusporangiate and leptosporangiate ferns. Based
on current evidence, extant ferns appear to be a monophyletic group characterized by lateral root origin in the encloclermis, usually mesarch protoxylem in
shoots, a pseucloenclospore, plasmoclial tapetum, and sperm cells with 30-1000
flagella (Renzaglia et al., 2000; Schneider et al., 2002a). Plants in the lycophyte and
fern clacles are all spore bearing or "seed-free,"

and because of this common fea-

ture their members have been lumped together historically under various terms,
such as "pteridophytes" and "ferns and fern allies" - paraphyletic assemblages
of plants.
Ideally, morphological data from fossils should also be used in constructing
classifications, but this has generally not been clone for ferns, except at higher
levels in the hierarchy (e.g., by Kenrick and Crane, 1997). Rothwell and Nixon
(2006) argued that the addition of fossil data in phylogenetic analyses can alter
the topologies of trees obtained using data from only extant species. However,
trees produced by adding selected fossil taxa to morphological and/or molecular
data sets containing extant species (e.g., Fig. 4B in Rothwell and Nixon, 2006)
are often poorly resolved. Although trees based only on morphological data
from fossils and extant taxa (e.g., Rothwell, 1999) differ in many respects from
phylogenetic hypotheses based on morphological and molecular data, or from
hypotheses based only on molecular data, they do provide perspectives that may
provide useful alternative hypotheses. Many factors contribute to the lack of
resolution in trees containing fossils including: (1) the paucity of extinct taxa

/
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that successfully fossilized; (2) our inability to find (or recognize) crucial fossils
that aid in filling evolutionary gaps; (3) the low proportion of phylogenetically
informative characters, in both gametophytic and sporophytic phases, that are
assessable in most fossils; (4) the incompleteness or fractured nature of most
fossil taxa; and (5) the inherent difficulty of scoring morphological characters,
which in turn may be due to considerable morphological homoplasy in ferns
(Ranker et al., 2004). All of these features make the incorporation of fossil data
into matrices containing data from extant plants challenging. Fossil data can
be used to pinpoint divergence times of lineages (Lavis, 1977; Pryer et al., 2004b;
Schneider et al., 2004c), and as the quality and abundance of fossil evidence for
ferns improve, fossil data will aid in building even more robust phylogenies. This,
in turn, may provide reciprocal illumination for understanding

the evolution of

characters and character states of extant taxa. Because we consider it impractical
at present to include fossil data in taxonomically diverse datasets, in this chapter
we develop a classification based solely on morphological and molecular data
from extant species.

16.2

Review of critical recent advances

Molecular phylogenetic hypotheses for extant ferns (see Chapter 15) have
utilized data from several chloroplast markers (rbcL, atpA, atpB, accD, rps4, 16S

/

rDNA, ITS), one nuclear gene (18S rDNA), and three mitochondrial

genes (atp1,

nad2, nadS). A natural outgrowth of these one-gene or few-gene studies on a wide

array of ferns has led to still broader, and increasingly robust multiple-gene phylogenetic analyses, e.g., studies by Wolf (1996b), Wolf et al. (1998), Pryer et al.
(200la, 2004b), Schneider et al. (2004c), Wikstrom and Pryer (2005), Schuettpelz
et al. (2006), and Schuettpelz and Pryer (2007). A multiple-gene analysis examining the relationships of all land plants (Qiu et al., 2006) has largely confirmed
the basic relationships uncovered in the fern studies. Attempts to generate morphologically based phylogenetic hypotheses for ferns are far fewer (Pryer et al.
1996, 200la; Schneider, l996a; Stevenson and Loconte, 1996; Rothwell, 1999;
Schneider et al., in preparation), perhaps because of the inherent difficulties in
defining characters and assessing characters states, but at least in some cases
this approach has added support for molecular-based consensus phylogenies.
All of these studies have given rise to growing confidence in relationships
and correspondingly to the composition of taxa at familial and ordinal ranks.
This convinced us that it was timely to attempt a reclassification of extant ferns
(Smith et al., 2006b). In that paper, the classificatory decisions/innovations reflect
a growing reliance on a solid phylogenetic underpinning

for the development

of useful multipurpose classifications. As in that publication, we focus on the
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ranks of class, order, and family. We assert that the information available is
most appropriate for resolution and understanding of relationships at these levels, and that within most families, especially at the generic level, there is still
insufficient evidence to attempt many classificatory decisions. Only one previous fern classification has employed cladistic methodology in a rigorous way;
Stevenson and Loconte (1996) superimposed on their tree a hierarchical classification, but the phylogeny that they generated as a basis for their classification
was based exclusively on morphological data and differs radically from the most
up-to-elate phylogenetic hypotheses. Our classification, in contrast, is based on
consensus of a variety of morphological and molecular studies.
The impact of molecular phylogenetic studies on classification will likely continue, perhaps at an accelerated rate. Already, since our recent reclassification
(Smith et al., 2006b), several additional phylogenetic studies have been published, e.g., for the Cyatheales (Korall et al., 2006a, 2006b, 2007), Dryopteridaceae
and related families (Li and Lu, 2006; Lu and Li, 2006; Tsutsumi and Kato,
2006), Hymenophyllaceae (Ebihara et al., 2006; Hennequin et al., 2006a, 2006b),
Marsileaceae (Nagalingum et al., 2006, 2007), Pteridaceae (Schuettpelz et al.,
2007), and Salviniaceae (Metzgar et al., 2007). These generally reinforce decisions made in our previous paper, and largely confirm the higher level (order
and family) structure of the classification (Schuettpelz et al., 2006; Schuettpelz
and Pryer, 2007) or suggest the recognition or rejection of taxa at generic
level.

16.3

Synthesis of current perspectives: the classification of ferns
In our reclassification (Smith et al., 2006b), we combined the principle of

monophyly with a decision to maintain well-established names to update ordinal
and familial ranks within ferns so that they are better reconciled with our current best estimates of phylogenetic relationships. We utilized a minimum number of ranks to categorize only the most well-supported splits in the phylogeny,
and we treat all classes, orders, and families of extant ferns, which constitute a
monophyletic group, sometimes called Infradivision Moniliformopses (Kenrick
and Crane, 1997), or monilophytes (Pryer et al., 2001a, 2004a, 2004b; Donoghue
in Judd et al., 2002). However, "Infradivision" is not a recognized rank in the
International

Code of Botanical Nomenclature (Greuter et al., 2000); moreover,

the name "Moniliformopses" was never validly published, lacking a Latin diagnosis or description, or a reference to one. Because validly published names for
ferns (as we define them) at ranks above class are either not available or have
been interpreted in a manner we think might be confusing or incompatible with
current hypotheses of relationship, we avoid their use.

'

/
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For each family, we provide important heterotypic synonyms, approximate
numbers of genera and species, names of constituent genera, references to relevant phylogenetic literature, and, where appropriate, discussion of unresolved
problems. DNA sequence data are now available for all families we recognize,
and for most genera of ferns. A superscript number one (1) denotes those genera
for which DNA sequence data are not available; nonetheless, taxonomic placement for most of these is relatively certain, based on morphological evidence.
Lack of a superscript indicates that some molecular evidence (either published
or unpublished) has been available to us for consideration. TI1e classification
presented below is based on the consensus relationships depicted in Chapter
15, which are derived from, and guided by, recent and ongoing phylogenetic
studies.
Fern names

at family

rank used in this classification

were

obtained

from the website of James Reveal, University of Maryland (www.life.umd.edu/
emeritus/reveal/PBIO/fam/hightaxaindex.html)
and from Hoogland and Reveal
(2005); all family names, and cross-references if any, are listed in Appendix A.
Most names at family rank are also listed and discussed by Pichi Sermolli (1970,
1982) and summarized in reports by the Subcommittee for Family Names of Pteridophyta (Pichi Sermolli, 1981, 1986); this list was further emended and updated
by Pichi Sermolli (1993). Names at ordinal, supraorclinal, and subordinal ranks
are also available from the Reveal website and from Hoogland and Reveal (2005)
(see Appendices 1 and 2 in Smith et al., 2006b); literature citations for all names
were given by Smith et al. (2006b, Appendix 4). At the encl of this chapter, we
give an index to commonly accepted genera with family assignments proposed
here (Appendix B).
Within ferns, we recognize four classes (Psilotopsicla, Bquisetopsida,

Marat-

tiopsicla, Polypodiopsida), 11 orders, and 37 families.

I.

Class Psilotopsida

A.

Order Ophioglossales

1.

Family Ophioglossaceae

(incl. Botrychiaceae,

Helminthostachyaceae). Four

genera: Botrychium (grapeferns, moonworts), Helminthostachys, Mankyua1, Ophioglos-

sum (adder tongues); Botrychium (incl. Botrychium s.s., Sceptridium, Botrypus, and
]apanobotrychium) and Ophioglossum (incl. Cheiroglossa, Ophioderma) are sometimes
divided more finely (Kato, 1987; Hauk et al., 2003). Ca. 80 species; monophyletic (Hasebe et al., 1996; Hauk, 1996; Pryer et al., 2001a, 2004b; Hauk et al.,
2003). Mankyua, from Cheju Island, Korea, has recently been described, but no
molecular data are available (Sun et al., 2001). Non-coding chloroplast genes
recover similar topologies as coding genes in Botrychium s.l. (Small et al., 2005).

Fern classification
Species mostly terrestrial (a few epiphytic), temperate and boreal, but a few
pantropical. Characters: vernation nodding (not circinate); rhizomes and petioles fleshy; root hairs lacking; aerophores absent (Davies, 1991); fertile leaves
each with a single sporophore arising at the base of, or along, the trophophore
stalk, or at the base of the trophophore blade (several sporophores per blade
in Cheirogiossa); sporangia large, with walls two cells thick, lacking an annulus;
spores globose-tetrahedral,

trilete, many (>1000) per sporangium; gametophytes
mycorrhizal; x

subterranean, non-photosynthetic,
B.

= 45 (46).

Order Psilotales

2. Family Psilotaceae (whisk terns; incl. Tm.esipteridaceae).
Tmesipteris),

Two genera (Psilotum,

ca. 12 species total (two in Psi!otum); monophyletic (Hasebe et al.,

1996; Pryer et al., 2001a, 2004b). Characters: roots absent; stems bearing reduced,
unveined or single-veined euphylls; sporangia large, with walls two cells thick,
lacking an annulus; two or three sporangia fused to form a synangium, seemingly borne on the adaxial side of a forked leaf; spores reniform. monolete, many (>1000) per sporangium; gametophytes subterranean
photosynthetic,

mycorrhizal; x

(Psilotum), non-

= 52.

II.

Class Equisetopsida [ = Sphenopsida]

C.

Order Equisetales

3. Family Equisetaceae (horsetails). A single genus (Equisetum), 15 species usually
placed in two well-marked subgenera, subg. Equisetum

and subg. Hippochaete;

monophyletic (Pryer et al., 2001a, 2004b; Des Marais et al., 2003; Guillan, 2004).
The spermatozoids of Equisetum

share several important features with other

ferns that support their inclusion in this clade (Renzaglia

et al., 2000). Kato

(1983) adduced additional morphological characters, including root characters,
supporting

a relationship

between horsetails and ferns. Characters: stems with

whorled branching, lacunate; leaves whorled, connate; sporangia with helical
secondary wall thickenings (Bateman, 1991), borne on peltate sporangiophores
that collectively comprise strobili; sporangia large, lacking an annulus, many
(>1000) per sporangium;

spores green, with circular aperture and four paddle-

like, coiled elaters; gametophytes green, surficial; x
III.

Class Marattiopsida

D.

Order Marattiales (incl. Ch1istenseniales)

4. Family Marattiaceae
Danaeaceae,
Marattia.

(marattioids;

Kaulfussiaceae).

As currently

Four

=

108.

incl. Angiopteridaceae,
genera:

circumscribed,

Angiopteris,

Marattia

Christenseniaceae,

Christensenia,

is paraphyletic,

Danaea,

and will be

423
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subdivided into three elements, one requirmg a new generic name (A. G.
Murdock, personal communication). Archangiopteris has been recognized by some
(e.g., Pichi Sermolli, 1977) but appears to nest within Angiopteris (Murdock,
2005, personal communication). Danaea is sister to the other three genera
(Pryer et al. 2001a; 2004b; Murdock, 2005) and represents a neotropical radiation (Christenhusz et al., in review). Angiopteris and Christensenia are restricted to
eastern and southeastern Asia, Australasia, and Polynesia, while Marattia s.l. is
pantropical. Ca. 150 species, but monographic revision is needed at the species
level in several genera; monophyletic (Hill and Camus, 1986; Pryer et al., 200la,
2004b; Murdock, 2005). We see no advantage or good reason for recognizing
several of the constituent

genera as monogeneric families, as done by Pichi

Sermolli (1977), and the paraphyly of Marattia vis-a-vis Angiopteris, necessitating
a recircumscription of marattioid genera (A. G. Murdock, personal communication), reinforces this opinion. The name Danaeaceae has been found to predate Marattiaceae; however, Marattiaceae has been proposed for conservation by
Murdock et al. (2006), and we maintain its usage in the usual broad sense.
Terrestrial (rarely epipetric), pantropical, fossils beginning in Carboniferous
(Collinson, 1996). Characters: roots large, fleshy, with polyarch xylem; root hairs
septate; roots, stems, and leaves with mucilage canals; rhizomes fleshy, short,
upright or creeping, with a polycyclic dictyostele; vernation circinate; leaves
(rarely simple in Danaea, or 3-5-foliate in Christensenia) with enlarged, fleshy, starchy stipules at the base and swollen pulvinae

large, fleshy, 1-3-pinnate

along petioles and rachises (and sometimes other axes); petiole and stem xylem
polycyclic; stems and blades bearing scales; pneurnathodes (lenticels) scattered
all around petioles and/or rachises; sporangia free or in round or elongate synangia (fused sporangia), lacking an annulus, enclosing 1000-7000 spores; spores
usually bilateral or ellipsoid, monolete; gametophytes green, surficial; x
(39).

Iv.

ClassPolypodiopsida [ = Filicopsida]

E.

Order Osmundales

= 40

5. Family Osmundaceae. Four genera: Leptopteris, Osmunda, Osmundastrum, Todea.
Ca. 20 species; monophyletic (Hasebe et al., 1996; Yatabe et al., 1999; Pryer et al.,
2001a, 2004b). Evidence from morphology (Miller, 1971) and molecules (Yatabe

et al., 1999) suggests that Osmundastrum cinnamomea (L.) C. Presl be recognized
as an independent, monotypic genus (Yatabe et al., 2005); there is support for
three subgenera within Osmunda s.s.: subg. Osmunda, subg. Claytosmunda Y. Yatabe
et al., and subg. Plenasium (C. Presl) Milde. Fossils from Permian; temperate and
tropical. Characters: stem anatomy distinctive, an ectophloic siphonostele, with
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a ring of discrete xylem strands, these often conduplicate or twice conduplicate
in cross-section; stipules at bases of petioles; leaves dimorphic or with fertile
portions dissimilar to sterile; sporangia large, with 128-512 spores, opening by
an apical slit, annulus lateral; spores green, subglobose, trilete; gametophytes
large, green, cordate, surficial; x
F.

=

22.

Order Hymenophyllales

6. Family Hymenophyllaceae (filmy ferns; incl. Trichomanaceae). Nine genera
(Ebihara et al., 2006), two major clades (Pryer et al., 2001b), "trichomanoid" and
"hymenophylloid,"

roughly corresponding

to the classical genera Trichomanes

s.l. and Hymenophyllum s.!. Ca. 600 species; monophyletic (Hasebe et al., 1996;
Dubuisson, 1996, 1997; Pryer et al., 2001b, 2004b; Ebihara et al., 2002, 2006;
Dubuisson et al., 2003; Hennequin et al., 2003). Several segregate and monotypic genera are nested within Hymenophyllum s.l.: Cardiomanes, Hymenoglossum,
Rosenstockia, and Serpyllopsis (Ebihara et al., 2002, 2006; Hennequin et al., 2003,
2006a, 2006b). Several other classically defined hymenophylloid genera (subgenera) are not monophyletic, e.g., Mecodium and Sphaerocionium (Hennequin
et al., 2003, 2006a, 2006b; Ebihara et al., 2006). Microt1ichomanes appears to be
polyphyletic (Ebihara et al., 2004). Trichomanes s.l. comprises eight monophyletic
groups that are regarded here as genera: Abrodictywn, Callistopteris, Cephalomanes,
Crepidomanes, Didymoglossum, Polyphlebium, Trichomaness.s., and Vandenboschia; several of these have been subdivided into putatively monophyletic subgenera and
sections (Ebihara et al., 2006). Terrestrial and epiphytic; pantropical and southtemperate, but gametophytes survive in north-temperate regions as far north
as Alaska (Farrar, 1993, p. 191). Characters: rhizomes slender, creeping, wiry, or
sometimes erect and stouter, protostelic; vernation circinate; blades one cell
thick between veins (a few exceptions); stomata lacking; cuticles lacking or
highly reduced; scales usually lacking on blades, indument sometimes of hairs;
sori marginal, indusia conical (campanulate), tubular, or clam-shaped (bivalvate),
with receptacles (at least in trichomanoid genera) usually elongate, protruding
from the involucres; sporangia maturing gradately in basipetal fashion, each
with an uninterrupted, oblique annulus; spores green, globose, trilete: gametophytes filamentous or ribbon-like, often reproducing by fragmentation or production of gemmae; x
G.

=

11, 12, 18, 28, 32, 33, 34, 36, and perhaps others.

Order Gleicheniales
(incl. Dipteridales, Matoniales, Stromatopteridales). Monophyletic (Pryer

et al., 2004b; Schuettpelz et al., 2006). Characters: root steles with 3-5 protoxylem
poles (Schneider, 1996a); antheridia with 6-12 narrow, twisted or curved cells in
walls.

/
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7. Family Gleicheniaceae (gleichenioids, forking ferns; incl. Dicranopteridaceae,
Stromatopteridaceae). Six genera (Dicranopteris, Dip!opterygium, Gleichenella, Gleichenia, Sticherus, Stromatopteris), ca. 125 species; monophyletic (Hasebe et al., 1996;
Pryer et al., 1996, 2001a, 2004b). Hennipman (1996) also suggested inclusion of
the next two families in Gleicheniaceae; however, we recognize these as distinct
based on their significant morphological disparity. Fossil record beginning

in

Cretaceous (Jurassic and older fossils may belong to the Gleicheniales or represent ancestors of extant Gleicheniaceae); pantropical. Characters: rhizomes
with a "vitalized" protostele, or rarely solenostele; leaves indeterminate, blades
pseudodichotomously forked (except Stromatopteris);

veins free; sori abaxial, not

marginal, with 5-15 sporangia, each with a transverse-oblique annulus, exindusiate, round, with 128-800 spores; sporangia maturing simultaneously

within

sori; spores globose-tetrahedral or bilateral; gametophytes green, surficial, with
club-shaped hairs; x = 22, 34, 39, 43, 56.
8. Family Dipteridaceae (incl. Cheiropleuriaceae). Two genera (Cheiropleuria,
Dipteris) from India, southeast Asia, eastern and southern China, central and
southern Japan, and Malesia, to Melanesia and western Polynesia (Samoa), ca. 11
species; monophyletic (Kato et al., 2001; Pryer et al., 2004b). Fossil record beginning in upper Triassic. Characters: stems long-creeping, solenostelic or protostelic, covered with bristles or articulate hairs; petioles with a single vascular
bundle proximally and polystelic distally; blades (sterile ones, at least) cleft into
two or often more subequal parts; veins highly reticulate, areoles with included
veinlets; sori exindusiate, discrete, compital (served by many veins), scattered
over the surface, or leaves dimorphic and the fertile ones covered with sporangia;
sporangia maturing simultaneously or maturation

mixed, with a four-seriate

stalk; annuli almost vertical or slightly oblique; spores ellipsoid and monolete, or
tetrahedral and trilete, 64 or 128 per sporangium; gametophytes cordate-thalloid:
x = 33. Dipteris differs from Cheiropleuria primarily in having bilateral, monolete
spores (tetrahedral and trilete in Cheiropleuria) and monomorphic leaves with
discrete sori (sporangia acrostichoid in Cheiropleuria).
9. Family Matoniaceae (matonioids). Two genera (Matonia, Phanerosorus), each with
two species; monophyletic, sister to Dipteridaceae (Kato and Setoguchi, 1998;
Pryer et al., 2004b; Schuettpelz et al., 2006). Malesia-Pacific Basin; fossil record
beginning in mid-Mesozoic. Characters: stems solenostelic with at least two concentric vascular cylinders (polycyclic)and a central vascular bundle; blades flabellate (Matonia), unevenly dichotomously branched or with dichotomous pinnae;
veins free or slightly anastomosing around sori; sori with peltate indusia; sporangia maturing simultaneously, with very short stalks and oblique annuli; spores
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globose-tetrahedral, trilete; gametophytes green, thalloid, with ruffled margins;
antheridia large, many-celled; x = 26 (Matonia), 25 (Phanerosorus).
H.

Order Schizaeales

Monophyletic (Hasebe et al., 1996; Pryer et al., 2001a, 2004b; Skog et al.,
2002; Wikstrom et al., 2002). TI1e three constituent families are given recognition because of their numerous, we consider significant, morphological differences, differences embracing gametophytes, stelar anatomy, leaf morphology,
soral types, spores, and chromosome numbers. Fossil record beginning in the
Jurassic (Collinson, 1996). Characters: fertile-sterile leaf blade differentiation;
absence of well-defined sori; sporangia each with a transverse, subapical, continuous annulus.
10. Family Lygodiaceae (climbing ferns). A single genus (Lygodium), ca. 25 species;
monophyletic (Skog et al., 2002; Wikstrom et al., 2002). Terrestrial, pantropical. Characters: rhizomes creeping, slender, protostelic, bearing hairs; leaves
indeterminate,

climbing, alternately pinnate; primary blade divisions (pinnae)

pseudodichotomously

forking with a dormant bud in the axils; veins free or

anastomosing; sori on lobes of the ultimate segments; sporangia abaxial, solitary,
one per sorus, each sporangium covered by an antrorse indusium-like subtending flange; spores 128-256 per sporangium, tetrahedral and trilete; gametophytes
green, cordate, surficial; x

= 29, 30.

11. Family Anemiaceae (incl. Mohriaceae).
ca. 100+

species; monophyletic

One genus (Anemia,

incl. Mohria),

(Skog et al., 2002; Wikstrom et al., 2002).

Terrestrial; primarily New World, but a few species in Africa, India, and islands
in the Indian Ocean. Characters: rhizomes creeping to suberect, bearing hairs;
leaves determinate, mostly hemidimorphic or dimorphic; veins free, dichotomous, occasionally casually anastomosing;

sporangia usually on a basal pair

(sometimes more than two pinnae, or all pinnae modified and fertile) of skeletonized, highly modified, often erect pinnae; spores 128-256 per sporangium,
tetrahedral, with strongly parallel ridges (Tryon and Lugardon, 1991); gametophytes green, cordate, surficial; x

=

38.

12. Family Schizaeaceae. Two genera (Actinostachys, Schizaea), ca. 30 species; monophyletic (Skog et al., 2002; Wikstrom et al., 2002). The Cretaceous Schizaeopsis
is the oldest fossil assigned to this lineage (Wikstrom et al., 2002). Terrestrial,
pantropical. Characters: blades simple (linear) or fan-shaped, variously cleft and
with dichotomous free veins; sporangia on marginal, elaminate, branched or
unbranched projections

at blade tips, not in discrete sori, exindusiate; spores
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bilateral, monolete, 128-256 per sporangium; garnetophytes green and filarnentous (Schizaea), or subterranean and non-green, tuberous (Actinostachys); a puzzling array of base chromosome numbers: x
I.

= 77, 94, 103.

Order Salviniales
(water ferns, heterosporous terns; incl. "Hydropteridales," Marsileales,

Pilulariales), Monophyletic (Hasebe et al., 1996; Pryer, 1999; Pryer et al., 2001a,
2004b). The fossil Hydropteris pinnata

provides evidence linking the two families

of this order (Rothwell and Stockey, 1994; Pryer, 1999), although hypotheses differ about the exact relationships of Hydropteris with extant genera. Characters:
fertile-sterile

leaf blade differentiation;

veins anastomosing;

aerenchyma

tis-

sue often present in roots, shoots, and petioles; annulus absent; plants heterosporous, spores with endosporous germination;
phytes reduced.

monomegaspory;

gamete-

13. Family Marsileaceae (clover terns) (incl. Pilulariaceae). Three genera (Marsilea,
Pilulmia,

Regnellidium),

ca. 75 species total; monophyletic (Hasebe et al., 1996;

Pryer, 1999; Nagalingum et al., 2007). Hennipman (1996) included both Salviniaceae and Azollaceae within Marsileaceae, but the spores of Marsileaceae differ
markedly from those of Salviniaceae and Azollaceae (Schneider and Pryer, 2002).
Rooted aquatics, in ponds, shallow water, or vernal pools, with floating or emergent leaf blades; subcosmopolitan. Characters: stems usually long-creeping, slender, often bearing hairs; leaflets 4, 2 or O per leaf; veins dichotomously branched
but often fusing toward their tips; sori borne in stalked bean-shaped sporocarps
(Nagalingum et al., 2006), these arising from the rhizomes or from the base of
the petioles, one to many per plant; heterosporous, microspores globose, trilete,
megaspores globose, each with an acrolamella positioned over the exine aperture
(Schneider and Pryer, 2002); perine gelatinous; x

=

10 (Pilularia), 20 (Marsilea).

14. Family Salviniaceae (floating ferns, mosquito terns; incl. Azollaceae). Two genera (Salvinia, Azolla), ca. 16 species; monophyletic

(Pryer et al., 1996, 2004b;

Reid et al., 2006; Metzgar et al., 2007). Some authors

separate the genera

into two families (Schneller in Kubitzki, 1990), a perfectly acceptable alternative, given the significant differences between the two genera. Plants freefloating, subcosmopolitan;

fossil record beginning

in Cretaceous (Collinson,

1996). Characters: roots present (Azolla) or lacking (Salvinia); stems protostelic,
dichotomously branched; leaves sessile, alternate, small (ca. 1-25 mm long),
round to oblong, entire; veins free (Azolla} or anastomosing (Salvinia); spores of
two kinds (plants heterosporous), large megaspores and small microspores, these
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globose, trilete; spore germination endoscopic; x = 9 (Salvinia), the lowest base
chromosome
].

number known in ferns, 22 (Azolla).

Order Cyatheales
(tree terns; incl.

Dicksoniales,

Hymenophyllopsidales,

Loxomatales,

Metaxyales, Plagiogyriales) (Hasebe et al., 1996; Wolf et al., 1999; Pryer et al.,
2004b, Korall et al., 2006b). Existing molecular evidence indicates a close relationship

among the included families. The order is without obvious defining

morphological

characters: some of the species have trunk-like stems but others

have creeping rhizomes; some have only hairs on the stems and blades, others
have scales; sori are abaxial or marginal, either indusiate or exindusiate: spores
are globose or tetrahedral-globose, each with a trilete scar; gametophytes green,
cordate.
15. Family Thyrsopteridaceae. One genus (Thyrsopteris) with a single species,
T. elegans, endemic to the Juan Fernandez Islands; clearly related to tree ferns,
but of uncertain

phylogenetic position within this group (Korall et al., 2006b).

Characters: rhizomes ascending to erect, solenostelic, bearing runners, clothed
with stiff, pluricellular hairs; leaves large, 2-3.5 m long; blades 3-5-pinnate, partially dimorphic (sori often restricted to proximal segments); blade axes adaxially grooved; veins free; sori terminal on the veins, the outer and inner indusia fused to form asymmetric cup-like structures, each sorus with a columnar,
clavate receptacle; sporangia with oblique annuli; spores globose-tetrahedral,
with prominent

angles; x

=

ca. 78.

16. Family Loxomataceae (often spelled Loxsornataceae).Two genera (Loxoma, Loxsomopsis), each with a single species; monophyletic (Lehnert et al., 2001; Pryer
et al., 2001a, 2004b; Korall et al., 2006b). South American Andes, southern Central America, and New Zealand. Characters: rhizomes long-creeping, solenostelic, bearing hairs with a circular, multicellular base; blades bipinnate or more
divided; veins free, forked; indument of uniseriate (Loxsomopsis) to pluriseriate

(Loxoma) bristles; sori marginal, terminal on veins, each with an urceolate indusium and elongate, often exserted receptacle; sporangia on thick, short stalks,
with a slightly oblique annulus; spores tetrahedral, trilete; gametophytes with
scale-like hairs (occurring also in some Cyatheaceae); x = 46 (Loxsomopsis), 50

(Loxoma).
17. Family Culcitaceae. One genus (Culcita) with two species; monophyletic (Korall

et al., 2006b). Sister to Plagiogyriaceae, and not closely related to Calochlaena, with
which Culcita has historically been associated. This separation is supported by

/

