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Mountains, Slopes and Plains

The Australian Capital Territory comprises open, rolling country - valleys and
plains - that grade gently to low hillsto the south and west. These gradually rise
to the mountains in the west. The topography has been described as
"Mountains, Slopes and Plains’.

The city of Canberrais situated in rolling plains and river valleysin the north
east quarter of the Territory, at an altitude of around 600 metres (2000 feet).
The region is known as the Southern Tablelands. It is open, dry terrain, with a
rainfall of around 635 mm (25 inches) per year. The prevailing winds are from
the north-west, year round. The weather is cold and frosty for three months of
the year, and hot and dry for three more.

To the south and west of the city, the plains give way to hillsthat rise
eventually to the Tidbinbilla Range and the Brindabella Mountains. These reach
heights of nearly six thousand feet. They are snow covered for weeks at atime
in winter. These ranges determine the northward flow of the wild Cotter River,
which runs for most of the length of the Territory. The rainfall may reach over
1500 mm (60 inches) or more at points along the Brindabellas. It increases the
further west you go into the mountains.

"Droughts and Flooding Rains"

Apart from the average rainfall, the dominant characteristic of the region -
indeed, of the whole Australian continent - isthe variability of the rainfall. By
now, most of the world is aware of the phenomenon of El Nifio, which
generates extreme swings of climate - droughts or floods - around the globe. In
Australiawe are well aware of droughts. These may last for several months
when there is no rainfall, and ayear or more with much diminished rain.
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Extensive research has been conducted into the variability of our climate. One
of the best measures of the onset of an El Nifio event is the Southern Oscillation
Index (SOI). An apparently simple measurement relating the average
barometric pressure in Darwin in the north of Australiato that in Tahiti in the
central South Pacific, it gives areliable indication of the movement of the warm
surface waters across the Pacific Ocean that cause the climate shifts. The SOI
has been charted for over ahundred years. Y ou can find a graph of annual SOI
values here.

The Vegetation

The implication of drought for the vegetation in the Canberra Region is that it
must be able to tolerate years of much lower than average rainfall. This has
contributed to the hardiness of everything that lives around here.

The vegetation in and around the city is known as dry sclerophyl, or dry
hard-leaf (eucalypt) forest. There are many areas of bush within the precincts of
the city.

Asyou travel west from the city into the mountains, the vegetation changes
from dry to wet sclerophyl, and in places may resemble temperate rainforest.
The dry sparse bush around the city turns to steep slopes with giant eucalypts
and understory of acacia, leptospermum and ferns. At higher altitudes, the
vegetation changes to a more alpine type, with Snow Gum forest and alpine
meadow.

In the south eastern quarter of the Territory there is the Naas Range. This range
is sheltered from the prevailing westerly winds and has alower rainfall asa
result of the rainshadow from the ranges to the west. The peaks of the range rise
over 1200 metres (four thousand feet). The vegetation is mainly dry sclerophyl,
with some wet sclerophyl. Ferns are relatively scarce compared to further west.

The tree canopy

The dominant forest canopy tree throughout eastern Australiais the Eucal ypt.
In the Territory there are dozens of species that are favoured in different
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The ferns

With the prevailing tree types, there are also prevailing fern species. Y ou can
often predict what types of fernsyou are likely to find under any specific tree
canopy type.

In the drier bushland, on the slopes among rocky outcrops you will frequently
find Chellanthes austrotenuifolia, the Rock Fern. In drier, colder, more exposed

areasit isreplaced by arelative, Cheilanthes distans, the Bristly Cloak Fern. In
dlightly moister spots, little clumps of Necklace Fern, Asplenium flabellifolium
poke out tentatively from under the rocks.

In protected gulliesin the drier areas, such as on the south west quarter of Black
Mountain, you can find quite a diverse range of fern species. In some areas,
Common Maidenhair Fern, Adiantum aethiopicum, grows in such profusion it

crowds out the grasses. With it, clumps of Sickle Fern, Pellaea falcata, and in
spots even Gristle Fern, Blechnum cartilagineum find a place.

Asyou travel into the hills to the west of Canberra, you also move into the
regions with higher rainfall, and, naturally, ferns become increasingly common.
Thefirst to notice is Common Bracken. This occursin thickets along the
roadside. In moister areas you will see other ground ferns such as the Hypolepis
species, Rainbow Fern Calochlaenia dubia, Tender Brake, Pteris tremula, and,
higher up, Mother Shield Fern, Polystichum proliferum. These are al ferns of

the open forest floor and hillsides.

The best fern country, as might be expected, is to be found in the ranges where
therainfal is highest and the water flow permanent. In these well-watered
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valleys, several species of water fern abound, particularly Blechnum nudum,
Blechnum minus and Blechnum wattsii. These occur generally in sheltered

valleys under the tree canopy. The are often accompanied by dense stands of
the Soft Tree Fern Dicksonia antarctica. Rarer but present in placesisthe

Rough Tree Fern Cyathea australis.

Along the permanent creeks in the ranges, the water ferns grow in thickets. In
the wettest and most protected areas, you can see some of the rarer fernsto be
found in the Territory, such as Bat's wing Fern, Histiopterisincisa, Filmy Ferns,

and Kangaroo Fern, Microsorium diversifolium.

At the top of the ranges, associated with the sphagnum swamp and Snow Gums
(E. pauciflora), there are extensive thickets of Blechnum penna-marina, the
Alpine Water Fern. This fern, and the sphagnum moss it grows among, is
adapted to several weeks under snow cover each winter.

This brings usto the wider picture, the understanding of the ecology of an area.
Ferns are an important part of that ecology.

Index| Next
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About ferns

What are ferns?

Ferns are avery ancient family of plants. early fern fossils predate the
beginning of the Mesozoic era, 360 million years ago. They are older than land
animals and far older than the dinosaurs. They were thriving on Earth for two
hundred million years before the flowering plants evolved.

Aswe know them now, most ferns are leafy plants that grow in moist areas
under forest canopy. They are "vascular plants' with well-developed internal
vein structures that promote the flow of water and nutrients. Unlike the other
vascular plants, the flowering plants and conifers, where the adult plant grows
immediately from the seed, ferns reproduce from spores and an intermediate
plant stage called a gametophyte.

What makes them different from other vascular
plants?

There are two answersto this.

Thefirst isthat ferns are (relatively) delicate plants that only grow in areas
where there are suitably moist conditions. They favour sheltered areas under the
forest canopy, along creeks and streams and other sources of permanent
moisture. They cannot grow readily in hot dry areas like flowering plants and
conifers.

The second explanation tiesin with the first: ferns reproduce differently from
the conifers and flowering plants. It all has to do with moisture. Not just the
moisture that allows the plant to live where it does, but the moisture that allows
it to reproduce there.

How do they reproduce?

As flowering plants are so common, we are all familiar with how they
reproduce. It’s useful to look at thisfirst, to give us something to compare to
ferns. Flowering plants (and conifers) reproduce when pollen from amale
flower - carried by wind, insect or other vector - fertilises the female flower.
(Many flowering plants, of course, include both male and female partsin the
same flower). The male pollen cell carries half the genetic material of the adult
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plant and fuses its genetic material with that of the female cell, which carries
the other half. The complete, fertilised cell grows into the seed, which, when
ripe and when it finds itself in suitable soil and moisture, is capable of
producing a complete adult plant.

Higher plants have a very robust propagation system: the pollen from the male
flower isvery hardy, and the female flower nurtures the seed until it isready to
grow. The seeds themselves are often very durable, able to wait for long periods
in adverse conditions before they grow. So the higher vascular plants have
evolved to occupy nearly every niche on the land surface of the earth.

Ferns do it differently. They have a more complicated method that depends on
there being liquid water for the process to complete. As aresult, they can only
reproduce where there is sufficient moisture: the reproduction process itself
requires moisture.

So, how do they do it? To detail this, I’ll need to describe some of the parts of a
fern.

Parts of the fern - and some names for them

The leafy branch of the fern isusually called afrond. The small |eaflets that
make up the whole frond are called pinnae.

If you look underneath afern frond, you will often see small clumps, spots or
patches that look like they are stuck onto the under surface of the pinnae. These
patches are where you find the spores. The spores grow inside casings called
sporangia. The sporangia may clump together into what are called sori
(singular: sorus). Photo (A) below shows sporangia clumped into sori on a
Kangaroo Fern frond. Sometimes these sori follow the fern leaf veins,
sometimes they are set into indentations in the underside of the pinna. Not
every frond has spores under it: fronds that have the spores are called fertile
fronds.

Take alook more closely at the spore structures under the pinnae of afertile
frond, using a hand lens. In some cases, you will see that each is composed of
myriads of smaller structures. These are the sporangia - the spore casings that
hold the spores. Some ferns protect their sporangia with thin semi-transparent
membranes, often globular in shape, called indusia. Inside the indusium (if
there is one) there are the sporangia. Photo (B) below shows open indusia on a
Soft Tree Fern frond.

Other ferns don’t have the indusium, the sporangia are open to the outside
world. The sporangia are usually tiny - maybe half a millimetre (one fiftieth of
an inch) across. The spores of course are even smaller.

Sometimes the sporangia are tucked under a curled-over part of the margin of
the pinna. Photo (C) shows this effect on the underside of a Maidenhair Fern.
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If you take a piece of mature fertile fern frond and place it face up inside a book
- or on a piece of paper under aweight - so that the spore material is on the
underneath of the frond , then leave it overnight, you' re likely to find the next
day that the spores have been released as afine coloured powder onto the paper.
They show up as afine pattern tracing the form of the fern frond. They can be
black, brown, reddish, yellow or even green, but they are extremely small. Each
of these sporesis capable - through a circuitous process - of growing into an
adult fern.

How do the spores grow?

If the spore finds suitable conditions, it will grow into atiny heart-shaped
plantlet called a prothallus or gametophyte. In this regard, the spore behaves
quite like the seed of a higher plant, except that what grows from the seed isthe
full adult plant, but what grows from the spore is the gametophyte. The
gametophyte is not the full fern, but a plant with only half the genetic material
of the adult fern, rather like a sperm cell or an egg cell. The gametophyteisthe
intermediate stage from spore to adult fern.

If the gametophyte findsitself in a suitably moist place, fertilisation takes place,
and it istransformed into a complete adult plant. It becomeswhat’s called a
sporophyte. Given the right conditions, this tiny sporophyte will continue to
grow into afull adult fern, where it can produce spores of its own, to repeat the
life cycle.

Thisis how it works, in more detail:

What happens with a gametophyte can only be seen under a strong lens, as the
gametophyte is small - usually lessthat half an inch across. The gametophyte
has two sets of reproductive organs on its underside - the male parts called the
antheridia, and the female parts called the archegonia. The antheridium
contains sperm cells while the archegonium contains egg cells. They are each
located on the gametophyte, alittle separated from each other. If thereisafilm
of moisture, the sperm cells from the antheridium swim towards the egg cellsin
the archegonium. This may be on the same gametophyte or an adjacent one.

When the sperm cells find the egg cells, they fuse their genetic material to make
acell with the full adult fern set of genes. This cell isthe beginning of the adult
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fern, located in and protected by the gametophyte structure. Asit growsto

become the sporophyte, it takes over from the gametophyte and becomes the
adult fern.

Hereis adiagram that showsthe fern life cycle.

T —— g EEE _>| \
B '::-‘_'_""_'_-'-' "l_%ﬂ_ -'"“x.‘\
?:.f m \ 1"‘
g-ri‘ = @J BN P ’rﬁl’;‘é’; J’;
gction of pinna ' bl highly magnitied "':

Young fern
growing from %
prothaliug

d
FERN LIFE CYCLE

The diagram is adapted from a more detailed one on the Australian National
Botanic Gardens website, here.

Ferns can reproduce in other ways, too. It is possible for a sporophyte to grow

g from the gametophyte without fertilisation, a process
known as apogamy. This can happen in drier areas
where there isinsufficient water to allow normal
fertilisation. Ferns can aso grow from spreading
rhizomes (roots) of existing plants. Brackens often
spread thisway. 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. Photo (D) shows a proliferous tip on a Mother Spleenwort fern. Itisa
faster method that some ferns use to reproduce mature adult plants, in addition
to normal reproduction by spores.

Of course, the proliferous baby plant, or the frond that grows from the
spreading rhizome, isidentical genetically with the plant it sprang from. Only
ferns that grow from spores using normal fertilisation can take advantage of the
genetic diversity offered by the full reproduction process.
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What affects where ferns will grow?

There are several factors that adult ferns need to survive (ignoring pests or
disease):

« moisture in the soil;

o Mmoistureintheair,

o Suitable nutrientsin the soil;

« sufficient light for photosynthesis;

« Suitable temperatures,

« protection from wind,;

« protection from too much sunlight;

« protection from freezing; and

« dependability and continuity of the previous requirements.

Depending on the type of fern, the degree of each factor required can vary
greatly.

Another factor that is less often recognised is the difference between the
conditions needed for afern to survive, and the conditions it needs to reproduce.
A fern may live quite happily in arelatively 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 reproduction —which means the survival of the gametophyte. Perhaps more
than any other factor, it may be the hardiness of the gametophytes that
determines whether afern will thrive naturally in an area or not.

Why do ferns grow in some places and not others,
and why do some species thrive where others
don't?

Like al plants, ferns have evolved to suit their environment. Some can tolerate
extreme drought and heat, others only live in the deepest rainforest. Y ou can't
grow acactus in the sub-Antarctic, though grasses will survive there. And
likewise, you can’'t expect atree fern to grow in a desert, though some varieties
of rock fern do.

Ferns are very successful niche plants: they are well adapted to particular
environmental niches - soil moisture, humidity, light, etc. They seldom grow
outside these niches, some of which are very specific. For example, in our
region, the Mother Spleenwort fern always grows near waterfalls.

If you want afern to grow, you have to come to the party by creating an
environment similar to the one it has evolved to live in. It involves creating the
right niche for the plant. For example, in the Australian National Botanic
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Gardensin Canberra, thereisadeep gully that isfull of tree ferns and many
other varieties of fern. The microclimate in the gully is kept constant by
sophisticated watering systems at high humidity and with permanent soil
moisture. The fernsthrive. Before the watering system was set up, thiswas a
dry gully in dry sclerophyll eucalypt forest and grassland. At best, afew small
ground ferns might have grown in the moister crevices. With the right
microclimate, an entirely different set of plants can grow there. A photograph of
the gully asit isnow ison the ANBG site, here.

To paraphrase the movie, if you build it, they will thrive.
More information?

Another look at the process of fern reproduction is on the American Fern
Society pages at http://www.visuallink.net/fern/lernfrnl.htm.

More helpful information on ferns and their life cycleis on the Australian
National Botanical Gardens page on propagating ferns.

DN July 1998

Index| Next
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Fern Seeking - the Amateur Ecologist

= #24 Cyathea australis pinnae
Fern seeking -
the ﬁmmtamrﬂﬂnlnﬁist

The pleasures of fern-seeking

Seeing how the fern florarelate to the over-canopy and the other vegetation
teaches a good deal about the local soil and climatic conditions. What makes
fern-seeking important is the opportunity to document environmental conditions
and gain new knowledge about the ecological behaviour of fern species. What
makes fern searching interesting, even exciting at times, isfinding small
pockets of much rarer species, and finding ferns in unexpected places.

In a drought-prone region such as the Southern Tablelands where Canberrais
located, any fern that grows must be able to tolerate periods of very hostile
conditions. In part thisis a measure of the tenacity of the successful species,
and to a small extent the capacity of the species to send its spores long
distances. Anillustration of the latter could be seen in the 1970sin the old
quarry on Mount Ainglie in the centre of Canberra. It is the source of a small
natural spring, and the ground is permanently damp. Several species of fern had
colonised it, including the tree fern Cyathea australis, and the water fern,
Blechnum minus. Admittedly, they were not the best specimens, but they are
quite unexpected in the dry Bush that surrounds them. There were no other
plants of these types within 50 km of the site, so the source of the spores was
guite a distance away. Unfortunately, perhaps due to drought or human
disturbance, the over-canopy of eucalypts has thinned greatly, and the area now
only hosts common bracken, Pteridium esculentum, Cheilanthes

austrotenuifolia and, in sheltered places, common maidenhair, Adiantum
aethiopicum.

Therole of the Amateur

There is endless opportunity for the amateur to find new occurrences of fern
species. The vegetation in the more remote valleys in the Brindabellas and the
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Tidbinbillas has only been explored by professional botaniststo alimited
degree. It isreadily possible for the amateur botanist to discover plant types not
previously known in the region. There are unexpected groups of quite rare ferns
such as Todea barbara, the King or Tub fern, in the gullies on the lower slopes
of the Brindabella Range and the Blue Range further north. These grow very
large in places, like thick-set tree ferns. Likewise you can find pockets of the
Bat'swing fern, Histiopteris incisa.

The job of finding and mapping these rare plantsis usually left to professional
scientistsin the universities or national parks authorities. And there are numbers
of scientistsin these organisations who do carry out this work. But the vastness
of the job of surveying even asmall arealike the Canberra Region is daunting
for the small number of trained scientists. Expecting them to focus on one
genusis even less reasonable. Thisiswhere the botanically aware amateur can
play an important role. The process of walking the valleys and ridges, of noting
the occurrences of plants, can provide valuable datafor ecological surveys.
Such surveys assist the authorities to make the conservation decisions that can
preserve these beautiful places.

Perhaps the greatest value that the amateur botanist can contribute is to seek out
the special placesthat are in greatest need of protection, that may perhaps have
been missed by the professionals.

Thereis great value in the amateur making contact with the professionals. Apart
from the opportunity to learn about the ecology of the region, the amateur can
also gain official approval for access to places normally off limits to the public.
Of course, you have to establish areputation as a careful observer before thisis
likely to happen, but it can build a strong bond between those who appreciate
nature and those whose job it isto protect it.

In an arealike Canberra, these fern-lined creeks are places to be cherished. But
despite their rarity, the tree fern grovesin the mountain gullies are not always as
protected as might be expected. The Cotter Valley and the Tidbinbillas and
Brindabellas are national parks, but there are other areas that have high
conservation value that are afforded no such protection. This can occur when
the commercial imperatives of forestry clash with the needs of conservation.
There'sa sad tale to be told here, as you will see later.
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This page will cover in detail how to grow ferns from spores. There are several
other sites that describe this (see the links page). We intend to show the process

with photographs, and this will take some time. In the meantime, here's an
article on growing ferns from spores. Brian Aikins posted this piece to Fernet,

and it seemed unecessary to duplicate his work. He has agreed to us using it.
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This page has nothing whatever to do with real ferns except the beauty of
likenesses you can create of them.

Like many people, I've been fascinated by the images of ferns generated by
computer using the mathematics of fractals. When | mentioned to afriend that |
was developing a series of Web pages on ferns, he suggested | also include a
piece on fractal ferns (thanks HR). This page is the result.

Put simply (probably a gross oversimplification), fractals generate points to plot
on agraph that are the result of iterated calculations. The answer from one
calculation is used as the input value to the next calculation. The beautiful
Madelbrot images are generated by programs that assign a colour to any point
on the graph, depending on how that point behaves when it is used as a starting
point for the calculations.

One sort of fractal isknown asthe Iterated Function System, or IFS. This
fractal system wasfirst explored by Michael Barnsley at the Georgia I nstitute of
Technology in the 1980s. Y ou start with shapes plotted on a graph, and iterate
the shapes through a calculation process that transforms them into other shapes
on the graph. Starting with four shapes, one of which is squashed into aline
segment (this becomes the fern's rachis or stalk), you apply the shapesto the
calculation to generate more shapes, feed them back into the calculation
process, etc. Eventually a pattern emerges that bears a startling resemblance to a
fern, if you choose the right starting shapes and positions. The longer you
continue the iteration process, the more intricate the tiny detail in the pattern
becomes.

A characteristic of thisand other fractalsis that the pattern repeatsitself in the
finer and finer detail. | think it was Swift in 1733 who anticipated it:

Big fleas have little fleas

on their backsto bite them,

and little fleas have lesser fleas,
and so ad infinitum.

Barnsley generated the fractal pattern that's now known as Barnsley's Fern. It's
supposed to resemble the Black Spleenwort, Asplenium adiantum-nigrum. Y ou
can find numbers of references to Barnsley's Fern on the Internet. It's usually
depicted like this:
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Barnsley's Fern - standard image

The starting shapes for Barnsley's Fern can be specified as a series of 28
numbers to feed into the calculation process. These are as follows:

0 0 0 . 16 0 0 .01
. 85 .04 -.04 . 85 0 1.6 . 85
.2 -.26 .23 .22 0 1.6 .07
-.15 . 28 . 26 . 24 0 .44 .07

The four lines correspond in general terms to the rachis of the fern (first row),
the overall form of the frond (second row), the left hand first pinna (third row)
and the right hand first pinna (final row). The first four columns correspond
(roughly) to things like the length of the pinna, the sparseness and width of the
pinnae, the curve of the frond and pinnae etc. The exact relationships are very
complex. The fifth columnisalist of probabilities that tell the calculation
process how often to use the particular rows. It gives the balance to the final
picture. Transforming these iteratively is ssmple but exceedingly labor
intensive. Just the job for a computer.

There's avery handy program for the PC that alows you to calculate and plot
|IFS fractals, including fern-like fractals. It's called Fractint, and you can
download it for free here. Unfortunately it doesn't run on the Mac. It's available

in aDOS version and one for Windows (3.1 or 95).

| used the Windows version to explore the sorts of fern images that you can
generate. The program creates screen images of the results of the iterations.
With abit of care, you can tell the program to choose colour schemes and
contrast settings to create much prettier images that the one above, whichis
what usually shows up as the output. Y ou can save the images to disk and
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process them through any of several graphics programs to create even prettier
images. My first attempt at manipulating the crude output looks like this:

Barnsley's Fern - enhanced image

| used Paint Shop Pro 4 and iXla Artist to tinker with the output from Fractint.
Adobe Photoshop would be even better, but it's a more complex program to use.

By changing the starting parameters, you can change many of the
characteristics of the "frond" shape. My first experiment with this process was
to modify the parameters for Barnsley's Fern to adjust the pinnae arrangements.
It came out like this (after rotation of the image in the graphics program):

Barnsley's Fern - modified pinnae

There are strong similarities between the two, but notice a different pinna
arrangement next to the rachis. This difference is the result of the changes|
made to the parameter list.

The parameters | settled on for thisimage are:
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0 0 0 .2 0 -0. 12 .01
.845 .035 -.035 . 82 0 1.6 . 85
.2 -.31 . 255 . 245 0 . 29 .07

-.15 . 24 . 25 . 20 0 . 68 .07

The numbers are roughly the same as the first set, in most places. The main
difference isin the fourth and fifth rows, sixth column, where the numbers are
substantially different, both relative to each other and in absolute terms. The
other changes are more in the nature of "tweaks'.

Again, | used PSP4 and i Xlato enhance the image. Note that |'ve only changed
the contrast levels, colours, sharpness and rotation of the image. | didn't
hand-draw anything. It's all computer generated points, using the parameter
lists.

Encouraged by this success, | worked out by trial and error what each element
in the array of numbers would do if you changed it. Fractint allows you to input
different sets of numbers from afile called fractint.ifs, which you can edit with
atext editor. So | edited each element in the "fern" section of thefile, ran it
through Fractint and found what the result was. | generated some extremely
un-fernlike images in the process! One or two looked like palm fronds, but
others were strange mutants. One problem | found was that the parameters are
not entirely independent of each other, so when you change one, you may need
to compensate a little using changes to other parameters (for example, to
re-attach pinnae to the rachis!) This makes for slow progress.

After | got the feel for the parameters and how sensitive they were to changes, |
was able to create totally new fern-like images.

The first was one that 1ooks vaguely like Culcita (= Calochlaenia) dubia:

Another fractal fern - Culcita sp?

The parameters for thisimage are:
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0 0 0 . 25 0 -. 14 .02
. 85 .02 -.02 .83 0 1 . 84
. 09 -.28 .3 11 0 . 6 .07
-.09 . 28 .3 .09 0 7 .07

Then | wondered if you could generate fronds of the "fishbone fern" kind. |
knew this would have to be an approximation, as the fractal ferns have (in
theory) pinnules on pinnules on pinnules etc, while real ferns stop at some
point. Fishbone ferns stop at the first set of pinnae, which makes things a bit
tricky.

However, the infinite detail possible in fractalsisonly available if you keep
calculating indefinitely. Stopping at a certain point limits the level of detail you
reach. Y ou can set an arbitrary level of detail by deciding on how many
calculation iterations you use. (I used between 150 and 2000 iterations for all of
these images). Further, the screen pixel size and the graphics plot resolution
also cut out detail below a certain point. | made use of this by creating detail so
fineit didn't show up on the image (well, nearly). Again | processed the image
through the graphics programs, and the result looks a bit like a cross between a
Pellaea and a Nephrolepis:

g
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"Fishbone" Fern

The parameters for this "fern" are:

0 0 0 . 25 0 -4 .02
. 95 .002 -.002 .93 -.002 .5 . 84
.035 -.11 .27 .01 -.05 . 005 .07
-.04 11 .27 .01 .047 .06 .07
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On the way to the last image, | came across a set of parameters that created an
image reminding me of the Cyclosorus species. So | explored how to create as
close an image as possible to that type of fern. The result looks like this:

Cyclosorus Fern

The parameters for thisimage are:

0 0 0 . 25 0 -.4 .02
.95 .005 -.005 .93 -.002 .5 . 84
.035 -.2 . 16 .04 -. 09 .02 .07
-.04 .2 . 16 .04 .083 .12 .07

Shortcomings

The IFSfractal system asI've used it here (and maybe under all circumstances)
IS not able to generate "real" ferns. Y ou may have noticed the pinnalength
always decreases toward the tip: it never grows and contracts again. The
structure of the pinnae is aways fully detailed. It doesn't smplify asyou
approach the tip. The pinna angle doesn't vary along the frond. And so on.

These are limitations of the very simple process we're using. But when you
consider that all these images are specified by only 28 numbers, it's quite
remarkable what you can generate.

In this exercise, I've not attempted the "3D" fern images that are possible using
Fractint. The processis similar to the 2D images, but more complex. Maybe
later.
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Other types of fractal ferns

There are other ways of plotting fern-like images from simple formulae.
Another one you can try with Fractint is known as the L-System.

Thisisaset of instructions that tells the computer to plot a short line, turn a
corner (of aprescribed angle), plot another line, turn again, and so on, until a
given point is reached, then go back and draw another set of connected lines,
starting back near the beginning of the first line series, and so on. Depending on
what angles, line lengths and re-start conditions you set, you can create images
that look quite fern-like.

One of the L-system routines available in the file plants.l, available from the
Fractint home page, iscalled "Leaf1". If you set the "order" to 34 (which tellsit
how far to go down the line segment series) you get something that looks like
this:

L-System leaf, Order=34
Theformulafor Leafl is:
Leaf 1 {

angle 8
axi om X

Q
1l
-]

> d OTT O S
> M® X T O

<_-

x=F[ +A(4) ] Fy
y=F[ - B(4)] Fx
F=@l. 18F@1. 18
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}
There'satutorial on L-Systems on the Fractint homepage (below).

Further Reading

Thereisalot of information on the Web about fractals, though not much
dedicated to fractal ferns. If you want more background, a good place to start is
the Fractint homepage. According to the Fractint page, there's someone out
there called Bruce Goren, who does beautiful 3-D fern images, but I've not seen
any of hiswork on the Web to date.

And now another place to look: Laurens Lapré's Lparser page. Some fascinating
3-D stuff and free PC software. I've not tried it but the images are beautiful.
Some fern images, too: see the Gallery page. Thisisasite to exploreif you
really want to get into 3-D L-systems computing, with many links.

Index| Next
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Fern Image Gallery

Although this site is about the Canberra Region ferns, | have other pages that
present agallery of fern images from other parts. The first photographs are from
arecent trip to the Wet Tropics of Far North Queensland. Some very pretty
Images.

Native Fernsfor Cool Climates

A page listing species of Australian Fernsthat grow well in cool climates. It
covers the horticultural aspect in detail, including a page on propagation from
spores.

The Australian National Botanic Gardens home page

A very large site with all manner of information on Australian plants, including
some information on ferns. The ANBG is agreat place to see arange of
Australian ferns growing in near-natural habitats.

Introducing Australian Ferns

An easy introduction to the subject by Lorraine Deppler, on the Society for
Growing Australian Plants pages. Some nice photographs, too. Now back
online.

The Fern Society of Victoria

From Victoria (south eastern Australia), a site with plenty of useful information
about growing ferns. Quite a bit of it iswritten by Chris Goudey, well known
fern book author. There's an extensive spore list, too.

Fougeres

A splendid site that reproduces the text and illustrations from an 1880
publication, "European Ferns' by James Britten and D Blair. Unfortunately, this
site has disappeared. The link is broken. If anyone finds it again, please let me

know. | have received the following confirmation from Pierre Laurent at
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theUniversité de Caen:

Désolé, ces pages ne sont plus accessibles sur le WWW. Cela était
un test dans le cadre de la bibliotheque scientique, mais ce projet
n'a pas été poursuivi.

The San Diego Fern Society

A comprehensive site from one of the largest fern groups in the United States

The American Fern Society

Another very comprehensive site.

The Southwestern Fern Society

A site from Dallas, Texas. Some excellent stuff here.

TheBritish Pteridological Society

A new British site, in progress.

Hardy Palm Trees and Ferns around DC

A site on ferns in the Washington, DC area with a good collection of fern
images and information, by John Corgan. Very nice site design. The main entry
page is here.

Cold-hardy Tree Ferns

Thisisavery comprehensive site about many different varieties of tree fern,
with notes on how well they succeed in cold climates (USDA zone 9a and
colder). There are dozens of links to photographs of the different species
(including some from these pages!) Well worth along slow browse.

Victorian fernery at Ascog Hall

This siteis dedicated to a marvellously restored Victorian erafernery at Ascog
Hall on the Isle of Bute, Scotland. Well worth avisit (both cyber and real!)

Peter Richardson'sfern images

Some very nice photographs of New Zealand and Hawaiian ferns. (But be
warned, each image is around 250K, so they can take awhile to download over
aslow connection.)
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Australian Correspondence Schools Horticulture Site -
Ferns

Helpful information on growing ferns. Now online again.

Uni. of Minnesota - Vascular Plants- Links

A series of fern morphology links.

Society for Growing Australian Plants

A comprehensive site dedicated to Australian plantsin general, and how to
grow them. Now back online. The Canberra Region SGAP pageis here.

The Ultimate Australian Gardening CD-ROM - Ferns,
Palms and Cycads

A site advertising a CD ROM product. There is some potentially useful
information on ferns here.

The John Knouse ferns page

A useful classification of the ferns, pluslists of ferns growing in Ohio and
Kentucky, and a fern bibliography.

Fernet

Anyone interested in ferns, and particularly in growing them, should consider
subscribing to the Fernet listserver. It is afree forum for the exchange of
information about ferns. You join viaemail. From then on, you will receive by
email all the postings to the server. You can ask questions and respond to
others. There are members on Fernet from all around the world.

Here's how to join. Click here, or on the title link above to open an email
window with a partly completed subject line. Add your first name and last name
to the subject line. Add a copy of the subject line to the body of the message if
you wish. Send the email. That's al that's needed. If you have any queries,
contact Ross Koning.

If you know of other good links, please let me know.
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There's something very pleasing about the appearance of ferns. Perhaps that's why they make excellent
photographic subjects. The following pages are an exploration of the beauty of ferns through
photographs. They trace particular themes, with an artistic more than a botanic purpose. |'ve done my
best to retain the beauty of the images, although it's impossible to recreate on the Web the colour and
depth of the original photographs. | hope you enjoy them.

David Nicholls
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back to Ferns of the Canberra Region...
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Ferns in the Wet an}si::s

The rainforests in the mountains of the Wet Tropics of North Queensland are ancient. They are,
perhaps, the oldest rainforests on Earth. They are home to an immense diversity of plants and animals,
vibrant with life. Here and there, iridescent indigo Ulysses butterflies float over the tree canopy. Ferns
grow from forest floor to treetop: it is aferny wonderland. To the east, from the ridges, across the blue
of the Coral Sea, you can glimpse the sandy cays and lagoons of the Great Barrier Reef.

On the coastal plains below the rainforest ridges, the city of Cairns spreads on land once cleared for
sugar cane. Some pockets of the original vegetation remain - mangroves near the shoreline and along
the estuaries, where Saltwater Crocodiles abound; drier Bush with Eucalypts and giant Melaleuca
paperbarks; and the occasional pocket of lowland rainforest.

Across the ranges, to the west and north, the dry inland begins. Flat, sparsely vegetated because of
rainshadow, it isin spectacular contrast to the forests only afew tens of kilometres to the east.

The photographsin this gallery are a celebration of the vibrant greenness of the Wet Tropics. | have
deliberately left the images large and minimally compressed to retain some of the beauty of the
original photographs.

David Nicholls
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Tree ferns respond to the
benign climate of the Wet
Tropics. Further south, they
cling to sheltered gullies and
shaded places with tree
over-canopy. Here, they grow
where they fed likeiit.
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Cyathea rebeccae has a distinctly
different look to most of its
relativesin theregion. It has
simple, undivided pinnae that are
dark and glossy except when
newly unfurled, when they are a
beautiful pale green. It growsin
the more sheltered places, usually
in or near rainforest, but often
along the roadsides.
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Another Cyathea, possibly C. cooperi, with a new
frond stretching to the sunlight. The tree beyond is
alarge Melaleuca paperbark. Some of the
paperbarks in this region have trunk diameters of
several metres and are perhaps 800 years old. They
live within a stone's throw of the shoreline,
showing the species predilection for swampy
areas. Their botanical name derives from an initial
observation of specimens that had been subject to a
local bushfire which had burnt and blackened their
outer bark. Normally they are covered with thick
soft layers of bark that you can peel back in layers
like thin brown paper.
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Native Ferns for Cool Climates

Australian
There are anumber of Australian native fern species which are relatively easy to National

Botanic

grow outdoors in cool climate areas. >
Gardens

Fernsrequire good drainage and it is important that some form of protection, such
as overhanging trees, shrubs, a garden wall, the wall of a house or shade cloth, is provided. Where there
are extremes of dry heat and cold, suitable growing conditions can be developed by enclosing areas
sufficiently to keep the humidity high.

When planning the site for afern garden, easterly and southerly aspects are preferable. The majority of
ferns grow best in filtered sunlight and although some will tolerate direct sunlight, they should not be
subjected to it for long periods.

Frost damage may occur to fronds, but it will not be as severe if regular watering is kept up throughout
winter. Damage to foliage may also occur during long periods of dry heat and wind. Damaged fronds
will not recover and should be removed.

Preparation of Soll

Ferns generally grow best in slightly acid soils which contain plenty of organic matter. Good soil
conditions can be created by digging to spade depth and incorporating liberal quantities of coarse peat
moss, well-rotted |eaf-mould or compost. The structure of heavy soil may be improved by the addition of
gypsum and coarse sand.

Planting

Spring is the best time for planting, athough a number of species do equally well if planted in early
autumn. Mulching isimportant to keep weeds down and the soil moist. Eucalyptus leaf litter, hardwood
shavings, weathered she oak (Casuarina and Allocasuarina ) needles or oak leaf litter make good
mulches. Mulches should be topped up regularly.

Fertilising

Ferns are gross feeders and fertilisers are best applied during the warm months when plants are growing.
Blood and bone or liquid organic fertilisers such as fish emulsion are suitable. Iron deficiency is common
in ferns and can be corrected by applying iron chelates to the soil at the recommended rate. Typical
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symptoms are yellowing and bleaching of young fronds although, these symptoms may also occur in
areas where there is high light intensity.

Maintenance

Apart from the removal of dead fronds, ferns do not require agreat deal of maintenance and, once
established, the soil surface should be disturbed as little as possible. Daily watering is necessary while
plants are young, even during winter. This should consist of deep soaking about once a week followed by
alight daily watering. During the summer, watering needs to be consistent. Automatic sprinkler and drip
irrigation systems are ideal for this purpose.

Propagation

Some ferns are readily propagated by means such as division of the rhizomes (under ground stems) or
crowns, layering and plantlets. Division is best carried out just prior to the active growth period in spring.
The rhizomes can be cut into lengths and those with a growing tip can be potted up. Fronds attached to
the divisions may die but new fronds will grow.

Some ferns, such as Asplenium bulbiferum and Polystichum species, produce small plantlets or bulbils
along the stem or on, or near, thetip of the fronds. Plantlets can be pegged onto the ground and removed
from the parent plant once roots are devel oped.

Ferns may also be propagated from spores.

Pests

Some common pests of ferns and the method of control are listed. Many ferns, especialy fine-foliaged
species, are sensitive to pesticides and care should be exercised in their application. When using
pesticides, safety directions should be followed carefully.

Caterpillars (Ilate summer) can be are controlled by crushing the animals by hand, or, in cases of severe
Infestation, a spray such as Carbaryl" may be applied.

Slugs and snails require regular baiting with snail bait, especially after wet weather.

Aphids may attack new fronds especially in spring and autumn and can be controlled with a contact
spray such as those based on Pyrethrum extract.

Scale insects are generally found on stems and on the undersurfaces of fronds. They may be brushed
from the surface using a toothbrush or, in cases of severe infestation, white oil and '‘Rogor 40' or 'Folimat'
may be used. Foliage 'burn’ may occur if these pesticides are used when temperatures exceed 25 degrees
C.
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Native Ferns for Cool Climates

Australian Native Fern Species for Cool Climate
Areas

Many of these are sensitive to frosts and need protection.
Adiantum aethiopicum (Maidenhair)
Asplenium australasicum (Bird's Nest Fern)
A. bulbiferum (Mother Spleenwort)

A. flabellifolium (Necklace Fern)

Blechnum nudum (Fishbone Water-fern)

B. patersonii (Strap Water-fern)

B. wattsii (Hard Water-fern)

Cheilanthes austr otenuifolia (Rock Fern)

C. sieberi (Rock Fern)

Cyathea australis (Rough Tree-fern)

Culcita dubia (False Bracken)

Dicksonia antar ctica (Soft Tree-fern)
Doodia aspera (Prickly Rasp Fern)
Gleichenia dicar pa (Pouched Coral-fern)
Histiopterisincisa (Bat's-wing Fern)
Hypolepis glandulifera

H. muelleri

H. rugosula (Ruddy Ground-fern)
Microsorium diversifolium (Kangaroo Fern)
Pellaea falcata var. falcata (Sickle-fern)
Pellaea falcata var. nana (Dwarf Sickle-fern)
Platycerium superbum (Staghorn)
Polystichum proliferum (Mother Shield-fern)
P. australiense

Sticherus flabellatus (Umbrella Fern)
Todea barbara (King Fern)

Suggested Reading

« Duncan, B.D. and Issac, G. (1986) Ferns and allied plants of Victoria, Tasmania and South
Australia, Melbourne University Press

« Goudey, C.J. (1988) A Handbook of Ferns for Australia and New Zealand, L othian
« Jones, D.L. and Clemesha, S.C. (1981) Australian Ferns and Fern Allies, 2nd edition, Reed
« Jones, D.L. (1987) Encyclopaedia of Ferns, Lothian

Vist thefern web site
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