
PTERIDOPHYTES

Ferns and Fern  Allies

The Pteridophytes (seedless vascular plants) consist of 4 Divisions circa 1993 (Flora of NA, V. 1) 

due to their similarities (discussed below) in anatomy and morphology and their differences from 

higher seed plants*.  

1- Lycopodiophyta (Club-Mosses)

2- Psilotophyta (Whisk Ferns)

3- Equisetophyta (Horsetails)

4- Polypodiophyta (True Ferns)

Reproduction is by spores (also by vegetative or asexual means) - no true flowers, fruits or 

seeds are present.  They exhibit a life cycle of alternation of generations (sporophyte and 

gametophyte).  The sporophyte generation is the larger phase that we commonly see in the field and 

produces haploid spores by meiosis. These spores disseminate mostly by wind (sometimes water), 

produce a Prothallus (gametophyte generation), a very small, free-living or independent phase, that 

produces both sperm (from antheridia) and eggs (from archegonia) ïgametes or sex cells.  The 

sperm swims to the egg on its own prothallus or on another (water must be present in most cases) 

and fertilization results with the production of the diploid generation from which a new sporophyte 

generation is produced. 

World-wide there are about 25 families, 255+ 

genera, and perhaps 10,000+ species.  In North 

America there are about 77 genera and 440+ 

species (Flora of North America, V.2). ïsee 

next slide for more information.

*Botanists today, due to DNA studies and many additional examples, believe that the Lycophytes branched 

early (forming a distinct Clade or branch of a phylogenetic tree) and the Pteridophytes form another later 

distinct Clade (or branch) that is closer to the seed plants (a revised classification is below).

1- Phylum Pterophyta ïferns, horsetails, and whisk ferns

2- Phylum Lycophyta ïclub mosses, spike mosses, and quillworts



PTERIDOPHYTES World      World        N.A.          N.A.        MO           MO 
Genera    Species   Genera     Species    Genera Species

PSILOTOPHYTA (WHISK FERNS)
Psilotaceae (Wisk -fern Family)                          3               4-8             1                1                - -

LYCOPODIOPHYTA (CLUB -MOSSES)
Lycopodiaceae (Club -moss Family)                 10-15       350-400      7               27              2               5
Selaginellaceae (Spike -moss Family)                1               700+         1               38              1               3
Isoetaceae (Quillwort Family)                             1               150            1               24              1   3

EQUISETOPHYTA (HORSETAILS)
Equisetacae (Horsetail Family)                            1               15              1              11               1  3

POLYPODIOPHYTA  (FERNS)
/ÐÈÉÏÇÌÏÓÓÁÃÅÁÅ ɉ!ÄÄÅÒȭÓ 4ÏÎÇÕÅ ÆÁÍÉÌÙɊ        ί           αΪ-80          3              38              2               7
Osmundaceae (Royal Fern Family)                      3           16-36           1              3-4             1               3
Gleicheniaceae (Forking Fern Family)               4             140             1               1                - -
Schizaeaceae (Curly Grass Family)                    2-3            30              2               2                - -
Lygodiaceae (Climbing Ferns)                              1               40             1               3                - -
Anemiaceae (Family)                                               2             119              1               3           - -
Parkeriaceae (Water Fern Family)                       1             3-4              1               3                - -
Pteridaceae (Maidenhair Fern Family)             40          1,000          13              90             4             9-11
Vittariaceae (Shoestring Fern Family)               10            100             1              3                 - -
Hymenophyllaceae (Filmy Fern Family)            6             650            2              11               - -
Dennstaedtiaceae (Family)                                   20           400            4               6                2   2
Thelypteridaceae (Marsh Fern Family)            1 -30          900            3              25               2              2 
Blechnaceae (Chain Fern Family)                        10            250            2               6                1       1 
Aspleniaceae  (Spleenwort Family)                      1             700            1              28+             1         8
Dryopteridaceae (Wood Fern Family)                60          3,000         18             79              9              17 
Grammitidaceae (Family)                                      10+          500+          1               1                - -
Polypodiaceae (Polypody Family)                       40            500            7              25               1         2 
Marsileaceae (Water -clover Family)                   3                50             2               7                2         2 
Salviniaceae (Floating Fern Family)                    1               10              1               1                 - -
Azollaceae (Azolla Family)                                     1                7               1               3            - -

PTERIDOPHYTES -

The Ferns and their 

Allies (number of 

genera and species) 

for the World, North 

America, and the state 

of Missouri.

Data from The Flora of North 

America (Vol. 2, 1993) and Flora 

of Missouri (Vol. 1, 1999)



Anatomy and Morphology of the Ferns and ñso-calledò Allies

(revised classification)

1- Phylum Pterophyta (ferns, horsetails, and whisk ferns)

Ferns ïslide 4 (Anatomy present)

Horsetails ïslide 34 (Anatomy present)

Whisk Ferns ïslide 44 (Introduction only)

2- Phylum Lycophyta (club mosses, spike mosses, and quillworts)

Club Mosses ïslide 45 (Introduction only)

Spike Mosses ïslide 50 (Introduction only)

Quillworts ïslide 51 (Introduction only)



Phylum Pterophyta ïThe Ferns (20+ Families) ïDefinition 
[V. Max Brown]

To define a Fern is not so easy due to their great diversity with 10 orders, 20+ families and many 

genera.  It turns out that Horsetails are actually ferns (DNA studies) and are now included within their 

evolutionary tree (order Equisetales).   

Fern characteristics (fern families):

1 ïTheir DNA sequences form a natural group even if they sometimes look quite different.

2 ïMost ferns have ñfiddleheadsò, the leaves unfurl spirally (tip rolled into center) but a few uncoil

lengthwise.  Most leaves on the larger sporophyte phase are compound (with leaflets) and most

arise from a horizontal stem.

3 ïIf pneumatophores are present (air breathing structures on the petiole) it must be a fern (A

Natural History of Ferns by Robbin Moran, 2004).

4 ïFerns are Seedless Vascular Plants with Megaphylls (branched vascular systems)

5 ïMost ferns are Homosporous (with one type of spore) but a few are Heterosporous.  Sporangia 

are borne on the lower surface of the leaf.



Fern Morphology ïTypical Fern (sporophyte phase) 
[V. Max Brown]

Stipe - sometimes termed the Stem, supporting 

Stalk or Petiole of the Frond

FrondïStipe and Blade taken together

Bladeïleaf portion of Frond, the 

Axis (stem portion or midrib) of the 

blade is termed the Rachis

Rhizomeïñrootstalkò of fern (this is 

actually stem-type of tissue, not a true 

root) ïhidden by moss in upper photo

Adventious Rootsïtrue roots growing from the 

underground stem material (the Rhizomes) ï

termed adventious because roots do not normally 

grow from stems

Resurrection Fern [Grayôs Polypody] 

Pleopeltis polypodioides (L.) 

Andrews & Windham subsp. 

michauxiana (Weath.) Andrews & 

Windham leopeltis

Ferns may be terrestrial (rooted on soil or on or in 

cracks of rocks), epiphytic (rooted to branches or 

trunks of trees, high or low), and even a few are 

aquatic.



Circinate Vernation ïcoiled 

from the tip (meristem at tip), 

and rolled down and in.  Growth 

by unfolding is termed 

acropetal growth. These young 

unfurling fronds are termed  

Fiddleheads or Crosiers. 

Many but not all ferns develop 

in this fashion ïa few have 

Intercalary meristems (growth 

at nodes or stem areas) and 

unfold length-wise. This is 

termed Conduplicate 

Vernation (not shown).

Basic Fern Morphology ïLeaf Development
[V. Max Brown]

Vernation (leaf development)



Fern Morphology ïThe Blade 
[V. Max Brown] The fern Blade may be Simple (margins may be lobed, etc.) but 

more often blades are Compound (divided 1 or more times)

Simple blade ïmay 

be lobed, toothed, etc. 

but the depth of these 

decorations are much 

less than ½ distance to 

midrib. 

Compound blade ïblade is divided (once divided or cut) but 

not all the way to the midrib leaving a winged rachis.  This is 

termed a Pinnatifid Blade. The individual lobes of the Blade 

are technically termed Segments (lobes not stalked or cut to 

midrib) but are often still called  Pinna (Pinnae) (see next 

slide for explanation). 

Segment 

Winged Rachis ïnot cut to midrib

Any difference in 

orientation of Pinnae 

(segments) may be 

important in ID ï

lower pair of  leaves 

here deflexed

Overall blade shape is 

important for ID ïis it 

deltoid, lanceolate, 

etc.; does it taper at 

both ends or not, etc.

Simple Pinnatifid (compound) 



Compound blade ïblade is divided to the 

rachis or midrib.  This is termed Pinnate

(also once divided or cut).  Individual 

segments are true Pinna (Pinnae).  

Pinnate (compound) 

Fern Morphology ïThe Blade 
[V. Max Brown]

Pinnatisect (compound) 

Compound blade ïblade is divided to the 

rachis or midrib only at the sinus between 

lobes.    

On the left the lobes are divided to 

the rachis but only at the Sinus.  

These lobes then would be 

Segments and not true Pinna.  A 

Pinna (strict definition) has the lobe 

narrowing to the rachis on both sides 

or look stalked (see right, a true 

Pinnate blade with Pinna).  Some  

authors do not use Pinnatisect.

Note ïmost species do not show a 

raised dot on the upper surface of 

the leaf from the Sori (fruiting 

structures) below.

*Warning ïthe term Segment is often not used in a strict sense



Fern Morphology ïThe Blade 
[V. Max Brown]

Pinnate-Pinnatifid (compound) 
Bipinnate (compound) 

Compound blade ïblade is twice divided to 

the rachis or midrib.  This is termed 

Bipinnate (also twice divided or cut).  

Individual segments are also Pinnules.  

Pinnae

1 Pinnule of 

the Pinnae

Compound blade ïblade is once divided to 

the rachis or midrib and then partially cut.  This 

is termed Pinnate-Pinnatifid (Pinnules 

partially cut)

Compound blade - If neither first or second 

divisions reach the axis it would be Biipinatifid

(no example shown). 

Pinnae and Pinnules are usually Alternate to 

Sub-Opposite, sometimes truly opposite.



Fern Morphology ïThe Blade 
[V. Max Brown]

Compound blade ïblade is twice divided to 

the rachis or midrib and then partially cut.  

This is termed Bipinnate-Pinnatifid

(Pinnules partially cut)

Compound blade - If neither first, second or 

third divisions reach the axis it would be 

Tripinatifid (no example shown). 

Compound blade ïblade is cut three times to 

midrib.  This is termed Tripinnate.  Last segments 

are still termed Pinnules.

Much divided fronds are sometimes simply referred 

to as Decompound

Tripinnate (compound) 

Bipinnate-Pinnatifid (compound) 

The example at left is 

pinnate near the tip and 

bipinnate near the base.

It is not unusual for a 

species to be described 

such as this; pinnate to 

pinnate-pinnatifid or 

rarely bipinnate. 



Fern Morphology ïThe Blade 
[V. Max Brown]

3+ Pinnate (Compound)

In this case the Blade (rachis) is 

branched into 3 segments (1st division), 

and so forth ïstem divisions are 

usually in a horizontal plane

Upper stipe and rachis divides into 2 main divisions forming 

a horizontal fan-shaped or Flabellate Blade.  The blade has 

several (3-9) secondary rachises each with pinnate 

components in which the segments have incised margins.  

Two separate ferns are present in photo above

Sometimes it gets difficult to describe with branching of the stipe and rachis

Secondary 

rachis



Fern Morphology ïLeaflet Features
V. Max Brown]

Margins smooth (entire or continuous), 

apex rounded

Narrow to wide trowel-shaped 

to lanceolate with Dentate

teeth (pointed outward) to 

Lacerate (irregular) teeth
Leaflet long-deltoid with truncate base, 

margin finely Serrate (teeth directed forward)

Leaflets with coarse Serrate teeth 

(Serrate - teeth directed forward) 

Leaflet Auriculate (eared) at base, 

serrate with teeth tipped with bristles, 

segments Coriaceous (Leathery)

Leaflet shape almost ovate

(bead-like) with long hairs, 

margins rolled under 

(Revolute)

Tipped with a Bristle



Fern Morphology ïLeaflet Features 
V. Max Brown]

Acroscopic (ear facing tip or apex 

of frond)   Auriculate (eared) ïso 

Acroscopic Auriculate.

Both Acroscopic (facing tip  

and Basiscopic (facing base) 

Auriculate (eared)

Margins Erose (irregularly toothed), 

eared (Acroscopic Auriculate)

Fleshy and Glaucous 

(whitish coating)

Some leaves have one ñearò oriented either up or down or, 

some leaves have 2 symmetrical basal ears.



Simple Areoles (defined areas) in  a 

reticulated (net-like) vein pattern without 

included elements in the Areole areas 

(sometimes blind or free veinlets are found 

within the Areoles).  These anastomosing 

patterns may only be present in parts of a 

segment.

Fern Morphology ïLeaflet Venation
V. Max Brown]

Forked veins from midrib, fairly 

simple with one branch (a simple

vein does not fork)

Forked veins from midrib, with multiple forking sometimes ending 

at teeth or between teeth

Forked veins without a well-defined 

midrib (close to being Dichotomous)

Free Veins ïmany pinnately branched from a rachis

Reticulated Veins

Dichotomous Veins

Dichotomous veins are found in a few ferns 

(no midrib).  The veins fork from the base 

to the tip of the segment with nearly equal 

angles at each fork.



Fern Morphology ïGrooved Axes
V. Max Brown]

The axes of the frond is sometimes  grooved on the adaxial (upper) surface but not on 

the abaxial side.  These grooves are often but not necessarily aligned with different 

order axes.

Not grooved 

on abaxial side

Secondary rachis not 

grooved on adaxial side 

of axis



Fern Morphology ïRhizomes and Roots
V. Max Brown]

The stems of ferns are mostly true Rhizomes 

(stems that run horizontally either along the top 

of the ground or just beneath the surface of the 

ground).

Rhizome (on rock surface), 

note branching 

Rhizome

Rhizome

Stipe (part of leaf or fronds) 

Stipe

True Rootlets

True Rootlets

The roots are adventurous (from a stem).  

They are mostly wiry but can be somewhat 

fleshy.  Abundant root hairs may be present 

near the tips of roots.

Rhizomes may branch or not (branching may 

be irregular or somewhat symmetrical).  They 

are often protected by hairs, scales, and 

bristles.  

Some rhizomes are long creeping as shown in 

this slide but others are short with stipes 

(fronds) growing from them as a single point -

some refer to these as Crowns (see next 

slide).



Fern Morphology ïRhizomes and Roots
V. Max Brown]

Some ferns have ñCrownsò ïshort rhizome structures, often covered with 

scales, from which stipes grow as if from a point source in stead of along a 

creeping rhizome.



Mostly glabrous 

(smooth), shiny, with a 

few scattered hairs

Very fine appressed hair 

on secondary rachis

Fern Morphology ïHairs and Scales
V. Max Brown]

Hairs (or Trichomes) and Scales are outgrowths of the epidermis.  A simple chain of cells is a Hair while 

several rows at the base with a single row at the apex would be a Bristle or Setae and flat sheets of cells are 

Scales.  In some cases hairs and scales may be Glandular.  The types and position of these features on a 

fern are often very important in ID of species.  Both hairs and scales may be present together.

Dense hairs and 

bristles present
Hairs common

Hairs

Dense long hairs 



Paleae ïa Chaffy ( dry, 

thin, usually non-green 

scale), here on a stipe).  

Paleae are formed of 

many rows of cells side 

by side forming a flat 

plate-like scale.

Fern Morphology ïHairs and Scales 
V. Max Brown]

Flat Plate Scales ïmay be attached 

marginally or centrally by a stalk (if 

centrally it is termed a Peltate Scale) ï

above scales with dark centers and light 

margins, scales here are overlapping   

Types of Scales

Scales on 

undersurface of 

pinnae

Stipe

Sori 

Scales tend to 

increase in 

abundance 

toward the lower 

portion of the 

stem



Fern Morphology ïHairs and Scales 
V. Max Brown]

Solid and Bicolor Scales - Linear to lanceolate 

scales, some all brown (see above) and others 

Bicolored - with a dark stripe in the middle and lighter 

margins ïtaken from base of a stipe and rhizome.

Stipe 

Types of Scales

Clathrate Scale ïlattice-like scale, 

here at stipe base.

Other types of scales include Setiferous Scales (scale 

margins with hairs or bristles) and Marginate or Flabellate 

Scales (scales with margins of a different structure or color)



Fern Morphology ïVascular Structures in Stipe
V. Max Brown]

The primary Vascular Tissue or Bundles (Stele) within the Stipe are usually set in a supporting tissue.  

These Bundles vary in number, shape and arrangement and may help to ID some fern families.  In some of 

the photographs to follow the CX (cross-sections) were dried for a short time to allow for the supporting tissue 

to dry and shrink to better show the vascular bundles.

Stipe CX - Fairly simple and random arrangement of 

bundles

Stipe CX ïa more systematic arrangement of 

bundles



Stipe CX ïcharacteristic X-

shaped vascular bundle of the 

Aspleniaceae (spleenwort fern 

family)

Fern Morphology ïVascular Structures in Stipe
V. Max Brown]

Stipe CX ïBracken ferns (Pteridium) often 

have ñUò or ñɋò shaped vascular bundles.

Stipe CX ïcharacteristic 2 

vascular bundles, often 

crescent-shaped, typical of the 

Thelypteridaceae (Marsh Fern 

Family)

A few examples of stipe CXôs aiding in ID of Ferns



Basic Fern Morphology ïReproduction ïDimorphic and Monomorphic Fronds
[V. Max Brown]

Sporangia may be on separate fertile fronds 

(leaves) from the nutritive or photosynthetic fronds.  

These plants have Dimorphic fronds or leaves.  

Fertile fronds are termed Sporophylls (often die 

earlier and may or may not be photosynthetic).  

The non-fertile nutritive or photosynthetic fronds 

are termed Trophophylls. 

Sporangia may be on normal nutritive or photosynthetic 

fronds. These fronds (leaves) are termed Monomorphic.

In many cases (above right) the Sporangia occur on the 

upper portion of the nutritive fronds.

Trophophyll 

or Nutritive 

frond
Sporophyll or 

Fertile frond

Sporangiaïthe fertile spore-producing 

structures of a fern

Sori (clusters of 

Sporangia)


