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Essential Ferns
Ferns are some of the oldest living things on land. They were thriving on Earth for two hundred
million years before the flowering plants evolved, are older than most land animals, and far
older than the dinosaurs. Ferns are the earliest group of plants to have vascular tissues. This
advance allowed them to colonize new terrestrial habitats, a trait they still employ today.
Unlike the other vascular plants (flowering plants and conifers) ferns reproduce from spores
and an intermediate plant stage called a gametophyte, rather than directly from a seed. Today,
ferns are the second-most diverse group of vascular plants on Earth, outnumbered only by
flowering plants. There are around 10,500 living species of ferns (roughly 4% of all plants)!
What makes a Fern a Fern?
● Ferns don’t have seeds or flowers, but instead reproduce by means of spores. Spores
and the resulting gametophyte require significant moisture to reproduce.
● Fern fronds have both a photosynthetic function and a reproductive function.
● Ferns and fern allies are the only groups of plants in which both the sporophyte (big
leafy fern) and gametophyte (reproductive phase that allows for mixing of genetic
material) are completely independent of each other.
Fern Allies
● Horsetails (Lycophyta), club mosses (Sphenophyta), and whisk ferns (Psilophyta) are
often lumped together as “fern allies.” Recent molecular work, however, has
demonstrated that they are actually within the fern family.
● The primary visual difference between ferns and fern allies is the presence of large,
complex leaves called “megaphylls” (meaning “large leaves”) found in the ferns.
Natural History
Ferns are one of the earliest land plants, and the earliest group of plants to have vascular tissue
(xylem and phloem) which transport water, minerals, and sugars throughout the plant body.
● Ferns and fern allies evolved about 400 million years ago (mya), developing vascular
tissues that allowed them to grow large and survive on land.
● As the planet cooled, ferns developed large leaves. This allowed ferns to became one of
the most dominant groups of plants on the planet during the Carboniferous (299-369
mya). Growing in vast swamps, ferns thrived and diversified for several million years,
creating forests with trees 20-100 feet tall!
● About 135 mya, flowering plants (angiosperms) spread around the globe. Of the ancient
plants, only ferns could compete with seed plants and remain a significant group today
● The advent of tropical rainforests created new environments for ferns to exploit, and as
a result, most modern ferns grow in the tropics. Costa Rica, for example, is smaller than
the state of West Virginia and yet has nearly 3X as many fern species as the entire
continental United States and Canada combined.
Fern Architecture
Ferns have 3 major parts: rhizome, fronds, and reproductive structures called sporangia.
● The rhizome is the stem of the fern plant. It comes in 3 basic forms:
o An erect rhizome: a solid mass that gives rise to a tuft of fronds.
o A lateral rhizome: grows along or under the ground, and/or can climb a tree.
o A vertical rhizome: can grow into a short or a tall trunk.
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o While the leaves may drop off due to age or cold weather, some rhizomes,
particularly those underground, can persist indefinitely, sending up new leaves
year after year.
● The fronds are the leaves of the fern.
o Unlike flowering plants, fronds have a dual function: they are there for
photosynthesis but they are also there for reproduction.
o Some species produce separate fertile and vegetative (non-reproductive) fronds.
In other species, reproductive parts may be found on any of the fronds.
o Each frond usually consists of a stalk or petiole (the stipe) with a flat blade (the
lamina). The frond may be simple and undivided, or it may be divided into a
number of divisions (called pinnae). The main stem of the lamina is called a
rachis.
o New fronds are produced from the rhizome. Usually, they are tightly coiled into a
spiral (called a fiddlehead or koru), and these slowly uncoil as they mature.
● Ferns reproduce by spores produced by sporangia (singular: sporangium) and
surrounded by a think wall of cells called an annulus.
o Generally, sporangia are on the underside of the frond, but they can also be
along the sides.
o Sporangia often cluster into sori. The location of the sori varies from species to
species and can be circular, in distinct rows, or may even cover the entire
underside of a leaf.
Lifecycle of FERNS
Ferns are unique in that they have two distinctly different and independent life stages in their
sexual reproductive cycle. Ferns can reproduce both sexually and asexually.
Sexual Reproduction
● In ferns, a mature sporophyte (what we think of as a fern) develops spores which are
dispersed into the surrounding environment.
● When the spores are ripe and/or the frond dries out, the annulus breaks, tearing the
sporangium apart, and catapulting the spores away from the frond and onto the wind.
● Most fern spores are dispersed by wind, but they can also travel on animal fur or bird
feathers, in flowing waterways, or through animal's droppings.
● If the spore finds suitable conditions, it will grow into a tiny heart-shaped plantlet called
a prothallus. The prothallus is not the full fern, but a plant with only half the genetic
material of the adult fern (a gametophyte), rather like a sperm cell or an egg cell. It is
the intermediate stage from spore to adult fern.
● The prothallus has two sets of reproductive organs on its underside - the male parts
called the antheridia, and the female parts called the archegonia. Archegonia (female)
are produced near the “notch” of the heart and contain egg cells; antheridia (containing
sperm cells) can be found near the tip among several rhizoids that arise from the main
gametophyte body and serve to anchor it to the substrate.
● Sperm in all ferns are motile, possessing several flagella that allow them to travel short
distances. If there is a film of moisture, the sperm cells swim towards the egg cells on
the same prothallus or an adjacent one to fertilize it.
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● When the sperm cells find the egg cells, they fuse their genetic material to make a cell
with the full adult set of genes. The new diploid sporophyte (the big green part we think
of as the fern) grows directly from the prothallus, after which is subsumed within the
new growth.
● As it becomes the sporophyte (the adult fern), it can produce spores of its own, to
repeat the life cycle.
● Many ferns are not able to self-fertilize, so enough spores must develop in to a
prothallus that the sperm can swim between them to cross-fertilize.
Asexual Reproduction
● A sporophyte can grow from a gametophyte without fertilization (a process known as
apogamy) in drier areas where there is insufficient water to allow normal fertilization.
● Ferns can also grow from spreading rhizomes (roots) of existing plants.
● Or they can sprout baby ferns at the "proliferous" tips of their fronds. When the parent
frond droops and touches the soil, the baby plant takes root on its own.
Other Interesting Natural History of Ferns
● The ability to grow continuously, and often asexually, in some ferns means that they can
live indefinitely.
● Because the gametophyte and sporophyte stages of ferns require different
environmental conditions to thrive, some ferns have developed a spatial separation of
the two generations.
o Some gametophytes can live in protected microhabitats and/or tolerate a wider
range of environmental conditions than their sporophyte counterparts. Around
thirty known species of ferns have distributions in which the gametophyte
occupies a wider geographic range than its sporophyte, and at least three fern
species have no known sporophyte anywhere on Earth.
o Mature ferns may thrive in a relatively hostile environment, but it may not
reproduce there. You will only find ferns growing naturally in areas where, at
least for some of the time, the conditions suit both survival of the adult plant
and survival of the gametophyte.
● Ferns are often the first plant to colonize recently disturbed areas.
o When spores buried in the soil are exposed, they germinate and the prothallus
grows quickly to establish new sporophytes before the next disturbance or
competition from other plants.
● Spores from some ferns show the possible evolution of seeds.
o Most ferns are homosporous, meaning they produces spores of a single size.
o A few aquatic ferns make heterosporous spores: a single plant produces both
small microspores, which develop male gametophytes, and a few much larger
megaspores, which develop into female gametophytes.
o In most ferns, the spore casing breaks open when fertilized, becoming
independent and photosynthetic. However, the female gametophytes of
heterosporous species remain within the megaspore and are dependent on
stored lipids (fats) and carbohydrates for nutrition during development.
o This retention of the egg within a larger, protective structure likely led to the
evolution of the first seeds.
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Human History
● Many different species have been used as a minor food source and for medicine in
various parts of the world, but many ferns, even those eaten, can be toxic.
● The greatest economic value of living ferns has been in horticulture, with large nurseries
supplying millions of plants annually for both indoor decoration and outdoor gardens
and landscaping.
● Humans rely on the ancient fern forests and swamps from 200 million years ago.
o When ferns and fern allies died, they sank into ancient anoxic swamps, where
the lack of oxygen prevented bacteria from degrading dead tissue. The burial of
these swamps created coal and natural gas deposits we have today. Every time
you drive your car, you’re using fossilized ferns to reach your destination.

https://www.amerfernsoc.org/about-ferns
https://www.dcnicholls.com/byzantium/ferns/about.html
https://www.newscientist.com/article/dn21417-first-land-plants-plunged-earth-into-ice-age/
https://www.sciencelearn.org.nz/resources/1103-what-is-a-fern
https://www.bbg.org/gardening/article/growing_ferns_from_spores
https://homeguides.sfgate.com/primary-spore-dispersal-method-utilized-ferns-102478.html
https://cpb-us-e1.wpmucdn.com/blogs.cornell.edu/dist/7/3643/files/2013/09/Fern-Guide27sra8m.pdf
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Popular Plants and Trees of the Fern Room
Val Adams 2014 (Updated by Denys Walk 2016)
Photography by Lincoln Park Conservancy 03/14 Talking Points by Val Adams 03/14
Edited by Denys Walk 3/16
Updated by R. Conant 10/2018
FERN ROOM HIGHLIGHTS
Ferns are ancient plants that preceded flowering plants. They self-pollinate by means of spores,
which appear as dots, slashes or fringe on the fronds. They are:
o Ecologically important.
o First to grow in burned areas
o Clean the earth of toxicity so other plants can grow.
Round dot-like spores can be seen on a number of the ferns throughout the room. On leaf
undersides or visible as bumps on top of leaves.
A Few Good Ferns
Leatherleaf fern - Rumohra adiantifornis
(near entrance from Palm house)
o Native to America’s west coast.
o Tough, sun-tolerant
o Commonly used in floral
arrangements

Australian Tree Fern - Sphaeropteris cooperi
o World’s tallest fern
o Can grow 60-100 feet tall.
o Good example of monkey tails, the way fern
fronds grow and unfurl.
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Rabbit’s Foot Fern - Davallia fejeensis ‘plumosa’
Located on the Australian Tree Fern
o Originates in Fiji
o Creeping above-ground rhizomes covered in
furry scales
o Epiphytic evergreen fern

Examples of Spore Varieties
Maiden Hair Fern (fringe spores) - Adiantum sp.
o Originated in South America.
o Spores appear as brown fringe around leaf edges
o Features a variety of leaf sizes and shapes (silver dollar, giant, large leaf, etc.) all
with black, wire-like stems.
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Staghorn Fern (spores are browned leaf edges) - Platycerium bifurcatum
o This epiphyte clings to trees using round/shields shaped sterile fronds.
o Originated in Southeast Asia, Polynesia and subtropical Australia.
o Named for the antler shape of the green fertile fronds.
o round/shield-shaped brown fronds form a nest and can collect debris for humus.

Bird’s Nest Fern (slash spores) - Asplenium nidus
Australia, Tahiti, Fiji
o This epiphyte resembles a bird’s nest
o Originates in Australia, Tahiti, Fiji.
o Spores appear as long slashes on the underside of leaves. )
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Non-Ferns of Note
Princess Vine (Aerial roots) - Cissus sicyoides
o Forms a curtain in the tropical rain
forest canopy
o Has various medicinal uses

Spanish Moss – Tillandsia usneoides
(Neither moss nor Spanish)
o A bromeliad – related to pineapple. Fills with
water; can weigh trees down
o Found in New World by explorers
o Spanish/Portuguese explorers called it Spanish
Moss or Portuguese Beard as a taunt to the
other.
o Note: the Spanish Moss is more closely related
to the plants in the Orchid Room than the Fern
Room.

Liverwort - Jungermannia polymorpha
o Earliest non-vascular plant
o Field Museum scientists say they
appear to have anti-cancer, anti- AIDS
properties
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Sago Palm (Called “living fossils.”) - Cycas revoluta
o Related to conifers and Ginkos; not a palm.
o Cycads appeared in the Paleozoic Era – 350 - 250 million years ago
o Dominant in the Mesozoic Era coexisting with dinosaurs.
o Extremely poisonous for humans and animals, especially the nut portion
o A dioecious plant; either a male or female.
o Males have a cone-shaped reproductive
structure;
o Females’ structures are globe-shaped.

Fierce Cycad - Encephalartos ferox
(One of oldest living species)
o Originated in South America
o Known for showy red cone and spine
tipped lobes on leaves
o Endangered in wild

BURGUNDY SPIKE MOSS
o Top side green, underside burgundy
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Compiled by Audrey Bowe (abridged for Docent Manual)
What Makes a Fern a Fern?
Ferns can come in all shapes and sizes, from the towering tree ferns of
Australia to the delicate cliff ferns of North America. There are, however, a
number of general traits you can look for to determine if a plant is a fern.

Fiddleheads
First, there’s the distinct way in which many
fronds, or fern leaves, unfurl. Young fronds,
called fiddleheads because of their striking
resemblance to the head of a violin, start out
tightly curled at the base of the root. They
then slowly unroll themselves much like a
scroll unrolls as they grow. This special way of
growing is a response to light. The cells in the
fiddlehead that are exposed to light will get
bigger and grow, causing the frond to
lengthen and unfurl.
Spores
Another way to tell if a plant is a fern is to look at its reproductive structures. If it has a flower,
fruit, or seed- it’s not a fern! All ferns, and many fern relatives, reproduce using spores, or tiny
living single cells. Typically, reproductive fronds will produce sori, or spore dots on the undersides
of their leaflets. Within these sori, hundreds of thousands of spores are developed in little
packets known as sporangia, and released when mature.
The shape of these sori varies a great deal between species. Many species have circular or kidneyshaped spore dots, such as the Marginal Woodfern (pictured below middle), however some have
more interesting shapes. In the Purple- stemmed Cliffbrake (below left), the edges of the fern’s
leaflets fold over to form a border around the leaflet that holds spores. The Lady Fern (right) has
eyebrow-shaped spore dot.
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Some kinds of ferns grow their spores on modified leaves, that look very
different from their other fronds. These structures are typically referred to
as fertile fronds. Good examples of this are found in the form of the Royal
Fern and Sensitive Fern.
Pictured on the left is the fertile frond of a Royal Fern, so named for its
“crown” of spore-holding fronds, which develop on the tips of the fern
fronds, making it appear as though they wear crowns.

Fern Life History
The lifecycle of ferns and their allies is totally unique from other plants.
When seed plants produce seeds, flowers are pollinated on the plant, and
develop into fruits, which then are dispersed. Imagine an apple flower being pollinated by a
passing honeybee and then developing into a fruit. This fruit (and its seed!) is eaten by a passing
animal, and released from the mother tree. This is how reproduction and seed dispersal works in
most plants. In the fern life cycle, however, fertilization doesn’t happen until after the spore, or
living single cell by which ferns reproduce, has left the plant. This is the equivalent of a flower bud
falling off of the tree, blooming, and then being pollinated, or fertilized, well away from the tree
it came from.
For fertilization to occur in
ferns, this spore has to first
settle into a suitable site.
Once it finds itself in an
environment with enough
water and light, the spore
will develop into a small,
heart-shaped,
photosynthetic structure
called a prothallus. The
prothallus, which is typically
a few millimeters in
diameter, is known as a fern
gametophyte because it
produces the fern’s
gametes, or sex cells. On
the underside of the
prothallus, two
reproductive organs
develop: the archegonia
and antheridia. These
organs, which lie on the
underside of the prothallus,
or gametophyte, produce
11
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the sperm and eggs. The sperm come from an organ known
as the antheridia, and the eggs are produced in the
archegonia (pictured above in blue). These organs are found
on opposite sides of the prothallus, and the sperm must
swim from the antheridia, where it is produced, to the
archegonia where the egg is. Because the sperm can only
reach the egg if there is water, ferns are dependent on
water for reproduction. While ferns can self fertilize, nearby
gametophytes can also fertilize each other, thereby
increasing genetic variety in the offspring.
After fertilization occurs, the gametophyte begins growing
into a sporophyte (see left picture), the vegetative phase in
which the spores are produced, and what is commonly
referred to as a fern. This growth will eventually turn into a
new fern frond and the cycle begins again.

The Magnificent Spore
For the longest time, early botanists searched for a fern seed. Scientists at the time knew only
how seed plants reproduced, and therefore assumed ferns also used seeds to reproduce
themselves. Because the actual fern seed could not be found, some were convinced that the seed
was actually invisible. In fact, they just weren’t looking close enough. Ferns reproduce using
spores, which appear as fine dust when released. Individual spores are tiny- typically only several
microns across, and can only be seen with the naked eye when in large quantities. In fact, seeing
individual spores in any detail requires an electron microscope!
Spores are predominantly wind-dispersed, which is quite effective, given that spores easily
become airborne because of their size. Once in the air, spores
are so tiny that they can remain suspended for long periods of
time and travel great distances. Experiments have shown that
these spores can survive long periods of time in the
atmosphere, and germinate even after being exposed to a great
deal of heat and light. Because spores are able to travel so well,
ferns are some of the first plants to grow on islands that are far
away from any other source of plants.
Spores are typically brown or black in color when mature. Certain species of fern, however,
produce green spores. These spores are green because they contain chloroplasts, or small
energy-producing organelles, that perform photosynthesis. While being able to produce energy
and develop quickly is an advantage, these spores also must find a place to develop within a few
days, or they will die. Darker colored spores, which have thicker cell walls, are able to persist in a
dormant, or inactive, state for much longer.
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Ferns, Ferns, Everywhere!
Ferns like tropical environments. In fact, only 15% of the world’s species live in temperate areas.
However, there are an estimated 12,000 species of fern across the globe, which leaves almost
2,000 species that occur elsewhere.
Though their life cycle requires water for the sperm to swim to the egg in the gametophyte
phase, and many ferns are highly adapted for living in moist environments, ferns have adapted
many ingenious methods that allow them to live in all kinds of environments. Different species
can inhabit a huge variety of habitats all over the world. One species of fern, the Bracken Fern, is
found on all continents except for Antarctica! From forest floors, to deserts, to cliff faces, ferns
can be found worldwide. Some ferns even live underwater, in caves, and on other plants.

Additional Resources
http://www.ct-botanical-society.org/ferns/index.html
This website has a comprehensive list of native Northeastern US ferns, and includes picture
guides on how to identify them.
http://www.sciencelearn.org.nz/Contexts/Ferns/Sci-Media/Animations-and- Interactives/Fernlife-cycle
A great interactive guide to the fern life cycle.
http://www.britannica.com/EBchecked/topic/204819/fern
A good overview of ferns, with lots of additional information on natural history and
classification.
Images from:
Fern Gametophyte diagram: http://www.geog.ucsb.edu/img/news/2012/f
Spore print: http://forums.gardenweb.com/forums/load/crypto/msg0610240431912.html
Sword fern spores: http://www.microlabgallery.com/gallery/SwordFernSpores.aspx
Developing sporophyte: http://www.angelfire.com/de/nestsite/iscidiversity2.html
Fern Life cycle diagram:
http://www.esu.edu/~milewski/intro_biol_two/lab_2_moss_ferns/Fern_life_cycle.h tml
Club Moss: http://www.plant.photos.net/images/7/74/Ground_cedar.jpg
Horsetail: http://www.gardenadvice.co.uk/howto/gardenplants/weeds/pics/horsetail.jpg
Quillworts: http://www.maine.gov/doc/nrimc/mnap/images/isopro_3.jpg
Spikemoss: http://science.halleyhosting.com/nature/gorge/moss/sel/douglasii.html
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About Ferns

Ferns bring to mind pleasant, cool glens and shaded forests. We recall such things when we
use ferns in our gardens and homes. The ferny look is well known and loved, and some of us are
content to sit back and relax as we enjoy the soft green array of patterns and textures in ferns.
But there is more to appreciate about ferns than their mere appearance.
Ferns are usually recognized by their finely divided leaves, a type of leaf so characteristic that
it is called a "ferny leaf." There are, however, many plants with ferny leaves that aren't ferns, and
many ferns that don't have typical ferny leaves. What, then, makes a fern a fern?
Ferns are spore-bearing plants; they lack flowers, fruits, and seeds. The so-called asparagus
fern (Aspara-gus setaceus) is not a fern despite its finely divided appearance because it bears
flowers and seeds (it is actually a member of the lily family; its fruits are the orange berries often
seen on the plant). Spores and seeds greatly differ. Spores are simple one-celled microscopic
structures, whereas seeds are complex, many-celled structures usually visible to the unaided eye.
Although plants such as algae, liverworts, and mosses produce spores, they differ from ferns by
lacking the large, thin, true leaves. Ferns further differ from these spore- bearers by their
development of specialized tissue (xylem and phloem) to conduct food and water. These tissues
also strengthen the stem and enable ferns to grow taller than other spore-bearing plants.
Unlike seed plants, ferns depend on water to complete their typical life cycle. They grow in
places where, when the time comes to reproduce, enough water is available for the sperm to
swim to the egg. Seed plants, such as pines and flowering plants, produce cones or flowers that
use wind or insects to complete their life cycle. They do not need water in the external
environment for fertilization, and therefore they can grow in drier conditions and dominate more
of the landscape.
Nevertheless, some ferns have the surprising ability to thrive in extreme climates. Desert
ferns, of which there are few, often grow in' the shade of rocks and boulders, using every bit of
available water. Their roots grow deep in the soil between the cool rocks, and their fronds are
often covered with woolly hairs or scales to protect them from water loss. When water is
insufficient for new growth, many desert ferns curl their leaves or shed their leaflets and suspend
growth until the next rain.
Like desert ferns, alpine ferns are also adapted to climatic extremes. They tend to be small
and have hard-textured fronds that can endure the cold, dry winds. They grow only during the
short summers as weather permits.
Most ferns of temperate regions grow in the ground or on rocks, and only a few species grow
on trees. Approximately 200 species of ferns are native to the temperate areas of the United
States. Temperate to subtropical areas noted for their abundance of ferns include parts of the
Himalayas, Australia, New Zealand, and Japan. The tropics, however, harbor the largest number
of fern species, particularly at middle elevations in the mountains. Here the mountain fog
encourages an abundance of ferns.
15
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New ferns are still being discovered in well-known parts of the world, and in the lesser
known parts many more remain to be discovered. There are about 12,000 named species, and
many of these have never been introduced into horticulture. Temperate places like Japan and
the cool, mountain slopes of the tropics have many ferns suitable as new introductions for
temperate gardens in the United States.
Compared to other plants, ferns have few economic uses. Nevertheless several are
important. Ferns and fern allies dominated the extensive coal-forming swamps of the
Carboniferous period 280 to 345 million years ago. Coal, therefore, is often composed of the
compressed remains of ancient ferns and fern allies. If you are reading this book by electric light
and your local power plant is fueled by coal, chances are that the energy used to generate the
electricity for your bulb was captured millions of years ago by a fern or fern ally.
An important economic fern is Azolla, the mosquito fern. It is a rich source of nitrogen, a
nutrient usually limiting to plant growth. Azolla is often used as an organic fertilizer in the rice
paddies of southeastern Asia. Considering how many people rice feeds in that part of the world,
Azolla must rank among the world's most important economic ferns. It is also used to a lesser
extent to supplement the diet of chickens, pigs, and fish.
Perhaps the best-known use of ferns is the edible fiddleheads of species such as the ostrich
fern of the eastern United States and the bracken fern of Asia. (An early Oregon agricultural
bulletin gave recipes on how to cook bracken, including one on making "creamed bracken."
Subsequent research, however, has shown that bracken contains carcinogens and should not
be eaten.) The foliage of the water fern (Ceratop- teris) and Diplazium esculentum are eaten in
the tropics.
Various ferns with fibrous stems have been used as a substrate to cultivate epiphytic plants.
The fibrous stems of Osmunda and tree ferns have been shredded to make a planting medium
for orchids. More recently, tree-fern trunks have been cut and shaped to make containers for
hanging-basket ferns. Because of conservation concerns, however, the export of tree ferns and
tree-fern products is restricted. In areas where they abound, tree ferns have also been used to
line roads and to construct small buildings because their trunks are resistant to rot.
Other uses of ferns include thatching roofs and making tea and dyes. Some fern rhizomes
and rachises, such as those of the Gleicheniaceae and Lygodium, are flexible and tough enough
to be used in basketry. Folklore ascribes many dubious uses to ferns, such as restoring hair,
making oneself invisible, and providing lucky amulets. The use of the male fern to treat worm
infections, however, is an example of one such tale being true. Some ferns, such as the bracken
fern, gleichenias, and the hay-scented ferns, are considered weeds. Ferns have also been used
to investigate basic problems in plant biology, such as organ development, hormones, genetics,
evolution, and responses to light. But of all their uses, ferns are by far most important for their
ornamental value.
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The Structure of Ferns

Like sunflowers, oaks, pines, and other familiar plants in the landscape, the ferns have
stems, roots, and leaves. Although these parts are familiar to most of us, their character
and function are sometimes unusual. Much of this chapter might seem complicated, but
you will find that a basic understanding of fern structure is extremely useful in making use
of the rest of this book. Figure 2.1 illustrates the parts of a fern.

Stems
The stems of ferns can become tree-like and conspicuous, or they may be horizontal and
go unnoticed. Inconspicuous stems might be short, partly buried in the soil, or densely
covered with leaf bases, hairs, or scales. If the stem is erect and stout, it may be called a
rootstock (Figure 2.2a). If it lies horizontally on the ground and is anchored to the soil by
roots, it is called a rhizome (Figure 2.2b-e). Some rhizomes are long, freely branched, and
climbing or scrambling over soil, rocks, or trees. They can bear fronds close together or far
apart. Some rhizomes may grow into the soil and send out new fronds in unexpected
places. Others branch frequently and form dense clumps. These clumps usually produce
fronds in whorls, in irregular clusters, or arranged in two ranks. Erect stems generally
produce fronds in a whorl or vase-like cluster. Semi- erect stems may have less perfect
whorls. The slender, long stems on Boston ferns (Nephrolepis exaltata) and other species
are called stolons (Figure 2.2f). These spring from the main stem or rootstock and produce
new plantlets at their tips or from side buds. The stems of tree ferns are so large and wide
that they are rightly called trunks (Figure 2.2g). Some grow up to 18 m (60 ft.) tall. Where
abundant, tree ferns have been used to construct small buildings, and the starch in their
stems has been used for food. Some ferns have thick, hollow stems that house ants. The
ants protect the fern and provide some nutrients to the fern in exchange for shelter.
Stems serve the plant in several ways. First, the stem tip produces new stems, leaves,
and roots. If this tip is damaged, it might kill the fern, particularly if the stem does not branch
laterally. Given its importance, the stem tip is often protected by a covering of hairs or scales
(Figure 2.2j, k). Second, the stem supports the leaves. Leaves can be supported in large
clusters at great heights, as in tree ferns, but most ferns have their leaves supported on
short- to long-creeping stems. Whatever the pattern of support, the leaves are always held
up to the light and air. Third, stems conduct water and nutrients between the roots and
leaves. For this purpose they are equipped with strands or bundles of special tissue known
as xylem and phloem or, collectively, as vascular or conducting tissue. The vascular tissue
can have different patterns depending on the species or taxonomic group to which the fern
belongs (Figure 2.2h, i). Fourth, stems store food and water particularly if they are thick and
fleshy (Figure 2.2e). Some stems, such as stolons and branching rhizomes, reproduce plants
or increase the size of the colony.
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Figure 2.1. Parts of a fern. After Taylor (1984).
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Figure 2.2. Kinds of stems: a. erect stem; b. rhizome, short-creeping (Asplenium bulbifirum); c.
rhizome, wide-creeping and branching ( Gymnocarpium dryopteris); d. rhizome, wide-creeping
and branching from stipe base (Hypolepis tenuifolia); e. rhizome creeping, branching and fleshy
(Phlebodium); f stolons (Nephrolepis exaltata); g. trunk of a tree fern; h. vascular or conducting
tissue within rhizome (Hypolepis); i. vascular or conducting tissue within rhizome (Po!ypodium);
j. hairs covering the rhizome of h; k. scales covering the rhizome of i
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Roots
The roots of adult ferns grow from the stem. There is never a main root system consisting of a
taproot and lateral branch-roots. Fern roots are mostly fine, fibrous, densely branched, thick
masses; rarely are they thick and fleshy. They grow close to the soil surface and are easily injured
when the soil is tilled or disturbed. Young, actively growing roots have whitish or yellowish tips.
Older portions of the roots are dark brown or black. The presence of a large number of young
roots is a good sign of active growth.
Creeping or reclining rhizomes produce new roots as they grow forward. These roots are
usually located on the underside of the rhizome just behind the rip. Ferns with erect stems
produce new roots from the stem base. Erect-stemmed ferns may have their bases covered with
old leaf bases, making it hard for the emerging roots to establish themselves into the soil (Figure
2.2a). If, however, the old fronds decay and a fine layer of forest litter accumulates around the
stem, emerging roots will find a rooting medium. In cultivation it may be necessary to remove
the old leaf bases of erect stems and replant the fern deeper into the soil to give the emerging
roots a better chance to establish themselves and prolong the life of the fern.
Old tree ferns often have masses of roots on their stems. These roots are called aerial roots
and form a fibrous outer layer around the stem. They absorb water and add strength and rigidity
to the stem, which is necessary to support the heavy crown of fronds. The trunks of some tree
ferns-for example, the Hawaiian tree fern Cibotium glaucum- readily send out new roots when
planted.
The roots of some ferns house fungi in a symbiotic relationship. The fungi (mycorrhizae) help
gather mineral nutrients for the fern in exchange for food. The fungi reside in the cells of the
root or the root hairs that often become swollen and mucilaginous at their tips. The mycorrhizae
that have been studied on ferns are reported to be cup fungi (Ascomycetes) and Glomales
(Moteetee et al. 1996). Mycorrhizae of agricultural crops studied have been found to enhance
growth when soil nutrients are low and not when sufficient or high. Whether these findings
apply to ferns is not known.
The primary function of roots is to absorb water and minerals as well as hold the plant in
place. Some ferns have roots with other functions, such as producing new plants or storing food
and water.
Leaves
The leaves of ferns are called fronds and are produced at the stern tip. They develop by uncoiling
and while doing so are called fiddleheads or monkey tails (see Figure 2.1). Technically, they are
called croziers, from the term for a shepherd's crook. Croziers are tender and vulnerable to
drying and damage. They are often protected by a covering of hairs or scales. A few ferns have
emerging fronds that are hook-shaped or straight rather than coiled.
When a crozier uncoils, it produces a frond that typically has two parts: the stipe (petiole)
and blade (see Figure 2.1). The stipe is the stalk, and the thin leafy part it supports is the blade.
The stipe commonly bears hairs or scales that ate often important in identification of a fern. In
some ferns the stipes may be dark and highly polished, as in the maidenhair ferns (Adiantum).
The stipes may also be long, short, or entirely absent (sessile). If the stipe naturally breaks or
separates from the stern along a predetermined line or joint, it is said to be jointed or articulate.
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The tissue found in or near the middle of the stipe is called the vascular or conducting tissue
(stipe bundles), which can be seen if you cut through the stipe with a razor blade. Many fern
genera can be identified by the patterns of this tissue
Blades come in many shapes and may be undivided, little divided, or much divided into
smaller parts. Names are given to all these shapes, states of division, and their parts. The
undivided state is called simple (Figure 2.3). If the blade is divided to the central vein or midrib,
the frond is said to be compound (Figure 2.4). If each resulting leaflet is again divided to its
midrib, the frond is twice compound. Tree ferns are often two- or four-times compound. If the
blade is cut so that the leaflets form along the midrib, the frond is said to be pinnately
compound or pinnate. If the blade is cut so the leaflets join at the same point on the stipe, the
frond is said to be palmately compound or palmate. If the lateral leaflets on a palmate frond
are cleft into two or more segments the frond is called pedate. Most ferns are pinnately
compound.

Figure 2.3. Simple fronds: a. simple and entire; b. bifurcate; c. pinnatifid, with pedate base; d.
pinnatifid.

Whether the blade is pinnate, palmate, or pedately compound, the leaflet of the first
division is called a pinna (pinnae is the plural). If the pinna is divided, its divisions are called
pinnules or secondary pinnae, and the frond is two-pinnate (bipinnate). If the secondary pinnae
are divided, their divisions are called tertiary pinnae, and the frond is three-pinnate (tripinnate).
A general name for these parts, whether primary, secondary, or tertiary in rank, is leaflet. If
frond is pinnately compound, its midrib appears like a continuation of the stipe and is then
called a racbis. The margins of the blade or its leaflets may be variously modified (Figure 2.5).
Venation patterns differ greatly among ferns (Figure 2.6). Veins may be unforked (simple)
or forked. If forked, they can be branched distinctively. Their ends may be free or joined with
others to form meshes, in which case they are said to be netted (or areolate or anastomosed).
Sometimes free veins are enclosed in a mesh, and the ferns are said to have included veinlets.
Some ferns have veins that are deeply immersed in the blade and hardly visible.
The great variety in frond shape, size, and venation does not affect the ability of the frond
to fulfill its main function-to make food for the plant with the help of sunlight.
21

Fern Grower’s Manual

22

Figure 2.4. Compound fronds (r = rachis; p == pinna; sp = secondary pinnule; tp = tertia1y
pinnule): a. pinnatifid above to pinnate below; b. pinnate; c. pinnate-pinnatifid; d.
bipinnate; e. tripinnate; f. pedate, the pinnae pinnate; g. palmate or radiate, the pinnae
pinnate.
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Fruiting Bodies
The lower surface of the frond may bear rusty patches or black dots or lines known as sori (sorus
is the sin- gular). These are clusters of spore cases or sporangia. The sori may be round, oblong,
linear, or of some other shape (Figure 2.7). Some ferns have loosely arranged sori, nor definite
clusters. The sporangia may be scattered along the main veins, or they may completely cover the
lower surface of the frond. The sori of some ferns are protected by an indusium, a bit of tissue
that, depending on the species, is formed in various ways from various parts of the blade (Figure
2.8). In some ferns it consists only of the margin of the leaf rolled over the sori (Figure 2.Sc). Such
an enrolled leaf margin is called a false indusium. The shape and location of the sorus and the
kind of indusium (if present) are important in identifying ferns.

Figure 2. 5. Leaf margins: a. entire; b. undulate; c. crenate; d. serrate; e. lobed; f. pinnatifid; g.
incised.

The spore cases or sporangia are easily seen with a ten-power (IOx) magnifying glass, but to
see their finer details requires a microscope. They will be seen as stalked capsules or cases
containing spores. Ifthe sporangia have already shed their spores, they will appear frayed or
cracked (Figure 2.9). Ifthe sporangia still contain spores, the case will be round and intact. In
this condition you may be able to see a slightly raised dark ring of cells around the case. This
ring is called the annulus and acts like a catapult to open the case and hurl out the spores. The
annulus may vary in position on the spore case, and in some genera it is only a patch of slightly
thickened cells instead of a well-defined ring (Figure 2.1O). In some species all the sporangia in
a sorus open at about the same time, but in most ferns the sporangia opens at different times
over an extended period of time.
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Figure 2.6. Veins: a. simple; b. forked with free vein endings; c. netted or areolate; d. netted
with included veinlets.

a
c
d
Figure 2.7. Sori: a. along the veins ( Coniogramme); b. round ( Macrothelypteris); c. linear and
marginal ( Pteridium); d. linear and medial (Athyrium).

Figure 2.8. Indusia: a. peltate or umbrella-shaped ( Polystichum); b. scale-like ( Davallia); c.
false indusium, formed from an enrolled leaf margin (Adiantum); d. cup-shaped (Dennstaedtia).
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Figure 2.9. Sporangium shedding spores.

b
d
Figure 2.10. Annulus positions: a. lateral ( Todea); b. apical ( Lygodium); c. oblique ( Gleichenia);
d. vertical ( Polypodium).
A single frond may produce hundreds of thousands of spores. To the unaided eye, spores
appear as a fine dust. Under the microscope, they can be seen to have two basic shapes,
depending on the species (Fig- ure 2.11). Some have bean-shaped spores (monolete), whereas
others have more or less pyramidal or slightly three-angled globose spores (trilete). Both shapes
usually have patterns or embellishments on their surfaces, and these markings often characterize
certain families or genera. The spores of most ferns are brown or black, but yellow spores are
characteristic of the polypods, and green spores are found in some groups. Green spores are
short-lived, usually lasting only one or two weeks. In contrast, nongreen spores usually remain
viable for several years, but with age they germinate more slowly and less dependably.

Figure 2.11. Kinds of spores: a-c. monolete; d-e. trilete.
The life cycle of ferns is complex but of great importance to growers. It is discussed further
in Chapter 8 in connection with propagation techniques.
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Plant Guide
SPANISH MOSS
Tillandsia usneoides (L.) L.
Plant Symbol = TIUS
Contributed by: USDA NRCS National Plant Data Center

were used to lash together the poles that composed
the framework of housing. The dried fibers were
used to remove scum in cooking. The process used
to strip off the outer coating is still used today. It
consists of placing bundles of the green moss into a
shallow pond for six weeks, long enough for the
outer coat to rot away. Dry Spanish moss was used
for fire arrows. The moss was wrapped around the
base of the shaft, lit on fire and then shot from the
bow. The moss was also an ingredient in the clay
that was used to plaster the insides of houses. Fresh
Spanish moss was gathered, soaked in water and
stuffed into dugout canoes to keep them from drying
out and splitting. The Natchez tribe of Louisiana
played a game that used fist-size balls that were
stuffed with Spanish moss. The plant was boiled to
make a tea for chills and fever. There is evidence
that Spanish moss was used over 3,000 years ago to
make fire-tempered pottery. Although the moss
burned away during the firing, the distinctive pattern
of the fibers is still evident in the clay pottery.
Spanish moss is still used today by many Native
American tribes. For example, the Houma and the
Koasati use Spanish moss in the construction and
decoration of small dolls.
Wildlife: Several species of bats including the
Seminole bat roost in clumps of Spanish moss.
Yellow-throated warblers and northern parulas build
their nests inside clumps of living Spanish moss.
Several other species of birds gather the moss for
nesting material. There is at least one species of
spider that only occurs in Spanish moss.

© J.R. Manhart

@ Texas A&M University

Alternate Names
Graybeard, long moss, air-plant, Florida moss, con
rape moss, wool crape, old man’s beard,
grandfather’s whiskers
Uses
Ethnobotanic: Various Native American tribes,
including the Houma and the Seminole, have used
Spanish moss for a variety of purposes. When the
outer coating of the plant is cleaned away, tough,
black, curly inner fibers are exposed. These strong
fibers were useful in many ways. The fibers were
woven into a course cloth that was used for bedding,
floor mats and horse blankets. The fibers could be
twisted into cordage that was used as rope. The ropes

Livestock: The plant is used as fodder for animals.
Other: Spanish moss is used in flower arrangements
and as decorations for handicrafts. It is said to be
excellent mulch for the garden. Spanish moss is
grown commercially for use as packing material and
as a replacement for horsehair in upholstery and
mattress stuffing. Campers, because of red bugs and
chiggers do not recommend the plants for use as
bedding. If you wish to use fresh Spanish moss you
may get rid of these pests by boiling small portions of
the plant in water or heating them in the microwave.
Status
Please consult the PLANTS Web site and your State
Department of Natural Resources for this plant’s
current status (e.g. threatened or endangered species,
state noxious status, and wetland indicator values).
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Description
General: Pineapple Family (Bromeliaceae). Spanish
moss is a native, perennial epiphytic herb. It is not
Spanish, nor a moss, but a flowering plant. The
slender, wiry, long, branching stems (reaching 8m or
more) grow as suspended, bluish-gray streamers and
garlands draping among tree branches and sometimes
telephone lines and fences. The plant and is not
parasitic, as is often thought, but attaches itself to
trees for support. The plant has no roots but derives
its nutrients from rainfall, detritus and airborne dust.
The stems and leaves are covered with overlapping
silver-gray scales, which are important for absorbing
water and trapping dust and nutrient particles. It is
thought that these plants may play a critical role in
nutrient cycling. The very narrow, linear, awl-shaped
leaves (2.5 to 8 cm long) are whitish gray.
Numerous, small, solitary blue or pale green flowers
with three petals (6 to 8 mm long) grow in the axils
of the leaves. The flowers, which bloom for a
period of three to four months from spring to fall,
form interesting seeds (2.4 to 3 mm) with hairy sails
that float on the wind and stick to tree branches.
Distribution: Spanish moss is native to the
Southeastern United States and Tropical America.
For current distribution, please consult the Plant
Profile page for this species on the PLANTS Web
site.
Habitat: Spanish moss grows on trees in areas of
high humidity. It can be found on live oak and pines
that border estuaries, rivers, swamps, and along the
coastal plains of the Southeastern United States.
Establishment
Spanish moss may be propagated by seed or by
division. The plants are very easy to grow, as they
need no soil or transplanting, requiring only warmth
and moisture. They are grown in greenhouses or
outside in warm climates. The plants need
temperature of 70 degrees or warmer in the summer
and not less than 60 degrees in the winter. The plants
grow well in full sunlight to partial shade. To
propagate by division, place divided plantlets on bark
slabs in areas with plenty of light and moisture. Mist
plants regularly with lukewarm water. Spanish moss
rarely blooms in cultivation.
Management
Although Spanish moss does not take nutrients from
the host tree, it should be thinned if it becomes too
thick. This is because it may either shade the tree’s
leaves or, when it is wet it can become very heavy
and the branches may break under its weight.

Cultivars, Improved and Selected Materials (and
area of origin)
These plant materials are somewhat available from
commercial sources. Contact your local Natural
Resources Conservation Service (formerly Soil
Conservation Service) office for more information.
Look in the phone book under ”United States
Government.” The Natural Resources Conservation
Service will be listed under the subheading
“Department of Agriculture.”
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What is a Cycad?
The cycads are a small group of plants with many unique
features, an ancient origin and a very long history. Cycads are
known to have lived in the Permian era, over 200 million years
ago - even before the dinosaurs roamed the earth. Although
once abundant across the globe, the cycads are now greatly
reduced in both numbers and distribution. There are now about
250 species in 11 genera, compared to possibly 300,000 species
of flowering plants, the group that now dominates the world
vegetation. All cycads are tropical or subtropical and each genus
has a restricted geographical range.
The very large divided leaves means that cycad plants resemble palms or tree-ferns in overall
appearance. Cycads, however, differ greatly in almost all aspects of detailed structure and
reproductive behavior. Cycad plants are dioecious (i.e. male and female reproductive structures
are borne on separate plants), and reproduction is by seeds, which are produced on open
carpophylls or seed-bearing leaves. Although technically woody plants, unlike other woody
plants, cycads possess a pachycaul stem. This is a thick, soft stem or trunk made up of mostly
storage tissue with very little true wood. Within the trunk, leaf traces or veins leading to leaves
arise at a point opposite the attachment of the leaf, and circle the trunk within the storage
tissue. These are known as with girdling leaf traces, and occur in some ferns but no other seed
plants. The coralloid roots of cycads are also characteristics not seen in other seed plants, and
the cycads lack the axillary buds seen in other seed plants.
The living cycads (division Cycadophyta) include about 250 species, with 11 genera in 3
families. The cycads have been classified as "gymnosperms" in the past, although recent
studies have shown that this is not a natural group, some members being closer to the
flowering plants than to other "gymnosperms". The "gymnosperms" are all ancient seed
plants, many now extinct, but with four major groups living today. These are the cycads
(Cycadophyta), the Welwitschia group (Gnetophyta), the conifers (Pinophyta) and Ginkgo,
the Maiden Hair Tree (Ginkgophyta). They are now regarded as quite separate and distinct
classes of equivalent status to the flowering plants (Angiosperms or Magnoliophyta).
Although the four groups of "gymnosperms" are very different from one another in
appearance they all produce naked ovules in contrast to the flowering plants in which the
ovules are enclosed in an ovary.
More about Cycads
Cycad enthusiasts today are fortunate in having a wealth of excellent literature readily
available. A number of recently published books stand out as essential reading:
Good, D. 2001. Cycads of Africa. D&E Publishers, Gallomanor.
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Hill, K.D. & Osborne, R.O. 2001. Cycads of Australia. Kangaroo Press, Sydney.
Jones, D.L. 2002. Cycads of the World. 2nd edn. Reed, Sydney.
Norstog, K.J. and Nichols, T.J. 1997. The Biology of the Cycads. Cornell University Press,
Ithaca.
Walters, T. and Osborne, R. 2004. Cycad Classification Concepts and
Recommendations. CABI Publishing, Wallingford UK.
Whitelock, L.M. 2002. The Cycads.Timber Press, Portland, Oregon.
Read, R.W. & Solt, M.L. 1986. Bibliography of the living cycads. annotated. Lyonia 2(4): 33199.
Thieret, J.W. 1958. Economic Botany of the cycads. Economic Botany 12: 3-41.
Whiting, M.G. 1963. Toxicity of the cycads. Economic Botany 17: 271-302.
All references cited The Cycad Pages are listed in the bibliography for those interested in more
detailed reading on all aspects of cycads.
The Net has also become a great source of information and news. Try:
Introduction to Cycads, University of California, Berkeley
The Gymnosperm Database by Christopher J. Earle
The Virtual Cycad Encyclopedia by Jody L. Haynes
Species descriptions at the Palm and Cycad Societies of Australia pages.
Cycads of Mexico (A WWW demo of the CD-ROM)
NEWSGROUPS
The Cycad List
SeedTalk
GardenWeb Forums: Garden Exchange, Tropicals.
CONSERVATION
World Conservation Monitoring Centre: Endangered species databases
C.I.T.E.S.
The IUCN Cycad Specialist Group
BOTANY AND GARDENING
American Association of Botanical Gardens and
Arboreta Biosciences - The World-Wide Web Virtual
Library Association of Societies for Growing Australian
Plants The Internet Garden.
Plant Societies
The Garden Gate - Directory of Garden Sites
Gardening & Horticulture in Australia.
The Virtual Garden
The Garden Web and other society pages.
My Garden - A collection of gardening sites.
Internet Directory for Botany.
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FIG. 1

Items of Interest
•
During late spring, local gardeners often express an interest and
even puzzlement in the unusual structures produced by sago
palms, a widely grown ornamental in our sub- tropical growing
environment.
•
Cycads are dioecious, having both male plants and female plants;
however, cycads do not produce true ﬂowers

FIG. 2

Scientiﬁc Name
•
Cycas revoluta (the genus “Cycas ” refers to the plant being a
cycad and the species “revoluta” describes the revolute or curled
back nature of the leaﬂets)
General Information
•
Sago palms are not true palms but are cycads
•
Cycads are primitive plants, dating back 200 million years, and are
more closely related to conifers than palms
•
Sago palms are the most widely propagated cycad in the world
•
A male and a female are required for pollination and production of
seeds

FIG. 3

Reproductive Process
FIG. 4
•
Male plants produce something that resembles a yellow to tancolored pine cone up to 2 feet long. This is known botanically as a
microsporophyll but is commonly referred to as male cones. Pollen (spermatozoids) is
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•

•
•

released at maturity when the scales on the surface of the cone open (Fig 3 & 4)
Female plants produce what is called a megasporophyll, which is in fact modiﬁed leaves.
These are tan-colored and resemble a somewhat ﬂattened basketball. After pollination,
orange/red seeds develop between the ragged scales the megasporophyll. Seeds take about
2 months to mature, by which time the megasporophyll starts to disintegrate (Fig 1-2 & 5)
Pollination can be achieved by the wind or insects
Be patient, sago palms grow slowly and their seeds develop slowly as well

Flowering Season
•
Mid-April in most years (depending on weather conditions) to late
May
•
Male ﬂowers decline and drop from plants by early summer
Medical Cautions
•
Sago palms can be extremely poisonous to both humans and
FIG. 5
animals if ingested
•
Pets (especially young puppies) are at particular risk since they seem to ﬁnd the plant very
palatable
•
All parts of the plant are toxic; however, the seeds contain the highest level of the toxin
cycasin
•
Cycasin causes gastrointestinal irritation, and in high enough
doses, can result in liver failure
•
Other toxins include beta-methylamino L-alanine (a neurotoxic
amino acid) and an unidentiﬁed toxin which has been observed to
cause hind limb paralysis in cattle

Related Resources on the Web
http://ucanr.org/freepubs/docs/8039.pdf
Sago Palms in the Landscape, Publ8039 University of California

FIG. 6

All images are copyrighted by the Galveston County Master Gardener Association (GCMGA).
These images are for educational use only and may not be used for commercial or noneducational purpose without written permission from GCMGA.
Texas AgriLife Extension Service • Galveston County Oﬃce • 5115 Highway 3 • Dickinson,
TX 77539 281-534-3413 • http://aggie-horticulture.tamu.edu/galveston
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Liverworts
Encyclopædia Britannica. Encyclopædia Britannica Online.
http://www.britannica.com/plant/liverwort
Liverwort (division Marchantiophyta), of more than 9,000 species of small nonvascular sporeproducing plants. Liverworts are distributed worldwide, though most commonly in the tropics.
Thallose liverworts, which are
branching and ribbonlike, grow
commonly on moist soil or damp
rocks, while leafy liverworts are
found in similar habitats as well as on
tree trunks in damp woods. The
thallus (body) of thallose liverworts
resembles a lobed liver—hence the
common name liverwort (“liver
plant”). The plants are not
economically important to humans
but do provide food for animals,
facilitate the decay of logs, and aid in
the disintegration of rocks by their
ability to retain moisture.
Figure 1: A liverwort gametophyte.Eric Guintherany
Liverworts were formerly placed in
the division Bryophyta with the
mosses; however, phylogenetic
evidence has led to a reorganization
of their taxonomy. The division
consists of three classes and six or
seven orders, which are segregated
primarily on gametophyte structures,
with sporophyte features also
supporting the classification. The
leafy liverworts are mainly in the
order Jungermanniales

Figure 2: Egg-producing archegonia of a common liverwort plant (Marchantia_© adrian
sumner/Fotolia
Sexual (gametophyte) and asexual (sporophyte) generations characterize a liverwort life cycle.
The gametophyte generation consists of the haploid thallus and is the dominant generation; it
develops from a germinating spore. Sperm from the male reproductive organ (antheridium)
travel through an aqueous environment to fertilize the eggs that are still retained in the female
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reproductive organ (archegonium). The sporophyte generation develops from this diploid
embryo and forms a sporangium at its apex. Spores are released when the sporangium ruptures,
marking the start of a new gametophytic generation.
Most liverworts can reproduce asexually by means of gemmae, which are disks of tissues
produced by the gametophytic generation. The gemmae are held in special organs known as
gemma cups and are dispersed by rainfall. Fragmentation of the thallus can also result in new
plants. Single-celled structures called rhizoids anchor most liverworts to their substrata.
The most ancient liverwort fossils
known provide the earliest evidence
of plants colonizing the land. These
fossils, which appear as
cryptospores (sporelike structures),
were discovered in Argentina in
rocks dating to between 473 million
and 471 million years ago.

Figure 3: Thalloid of the liverwort Marchantia with gemma cups.© Dr. Morley
Read/Shutterstock.com
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Turtles: Red-Eared Sliders
Information adapted and abridged from:
http://naturemappingfoundation.org/natmap/facts/red-eared_slider_k6.html (1)
https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=1261 (2)
Trachemys scripta elegans (Weid-Neuwied, 1838) Common name: Red-eared Slider
Also know as Pond Slider (Trachemys scripta)
Size: Adult Carapace Length: 5 to 11 inches (12.5
to 27.9 cm).
Description: Red-eared Sliders are brightly
marked, and look similar to the painted turtle.1
Slider have yellow marginal scutes, a yellow
plastron covered in dark, blotchy markings, and
a red ear mark located just behind the eye
(although this ear mark is not always visible in
older specimens). The head, neck, and legs are
greenish with yellow stripes. 1
Males are slightly smaller than females and have longer claws on the forefeet. Old specimens,
especially males, may become very dark, with black coloration obscuring the striped pattern
on the skin and shell. 1
Diet: Turtles don't have teeth, but instead have horny ridges that are serrated and sharp on
their upper and lower jaws. 1 Adult turtles tend to be more herbivorous than juveniles, but
both will opportunistically eat aquatic invertebrates (especially insects and mollusks), fish, frog
eggs and tadpoles, aquatic snakes, and a wide variety of aquatic insects, plants, and algae. 2
Reproduction:
Courtship and mating activities for red-eared sliders usually occur between March and July,
and take place underwater. Turtles are amniotes which requires females to nest on land.
Females prefer soft, sandy soil with good exposure to the sun for their nest site. Nests are dug
with the turtle's hind feet, usually within 200 meters of water. The nest is no deeper than 10
to 12 centimeters.1 Females lay 2-23 eggs per clutch, and as many as five clutches may be
oviposited per year.2
Development:
The sex of the turtle is determined during a critical phase of embryogenesis according to the
incubation temperature. These temperature-dependent reptiles lack sex chromosomes that
determine gender. Pond slider eggs that are incubated at temperatures between 22 and 27
degrees Celsius become only males, while eggs that are incubated at warmer temperatures
become females. Baby sliders hatch out of the egg looking like small adults. 1
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Behavior:
Pond sliders are aquatic, omnivorous generalists, which rarely leave water except to bask.2 They
bask in groups on logs, fallen trees, and other objects near water. The sun exposure helps rid
them of parasites. 1
Raccoons, otters, mink, foxes, and other medium-sized animals will prey on turtles and their
eggs. Painted turtles keep a watch out for predators and seek refuge in the water at the first
sign of danger. For protection, they can quickly retract their head and legs into their hard shell.
1

Reptiles do not hibernate in the winter, but brumate, becoming less active but occasionally
rising for food or water. Red-eared sliders generally become inactive at the bottom of ponds or
shallow lakes when temperatures fall below 50oF (10oC). 1
Range/ Habitat:
The Red-eared Slider's indigenous range broadly covers the midwestern states, extending as far
east as West Virginia and a disjunct (relict) population in southern Ohio, as far west as eastern
New Mexico, and as far south as south of the Rio Grande River into northeastern Mexico. 2
This turtle lives in ponds, lakes,
marshes, and in slow-moving
rivers that have soft, muddy
bottoms. 1 Although they
prefer quiet waters, T. elegans
is highly adaptable and can
tolerate anything from brackish
waters, to manmade canals,
and city park ponds. The Redeared Slider may wander far
from water, and rapidly
colonize any newly available
habitat.2
Means of Introduction:
Red-eared sliders are introduced primarily through pet releases and escapes; a situation which
has continued for several decades since the 1930s, reaching a peak during the Teenage Mutant
Ninja Turtle television cartoon craze of the late 1980s-early 1990s.1
The variety of turtle common in the pet trade are native to only part of the United States, but
are turning up where they are not native across the country and around the globe. They are
now considered among the word's 100 most invasive species (The Humane Society). 1
Did you know?
● The sex of the Red-eared Slider is determined by the temperature during development
● Red-eared Sliders live around ponds and can swim well underwater.
● Pond sliders communicate with touch and vibrations. 1
36

