
 Amazing Adaptations Teachers’ Notes
This pack is designed to give teachers an indication of the species and subjects that will be discussed during the Amazing Adaptations tour, as well as some further background information on our exhibits.
The ‘Amazing Adaptations’ tour focuses on how plants and animals have adapted to living in a rainforest environment and the different habitats and microhabitats found within them. Pupils will be shown a variety of plants and animals which highlight specific adaptations to tropical conditions, especially heavy rainfall onto the canopy layer, lack of light in the forest understorey, poor soils, competition for resources and protection against predators. As well as learning about these adaptations, pupils will also experience what it is like to visit a rainforest.
The tour includes an introduction to rainforests, including their location, climate, the habitats provided by the forest layers and an explanation of what an adaptation is and why it is needed. For upper Key stage 2 and Key stage 3 students, this will also include how adaptation over time can lead to evolution. This tour is suitable for schools following the National and IPC curricula and supports the following learning outcomes and requirements.
National Curriculum 
Key stage 1 
Science 
Year 1 - Animals including humans

· Identify and name a variety of common animals including fish, amphibians, reptiles, birds and mammals.
· Describe and compare the structure of a variety of common animals.
Year 2 - Living things and their habitats
· Identify that most things live in habitats to which they are suited and describe how different habitats provide for the basic needs of different kinds of animals and plants and how they depend on each other.
· Identify and name a variety of plants and animals in their habitats including microhabitats.
Plants
· Find out and describe how plants need water, light and suitable temperatures to grow and stay healthy.
Animals including humans
· Find out about and describe the basic needs of animals for survival (water, air and food).
Key stage 1 
Geography
Place knowledge
· Understand geographical similarities and differences through studying the human and physical environment of the UK and of a small area in a contrasting non-European country.
· Identify the location of hot areas in the world in relation to the Equator and north and south poles.
Key stage 2 

Science

            Year 3- Plants
· Identify and describe the functions of different parts of flowering plants: roots, stem, trunk leaves and flowers.
· Explore the requirements of plants for life and growth (air, light, water, nutrients from soil and room to grow) and how they vary from plant to plant.
Year 4- Living things and their habitats
· Recognise that environments can change and that this can sometimes pose dangers to living things.
Year 6- Evolution and inheritance
· Recognise that living things have changed over time and that fossils provide information about living things that inhabited the earth millions of years ago.
· Recognise that living things produce offspring of the same kind, but that normally offspring vary and are not identical to their parents.
· Identify how animals and plants are adapted to suit their environment in different ways and that adaptations may lead to evolution.
Geography

· Pupils should extend their knowledge and understanding beyond the local area to include the UK, Europe and North and South America, including the location and characteristics of a range of the world’s most significant human and physical features.

· Locational knowledge -Locate South America and discover the environmental regions, key physical and human characteristics, countries and major cities.
· Identify the positions and significance of the Equator, Northern and Southern Hemispheres and the Tropics of Cancer and Capricorn.

· Place knowledge- Understand the geographical similarities and differences between the UK and a region within South America.

· Human and physical geography- Describe and understand key aspects of Physical geography, including climate zones, biomes and vegetation belts, rivers, mountains volcanoes and earthquakes and the water cycle.
· Geographical skills- Use a globe to locate countries and describe features studied.
Key stage 3

Science 

Interactions and dependencies - Relationships in an ecosystem
· Understand the interdependence of organisms in an ecosystem, including food webs and insect pollinated crops.
· How organisms affect, and are affected by, their environment, including the accumulation of toxic materials.
Genetics and Evolution- Inheritance chromosomes DNA and genes
· Recognise that variation between species and between individuals of the same species means some organisms compete more successfully, which can drive natural selection.
· Recognise that changes in the environment may leave individuals within a species and some entire species, less well adapted to compete successfully and reproduce, which in turn may lead to extinction.
· Understand the importance of maintaining biodiversity and the use of gene banks to preserve hereditary material.
Geography

Place Knowledge
· Understand geographical similarities, differences and links between places through the study of human and physical geography of a region within Africa and of a region within Asia.
International Primary Curriculum
This tour will support the Science and Geography Learning targets of the following IPC units:
Milepost 1 – Flowers and Insects

                I’m alive

                Live and let live

                Our world

                The Earth our home
Milepost 2 -    Saving the world
Do you live around here?

Land, sea and sky 

Nature of life

Milepost 3 – Extreme survivors

Existing, endangered, extinct

What a wonderful world

Out of Africa

The Tour 
The tour looks at plant and animal adaptations for different types of rainforest habitats including: the shady forest floor and understorey, the leafy canopy, and the rivers and waterways. It will include a selection of the following plants and animals, depending on the season and the evolving nature of our rainforest collection. Please note - not all exhibits in the glasshouses will be discussed as they may not be relevant to the learning outcomes of the particular tour you have chosen.
The ‘Lowland Humid’ House

Cooler and shadier than Amazonica, most of the plants in this house grow on the forest floor and understorey and show adaptations to the low light levels found there.
Poison Dart Frogs (Dendrobatidae family)

Poison dart frogs are brilliantly coloured and easily spotted in the forests. Special glands in their skin secrete a toxin or poison, the result of their diet of poisonous ants. This toxin is often used by native people to tip their hunting arrows, hence the name. Some species produce stronger toxins than others, so some may be fatal to humans, whilst others would merely be distasteful.
Adaptations: The bright colours warn enemies that they are toxic and potentially dangerous to eat. This type of warning colouration is known as aposematism. They also have ‘sucker like’ toes that make it possible to climb high up trees in the canopy to reach the bromeliads which they use to rear their tadpoles, safe from any predatory fish.
Veiled Chameleon (Chameleo calyptratrus)
Famous for their colour-changing abilities, chameleons show excellent adaptations to a tree dwelling lifestyle, including adaptations for defence and predation.

Adaptations: A narrow body and a leaf-like profile help them look inconspicuous amongst the foliage and moving in a rocking motion helps to imitate leaves blowing in the wind. To ensure a good grip on branches, toes are fused together in two opposing groups and a prehensile tail acts as a fifth limb, allowing more grip. They have independently moving eyes, which can look forward and back simultaneously, giving 360 degree vision. The tongue is up to 1.5 times body length and is shot out to capture prey. Chameleons change colour to control their body temperature and for communicating with one another.  

Giant Taro (Alocasia macrorrhizos)

The Taro is a member of the aroid family, and is sometimes known as the ‘Elephant ear’ plant. It has the biggest single (undivided) leaves in the world, which can reach up to 3m long and 2m wide. The underground stems (or rhizomes) are an important source of carbohydrate for millions of people in the tropics. 

Adaptations: The very large leaves of this forest floor plant enable it to absorb more of the very low levels of light. Typically, only around 3% of the sun’s rays reach the forest floor because of the dense foliage of the canopy trees. 
Madagascan Hissing Cockroach (Gromphadorhina portentosa)
Important in the rainforest ecosystem, these detritivores help to recycle dead and rotting material back into compost and play a major part in the nutrient cycle within rainforests.

Adaptations: Insects breathe through tiny holes all over their body called spiracles. This cockroach is able to squeeze air out of its spiracles to produce a loud hiss, imitating a snake and startling predators. They have a flexible exoskeleton, which helps absorb pressure, making it much harder for them to become crushed and allowing them to escape predators by climbing in cracks and crevices. The females of this species carry the eggs internally, appearing to ‘give birth’ to their young.  
Epiphytes

These are plants which grow on other plants, using their host structure as a means of reaching the light, but not for food or water. Many orchids and bromeliads are epiphytic. 

Adaptations: Epiphytes have developed various strategies to cope with the lack of a normal root structure in soil; some have aerial roots to capture moisture (and nutrients) from the frequent heavy rainfall in the canopy. Bromeliads capture water and nutrients in ‘vases’ at the base of their overlapping leaves. The ability to grow on other plants gives them access to the lighter conditions of the canopy.

Pitcher Plant (Nepenthes spp.)

Many pitcher plants are epiphytic. The plant grows small containers (pitchers) at the end of each leaf that containing a digestive liquid which attracts insects by its smell. The insect falls inside the pitcher, is unable to escape and is then dissolved by the digestive juices at the bottom; the largest ones have been known to contain small mammals and amphibians.

Adaptations: This insect-eating plant shows ingenious ways of supplementing its mineral intake to make up for a lack of roots and nutrients in its growing environment. The sophisticated pitcher even has a leaf ‘lid’, which helps to make sure the digestive liquid does not become too diluted during heavy rainstorms.

Swiss Cheese Plant (Monstera deliciosa)

This plant is a rapidly growing climber, which gains its name from the holes in its leaves. 

Adaptations: The holes in the leaves stop them being ripped by strong winds in the upper canopy. They also let rain pass through more quickly and allow more light to reach leaves below.
Fischer’s Turaco (Tauraco fischeri)
Native to Kenya, these spectacularly coloured birds are fruit-eating, canopy dwellers.
Adaptations: They use their long tails for balance and their feet are very good at gripping. In fact, their fourth toe can rotate forward or backward in order to have a better grip on their perch, enabling them to run very quickly through the canopy branches as their flight is weak. They are the only birds with a true green pigment to their feathers which is due to a high copper diet.
Dumb Cane (Dieffenbachia spp.)
This species is native to the tropics and is a favoured houseplant due to the variety of colouration and pattern on the leaves.

Adaptations: The cells of the plant contain needle-shaped calcium oxalate crystals called raphides. If eaten, they cause swelling of the muscles of the tongue and throat, meaning the affected person becomes unable to talk or ‘dumb’ and was once used as a punishment for misbehaving slaves! If consumed in greater quantities, it can lead to total asphyxiation. 
Vanilla Orchid (Vanilla planifolia)

This orchid produces vanilla pods, which makes it the only member of the Orchid family that we eat. It is a very expensive spice to produce because, when grown in commercial plantations in non-native places such as Madagascar, it needs to be pollinated by hand.

Adaptations: Like many rainforest plants, the Vanilla orchid is a climber, enabling it to scramble into the canopy to find more sunlight. It also has thick, waxy leaves which have the dual purpose of retaining essential water within the leaves, whilst allowing excess water to drip off. In its native Mexico, it has evolved to be pollinated by a single species of bee, the Melapona bee, hence it has to be hand pollinated elsewhere, as this specially adapted relationship hasn’t developed anywhere outside its native country.
‘Amazonica’ House

In the larger house there are many free ranging animals including a two-toed sloth, lizards and birds and, during the summer months, butterflies. Amazonica is generally more airy and the plants and animals exhibited are those found more commonly in the canopy and along the river banks and forest edges.
Weeping Fig (Ficus benjamina)

Like many canopy trees, the leaves on this plant have special ways to get rid of excess water. They point downwards and have drip tips at the end of each leaf to allow the water to run off quickly.

Adaptations: The downward-pointing drip tips allow rapid removal of water from the leaf surface which is important to enable leaves to breathe after tropical downpours. Leaves could rot if left with water on their surface, or could play host to other plants. The leaves are also waxy which helps the rain to run off more rapidly.
Home’s Hingeback Tortoises (Kinixys homeana) 

These tortoises are very hardy and long-lived. They are omnivores, with a preference for giant African millipedes. However, the bulk of their diet consists of plant material so their beaks have evolved to chew through tough vegetation. 
Adaptations: Their hard shells, which are formed from modified skin and are physically attached to the rest of their bodies, contain their most distinguishing feature - a moveable hinge on the underside of the shell which provides protection for their hind legs and tail, enabling them to fend off most predators.

Red-Billed Toucans (Ramphastos tucanus)

Toucans are noisy, colourful birds. They live in the canopy and are adept at hopping along the branches. They have very unusual and striking beaks.

Adaptations: Toucans have strong legs and feet adapted for grasping, with two toes pointing forwards and two backwards. Their pronounced colourful beaks are used partly for communication, as are the ‘flash colours’ underneath their wings and tail that show up well in the dark rainforest during flight. The beaks are also useful for feeding, especially collecting fruit and insects and also to regulate their body temperature.
Azara’s Agouti (Dasyprocta azarae) 
Native to Brazil, the agouti is closely related to the guinea pig and is a cavy rodent. It is known as the Farmer of the Forest by locals due to its important seed dispersal role in the ecosystem.

Adaptations: This type of rodent is defined by a distinctive arrangement of jaw muscles, allowing for an extremely strong forward bite. The jaw strength and exceptionally sharp teeth means that agoutis are one of the only animals that can open a Brazil nut pod unaided. The single pair of incisor teeth that all rodents have will continually grow.  In times of food abundance, this animal will bury food such as Brazil nuts, ensuring a food supply in leaner times. This also helps to disperse seeds throughout the forest.  Long, slender legs allow them to run swiftly away from any danger. The rear legs are more bulky than the front legs, an adaptation to aid foraging through the undergrowth for fallen fruit and to help the agouti jump 6 feet (2 metres) in the air to escape predators; they also make this animal an accomplished swimmer.
Banana (Musa acuminata)
The UK’s favourite fruit, these plants are actually herbs. It take around 9 months for a plant to grow to the fruiting stage and each plant will only produce a single crop (stem) of bananas before it dies, ranging in size from 50-400 bananas.
Adaptations: Bananas have huge leaves, which help to capture lots of sunlight. They have a central grooved rib shaped like an internal drainpipe which enables them to shed excess water from the tip and funnel vast amounts of water to the thirsty base of the plant. Rip veins (not true veins) tear, avoiding heftier damage to the whole plant by absorbing physical damage from wind, rain or animals. 

Bromeliads (Bromeliaceae family)

Bromeliads are a distinctive family of tropical plants which includes the pineapple. The leaves overlap at their bases to form a ‘vase’ into which water and nutrients (leaf litter, droppings, dead animals) fall.
Adaptations: The pools collect moisture and nutrients which is important, as many bromeliads are epiphytic and so do not obtain these essentials from the soil. Many animals drink from the vases and some animals, such as insect larvae and tree frogs, live in them, meaning they provide an important microhabitat.
Pygmy Marmoset (Cebuella pygmaea)
This species is one of the smallest primates in the world (body 12/13 cm, tail 17/23 cm) and are monogamous, living in small family groups of up to 6 in the wild.

Adaptations: Pygmy marmosets are gumivores (sap eaters) and have specially adapted teeth to gouge holes or notches in bark so they can collect the sap from trees. They differ from other marmosets that eat gum in that they gouge 10 or more new holes in bark each day, scent marking them and then returning at intervals throughout the day to scrape up the oozing liquid with long, lower incisor teeth. They are extremely quick and agile and to escape a predator, pygmy marmosets will run up a tree trunk in a rapid spiral movement. The long tail is not prehensile, but rather aids balance when jumping and running along branches. They may also freeze to allow their camouflage to hide them. Their predominantly brown fur also includes a hint of green to blend in with foliage and aid camouflage, making this species difficult to study in the wild, as they are very secretive and difficult to spot.
Six Banded Armadillo (Euphractus sexcinctus) 

Armadillos are omnivores and are wide-ranging across South America. Due to their broad diet and generalist lifestyles, they are able to cope with habitat modifications and have been found living in timber and sugar cane plantations as well as pastureland and subsistence farms.
Adaptations: They have a hard shell made of bone with a horn like covering which protects them from predators. The six bands allow them to be flexible so they can curl up to protect their soft bellies. They are also expert diggers and have huge, strong claws and shovel-shaped heads to help them dig through soil to build burrows or to break into insect nests in search of food.
Goeldi’s Monkeys (Callimico goeldii)

Goeldi’s monkeys are small, New World primates found mainly in the upper Amazon. Although they spend most of their time in the lower five metres of the forest, they are very agile and are able to leap several metres between branches (they have been known to leap as much as 4m horizontally).

Adaptations:  Their long, curved claws help them to cling on to branches, while their tails allow them to balance on narrow branches; their ability to leap from one branch to another is helped by having eyes on the front of their heads, allowing 3D vision to judge distances. They live in family groups and have a range of around 40 vocalisations used to communicate in the dense foliage.
Black Magic Plant (Dasheen) (Colocasia esculenta)
This species is found living in rivers and pools, and when it rains heavily, the leaves of this plant do not appear to get wet at all.
Adaptations: Microscopic bumps and hairs on the leaves are very effective at repelling water. Water rolls off leaves as beads due to these tiny bumps (5-10 thousandths of a millimetre high) on them. Water droplets roll off easily under their own weight and a rolling droplet will also gather dirt, so cleaning the leaf.
Roul-Roul Partridge (Rollulus rouloul)
Small ground dwelling birds, this species is sexually dimorphic: the male’s dark, glossy plumage appears black when in shadows, but shows green, blue, and purple colours in sunlight.  Males have a large red crest on the head, and patches of bright red skin on the face.  Females have bright green plumage, with a grey head and chestnut-coloured wings.  Both sexes have bright red feet and a red ring around each eye. 
Adaptations: The sexual dimorphisms shown are adaptations, the males are adapted to attract females and the females have camouflage colouration so they remain almost invisible when sitting on the nest and incubating eggs. When Roul-Rouls feel threatened, the first defence method is to freeze and remain motionless in the hope of not being spotted by potential predators. They rarely fly, but will do so if the freeze method is unsuccessful, so it is used only to escape predators and to reach a high branch to roost. These partridges whistle to communicate to each other and will not stray far from their partner. 
Carpet Python (Morelia spilota)
Snakes rely primarily on smell and touch and this species is a constrictor, which suffocates its prey and therefore is not venomous.  Native to Australia, it is semi-arboreal, meaning it spends time up in the trees, as well as on the ground.
Adaptations: All snakes possess a forked tongue. The tongue aids the snake’s sense of smell, by taking scent particles from the air. The two tips of the forked tongue are placed into the Jacobson’s organ via a pair of small pits in the roof of the mouth. The Jacobson’s organ processes the particles from the tongue and the chemicals found will allow the snake to then detect prey, or a possible predator. This is why snakes will constantly flick their tongues to explore their surroundings. There are six toothed bones in the upper jaw and palate, which move independently with backward facing teeth preventing the prey from escaping. Swallowing the prey is done by ‘walking’ over the prey, moving each part of the skull independently until the prey is in the oesophagus where muscles and body movement take over moving the prey through the digestive tract. 
 Linné’s Two-Toed Sloth (Choloepus didactylus)
Living up to 30 years, these slow moving animals survive on a diet of mainly leaves, which are very low in energy, with occasional fruits and bark as well. All sloths have 3 toes on the back feet, but the name 2 or 3 toed refers to the front feet. Primarily nocturnal, but generally more active than three-toed sloths, they are accomplished swimmers.
Adaptations: A low metabolic rate allows these mammals to survive on a nutrient-poor diet. They have a multi-chambered stomach to ferment plant matter and continually growing teeth, which become worn from constant chewing.  The fur grows ‘backwards’ when compared with other animals, to aid removal of rain water and in three-toed sloths can contain cyanobacteria or algae in their fur, giving a greenish tint, perhaps also aiding camouflage. The long claws are curved so as to take the weight of the animal when hanging, so there is very little effort involved and the claws will be swiped at attackers if they feel threatened.
Yellow Footed Tortoises (Chelonoidis denticulata) 
Living 50 – 60, years these species are slow-moving ground dwellers.
Adaptations: The shell of the tortoise provides the perfect protection from predators. The shell is made from fused rib and backbone so it cannot be removed as often depicted in cartoons! Tortoises use body language to identify the sex of each other. The male will make swooping head movements toward another male, however females will not make this head movement. Males will also swing their heads back and forth in a continuous rhythm as a mating ritual. The males will also make a clucking noise to attract a mate.

Tambaqui (Colossoma macropomum)

These large, black fish are omnivorous living in the Amazon, where their main diet consists of fruit and nuts. 

Adaptations: Tambaqui have developed very powerful jaws which allow them to crack open the nuts which fall into the river and which provide them with a useful source of protein. The Tambaqui is very large because it needs more area to digest their omnivorous diet. In fact, the intestines of this fish measure 2.0 to 2.5 times its body length.
Freshwater Sting Ray (Potamotrygon motoro)
Found throughout the Orinoco and Amazon, they can grow up to a metre in diameter and feed mainly on small fish and crustaceans.
Adaptations: Sting rays have adapted to have their eyes and spiracles (openings behind their eyes which pump oxygen through gills) on the tops of their heads, enabling them to spend most of the time buried in soft mud or sand, allowing them to look out for predators above whilst feeding on the riverbed and breathe while motionless. The spiracles are large openings where water is drawn in during breathing and is then forced over the gills where the dissolved oxygen in the water passes into the stingray’s blood. The gills lay underneath the stingray where the mouth is. They also have electro-sensitive cells underneath their body that allow them to locate live food buried in the sand and they have powerful teeth to crush the shells of the crustaceans they eat. They defend themselves with venomous spines on the tail, which is held flat until attacked when it is raised and injects the poison into the enemy. The poison affects the heart, lungs, and nervous system and can be fatal to humans.

Salmon-Pink Bird Eating Spider (Lasiodora parahybana)

One of the largest spiders in the world, this hairy spider has long fangs (2 cm) which it uses to inject venom into the body of its prey. The chemicals dissolve the internal body and the spider sucks up the nutrients. The spider’s bite is painful to us, but not usually fatal unless an allergic reaction sets in. 
Adaptations: The Salmon-pink possesses excellent means of both killing its prey and fending off predators. Their venom injecting fangs and their intimidating size make them lethal hunters. They make the prey edible by injecting digestive juices into the body and sucking up the resultant liquid. Their main form of defence is the use of special ‘urticating’ hairs on the abdomen. These hairs have mini ‘fish hooks’ which stick on like Velcro and act as an irritant to potential predators, causing extreme pain to eyes and respiratory tract if they make contact.
When not on Tour

Either before or after your guided tour, depending on which time slot you have booked, you will be able to take the pupils into the greenhouses in small, supervised groups. This is a good opportunity to complete the tour-specific worksheets (available for you to download from our website), or to spend time looking in more depth at some of the plants and animals. There are many good opportunities for both artwork and creative writing. 
When not on tour we ask that your groups give way to the children who are on a guided tour and give them priority at exhibits.
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