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The concept of evolution, as explained by Darwin, is a bit difficult to grasp. 
The time scale involved is rather intimidating, you have to admit! Yet it’s essential 
that we understand it, for it explains who we are and where we come from. 
It also lets us comprehend just how much influence we have on other species 
and ourselves. On our planet’s future. It’s all a bit daunting. 

But things become easier to understand if we reduce them to the scale of 
our own lives. Take a moment to reflect on your own past, the traces you’ve left 
behind, your choices and ambitions. Think about the experiences you’ve had 
and the people you’ve met. It’s easy to see how your past has shaped who you are. 
Over the years, through your relationships, good and bad, through your successes 
and failures, the sunny days and the storms you’ve come through, you’ve adapted 
and evolved. 

Looking at life in this way makes it all much clearer. Our ability to change is key 
to our survival. And that is true for the entire living world. 

But there’s more. 

While many different forms of intelligence have developed in nature, human 
intelligence is the only one with a keen awareness of its own existence. We’re able 
to understand the impact of our actions. That gives us a huge responsibility in the 
way we treat other species. It obliges us to show the utmost respect, empathy 
and humility. 

We have to take care of Nature, love and cherish it. We must seek a proper balance, 
so that Nature can work as it should, instead of focusing on growth at any cost. 
Otherwise, no matter how intelligent we think we are, Nature will turn against us. 

This year, the Espace pour la vie museums will be exploring the theory of 
 evolution from different angles, and especially the sophisticated interactions 
that define it. It’s all fascinating. We hope you will join us in looking at our origins 
and putting our minds together to figure out what we must do to guarantee our 
planet a bright future. 
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The PlanT Odyssey
JARDIN BOTANIqUE

JUNE 22 — OCTOBER 31

Plants have evolved in fascinating ways. To illustrate 
this journey, the Jardin botanique has created a route 
for visitors to explore and see for themselves how the 
main plant structures emerged. It’s a true epic! 

EVOLUTION IN BLOOM 4

evOluTiOn  
in blOOm
• By Charles Prémont
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One of the great revolutions in the plant kingdom was 
the  appearance of flowers. They didn’t actually arrive until 
late in the evolutionary process, about 130 million years ago, 
but when they did they radically transformed the face of 
the world. Let’s take a look at a successful seduction technique! 
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Over their billions of years on Earth, plants have evolved 
tremendously. From algae to trees, they have constantly 
 “innovated” to survive in a changing environment. Revolution-
ary structures like stems, leaves, wood and seeds allowed 
them spread to every continent and refine their means of 
reproduction while achieving amazing diversity. Flowers, 
however, were probably one of their greatest successes.

Before flowers, the Earth was covered mainly with 
 gymnosperms (conifers and closely related modern plants), 
mosses and ferns. They relied mostly on wind and water 
to reproduce. 

While gymnosperms were the first to use animals (insects) 
to help with reproduction, it was angiosperms (flowering 
plants) that really were able to make the most of this strategy. 
By combining male and female organs in a single structure, 
flowers are better adapted to pollination by insects and small 
animals. As these creatures move from one flower to ano-
ther, they transfer the pollen and leave it in precisely the right 
spot for fertilization. 

Then, once a flower has been fertilized, the ovary is 
 transformed to produce a fruit, a protective envelope 
for the seeds or pit. And when animals eat the fruit, 
the seeds are spread even more efficiently. 

This strategy has proved phenomenally successful. 
 Angiosperms have become the most widespread group 
of plants on Earth. Today there are about 369,000 species 
of them, as compared with barely 1,100 species of conifers 
and their close relatives. 

In fact, a huge number of insects and animals, as well as us 
humans, wouldn’t be able to survive without flowers! 

They feed us, shelter us and brighten our days. Flowering 
plants are the dominant plant form now, but will they in turn 
be pushed aside one day by other forms and strategies better 
adapted to our changing environment? Only time (and our 
descendants) will tell.

⊗ 

EVOLUTION IN BLOOM 5

evOluTiOn: survival  
Of The sTrOngesT?
Sometimes, but not always. In fact, natural selection 
favours characteristics that improve the chances of survival 
and reproduction of individual members of a species. 
So if strength is the advantage that improves an individual’s 
chances of procreating, then evolution will side with the 
strongest for that species. But for another species it may be 
the fastest, cleverest or most colourful members that win. 
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EVOLUTION IN BLOOM 6

secreTs Of 
aTTracTing  
POllinaTOrs
• By Charles Prémont

Many plant species rely on pollinators for reproduction. 
These pollinators are often insects, but also small mammals 
or birds that browse from one flower to another, transferring 
the pollen that plants need to reproduce. Plants have adapted 
in some surprising ways to attract them. 

Simon Joly is a researcher at the Jardin botanique de  Montréal 
and an Adjunct Professor with the Biology Department at the 
 Université de Montréal. He studies the evolution of flowers 
in Caribbean plants in the African violet (Gesneriaceae) family. 
They have developed different reproduction  strategies and 
are pollinated by hummingbirds, bats or insects. Some are 
generalists and even manage to attract all three.  

What he finds fascinating is that the different strategies are 
each associated with a specific flower shape. “Every reproduc-
tion strategy has appeared numerous times during the plants’ 
evolution and, each time, the flowers have evolved to essentially 
the same shape! It’s an excellent example of natural selection. 
By visiting the flowers it finds most attractive, a pollinator 
encourages certain characteristics to be handed down from 

one  generation to the next. Over time, this leads to a particular 
type of flower.”

For instance, flowers that “specialize” in hummingbirds have 
a tubular, brightly coloured corolla (petals) and produce  nectar 
during the day. Plants pollinated by bats, on the other hand, 
 produce nectar at night and are white or greenish, since bats 
prefer these colours. 

Dr. Joly is working to identify the genes responsible for these 
changes in flowers and to understand how pollinators’ choices 
influence flower shapes in nature, especially for generalist flowers. 

His findings help us understand how species can adapt to 
 environmental changes like the loss of pollinators, and more 
accurately predict the impact of our actions on the environment. 

⊗

darwin PredicTed cO-evOluTiOn
• By Guillaume roy

When Charles Darwin was shown an orchid with a 30-cm spur in 1862, 
the famous biologist predicted that there must be a butterfly or moth 
with a proboscis long enough to reach the nectar produced deep inside 
it. People laughed at his hypothesis at first, but some 40 years later 
the  Xanthopan morganii praedicta sphinx was discovered: a moth whose 
22-cm proboscis allows it to sip the nectar from the orchid.

Co-evolution occurs when two species are so closely related that they 
influence each other’s evolution. This example shows how these two species 
developed common strategies to maximize pollination, for the flowers, and food, 
for the moths.

PHOTO Miles Kelly/Fotolibra.comDID YOU kNOW? 

researchers' nighT
Planétarium rio tinto alCan

NOVEMBER 15
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 NEWS FROM THE BIODÔME 7

The biOdôme is evOlving!
• By Charles Prémont

The Biodôme has been closed since spring 2018 for major renova-
tions, but it will be back with a splash in fall 2019. By opening up 
the interior to reveal the Velodrome’s original architecture and bring 
in more natural light, the transformation will enchant visitors with 
a more immersive and hands-on experience. 

Yves Paris, the Biodôme’s new Director, makes no bones about it: 
this modernization is a gigantic project and has required a lot of 
work by his team. On the other hand, it is giving them the opportu-
nity to enhance the interpretation of the different ecosystems. 

One of the main innovations in the new, improved Biodôme is 
its new mezzanine. The platform will give visitors an exceptional 
bird’s-eye view. “There’s lots of life in the canopy, but of course 
people rarely have access to it,” explains Paris. “Now our visitors 
will be able to better admire the tropical birds and sloths, and also 
see what’s happening down in the Laurentian Maple Forest and 
the Gulf of St. Lawrence.”

On this level of the building, visitors will also get an idea of what 
goes on behind the scenes at the Biodôme. “We want to do 
a better job of explaining the ‘bio-machine’ of our house of life 
and everything it takes to maintain our ecosystems,” he says.

Some of the habitats will also be upgraded. The lynx habitat will 
be opened up, and the penguin habitat expanded. The Labrador 
Coast will be redesigned to give people a better sense of its 
smells and sounds. “Even the temperature in the habitats will 
add to the experience,” says Paris. “In the Sub-Antarctic Islands, 
for instance, the temperature will be a steady 12 to 14 degrees.” 

In other words, don’t forget to bring a sweater!

⊗
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adaPTaTiOn  
drives life
• BY ANNE-MARIE LUCA

Natural selection lets species evolve over time and adapt to 
a constantly changing environment. It has led to species that 
are able to fly for thousands of kilometres to migrate, and 
others that hide in plain sight or live in symbiotic relationships. 
These  phenomena can take millennia, and together they  represent 
the fascinating story of life on our blue planet. In these pages 
we look at five ways in which natural selection influences evolution. 
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mimicry,  
Or The arT Of disguise

To protect themselves from predators or take their prey unawares, 
some animals hide in plants by imitating parts of them. Stick 
insects, for instance, are herbivorous insects that look like twigs, 
while crab spiders lurk unseen in flowers. 

On the other hand, one species uses mimicry not to be invisible, 
but to attract pollinators. The orchid mantis, found in the tropical 
forests of South Asia and Malaysia, has evolved to resemble 
a flower.

“It’s a unique phenomenon,” says biologist Sonya Charest, 
 educational programs co-ordinator at the Montréal Insectarium. 
“Other insects imitate parts of flowers, but not the whole thing.”

Although the insect is named after an orchid, it doesn’t 
 necessarily look like one – or any other flower, in fact. 
Its  appearance is inspired by a number of characteristics 
of  nectar-bearing plants that attract pollinators: their colours, 
shape and even the ultraviolet light they reflect. The result is 
an attractive little white and pink creature with petal-shaped legs. 

Unlike other mimics, an orchid mantis hides in plain sight. 
While human eyes can eventually make it out, tiny insects lack 
the cognitive ability to tell this predator apart from a flower. 
They simply see a colourful shape they assume is a nectar 
factory. And the more varied the colours, the larger the flower 
is sure to be and the more delicious nectar it will hold. It’s a 
seductive – and deadly – illusion!

⊗
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symbiOsis
What’s the connection between some species of algae and 
fungi? Lichens: multicoloured organisms found on tree bark, 
rocks, soil, dead wood and even moss that are the result of 
symbiosis between these living beings. 

Symbiosis, meaning “living together,” occurs when two or 
more organisms of different species, called symbionts, form 
an association. There are different kinds of symbiosis – in 
the case of lichens, the relationship is considered mutualistic, 
meaning that both partners benefit. 

Microscopic algae shelter beneath the fungus and trade the 
sugars they generate through photosynthesis for the mineral 
salts produced by their protector. 

“It’s what we call obligatory symbiosis, since otherwise the 
lichens simply couldn’t exist,” says botany and lichenology 
expert Arold Lavoie.  

But you can’t pair just any forest fungi with any algae. 
To form lichens, each of the 20,000 species of “lichenized” 
fungi has to be associated with one of the 200 photosyn-
thetic partners (green algae or cyanobacteria) that is ideally 
suited to it. 

The result is a plant adapted to hostile habitats, that makes 
soil, stabilizes it and keeps it moist, and feeds many  animals 
and insects as well as providing them with shelter and 
camouflage. Its pollution intolerance makes it a good natural 
air-quality indicator, too.
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buTTerflies gO free
INSECTARIUM

FEBRUARY 28 — APRIL 28

esTheTic evOluTiOn

What could be more delightful than finding yourself in the 
midst of a cloud of butterflies? In fact it might not have been 
so amazing several million years ago, when the ancestors 
of today’s varied and colourful Lepidoptera were much plainer 
to look at. Butterflies and moths have adopted different sha-
pes and colours as they evolved, to meet various challenges 
and  survive. 

Like most living creatures, butterflies and moths look for 
 characteristics indicating good physical health when choosing 
their mates, to ensure that they can pass along strong genes. 
This is known as sexual selection. 

Females devote tremendous energy to developing gametes 
(reproductive cells) and laying eggs. So of course they’ll want 
to take the time to choose the right partner and not waste all 
that effort. Not just any male will do!

Males, on the other hand, expend less energy. “It’s to their 
advantage to spread their seed around and distribute their 
genes as widely as possible,” explains biologist Sonya Charest, 
educational programs co-ordinator at the Montréal Insectarium.

As a result, male Lepidoptera have evolved characteristics 
making them attractive to females. They display their  desirable 
genes with showy colours, strong and agile wings, and powerful 
pheromones. The more flamboyant they are, the more success 
males will have in attracting females of their species.

⊗

↑ The Insectarium’s teams release tens of thousands 
of  butterflies and moths in the Jardin botanique’s Main 
Exhibition Greenhouse during Butterflies Go Free, 
from February to April. 

a decePTive  
family resemblance 
•  anne-marie luCa, in CollaBoration  

WITH JEAN-PIERRE PARENT

Have you ever noticed the similar shapes of an African aloe 
plant and an American agave? Yet one belongs to the Liliaceae 
family, and the other to the Agavaceae. Although their lineages 
evolved independently, these two plants developed the same 
survival strategies for coping with similar ecological  challenges. 
We call this convergent evolution.

This concept, also found in the animal kingdom, is  particularly 
striking among some American cacti and African  euphorbias. 
“They responded in the same way to a dry, desert  environment,” 
explains Jean-Pierre Parent, a horticultural information officer 
at the Jardin botanique with a background in agricultural 
science. The garden is home to 700 species of Cactaceae 
(out of 2,000) and 70 of Euphorbiaceae (out of 5,000).

To adapt to their arid surroundings, these plants developed 
the same strategies: reduced foliage or none at all, to minimize 
transpiration; succulent tissues to store water; and a way of 
assimilating carbon dioxide at night, rather than in daytime, 
allowing photosynthesis to occur without the plant having to 
open its stomata, the tiny openings used for gaseous exchange. 

Although their forms appear similar at first glance, their spines 
are quite different. A Euphorbia canariensis, from the Canary 
Islands, can easily be confused with a Pachycereus gaumeri, 
from Mexico, for instance. Both are globe-shaped and divided 
into eight sections. But the first plant’s paired spines are quite 
unlike the second one’s clusters of three or more spines on a 
small pad called an areole.

So the next time you visit the greenhouses at the Jardin botani-
que, see if you can guess which families the different succu-
lents belong to!

⊗
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↑  Despite their different needles, there are clear similarities between this euphorbia (left)  
and this cactus (right).
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Convergent evolution also occurs in the animal world. 
Penguins and auks (like razorbills, puffins and murres) 
are a good example.

In many ways, these birds’ bodies look very much alike. 
They are all hydrodynamic and torpedo-shaped, with short 
legs set far back on their bodies. Their stocky forms help 
protect them from the cold, and they all have short wings. 
Auks, however, unlike penguins, can fly.

Despite these similarities, they don’t share a common 
 ancestor. Penguins live in the southern hemisphere, 
and auks north of the equator. Instead, they adapted 
in much the same ways to survive in their parallel cold, 
aquatic environments.

ADAPTATION DRIVES LIFE 11
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↑  A Gentoo penguin from the Sub-Antarctic Islands (left)  
and an Atlantic puffin from the Labrador Coast (right).

DID YOU kNOW? 



millennia Of evOluTiOn PrOduce 
migraTing mOnarchs

Monarchs, those large butterflies with the striking orange and 
black wings, are known for their impressive migration all the way 
to Mexico from southern Canada and the northern United States. 
While monarchs have been making this odyssey for several 
 million years, their more than 4,000-kilometre route is actually 
only about 20,000 years old. 

According to a 2014 American study on monarch genetics, 
published in Nature magazine, monarchs originated in the 
southern United States and northern Mexico. Their  population 
spread at the end of the ice age, as the glaciers retreated 
and monarchs followed their host plant, milkweed, northward 
to the US Midwest and then into southern Canada. Some also 
ventured as far as South America and to many South Pacific 
and  Caribbean islands.  

 

But only North American monarchs make such a long journey. 
“After they moved north in the spring and summer, they were 
forced to adapt and head south again before winter. That’s how 
their migratory behaviour was reinforced, since those individuals 
that didn’t migrate in the fall all perished,” explains Maxim 
Larrivée, Head of Collections and Research at the  Insectarium. 
The researchers identified the genes  responsible for the 
 muscular function used in flight, and that allow these migrants 
to use less oxygen and slow their metabolism. 

The spread of milkweed played a role in their growth and 
 dispersal, and now its eradication through the use of herbicides 
is one cause of the declining numbers of migrating monarchs. 
If you are concerned that these delightful butterflies are 
 disappearing, keep in mind that you, too, can become an agent 
of change. 

⊗
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mOnarch fiesTa
INSECTARIUM

AUGUST 24 — 25

ADAPTATION DRIVES LIFE 12



Take concrete action to help save these famous 
butterflies and you could win:

a TriP fOr fOur TO The mOnarchs’ winTering 
grOunds in meXicO in 2020, alOng wiTh an eXPerT 

frOm The insecTarium.

Enter the contest at monarchs-espacepourlavie.ca

IN PARTNERSHIP WITH
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FROM THE BIG BANG TO PLANET EARTH 14

frOm The big bang 
TO PlaneT earTh: 
evOluTiOn On a 
cOsmic scale
• BY MARC JOBIN

Living species aren’t the only ones shaped by evolution: 
the Universe itself underwent some extraordinary changes 
that allowed life to appear.
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PassPOrT TO The universe
Planétarium rio tinto alCan

STARTING APRIL 16



Follow in the footsteps of the scientists working to solve 
the mysteries surrounding the birth of our Universe in Horizon, 
a new show to be presented at the Planétarium Rio Tinto Alcan 
starting November 7. 

How do we know? A series of clues led astrophysicists to 
this conclusion. In the 1920s, Edwin Hubble discovered that 
the famous Andromeda Nebula was in fact an entire galaxy, loca-
ted far beyond the confines of the Milky Way. The Universe was 
immensely larger than had previously been imagined.

Astrophysicists also realized that galaxies are moving away 
from each other. Not only is the Universe unimaginably vast, 
but it’s getting bigger! 

If the distance between galaxies is growing, that means it 
must have been smaller in the distant past. It’s even possible 
to imagine a time when the Universe was extremely dense 
and hot. This was the hypothesis put forward in the 1930s 
by Belgian Roman Catholic priest Georges Lemaître and which 
led to the Big Bang theory that is widely accepted today.

According to the latest cosmological measurements, the 
 Universe is about 13.8 billion years old – meaning that’s how 
much time has elapsed since the Big Bang. It’s still impossible 
to say, though, what conditions were like at the very instant 
the Universe was born, or what caused it to start expanding. 
There is a shadowy period, known as the Planck era, that lasted 
up until 10–43 seconds after time zero. After this  microscopic 
fraction of a second, we can deduce what transpired. And it all 
happened very, very quickly.

To start with, we have to imagine unheard-of temperature and 
pressure conditions. There was no matter as we know it, simply 
a hyper-condensed soup of energy. Then, around 10–32 seconds, 
a phase of extreme expansion occurred. For a minuscule instant, 
the Universe expanded to a stupefying extent. This inflation 
stopped as suddenly as it had begun, and the expansion then 
continued at a more measured pace. 

As it expanded, the Universe cooled. Enormous quantities of 
elementary particles spontaneously appeared in this energy soup, 
including quarks, gluons and electrons. For energy and matter 
are interchangeable – it’s Einstein’s famous E = mc2 equation 
in action! Quarks and gluons combined to form protons 
and  neutrons. Barely one second had passed since time zero!

In just a few minutes, under the terrific heat and pressure, 
protons combined with neutrons to form the first nuclei of 
elements heavier than hydrogen: deuterium, helium and lithium.   

Millions of years passed, and the Universe continued to expand 
and cool. Gradually, under the influence of gravity, clouds 
of gas began to break up and collapse into denser fragments. 
The  pressure and temperature in their cores rose, and nuclear 
fusion began. The very first stars began to shine, some 
150  million years after the Big Bang.

As they fused hydrogen and helium, this first generation of stars 
produced carbon, nitrogen and oxygen. When they exploded as 
supernovas, they returned these elements to the cosmos. 
Generations of stars succeeded one another, and heavier 
and heavier elements were added to the Universe. Silicon, 
magnesium, aluminum, phosphorus, iron… gradually the periodic 
table was filling up.

At the same time, gravity was also acting on a larger scale 
to form the immense groupings of gas and stars that we call 
galaxies. They are true recycling plants for creating new 
elements, as well as offering a suitable environment for 
the birth of new stars and for heavy elements to condense 
into solid objects.

Our Solar System came into being within such a galaxy, about 
4.6 billion years ago. In the centre of a spinning disk of gas and 
dust, the proto-Sun (our Sun as it formed) condensed, heated up 
and began producing its own energy. The microscopic dust 
particles surrounding it came together to form tiny clumps 
and then more and more massive fragments. In this chaos, 
the planets formed. 

And so Earth was born. It is large enough to retain a protective 
atmosphere, located at the right distance from the Sun, and 
has vast bodies of water covering its solid surface. Its sizeable 
moon stabilizes the inclination of its rotational axis, preventing 
 catastrophic variations in its climate. This all created suitable 
conditions for the emergence of life, over 3 billion years ago.

⊗
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hOrizOn
Planétarium rio tinto alCan

STARTING NOVEMBER 7



↓1

Some 4.56 billion years ago, a huge cloud 
of dust and gas combined to form the 
Solar System. It began contracting when 
it was struck by a shock wave from a 
distant supernova. 

↑2  

A disk of matter (gas and dust), which 
we call the protoplanetary disk,  formed 
around the nascent Sun. The dust parti-
cles in this disk collided with one another 
and clumped together to form chondrules, 
planetary building blocks. 

a TumulTuOus sTOry

The birth of Planet Earth is closely linked with that of the Sun 
and the other planets, all formed from the same immense cloud 
of dust. Although the process spanned millions and millions of 
years, it was a tumultuous epic involving multiple collisions, 
leading to the planet we now call home. And although our Earth 
may seem fairly stable to us today, its evolution didn’t stop with 
the appearance of life – far from it! The following are the main 
phases in the formation of our planet.

hOw The  
earTh fOrmed
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↑3  

Under the effect of gravity, the bodies 
continued to accrete until they formed 
planets. Heavier elements like iron, nickel 
and other metals flowed to the centre of 
the young Earth, creating different layers: 
the core, crust and mantle.

↓5  

About 4 billion years ago the Late Heavy 
Bombardment occurred, as a large 
 number of meteorites struck the Earth 
and the Moon. These collisions brought 
new elements essential to the appearance 
of life. 

↓4  

A celestial body the size of Mars struck 
the Earth while it was still hot. Part 
of the debris from that collision remained 
in orbit around our planet and clumped 
together to form the Moon, in the space 
of just a few years!

↑6  

Finally, the appearance of life changed 
the Earth itself, especially its atmosphere. 
The first bacteria capable of photo-
syn thesis transformed carbon dioxide 
into oxygen, leading to the formation 
of the ozone layer. 
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decOnsTrucTing  
The family Tree
• BY ANNE-MARIE LUCA

Did you know that dolphins are more closely related to cows 
than to sharks? And that crocodiles have more family ties to 
birds than to lizards? Over the past 50 years or so, discoveries 
in genetics have uprooted the universal tree of life as it was long 
imagined. 

While traditional methods classify species according to their 
overall resemblance, phylogenetic classification, or cladistics, 
aims to identify family relationships among organisms by 
studying, sequencing and decoding their genomes, as 
French  biologist Hervé Le Guyader, co-author of Classification 
 phylogénétique du vivant, explained when he spoke at the Jardin 
botanique in 2013. This method also makes it possible to look 
at the evolution of life in a new way. 

“Genes are much more reliable than physical characteristics,” 
says Jacques Dancosse, a veterinarian at the Montréal Biodôme. 
“Species that evolve under similar conditions will have the same 
physical structures, but will not be at all related. This is what 
we call evolutionary convergence. Genetics, on the other hand, 
proves family connections.”

This classification method has not only allowed us to completely 
rethink the history of life, but has revealed some surprising 
family connections between organisms with absolutely no 
 resemblance. In fact it has led scientists to deconstruct some 
established groups of species.

So no more reptiles, fish or vertebrates… Who knows, we may all 
have to go back to school to learn biology all over again!

⊗

P
H

O
TO

 Y
ur

ch
an

ka
 S

ia
rh

ei
/S

hu
tt

er
st

oc
k.

co
m



FAMILY TIES 19

flying crOcOdiles?
Crocodiles are much more closely related to birds than they are to lizards. 
And both crocodiles and birds are now considered part of the  Archosauria 
group. About 250 million years ago, their common ancestor split into 
two branches, leading to dinosaurs – ancestors of birds – and crocodiles. 
Today, crocodiles and birds both have a gizzard, a pocket in their stomachs 
where their food is ground up. That’s one of crocodiles’ evolved  characteristics 
that distinguishes them from their miniature look-alikes, lizards, which are 
now classified as part of the Lepidosauria. 

are yOu  
mOre surf,  
Or Turf?
Dolphins are the cows of the sea. 
Or almost! These two mammals’ 
 genetics point to a common ancestor, 
the mesonychid, a carnivorous land-
dwelling ungulate. About 50 million 
years ago, the group it belonged to 
divided into two branches. One 
remained on land, while the other 
adapted to aquatic life. 

cOusins, buT hOw clOse?
Trout are also cows’ cousins. In fact these fish are more closely related 
to cows than they are to sharks, for instance. “Their last common  ancestor 
lived 476 million years ago, while the one with sharks was 525 million 
years ago,” explains Professor Guy Drouin, at the Biology Department 
of the University of Ottawa. 

nearer TO animals!
And mushrooms are actually much more 
closely related to animals than to plants! 
(Remember that fungi aren't actually 
considered plants.) Their common ances-
tors, the opisthokonts, are more recent.

hands fOr swimming
The bone structure of these aquatic species, 
(i.e. all the ones in that branch) called 
 cetaceans, bears traces of their past life on 
land. They have a pelvis, like their land-
dwelling cousins, although it is smaller and 
not attached to their spinal column. Moreo-
ver, their pectoral fins have five bones, as 
do hands. And, unlike fish, they swim by 
moving their tail fins up and down, indicating 
a spinal column built to move front to back, 
rather than left to right. 
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On cliffsides somewhere rock paintings appeared, portraying the 
birth of the Universe. Even so long ago, such images conveyed 
mankind’s memories. Rock paintings like these illustrated man’s 
home, his cosmic birthplace.

In this painting is a standing human being with a line of energy 
emerging from the centre of his head, exactly where the fontanelle 
is, and running toward the circle, representing the place where 
he began. The ancients called the first human beings in Creation 
“Nehirowisiwok” for a reason. It means being skilled and in 
balance, but also much more than that. They were referring 
to the law of the Universe and how to live in harmony with it. 

We still chant this great law during our ceremonies. The memory 
of our sacred chants guides us, reminding us where we come 
from, why we are alive and of the meaning of life. This is the 
ancestral cosmic vision of the Nehirowisiwok. The ancients taught 
us that all of creation – the stars, planets, earth, oceans, whales, 
animals, plants and even humans – is made of vibration and light. 
It is energy made manifest. The ancients also told us that when 
a body is born, one of these subtle energies penetrates the body 
to give it life. If the life is lived in balance and harmony with 
everything, when the body disappears, the energy returns to 

the centre of the Universe. If the person has forgotten the 
teachings of the great law of life, the energy rises up toward 
the Milky Way. The ancients would often look to the Milky Way, 
the path of our ancestors.

Then that person will once again have to be reborn on the Earth 
through the Eastern door. He or she will grow up in balance 
and evolve with the energy recognized as the living fabric 
of the Universe.  

They also said that death doesn’t exist: flesh, bones, microbes and 
bacteria all decompose, but their components don’t die, because 
nothing dies. It’s all simply an eternal recycling of everything that 
exists in one form or another. Everything that exists, from the 
galaxies right down to the calcium in our bones, from the planets 
to ants and viruses, is born of stardust. We all share the same 
cosmic heritage. We are all equal, it is the ancestral sacred circle 
of the Nehirowisiwok. We are all the same, we are stardust. 
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cOsmOgOny
•  By Charles CooCoo, one of the sPiritual elders  

OF THE ATIkAMEkW NATION 
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gardens Of lighT
JARDIN BOTANIqUE

SEPTEMBER 6 — OCTOBER 31

The Gardens of Light tradition continues this year 
in the three cultural gardens at the Jardin botanique. 
In the Chinese Garden, the lanterns evoke the founding 
myths of this millennia-old civilization. The legend of 
Pangu tells how, before the world formed, the universe 
was like a giant egg combining the Earth and the Sky. 
You’re sure to be charmed by this imaginary cosmos 
inhabited by unusual creatures and a bestiary illustrating 
the origins of the Chinese people and the nature and 
beings that surround them.  
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wiTnesses  
TO evOluTiOn
Scientists have to look to the past to help them understand the 
phenomenon of evolution. Fortunately for them, nature has retained 
traces of its lengthy history. Meteorites, for example, hold clues 
pointing to how our planet formed. In addition, some species 
have evolved very little over hundreds of millions of years, instead 
relying on strategies that have allowed them to survive without 
changing their morphology. These species help us better grasp 
where we come from and the evolutionary forces that have shaped 
our environment.
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insecTs  
wiTh imPressive  
abiliTies
• By Guillaume roy

Arthropods are a huge group of animals that surround us in our 
everyday life. They include insects, crustaceans and  arachnids. 
They also go back a long, long time. In fact, arthropods are 
thought to have appeared more than 500 million years ago. 
Then, some 400 million years ago, wingless insects made their 
appearance. They were among the first organisms to step ashore 
and move into all kinds of unexploited ecological niches.

Silverfish are relics of that era. With their flattened, scaly bodies, 
they are among the oldest insects on earth. Their tremendous 
resilience has allowed them to survive down through the ages. 
Their key advantage is their ability to go for long periods 
without eating. And since they are so tiny, a few crumbs are 
all they need! 

Insects began proliferating about 320 million years ago, when 
they developed anther major innovation: wings. This evolutionary 
advance let them escape their predators and gave them access 
to more resources. 

With this obvious advantage – insects were the only flying 
 organisms at the time – they multiplied and diversified. 
Today experts have identified over one million insect species 
around the globe, but they’re sure there are many more still 
to be discovered! 

⊗

sTaTisTics
ExPLODING DIVERSIFICATION 

1 million → Number of known insect species

5 to 15 million →  
Estimated number of insects on Earth

Time line
CONqUERING DRY LAND

- 555 million years ago →  First arthropods 

- 410 million years ago → First insects

- 370 million years ago → First amphibians

- 320 million years ago → First flying insects

- 312 million years ago → First reptiles 
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In the Carboniferous Period, 300 million years ago, 
the  ancestors of today’s dragonflies were huge. 
They could have wingspans of up to 71 cm!



↑ You can see an angiopteris in the Ferns Greenhouse at the Jardin botanique.

“living fOssils”  
arOund us
• By Guillaume roy

Close your eyes and try to imagine what plant life looked like here 
on Earth 300 million years ago, when the climate was hot and 
humid. Forget about flowers: in those days, the world was covered 
with mosses and enormous tree ferns. Surprisingly, some kinds 
of plants that flourished in the Carboniferous Period have managed 
to survive without evolving very much. 

Take Angiopteris evecta, for example, a giant fern with fronds 
(fern leaves) that can grow up to 9 metres long. It belongs 
to a family that appeared over 300 million years ago, or close 
to 150 million years before flowering plants came along, making 
it a real witness to the distant past. 

Like all ferns, it doesn’t use flowers, fruit or seeds to reproduce. 
Instead it still relies on a spore-based means of reproduction 
that is considered “primitive” because it depends on water. 
Male reproductive cells have to move across a film of water 
in order to fertilize female reproductive cells.

Another example of a “living fossil” is the Ginkgo biloba, 
a tree protected by Buddhist monks since the 12th century. 
It resembles the ginkgos that grew in the days of the last 
 dinosaurs, 70 million years ago. 

Ginkgos can reach a height of more than 25 metres, and are 
highly resistant to pollution, insect pests and diseases, making 
them excellent urban trees. Another indication of their  resistance 
is that a gingko survived the atomic bombing of Hiroshima, 
even though it stood less than one kilometre from the epicentre! 

Fortunately, you don’t need to travel back in time to admire 
these ambassadors from the past. You can see an angiopteris in 
the Ferns Greenhouse and a ginkgo in the Arboretum the next 
time you visit the Jardin botanique.
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↑ Chondrules are visible inside  
this primitive meteorite.

a windOw OnTO 
The firsT mOmenTs 
Of The sOlar 
sysTem
• By andré GrandChamPs

Studying meteorites has allowed astrophysicists to come up 
with a theory about how the planets were born. These rocks 
from space have even provided some surprising clues!

When the Solar System formed, almost all the matter was 
concentrated at the centre of a huge cloud, creating the Sun. 
It was surrounded by a disk of microscopic dust and gas. 

As the dust particles collided, they clumped together to create 
aggregates barely a few millimetres in size. This agglomeration 
continued until it created the asteroids that are the source 
of most of the meteorites we find on Earth today, on the one 
hand, and the planets, on the other.  

In primitive meteorites, astrophysicists have discovered 
tiny round silica grains called “chondrules,” and refractory 
inclusions, the first objects to form in our Solar System. 
By analyzing these clues, they can better understand how 
the process described above occurred.

The PlaneTs fOrm

But there’s more! At the end of this formative process, a 
large number of celestial bodies bombarded the new planets, 
covering the Earth’s surface with a layer of different materials. 
Today’s astronomers are interested in the influence that may 
have had, especially on the appearance of life. 

For when they analyzed some meteorites, they found that the 
atomic signature of the water they contained was fairly similar 
to that of water on Earth. Could meteorites be the source of 
the water we drink?

Another interesting fact: the Murchison meteorite, which you 
can see in the Planétarium Rio Tinto Alcan collection, contains 
over 70 varieties of amino acids: the fundamental molecules 
of life on Earth. In other words, more valuable clues for 
 researchers looking to better understand the appearance 
of life on Earth. 

⊗
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armOur fOr PrOTecTiOn  
dOwn ThrOugh The ages
• By Guillaume roy

The best way to survive for hundreds of millions of years 
is  sometimes a good coat of armour to fend off predators. 
At least that seems to have done the trick for several “living 
fossils,”  species that have existed almost unchanged for millions 
of years. 

Green sea urchins, which first appeared 450 million years 
ago, are one of the best examples. With a tough exoskeleton 
and  stinging spines, the species has been able to defend itself 
and use an archaic means of reproduction, by simply releasing 
its gametes into the water. 

Turtles are another example. Despite appearances, they are 
not descended from the same ancestors as snakes and lizards. 
 Instead they and crocodiles and birds all share a common 
ancestor, which lived about 200 million years ago. Since then, 
their shells have provided very effective defence, and many turtle 
species survived the mass extinctions of the past. Giant marine 
turtles and toothed turtles disappeared, however, and many 
 species are endangered today. 

When it comes to fish, arowanas are among the most primitive. 
Their anatomy has hardly changed at all since they appeared 
145 million years go. They are covered in large, heavy scales, 
and can breathe air, an asset that lets them survive in 
 oxygen-poor environments. Oddly enough, it is the males that 
incubate and protect the eggs in their mouths. This is considered 
a relatively recent evolutionary trait. 

In other words, all species have to evolve, even if they retain 
significant characteristics from the past. You’ll be able to 
admire these species at the Biodôme, as soon as it reopens. 
See you there!
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↑ A red-footed tortoise in the Biodôme’s Tropical Rainforest of the Americas.



head 
OuTdOOrs TO 
learn abOuT 
The earTh’s 
PasT 
• By Charles Prémont

Geology is a fascinating science that tells 
us how our planet evolved. And the best 
thing about it is that it’s so accessible. 
Here are some places where you can satisfy 
your curiosity, on your own or with family 
or friends.

mOunT rOyal
In the heart of Montréal is an excellent place to learn more about 
the city’s geological history. Mount Royal dates back 125 million 
years, and you can observe its magmatic origins and find out 
about its time as an island in the Champlain Sea. It’s one of the 
Monteregian Hills – a group of about ten peaks that includes 
Mont Saint-Bruno and Mont Rougemont. They were all born 
when a lava intrusion hardened underground before reaching 
the surface. Then glaciers eroded the softer soil around them 
over millions of years, leaving behind these hills. 

To start your excursion, take the footpath next to Camilien- Houde 
Way. Just before the second big turn, you might even spot some 
small fossils. If you would like more ideas for places to explore 
on your walk, see geologist Pierre Bédard’s website at  
pierrebedard.ca (in French). 

PLACES TO DISCOVER 27

Parc naTiOnal de miguasha  
Designated a World Heritage site by UNESCO, this park in 
the Gaspé peninsula offers a unique opportunity to examine 
some exceptional fossils dating back more than 380 million 
years. You can also see the world’s only complete specimen 
of  Elpistostege watsoni. 

Aside from the exhibitions, there are a number of guided outdoor 
activities over the summer, to introduce you to the mysteries of 
geology and paleontology. The footpath along the cliff features 
panels explaining how life evolved. 

The charlevOiX craTer
About 350 million years ago, an asteroid measuring two 
 kilometres across moving at a speed of over 60,000 kilometres 
an hour and weighing 15 billion tonnes gouged a great hole in 
what is now Quebec. The impact created a crater 56 kilometres 
wide – today’s Charlevoix region. 

In fact, 90% of the inhabited area of Charlevoix lies within 
this crater, with Mont des Éboulements at its centre. Because 
of the crater’s huge circumference and its age, it’s not easy 
to observe. That’s why the Observatoire de l’astroblème, 
an  interpretation centre explaining how the crater formed, 
was opened in Pointe-au-Pic. You can also download the 
Parcours géologique de Charlevoix app (which also works 
in English) to help you explore the region. Remember to turn 
on your GPS! 
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↑ The Charlevoix crater is visible from space.
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naTure under 
The influence
• By Charles Prémont

We often tend to think that species evolve without any influence 
from humankind. In fact the opposite is true: since many of our 
actions alter the environment, they necessarily also affect the 
way plants and animals adapt to these changes. Humans have 
also forced different plants to reproduce with each other so as 
to create new ones. Here we describe two examples of human 
impacts on the evolutionary process.

selecTiOn and hybridizaTiOn

People have been selecting plants since time immemorial, and 
especially since the birth of agriculture. By choosing specimens 
with the most attractive characteristics (size of their fruit or ears, 
yield, height, etc.), growers slowly but surely transformed certain 
plants to meet their needs.

In the late 19th century, we began using a technique we call 
hybridization. By breeding two plants from different varieties, 
subspecies, species or even genera, we have sought to create 
a hybrid combining their most desirable features.

This technique has allowed us to improve plants’ yield, taste, pro-
tein content or storage time, depending on their intended use. We 
can also try to create trees and other plants with greater climate, 
disease and pest resistance.

Hybridization has been used to produce many cultivars of corn, 
for instance, but also fruit like ‘Empire’ apples, a cross between 
‘McIntosh’ and ‘Red Delicious’ varieties, or tangelos,  combining 
mandarin oranges and grapefruit, and triticale, a cross between 
wheat and rye. This technique has proved very useful in 
 horti culture, too, for transforming many ornamental plants like 
orchids, begonias and roses. When it comes to these plants, 
hybridization is so common that it’s not unusual to find plants 
resulting from multiple hybridizations. 
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←  Triticale is a cross between wheat and rye.
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greaTer snOw geese

Sometimes our actions have unexpected – and positive – 
 repercussions. 

A century ago, there were only about 3,000 greater snow 
geese. By 1998, their population had soared to at least 800,000. 
What was behind this phenomenal growth? Well, for once, 
humans can take the credit!

Three main factors led to this success in conserving the species. 
The creation of bird sanctuaries and restrictions on hunting 
had significant results. But it was mainly the changes in their 
diet along their migration routes that were responsible for this 
tremendous avian baby boom.

Starting in the 1970s, the spread of large monoculture crops 
changed the birds’ dietary habits. Up until then, they had fed 
mainly on the roots of aquatic plants that they pulled from 
the thick mud of marshes with their powerful, pointed beaks.

They now gather in fields to gorge on waste oats, corn 
and soy and graze on grass and clover. By feeding on these 
highly  nutritious plants along their up to 4,000-km-long 
journey, they arrive at their destination fatter and stronger. 
This in turn  improves their chances of survival and reproduction. 

In fact, the greater snow goose population exploded to such 
an extent that they became overabundant, damaging some arctic 
habitats. To solve this problem, hunting restrictions were eased. 
Their numbers stand at about 700,000 today. 

⊗

if yOu enjOy aPPles,  
Thank The bears!
• By Charles Prémont

The apple species at the root of all sweet apple 
varieties probably comes from the Almaty region 
of Kazakhstan. Yet originally these “Malus sieversii” 
trees produced bitter fruit.

The region is also home to fruit-loving bears. 
They are thought to have contributed to natural 
selection by chewing the larger, sweeter apples 
and swallowing the small bitter ones whole. 
But that meant that the seeds trapped inside  
the  smaller fruit never sprouted. Over the millennia, 
by eating the different- sized apples in this way, 
the bears encouraged the development of trees 
bearing larger, sweeter and juicier fruit. 
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DID YOU kNOW? 



101 marvels Of 
evOluTiOn TO see 
befOre yOu die

This beautifully illustrated book celebra-
tes the spectacular biodiversity resul-
ting from billions of years of evolution. 
You’ll dis cover a vast range of odd- looking 
 creatures, like the blob, others with 
strange shapes, like the ascidia, and yet 
others of impressive size, like the Arthro-
pleura, a millipede three metres long! 
Some of the species in this book have 
survived since ancient times while others 
have disappeared, but all of them are 
examples of surprising adaptations that 
are sure to fascinate readers of all ages. 
In fact, some of these marvels are part of 
our collections – can you find them?

Although the book is in French, you’re 
sure to enjoy the superb illustrations.  

learn TO grOw 
heriTage varieTies

This is an excellent handbook for gardeners 
interested in saving seeds and preserving 
rare heritage varieties. It explains the 
techniques for different types of vegeta-
bles, including how to avoid crossing 
different varieties. You’ll find detailed 
and clearly illustrated step-by-step 
instructions, from seed saving to storage, 
along with pollinator profiles. It’s a great 
reference for anyone looking for flavourful 
varieties or wishing to save a favourite 
cultivar. And if you’re interested in this 
topic, don’t miss our Great Gardening 
Weekend, from May 24 to 26 at the 
Jardin botanique, where the focus 
will be on heritage plants.

an Original 
viewPOinT

Yuval Noah Harari, a young Israeli 
professor, revisits the history of humanity 
since the days of hunter-gatherers from 
a unique perspective combining history, 
biology, philosophy and economics. 
His clearly written saga reads like a 
work of fiction, explaining how humans’ 
ability to create myths enabled us to rally 
around common concepts, co-operate, 
and  ultimately dominate our planet. 
This best-selling epic, translated into 
some thirty languages, helps us 
 understand why we are what we are. 

101 merveilles  
de l’évolution qu’il faut  
avoir vues dans sa vie

Jean-François Buoncristiani  
and Pascal Neige  
→ Éditions Dunod

How to save  
your own seeds

→  A Handbook for Small-Scale 
Seed Production

→  Seeds of Diversity Canada 

You can order 
this book 
online, at  
seeds.ca/
publications.

Sapiens: A Brief History 
of Humankind

Yuval Noah Harari 
McClelland & Stewart

READING SUGGESTIONS 30

reading 
suggesTiOns
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suBscriBe
Print version
Delivered to your mailbox  

in February.

digital version 
We will email you a version  

readable on all devices.

 
viSiT  

bROchuRe-eSPacePOuRLavie.ca/en 
TO SubScRibe

iT'S FRee!

Since 2016, Espace pour la vie has been 
publishing its annual program in the form of 
a magazine like this one. It features in-depth 
articles, ideas for outings, practical tips and 
news from our museums. 

Each year’s issue revolves around an annual 
theme, detailing our program of activities 
and offering a taste of the events and shows 
throughout the year at the Planétarium Rio 
Tinto Alcan, Jardin botanique, Biodôme 
(once it reopens) and Insectarium, which 
will close starting in February. 

If you would like to receive a free copy 
of the magazine, subscribe to the print 
or digital version. 



Our thanks to Rio Tinto  
for its generous contribution

#SpaceForLife  
Online ticketing: montrealspaceforlife.ca

PROgRam

Butterflies go free
JaRdin bOTanique 
FebRuaRy 28 TO aPRiL 28 

Polaris
PLanéTaRium RiO TinTO aLcan 
STaRTing FebRuaRy 26

PassPort to the universe
PLanéTaRium RiO TinTO aLcan 
STaRTing aPRiL 16

the great gardening Weekend
JaRdin bOTanique 
may 24 TO 26

Mice and the Moon
PLanéTaRium RiO TinTO aLcan 
STaRTing June 11

the Plant odyssey
JaRdin bOTanique 
June 22 TO OcTObeR 31 

the arts Put on a shoW  
at the garden
JaRdin bOTanique 
June 30 TO SePTembeR 1

Monarch fiesta
inSecTaRium 
auguST 24 and 25

gardens of light
JaRdin bOTanique 
SePTembeR 6 TO OcTObeR 31 

the great PuMPkin Ball
JaRdin bOTanique 
OcTObeR 4 TO 31 

researchers' night
PLanéTaRium RiO TinTO aLcan 
nOvembeR 15 

horizon
PLanéTaRium RiO TinTO aLcan 
STaRTing nOvembeR 5 

uP close With an exPert
See webSiTe FOR daTeS & LOcaTiOnS 




