Fossil Collection : Teacher Information

Introduction

The fossil collection has been put together in response to teachers’ requests for material to inspire students learning about the fossil evidence for evolution, a topic that forms part of most current GCSE Science Specifications.  Students can have the experience of handling real fossils, some of which are over 200 million years old. Local or UK specimens have been included as far as possible. The accompanying information sheet gives brief details of each fossil and some suggestions to help students investigate the specimens. The Open University Booklet, ‘Fossil Detectives Field Guide’ provides useful background information about fossil formation.

Contents

12 Fossils (Osteolepis panderi, Trilobite hollardops, Pentacrinites fossilis, Ichthyosaur       coprolite, Ammonite hildoceras, Ichthyosaur vertebra, Sea urchin, Fern, Belemnite, Baby woolly mammoth tooth, Woolly mammoth vertebra, Woolly mammoth hair)

1 dried specimen of a modern fern (Dryopteris)

12 plastic hand lenses

Photocopiable laminated fossil information sheets

Fossil Detectives Field Guide

Suggestions for using the resource

Following a discussion about how fossils are formed and their importance in providing evidence for evolution, small groups of students could spend a few minutes investigating each of the fossils in a ‘circus-style’ activity. They should be encouraged to handle the specimens (with care!) to get a feeling for weight and texture. The information sheets give some ideas for more detailed observations of some specimens. Students could also be encouraged to compare the fossils with similar present-day organisms, if appropriate. The dried fern sample is provided for this purpose – or a fresh fern frond could be provided. A human skeleton would allow students to make comparisons with the woolly mammoth vertebra.

As an extension/homework activity, students could sketch the fossils on a simple time-line or use books/internet to research the organisms represented by the fossils. They could be encouraged to visit Cromer Museum, which has an excellent collection of local fossils and organises fossil-hunting field trips on West Runton beach.

The website www.open2.net/fossildetectives  is a good introduction to the topic.

Fossil Collection Information Sheet

	No.
	Identification
	Origin
	Age
	Additional Informatiom

	1
	Osteolepis panderi
	Caithness, Scotland
	400 million years

(Devonian)
	An ancient fish, covered in rhombic scales which can be seen on the specimen if a hand lens is used. The scales look shiny because they are covered with a layer of cosmine (a layer of dentine covered with a layer of enamel – a bit like our teeth)



	2
	Trilobite hollardops
	Morocco
	395 million years

(Devonian)
	An early marine arthropod with a hard, outer exoskeleton divided into segments and paired jointed appendages. The body has 3 lobes running up and down its length and is divided crossways into a headshield, trunk and tailpiece. Details of the fly-like compound eyes can be seen with a hand lens 

(ref. p28-29 in Fossil Detectives Field Guide)



	3
	Pentacrinites fossilis
	Charmouth, Dorset
	200 million years

(Triassic)
	An early echinoderm, related to present-day starfish and sea urchins. The animal was attached to the sea floor by a stem with a root-like base. The stem is made of many calcite plates called ossicles, which can be seen on the specimen with a hand lens. The flexible, branching ‘arms’ are used for feeding.

(ref. p26-27 in Fossil Detectives Field Guide)



	4
	Ichthyosaur coprolite

(dropping)
	Charmouth,

Dorset
	190 million years

(Jurassic)
	The fossilised dropping of a marine reptile (see specimen 6 ).

Coprolites may provide information about the diet of the animal if bones, scales or other food remains are present. 



	5
	Ammonite Hildoceras
	North Yorkshire
	175 million years

(Jurassic)
	An extinct group of cephalopods, related to squid, cuttlefish, octopus and nautilus. Ammonites were marine predators with an active lifestyle, swimming and catching prey with their tentacles. The shell is a coiled tube, divided into many separate chambers. The body was housed in the outermost chamber, which is often missing from fossil specimens.

(ref. p18-19 in Fossil Detectives Field Guide)



	6
	Ichthyosaur vertebra
	Weymouth,

Dorset
	160 million years

(Jurassic)
	Ichthyosaurs were giant marine reptiles, averaging 2-4 metres in length, similar to modern dolphins. They were air-breathing and gave birth to live young. They had fin-like limbs and a large, shark-like tail. Their diet consisted of belemnites, fish and smaller reptiles. They had large eyes and strong teeth and jaws. The vertebra specimen is from towards the rear of the vertebral column. Ichthyosaur vertebrae are typically biconcave.

(ref. p32-33 in Fossil Detectives Field Guide)



	7
	Sea urchin

Clypeus ploti
	Stow on the Wold

Gloucestershire
	158 million years

(Jurassic)
	An early echinoderm, similar to present-day sea urchins. The animal lived in shallow seas, probably burrowing in soft sediment. The shell would have been covered with spines, which drop off after death. On the shell are 5 petal-like rays of plates with tiny pores through which tube feet would have projected for use in feeding, respiration and movement. Details of the plates can be seen with a hand lens.

(ref. p24-35 in Fossil Detectives Field Guide)



	8
	Fern

Clodophlebis
	Iran
	155 million years

(Jurassic)
	The top side of this specimen shows part of a fern frond which looks very similar to present-day plants. There is a central  ‘stalk’ and numerous leaflets on either side called pinnae. Each pinna is further sub-divided into into smaller pinnules. Veins can be clearly seen in the pinnules with a hand lens. Spore-producing structures are produced on the underside of the pinnules. These may be visible with a hand lens as dark dots on one of the leaf fragments near the edge on the underside of the specimen. A specimen of a dried modern fern is provided for comparison.



	9
	Belemnite (in flint)
	West Runton

Norfolk
	140 million years

(Cretaceous)
	An extinct cephalopod, resembling a present-day squid. Belemnites were carnivores that swam in the open sea. They had a unique, bullet-shaped internal shell called a guard, which was made of calcite and easily fossilised. At the wider (head) end of the guard was a chambered structure called the phragmocone, which often falls out, leaving a cone-shaped hole in the fossil.  The whole living animal was several times longer than the guard. Belemnite fossils are very common on West Runton beach and can be easily collected.

(ref. p16-17 in Fossil detectives Field Guide)



	10
	Baby Woolly Mammoth Tooth

Mammathus primigenius
	North Sea near

Lowestoft

Suffolk
	20,000 years
	A mammoth molar tooth comprised numerous ridges of hard enamel, separated from each other and held together by dentine and cement. As the teeth ground together, the sharp enamel ridges on the upper and lower molars cut past each other to break up the food. Grass is a tough food and so the enamel ridges gradually wore away. The worn out tooth was then replaced by a new one from behind.

Like elephants, woolly mammoths went through 6 sets of teeth in their lifetime. At any one time, only one molar tooth was fully operational in the upper, lower, left and right jaws. As that tooth wore out, it was replaced by a new, larger one. When the sixth molar had finally worn down, the animal could no longer chew and would die.

The specimen provided is probably the second or third molar tooth in the series of 6. The chewing surface is almost flat so the tooth would probably be one that had been discarded.

The worn-down ridges of grey enamel can be clearly seen.



	11
	Woolly Mammoth Vertebra

Mammathus primigenius
	North Sea near

Lowestoft

Suffolk
	20,000 years
	This is probably one of the thoracic vertebrae, found in the chest region of the vertebral column. The hole in the centre (for the spinal cord) is the neural canal. Note the smooth curved areas on either side of the vertebra for articulation with the ribs. A lot of the projecting parts of the vertebra have been broken off. If a model human skeleton is available, compare this specimen with a human thoracic vertebra.



	12
	Woolly Mammoth Hair

Mammathus primigenius
	Siberia
	20,000 years
	The mammoth’s fur consisted of long, coarse, outer guard hairs beneath which were shorter, thinner hairs forming an underwool. If the specimen is studied with a hand lens both types of hair can be seen. There are also fragments of vegetation trapped in the fur.



	13
	Insects in Amber
	Baltic
	50 million years


	Amber is formed from the resin of ancient trees. In some cases, as the sap oozed out of the tree, a spider, insect or other small animal would become trapped in the sticky substance. When the resin hardened, the creature was perfectly preserved. The specimen provided contains 3 long-legged flies, which can be seen with the naked eye or in more detail with a hand lens.




Natural Selection in Action : The Story of the Peppered Moth

Introduction
This activity is based on that well-known example of natural selection in action, the peppered moth (Biston betularia). These moths show polymorphism – the occurrence together in the same habitat and at the same time of two or more distinct forms of a species. Insect collections made during the last century contain large numbers of peppered moths. These specimens are all light-coloured in the earliest collections. Later collections show increasing numbers of dark-coloured or melanistic forms. These differences can be related to environmental changes which affected how well the two forms of moths were camouflaged and therefore how well they survived attacks by predators.

Contents

The activity consists of 10 sets of each of the following:

· Light-coloured background card

· Dark-coloured background card

· 10 light-coloured moths

· 10 dark-coloured moths

· 10 sticks + whitetac (a small piece of whitetac needs to be stuck over the end of each stick to produce a sticky ‘beak’ to pick up the moths)

Suggestions for using this resource
The following ‘mini-drama’ is just one suggestion for using the peppered moth resource.  Students could be encouraged to write their own script. Teachers may wish to use different approaches with different age and ability groups. 

The ‘mini-drama’ involves students working in groups of 3. There are sufficient resources for 10 groups. Each group includes a narrator, who reads out the story, a demonstrator, who uses the moths and backgrounds to illustrate the story, and a predator, who uses the sticky ‘beak’ to catch the moths.

Student Worksheet: Narrator’s script

Natural Selection in Action : The Story of the Peppered Moth

1. The peppered moth is found throughout Britain. The moths are active at night and during the day they rest on tree trunks. They are eaten by birds such as thrushes, which peck them off the tree trunks.

2. 200 years ago, there was very little air pollution. Tree trunks were covered with grey and white lichens (pronounced ‘likens’). Studies of insect collections from this period show that most peppered moths were speckled white. These moths were well-camouflaged against the light-coloured tree trunks and this helped to protect them from being eaten by predators.

(Demonstrator uses the resources to show camouflage)   

3. The light-coloured moths were able to reproduce and pass on the alleles for ‘light colour’ to their offspring. The number of light-coloured moths therefore increased because they were so well adapted to their environment.

(Demonstrator uses the resources to show reproduction)

4.  Occasionally, by chance, a mutation occurred during reproduction and a dark-coloured moth would be produced. However, these dark moths stood out clearly against the light tree trunks and were quickly eaten by birds.

(Demonstrator and Predator use the resources show mutation and predation)

5. Then something happened to change the environment. During the first part of the nineteenth century, the Industrial Revolution caused a big increase in air pollution. Smoke from factories blackened the tree trunks and sulphur dioxide pollution killed the sensitive lichens. As a result, tree trunks in industrial areas became much darker.  The light-coloured moths were no longer well-camouflaged and many more were eaten by predators.

(Demonstrator and Predator use the resources to show the change in environment and increased predation)

6. Any mutant dark moths produced by chance were now at an advantage. They were well-camouflaged against the dark tree trunks and were able to survive, reproduce and pass on the alleles for ‘dark colour’ to their offspring. The number of dark-coloured moths now increased because they were better-adapted to the new environment then the light moths. This is an example of what Charles Darwin called ‘survival of the fittest’
(Demonstrator uses the resources to show reproduction) 
7. When a scientist called Bernard Kettlewell investigated the distribution of peppered moths in Britain in the early 1950s, he found that in industrial areas the dark form was more common and in rural areas the light form was more common.

(Demonstrator uses resources to show this distribution)

8.  The final twist in this story was the passing of the Clean Air Act in 1956. This resulted in a decrease in air pollution. Can you predict what effect this has had on the distribution of peppered moths and explain why this has happened? Use the resources to help you to illustrate your ideas.

[image: image1.png]


[image: image2.jpg]




Six Step Sequence Activity : Teacher Information
Introduction
This activity is based on an article that appeared in New Scientist on May 2nd 2009. A copy of this article is included for additional background information. In the article the author, Claus Nielson, from the University of Copenhagen, proposes that multicellular animals evolved from single-celled organisms in six major steps. This sequencing activity is based on a simplified version of Nielson’s proposed steps. However, it should be stressed that the details of early animal evolution are still the subject of much scientific debate and this scenario is just one of many competing ones and is highly controversial. This in itself adds value to the activity, as students can be introduced to the idea that scientific theories evolve in the light of new evidence.

Contents

The activity consists of 10 sets of 14 cards. There are 7 picture cards, illustrating the proposed steps in the evolution of multicellular animals from single-celled organisms, and 7 information cards outlining the changes that take place at each stage and the advantages that they provide. 

Suggestions for using this resource

Note that the vocabulary used on the cards is quite complex and therefore the activity is most suitable for more able GCSE students. It would also be appropriate for A level students.

Give a set of cards to each group of students. Suggest that they begin by looking at the pictures and try to put them in order to show the progression from single-celled organisms to multicellular animals. They can then read the information cards and try to match the cards to the pictures. They could be encouraged to make a list of words that are unfamiliar for further research. When they have completed this they can check through their sequence, to see if they want to make any changes in the light of the information on the cards. Finally, they can check their sequence against the ‘correct’ version in the article and try to summarise the changes that are being proposed in their own words, focussing on the advantages these changes confer and linking this to natural selection. 

As an extension/homework activity, students could be encouraged to find the meaning of unfamiliar vocabulary on the information cards or research other theories for the evolution of multicellular animals.

OPAL Soil and Earthworm Survey

Introduction

This survey was run by OPAL (The Open Air Laboratories Network) during 2009 with the aim of finding out more about soil types and earthworm populations across England. Results can be entered on the OPAL website: www.OPALexplorenature.org
Part of the survey involves students in collecting earthworms and making careful observations to enable them to identify different species. Since Charles Darwin spent a large part of his life making detailed observations of the plants and animals in his local environment this kit seems a very appropriate way of introducing students to this important scientific skill. It also enables them to collect genuine and novel data, which they can then compare with other groups working in different parts of the country using ICT. 

Contents

The Survey Pack consists of:
· 10 workbooks

· 10 field guides

· 20 mustard packs

· 20 vinegar packs

· 20 pH strips

· 10 magnifiers

Suggestions for using the resource

The Field Guide and accompanying Workbook provide full details of how to use the resources supplied to carry out the survey. Teachers may wish to adapt the investigations to suit students of different ages/abilities.  Even if it is not possible to enter the survey results online, students will still have had the valuable learning experiences of data collection, analysis and interpretation.

Please photocopy the student data recording sheets that form the last 3 pages of the workbook, so that the workbooks can be re-used by other schools.

Timeline Activity : Teacher Information

Introduction
This activity is designed to help students to ‘reconstruct’ the history of life on earth. Pinning down when specific events occurred is often difficult and so the timeline should be taken as approximate. 

Contents 

1 x 20 metre measuring tape

47 ‘organism cards’ with pictures and information about each animal or plant

11 ‘era/period cards’ 

58 rods and bases to support the cards

Suggestions for using this resource
· Stretch out the tape to a length of 10 metres.  Explain that this distance represents a time period of 500 million years and that the beginning of the tape represents the present day. Then ask the students to calculate the time periods represented by :
1 metre (50 million years)

10 cm    (5 million years)

2cm     (1 million years)

1cm       (0.5 million years or 500,000 million years)
1mm      (50,000 years)

Then establish the rule for working out where to place the cards on the timeline. This involves multiplying the number of million years on the card by 2cm.

e.g.  1.8 million years ago would be positioned at 3.6cm on the tape

       400 million years ago would be positioned at 800cm (8metres) on the tape

(Note that this scale has been chosen because it should be possible to fit the tape into an average classroom. If a larger space is available, it is easy to increase the scale.

Using the 20 metre tape provided the scale can be doubled (4cm = 1 million years) or if a longer tape is available the scale can be further increased to achieve a greater ‘spread’ of the cards)

· Divide the Organism and Period cards randomly amongst the students. Each student should then collect sufficient rods and bases to support their cards.
· Students with Period cards should then calculate where to place them on the timeline (by multiplying by 2cm) and then put the cards in position.  This will then give the students an overall picture of the different geological time periods.

· Students can then take turns to place their Organism cards on the timeline. Each card has a picture of the organism, a short description and an estimation of the time in which it lived.

· When all the cards have been placed on the timeline, it should be possible for students to see a gradual increase in complexity of organisms from 500 million years ago up to the present day. It should also be possible to pick out ‘landmarks’ in evolution such as the first dinosaur, the first mammal etc. The timeline will also show the relatively recent appearance of humans. Note too that the huge gaps in the fossil record and the fact that soft-bodied organisms are less likely to become fossilised means that the ‘early’ organisms are probably under-represented.

· Before dismantling the timeline, students could be asked to make a record of some of the information it provides.  For example, they could make or be given a simplified timeline on which they have to record the type of organisms present every 10 million or 50 million years.

· As an extension/homework activity, students could do some internet research into geological timescales to investigate some of the climatic or related events that occurred at different periods and contributed to the selective pressures on the living organisms that existed at that time. 

Useful websites include:

www.totallydifferent.co.uk/fossils/Geological-Timeline.html
www.fosilmuseum.net/PaleobiologyVFM.htm
www.newscientist.com/article/dn17453-timeline-the-evolution-of-life.html
The light form of the moth on a dark tree trunk.





The dark form of the moth on a lichen-covered tree trunk








