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Plants befor e flowers: focus on cycads

Notes from the
Editor

Aswe get caught up in Millennium
Fever it'sinteresting to look back at
the past. However, 2000 yearsis
just ablink of an eye compared with
the4600,000,000yearsfor which
planet Earth has existed and the
3500,000,000yearslifehasbeen
slowly evolving.

Therecent TV series Walking with
Dinosaurs  has also encouraged us
to look back. Settingsfor the
computer animations had to be
chosen carefully. There wereto be
no grasses — they weren’t around
in those days. Instead tree ferns,
cycads and conifers — the plants
on which dinosaurs fed and which
formed abackdrop to their dramas
— were needed.

These plants have since been
largely overwhelmed by the hugely
successful flowering plants which
evolved after them. Many have
become extinct but, nonetheless,
many have persisted as a
fascinating link with the distant
past. This Tropical Topics looks at
those links and focuses on perhaps
the most prominent ‘ dinosaur
plants’, the cycads. In future issues
wewill look at other primitive plants
which still share our world today —
the ferns, conifers, mosses, lichens
andliverworts.

| would liketo thank Gary Wilson
of the Queensland Herbarium for
his valuable assistance with this
issue.
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All thanksto the bacteria

No. 59 December 1999

WhentheEarth cameintoexistence, about 4600 million year sago, ther ewas
littleor nooxygenintheatmosphereof our planet. | ndeed, lifeowesitsorigins
toan appar ently lethal combination—athin atmospherecomposed lar gely of
hydr ogen,ammonia, methaneand car bon monaoxide, hot oceans, ultraviolet rays
whichbombar dedtheearth’ ssurfacein theabsenceof an oxygen (ozone) shield
andelectricityintheformof abundant lightning. L abor atory experimentshave
shownthat thiscombination eventually producessimplesugar s,aminoacidsand
nucleicacids—thebasicrequirementsfor protein synthesis.

Eventually, after further interactions,
DNA (deoxyribonucleicacid)
appeared. Ableto replicateitself and
to cause formation of amino acids, this
wasthe essence of life. Simplebacteria
werethefirst proper lifeformsto
emerge from this process, about 1000
million yearsafter theformation of the
planet. They started off feeding on
simple carbon compounds but when
these stores began to run low, alight-
harvesting compound — chlorophyl|
— was devel oped which enabled some
of these bacteriato create food from
sunlight. This process required
hydrogen, a gas available in abundant
quantitiesfrom volcanic activity.
However, thisrestricted the bacteriato
volcanic zones, until one enterprising
branch of the family developed a
method for extracting hydrogen from
an even more abundantly available
source — water.

Waste products from this process
wereto havefar-reaching
consequences for the further
development of life on Earth. When H
isremoved from H, O, oxygen—the O
— remains. Casuaﬁy discarded by the
bacteria as a waste product, this
essential element of our modern air
began to build up in the atmosphere.

The fashion for photosynthesising
caught on in abig way and, as
millenniacame and went, huge
amounts of oxygen were produced by
vast numbers of microscopic bacteria
all busily splitting water moleculesto

feed themselves. We have alot to
thank them for. Not only did they
produce oxygen, but this also led to
the creation of an ozone (O,) shield
against lethal amounts of ultraviolet
rays. However, by excluding the very
rayswhich kick started the whole
process, these bacteria also ruined the
chances of life ever beginning againin
the same way.

At some stage, many many millions of
yearslater, theseprimitivelifeforms
becamemorecomplex andmore
organised. Itislikely that somesimple
organisms engulfed others and,
instead of digesting them, formed a
partnership with them — perhaps
rather like coralsand zooxanthellae.
Eventually the partners merged,
forming one corporate body.

They also discovered sex. Instead of
reproducing simply by dividing into
identical copies, aslifeformsbecame
more sophisticated
they found away of,
mixingand
matching their genes
through the
production of simple
eggs and sperm — 74
astep which
allowedvariation
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Plants step on to land
Algaewer ethefir st proper plantsand it wasfrom green algaethat all theland plantseventually developed. However,
leavingthewater wasnoeasy step. Thebodystructur&sandthereproductlvesystemsofearlyhfeforms both plantand
animal, depended onthiswatery environment.

Sexual changes

Algaehave complicated sex livesinvolving alter nate
gener ations, one produced sexually and the other adapt physically to their new
asexually. The mature plant divides asexually, by 7= N\ - surroundings. Thefirst problem
producing spor es. These grow into different plants which, in | was finding enough water.

Structural changes
As plants |eft the water they had to

turn, produce male and femalecells. If, by swimming through water, th&ee meet and Although they live on land, mosses
fuse sexual ly they can then produce a mature plant and the cycle starts aretotally dependent on moist
again. 5 surroundings. They have no proper

Fore-Fq  yoots so the first adaptation to the
ALY capwle 4 environment camefar%m those
& X RS plants, club mosses, ferns and
-horsetails, which evolved true
. roots. These could probe the
ground below the plants and tap
© intothewater film surrounding soil
particles, thus alowing the plants
,ié to move further from the coast.

This pattern of alternate generations was retained in early
land plants such as mosses. Mosses produce female

cells (eggs) attached to stems and sperm which are free

to swim through the moisture in the plant towards the eggs.
When fertilised, the egg germinates while still attached to the
parent plant and produces the asexual generation — a capsule full
of spores on along thin stem. The capsule splits and the spores are
distributed by the wind to grow into other moss plants.

N : = Thiswater also had to be
N retained in the plant so those

This pattern appears also in ferns. Spores are produced, often in clusters on

the backs of the leaves, and are blown away to develop initially astiny plants  \ %

called thalluses. The underside of the thallus produces male and female cells, \ /2 which ventured on to land

the sperm again swimming through ground moisture to fertilise the eggs, &7 needed awatertight skin. Ferns

resulting in amature fern plant. ore N2 were the first plantsto develop
clusters 77~ >"true leaves. Large spreading green

All these methods of sexual reproduction required water, limiting the sexual stages /&, structures, intended to gather as

to moist habitats, close to the ground. However, as plants moved on to land and N much light as possible, they had a

they grew taller, they needed to liberate themselves from this dependence. " waxy cuticle‘skin’. Poresinthe
Thalluses were bei ng shaded out and, on the ground, were being cropped by \ cuticle allowed the exchange of
animals. P gases with the surrounding

S atmosphere and stomata
controlled the size of the pores,
according to conditions.

Cycadsrepresent an important step in the sexual liberation t 7
of plants. By producing fertilised seeds on one of the
parents they eliminated the necessity for aternating
generations. They were among the first plantsto
reproduce above ground level. Male cells, in the form of
pollen, were either blown or carried by insectsfrom the
cone on the male plant to the cone on the female plant.
There sperm and egg united through a drop of water inside
the ovary in the female cone— alast link to the watery
ancestors — and a seed was formed.

Water, and nutrients, had to be
circulated internally through the
plant now that it was no longer
possible to absorb them, as algae
do, from their surroundings.
Without the physical support of
water, they aso had to hold
themselves up. Both problemswere
overcome by the devel opment of
the vascular system — a system of
woody vessels which provided
rigidity aswell asacirculation
N £ system. Only mosses and

Bunyacone®™  liverworts, among today’sland
plants, are non-vascular.

Conifersperfected waterlessfertilisation, the male spore uniting
directly with the egg at the end of itsjourney without first going for a
swim. With both male and femal e cones produced on the same plant,
chances of fertilisation wereincreased, wind blowing pollen from the
male coneto the female one. X

Thefirst flower swere produced in west Gondwana, now west Africa,
atrend which was to catch on in abig way. Although cycads had putto <./ s
good use the insects’ appetite for their pollen, flowering plants 8 Uy B L) With newfound structural strength,
specialised in using animals as couriers for their sexual needs by e “>) the plants started gaining height,
providing attractive flowers and excess pollen and nectar in payment. 6 - Ly ythosewhich grew tallest, likethe
. (btreeferns, being
rewarded withthe =

Of even more significance was the devel opment in these plants of

“double-fertilisation’, a process by which not only the ovary but also the "\ A}, F+~ lion’s share of "
ovary wall wasfertilised so the seed was encased inan endosperm — afruit — the sunlight for -sss; ‘
which provided food and protection for the seed. Magnolias and waterlilies are photosynthesis. _ "
among the earliest flowering plants. Ancient swamp  « ¥ NS

forests were s
Flowering plants competed very efficiently with their predecessors, not least because  dominated by now W
they were able to grow faster. Nonetheless, conifers remain the dominant speciesin extinct giant club
many temperate areas and cycads hang on in sometimes substantial numbers. mosses and giant

horsetails growing on
*Different sexua strategies did not evolve directly from one plant type to another. vast trunksto 45min N
Evolution took different paths, with changes taking place on different branches of height. Itistheremainsof g
thetree of life. For example cycads are not related to conifers— or to any other these giants which we now ;i
group of living plants. Some temporarily successful plants, such as seed ferns, mineascoal. =

became extinct while others, such as ginkgos, became very restricted.
2



Newly-fledged shining
I starlingswill now be on the

breast feathers, streaked with black,

Wt which contrasts with the iridescent

Bewarethetar tree, Semecarpus
australiensis, which produces its
fruits between November and January.
Reasonably common in coastal and

black-all-over of the adults. Mature

birdswill tend another brood,
successful hatchings being marked by
a scattering of neatly halved blue
eggshells under the nesting tree.

lowland forests and beach suburbs,
thistreeis sometimes called the native
cashew because the fruits look very
similar. Thereisan orangefleshy
section — whichisactually a

Someitems, past their ‘'use-by
date', havebeenremovedfrom
thewebversionof thenewd etter.

thickened stem — with aseed, likea
cashew nut, attached to the end. In
fact, the two trees are rel ated.

However, the tar tree contains potent
chemicals. Although cassowaries eat
it, the seed is toxic to humans and the
tree and seed both contain a sticky
sap which can cause painful blistering
and severe skinirritation. The nametar
tree describes the blackening of the
patches of the trunk where the sap
exudes due to wounding.

Keep away from the Cay. At least if you
areinaplane. Aircraft are banned from
flying lower than 3000ft above
MichaelmasCay and withinonenautical
milefromitscentre. Under an agreement
between the Queensland Parks and
Wildlife Serviceand Air Services
Australia, the control tower at Cairns
Airport has begun monitoring the
Michaelmas Cay areawith anew computer
systemwhichwill provideearly warning
of possible incursions.

The reason for this is concern over the continuing decline in numbers of seabirds
at thismajor nesting site. It is one of the most important sitesin the northern GBR
and the southern limit of sooty tern breeding on the Reef. Common noddies,
crested and lesser crested terns also nest there in large numbers. However,
numbers of some species have declined by up to 40 percent since 1984 and
disturbance by planes has been blamed for some
of this. Eggs and chicks can die quickly from
exposure or predation by silver gulls
when their parents are scared away
from the nest. Thisisthefirst
timeairspacerestrictions
have been imposed on
environmental grounds.

Sooty terns, parent and chick

The summer rains have produced an
explosion of fungi fruiting bodiesthis
year. If you areinterested in these
wonderful organismsyou may liketo
have alook at the Fungimap website
onwww.rbg.vic.gov.au/fungimap

Fungimap isacollaborative project
between professional and amateur
mycologists and naturalists to gather
information about the distribution of
fungi throughout Australia.
Thefungusfloraof Austraiais
remarkably poorly known. Whilethere
are thousands of people who can
identify orchids, eucalypts or
wattles by sight, there are
very few amateur or
professional naturalists
who can do the same
for the fungi.

Fungimap can be contacted
through:

fungimap@rbg.vic.gov.au

Please note

that you are welcome to photocopy
Tropical Topics. However, if thetext
is reproduced separately it must not
bealtered and must acknowledgethe
Environmental Protection Agency as
the source. Illustrations must not be
reused separatel y without permission.
Please contact the editor (details on
the back page) if in doubt.




Concentrating on cycads

TheWet Tropicsistheonly placein theworld whererepresentativesof all threefamiliesof cycads,
Cycadaceae, Stangeriaceae and Zamiaceae, can befound together.

Cycasmedia
(Family

Cycadaceae) (right)
is the commonest
Cycas speciesin
eastern Australia. It is
found in

Queensland, in *iMM
and outside
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conditions, growing, < ﬁ\/\@vw@mf e
sometimes in dense = TS
colonies, on rocky \\\\”’”ﬂ\!\ N
slopes in sclerophyll :7/ f’
forest and on v

rainforest margins. It is often burnt,
after which a fresh crown of pale
fronds and a cone often appear. The
larvae of a small blue butterfly,
Miskins blue, feeds on the leaves.

The Cycas genus is one of the oldest
of the cycads, some having existed
in their present formfor over 140
million years.

Cycad cones

Cones were not new when they
evolved on cycads. Primitive
cones had appeared on club
mosses, those of the now extinct
giant club mosses growing up to
50cminlength, and can still be
seen on other fern allies such as
Selaginella species. Pine cones are quite
different to and more complex than cycad
cones.

Male cycad cones are usually smaller
than the femal e ones but may be
produced in more abundance and more
often. The scales of the cones are
modified |leaveswhich, infemales, have
ovules near to the base. As they mature,
male cones become elongated and shed
pollen, after which they quickly decay
and die. When pollinated, most female
cones increase in size and weight, those
of Lepidozamia peroffskyana (a close
relative of L. hopei) reaching 40kg or
more.

\§ ,

% good use.

pollinators) to survive without one another.

Similar weevils have al so been found feeding and breeding on Lepidozamia hopei ¢,

and, since they also carry pollen, are
suspected of acting as pollinators for this
Species.

Native bees, belonging to an ancient family,
have also been found collecting pollen from
cycads, including Cycas media and

Lepidozamia hopei. Perhaps they too will be

found to act as pollinators.

In the case of Bowenias, commonsense suggests
that wind would be an unlikely pollination agent for
cones produced at ground level from alow-growing £z
plant ontheforest floor. Recent experimentswith 2=k
Bowenia spectabilis and B. serrulata have S
shown that fertilisation was just as successful in
cones from which wind and water were excluded
asit wasin those plants which were | eft alone.
Careful examinationreveal edlittleweevilsfeeding
and breeding in the tissues of the mature male cones.
The same weevils, covered in pollen from the male
cones, were aso found in receptive female cones.

Cycads, wind and weevils

Many text books state that cycads are wind pollinated, like conifers.

However, while the receptive female cones of conifersare opento air
currents, those of most cycads are not. Wind tunnel tests of three

species have shown that even when airborne pollen does settle on
the female conesit usually does not land in a site suitable for
fertilisation. In addition, many cycad speciesgrow inisolation
from each other — and it has been shown that certain cones can

still produce seeds even when covered with forest debris.

Research has now shown that at |east some, perhaps even al, cycads
arepollinated by insects. Indeed, five members of the Zamiaceae family
and the two Boweniasin the Stangeriaceae family are now known to
“SS=="_depend entirely oninsectsfor pollination. Whileit islikely that wind
was the pollination agent for cycads when they first evolved, the insects
which they now use — mainly weevils — have very ancient origins so the
association may have avery long history. Indeed, it may have been the cycads which
first trained insects in the tricks which the flowering plants were later to put to such

Boweniaspectabilis

It would seem that the Bowenias and the weevils are completely
dependent on each other. The Bowenias cannot reproduce without the
weevils (Bowenias cultivated from seed have very low fertilisation
“ rates even when growing closely together) while the weevils are found
'\ nowhere else. They lay their eggs on the male cones, feed on the plant in
J both adult and larval forms and when the cones disintegrate they .,
pupate in the soil below until the next season. Possibly the plant and weevil, =
having evolved together, are now unable (like the figs and their wasp

Super sperms

When the pollen grain arrives on the
female cone it produces along tube
which burrowsinto the female cone
(ovary) to reach the egg. When the tube
iscomplete (which may take months) the
pollen grain then produces the largest
known sperm of any organism, plant or
animal. Thisthen swimsitsway down

"#  The male and female cones of Cycas mediaare quite the tube to unite with the egg.
, different in appearance. The male cone (left) isup N
to 25 cmin length and an orange brown ’ 4,
colour. The female cone (right) looks like a
, bunch of spiky leaves on which the
4. fertilised seeds start to grow as green
/' balls. These structures then relax, falling
out from the crown of the plant as the stem
grows through the centre of the cone.
Eventually the ripening orange-yellow
seeds hang down in a ring below the crown
(see above). This habit, which is found only
in females in the Cycas genus, allows the
. plant to grow more leaves during the 9-
12 months the seeds take to ripen. The
. male cone, its usefulness relatively g
.« short-lived, simply falls off.

Cycads and ginkgos are the only seed-
producing plants with motile sperm* —
spermwith numeroushair-likecilia
which moveit along. Thistype of sperm
demonstrateslinks with the more
primitive ferns and mosses as well asthe
algal ancestors. It is an attribute which
flowering plantswere able to discard
when animalsbecametheir sperm-
couriers.

| *Animalsalso have motile sperm.




Hot sex among the cycads
If you use an infrared camerato view ripecycad =%
cones in the afternoon, you are likely to see them
glow! The plants are able to increase the
temperature of their cones up to 17 deg. above the
local air temperature. Thisusually happensin the
afternoon — between midday and 2pm is peak
glowing time for Bowenia cones which can
reach 6 deg. above the surrounding air
temperature.

The heat is created by the breakdown of
starch and lipids stored in the cone scales. This
happens when the cones reach maturity and islikely to
increase chances of fertilisation in someway. Thismay
happen because insects are attracted by the plants' odours which
become stronger when the cones are warm. (These odours may

attract mal einsects by mimicking female hormones.) The heat may

also help the male cones to shed pollen.

Cycads are not the only plants able to heat up. Members of the
Araceae family, such as the giant Amorphophallus titanium or
Devil’ stongue of Sumatra (to 2min height) can perform the same
trick by warming up their flowers. Thismay attract pollinators, such
asfliesand carrion beetles, which are naturally drawn to
decomposing bodies and animal wastes.

Zamia fern (Bowenia spectabilis) (Family Stangeriaceae)
Despite its common name, Boweniaisnot a fern —or even a Zamia
(which are American cycads). The confusion with fernsis
understandable, however, because it is quite different in
appearance to the other cycads. Its slender branched leaves, grow
just a metre or so in height, from an underground stem. It can be
quite common in reasonably wet areas and is associated with

rainforest or wet sclerophyll.

Bowenias are, by far, the most toxic cycads in the world, with the
highest level of mercury. (See page 7 for more on toxins.)

. Bowenias are found only in

Australia, in Queensland.

a7, There are two species. The
ame  Byfieldfern, Bowenia

s serrulata, isvery similar

to Bowenia spectabilis

but its leaves are

serrated and the plants

formmulti-stemmed

Y _ N clumps. This cycad is found
Boweniaspectabilis  only in the Byfield

area, near Rockhampton.

Bowenia spectabilisisincluded in the logo of the Wet
Tropics Management Authority.
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Cycad seeds resemble fruits because they have a fleshy outer
layer which isoften brightly coloured. However, only flowering
plants with double-fertilisation (see page 2) can produce truefruits.
Although thefleshy layer keepsthe kernel moigt, it

also contains chemicals which delay seed [
germination. When thisis eaten by animals, :
as often happens, the seeds may germinate
more quickly; experiments have shown thisto
be the case.

Slow cycads
Cycads are amongst the sloths of the plant
world. Not only do the plants grow slowly but

when fertilised, the seeds can take 12 months or moreto maturein
the cone. Even then, the embryos of most seeds are still immature
andrequirean * after-ripening’ period of generally 6-12 months(in
local species) before the seed can germinate.

\ \‘ A
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Kernels

Hope' scycad
(Lepidozamia
hopei) (Family
Zamiaceae) (left)
isfound only in
the Wet Tropics.
It isthe tallest
" cycad in the world reaching heights of 20m
X (although specimens of this height are rare).
Ry Itisarainforest cycad but likes reasonably
PRy good light levels, so tends to grow at the edge
B of the forest or along stream banks.

é‘~0°0‘. 0,
RSCSXIC . . . .
,.9:3:‘323‘1 White-tailed rats eat the bright red seeds of this

CoeX  plant and, al ith pi di th
ey Plant and, along with pigs, may disperse them.
R However, these are relatively recent arrivals
RS in Australia so, since musky rat-kangaroos
2%, \ /" also eat the coating of the seeds, these

‘-“}".‘ N .
Ry little animals are probably a more

74
ﬂ//% A/Araditional disperser.

Cycadroots

All species of cycads have specia densely-branching roots
which resemble corals in appearance and are found in no other
plants. They grow on or at the surface and contain symbiotic
blue-green algae/bacteria (similar to those which first brought us
oxygen). Fixing nitrogen from the atmosphere, they allow the
plantsto live in poor soils. Studies of a West Australian cycad
showed that the symbiotic blue-green algae in its roots can fix up
to 35kg of nitrogen from the atmosphere per hectare per year.

Thisis possibly avery ancient arrangement dating back to the
time when plants were taking their first steps on to land and may
have been able to do so only by making symbiotic deals with
fungi and bacteria.

Firesand cycads

Burning seems to encourage the
production of conesin at least some
cycad species. A comparison between a
burnt patch of cycads (Cycas sp) and an
unburnt patch showed that the burnt
plants produced more than seven times
the numbers of seeds.

Cycadhistory

Cycadsfirst appeared about 230 million years ago. At that time
there was only one land mass, now known as Pangea. The
cycads therefore had about 50 million yearsin which to spread
before this land mass made even thefirst split, into Laurasiaand
Gondwana. Their descendants are today found in tropical areas

around the world.

Cycads had their heyday in the Jurassic Period, about 193-136

). million years ago, along with the dinosaurs. The dominant
vegetation type of the time, there were many more species than
now remain. The ones which have survived to the present day
are very little changed — but that does not mean that they have
stopped evolving. Bowenia serrulata, isolated in the Byfield
area, has become a separate species and genetic studies of
different populations of cycads in the Wet Tropics, on either side
of the Black Mountain Corridor (adry zone which has caused
long-term separation of many plants and animals) are showing
dlight changes as they gradually evolve in isolation from each

other.




Q HowlongistheDaintreeRiver?

A It's120km long. Thedistancefrom
the ferry crossing to the river mouth
is9.5km by river, or 7km asthecrow
flies. Estuarine crocodiles have been
found asfar as 68km upstream.

Q Pleasegivemesomeinformation
about Boyd’ sfor est dragon—itslife
span, territory, breeding, etc.

A Boyd'sforest dragon isonly
found in the rainforests of north-
eastern Queensland. The male has a
home range of about 1000 square
metres. Femalerangesare dightly
smaller. Home ranges of the same
sexes do not overlap but larger male
territories often contain one or more
femaleterritories. Movementswithin
the territories vary with season with
dragonstravelling 100m or more
during summer days but relatively
littleinwinter.

These lizards spend much of their
time perching on the side of tree
trunksjust one or two metres from
the ground waiting to ambush prey.
They sometimes have favourite trees
towhichthey will regularly return.
They eat beetles, spiders, crickets
and lots of ants. They aso love
earthworms. Although they may
occasionally eat rainforest fruits, this
seemsto berare.

Themaleislarger than the female and
can be distinguished by its larger,
blockier head. Both sexeshave a
largeyellow dewlap below their jwmes
chins which they can erect
using a bone called the
hyoid. The dewlap is used
for displaying to each other
and to scare off predators.

The breeding season is late spring
and early summer. At thistimefemale
dragons in the cooler uplands often

Questions & Answers

move in search of open sunny spots,
such as roads. They tend to sit on
the roads, presumably using the
warmth to help speed development
of the eggs (arisky habit). Despite
their fairly large size, forest dragons
producerelatively small clutches,
laying only oneto six eggs at atime
inashalow hole. Unfortunately
upland dragons often lay them in the
warmer areas at the sides of roads
where they are vulnerable to
vehicles. Lowland dragons lay on
theforest floor.

Thelizards mature at about 1-3 years
of age. They may live for about five
or ten years but thisis uncertain.

In general the forest dragon relies on
its superb camouflage to escape
predators. It will usually stay very
still, only moving whenitissureit
has been spotted. Then it lowly
foldsinitsarms and legs and slides
around the back of the tree, keeping
the trunk between itself and its
observer. The best way to spot a
forest dragon is to carefully scan the
sides of trees at about head height,
while slowly walking through the
rainforest. Examineany largebump
— it may well turn out to bealizard.

For more information on these lovely
animalslook at Nature Australia Vol
25N0 8 Autumn 1997 for an excellent
articleentitled Forest Dragonshby
Boyd's specialist
GeordieTorr.

Tourist talk
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Facts and Stat'S s

Thereare 250 species (11 genera) of
cycadsintheworld. In Australiathere
are about 69 species (4 genera).

Growthratesfor cycadsprobablyvary
accordingtonutrient levelsand some
lar gespecimensar ecertainly
hundredsof yearsold. Two

L epidozamia hopei plantswere
estimated tohavegrown at ther ateof
8.5cm and 6cm per year, respectively.
Cycadsdonot producetreerings.
Radionucleotidedecayrates
(resultingfrom A bombtests) have
been usedtoindicater ecent growth
ratesof some.

Cycads have roots and stems which
can contract, pulling the plants stems
underground! In some species the
stem length may decrease as much as
30 percent.

Timdines m——
Inorder togainaper spectiveonthe
unimaginablenumber sof year s
involvedinthehistory of lifeon Earth
itissometimeshel pfully compared
withasingleyear,oneday
representingten millionyears. (This
timelinefocuseson plant evolution.)

» Theyear startsin January with the
beginning of life, the ancestral
bacteria, about 3500 millionyearsago.
 Thefirst algae may have appeared
sometime in August.

« Plantsfirst began to colonise the
land in the 3 week of November.
 Treeferns and clubmoss forests
developed about the beginning of
December.

 Cycads appeared aweek or so later.
 Flowering plants appeared about
mid-December.

¢ (Inthe evening of the 31% December
hominidsappear, modern manarriving
at the party just afew minutes before
midnight.)

Animal parallelS m————
I nterestingpar allelshavebeendrawn
betweenthedevel opment of land-based
plantsand animals.

* Algae, withtheir free-swimming sex
cells, arelike thefish which shed their
eggs and sperm into the water,
allowing them to swim together.
 Spore-producing vascular plants
such as ferns, horsetails and
clubmossesarelike amphibianswhich,
although they lived on land, had to
return to the water to breed.

* Seed-producing cycads and conifers
arelikereptileswhich devel oped
watertight eggs, allowing them to
reproduce on land.

 Flowering plants, with their enclosed
seeds, arelikemammalswhichretain
and protect the fertilised egg inside
the mother’ sbody until itisrelatively

mature.
1



Toxinsin cycads

All cycadsarepoisonous. They havecreated their own uniquetoxins— cycasin and macr ozamin (methoxyazomethanol
glycosides). Theseincludemer cury whichisprobably accumulated from small quantitiespresentinthesoil. They attack
theliver in humansand can causecancer . Cycadshavealonghistory of evolvingalongsideinsectsand other animals
whichsawthemaslikely tucker —andthey havehad all that timetopreparetheir defences.

A number of early European explorersin Australiafound
this out the hard way. The earliest report of poisoning goes
back to a Dutch expedition to Western Australiain 1696 and
members of Cook’ sexpedition made the same mistake after
assuming that the seeds were safe to eat when they found
cycad ‘hulls’ near Aboriginal firesat present-day
Cooktown. They are apparently tasty with a starchy flavour
similar to beans, chestnuts or hazelnuts. Although these
experimenterslived to tell thetale, Cook’s* hogs' apparently
died as aresult of eating the seeds. Indeed, cycad seeds as
well asleaves are known to betoxic to cattle, sheep and
other livestock. These animals are particularly tempted to
feed on young leaves which are often the first greenery to
appear after afire— but that iswhen the leaves are at their
most toxic. Given the effects on humans and livestock, it is
certainly curiousthat anumber of native animals— and
feral pigs— are able to eat the seeds without apparent ill-
effect.

Despite their toxicity, cycads are widely eaten by humans.
The seeds were such an important staple for Aboriginal
peoplethat cycad groves were ‘farmed’ to a certain extent
by being burned regularly — this method also serving to
keep the area clear of rainforest which would shade out
Cycas media, the main staple. Sinceamature femaletree can
produce a crop of 500 seeds, thiswas areliable food source
and many of the taller trees have steps cut into the trunks
for ease of access. However, safe consumption depends on
careful preparation which entails pounding the kernels,
drying them and leaving them to leach in adilly bag in first
running and then still water for aweek or more. The
contents are then ground into a e
paste and baked. Bowenia roots .

were also eaten, following ‘
extensive and careful preparation.

I11-effectsfrom eating too many
cycad seeds became apparent in
GuamfollowingWorldWarl1.

People and cycads
Despite their toxins, cycads have been an important source
of food wherever they grow. In many parts of the world the
starchy centre of the trunksisdried, leached with water
before being prepared as pellets known as sago.
(Commercial sagoisderived from certain palm specieswhich
are not even remotely related to cycads .)

Nowadays, cycads are valued more for their visual appeal,

in gardens, parks and flower arrangements, than as food.
Leaves are very long lasting and can be dried for wreaths
and flower arrangements. However, this popularity hasled
to over-exploitation of wild stocks and the extinction in the
wild of some species. Asthe plants becomerarer, their value
increases as does the temptation to illegally collect and
tradein them.

A further problem of collecting isthat it has the potential to
affect the insect pollinators on which the future of the
plants depend. If the association between the cycads
and their specific insect pollinatorsis broken and
both lose the ability to reproduce, they may both <
faceextinction. Thiswill happen if seedsareremoved > R
from thewild to beraised inisolation and also if the
insects are affected by pesticides; the pollinating weevil
of one South American cycad was wiped out by sprays
directed against pests in nearby banana plantations.

Deprived of supplies, the locals had to rely aimost entirely
on cycads which were otherwise just an occasional part of
their diet. Unfortunately the cycad toxins strip away the
‘insulating’ layer of myelin around the nervesallowing
nerveimpulsesto ‘leak’ causing unpredictable movements
as the nervous system gets out of control. An entire
generation in Guam suffersfrom this syndrome, whichis
absent from younger generations who did not have to eat
the cycads.

Weevilsfind away

Although cycad toxins protect them
frommany herbivores, thereare X
exceptions. Studies of the weevils e S
which pollinate Bowenia have shown i

that they are able to feed on the starchy
tissues of the male cones — but that they
do not feed on the female cones they visit. 4
A few bite marks found on the female cones ~
indicate that they stop after a brief experiment. The reason
isthat while the toxins flood the tissues of the female
cone, on the male cone they are enclosed in cellswithin
the tissues. These toxin cells pass right through the
digestive tracts of the weevils (they have been found,
intact, in the poo). Thisenablesavery small animal likea
weevil to cope with toxinsin the male, but not in the
female. A larger animal, however, would get amouthful of
toxinsfrom either cone.

This method ensures that the weevils, which are so
important to the pollination of Bowenia, are rewarded with
food (and brood sites) only in the male cone. This makes
sense because the male cone is dispensable once the
pollen has been shed but it isimportant that the female
cone is untouched since it needs to persist for much
longer while the seeds develop. Why then do the weevils

| visit the femal e cones? They may betricked into visiting

by smell but they may also visit to receive rewards— a
type of nectar produced at the entrance of each ovule.

M anaging people

The Australian cycads areall listed under CITES (the
Convention on International Trade in Endangered Species).
Tradeis alowed in these species only if the country of
origin considers that the quantities traded do not represent
athreat to the natural populations.

In Queensland all cycads are protected under the Nature
Conservation Act 1992. They areall listed under Schedule
12 which means that no one can take or deal with the plants
without alicence. Thisrestriction refersto all parts of the
plants, including seeds and leaves, and restrictions apply to
all land tenures, including private land. Any plants (or plant
parts) which are sold (or given) must be tagged with the
appropriate permit. The popularity of cycads, and the
restrictions placed upon them, has encouraged a black
market. Please help to protect these marvellous plants by
not accepting or selling any cycads which
do not have the appropriate

%~ Forfurther information on
this, contact the Queensland
9 Parksand WildlifeService.




Book shelf

LifeonEarth

David Attenborough
Coallins(1979)
Reader'sDigest (1980)

Inhisinimitableway, David
Attenborough relates the story of
the evolution of lifeon earthin an
accessible way.

TheNatureof HiddenWorlds
Mary E. White
Reed Books(1993)

TheGreeningof Gondwana
Mary E. White
Reed Books(1993)

Both these books focus on the
fossil history of Australia, the

second focusing mainly on the plants
of the prehistoric past.

CycadsoftheWorld
David L. Jones
Reed books(1998)

Thisisamarvellous book on cycads.
It coversall living cycads around the
world and has a thorough introduction
covering the history and prehistory of
these plants, their structure and
biology, their economicimportance
and cultivation.

Encephalartos No. 52 December 1997
Journal of the Cycad Society of South
Africa

Noteson the Biology of Lepidozamia

hopei Regal (Zamiaceae)
Gary W. Wilson and Peter C. Rowles

A study of our rainforest cycad.

I nsect PallinationintheCycad
genusBoweniaHook. ex Hook. f.
(Stangeriaceae) Submitted

Gary W. Wilson

Australian Natural History (Nature
Australia) Vol 24 No 11 Summer
1994-95

Cycad sex

A short article on hot cycad cones.
=
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