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Biology> Big idea BVE: Variation, adaptation and evolution > Topic BVE1: Variation
	Key concept (age 11-14)

	BVE1.1: Differences within species



What’s the big idea?
A big idea in biology is that there is a great diversity of organisms, living and extinct, with many similarities and differences between them. The diversity of organisms is the result of evolution by natural selection.
How does this key concept develop understanding of the big idea?
This key concept helps to develop the big idea by developing understanding that there is variation within populations of a species – a fundamental concept underpinning the idea of natural selection.
[image: ]The conceptual progression starts by checking understanding of what is meant by a species. It then supports the development of ideas about variation within a species, and progresses on to understanding of heritable variation (a necessary foundation for moving on to explore natural selection as an explanation for the evolution of species).
Using the progression toolkit to support student learning 
Use diagnostic questions to identify quickly where your students are in their conceptual progression. Then decide how to best focus and sequence your teaching. Use further diagnostic questions and response activities to move student understanding forwards.



Progression toolkit: Differences within species
	Learning focus 
	There is variation between individuals of the same species, caused by differences in the genomes, lifestyles and environments of the individuals.

	
	
	
	
	
	

	As students’ conceptual understanding progresses they can:
	C O N C E P T U A L   P R O G R E S S I O N 


	
	Recognise what is meant by a ‘species’.
	Recognise that there are differences between individuals within a species, and this is called variation.
	Identify sources of variation, including differences in the genomes, lifestyles and environments of individuals.
	Distinguish between continuous and discontinuous variation.
	Apply the idea that only genetic variation can be inherited.

	
	
	
	
	
	

	Diagnostic questions
	What is a species?
	Variation
	What causes variation?
	Continuous and discontinuous variation
	Heritable variation?

	
	
	
	
	
	

	Response 
activities
	Ideas about species
	Observing and explaining variation
	Measuring variation
	



	Key:

	P

	Prior understanding from earlier stages of learning
	B

	Bridge to later stages of learning





	What is a species?
	Variation
	What causes variation?
	Continuous and discontinuous variation
	Heritable variation?
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	Confidence grid
	Two-tier multiple choice
	Focussed cloze
	Focussed cloze
	Two-tier multiple choice

	Ideas about species
	Observing and explaining variation
	Measuring variation
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	Talking heads, discussion
	Challenge to thinking, discussion
	Practical investigation, numeracy
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What’s the science story?
There is variation between individual organisms of the same species, which can be described as continuous or discontinuous. Variation can be caused by differences in the genome, lifestyle and interactions with the environment. Only variation caused by differences in the genome can be inherited.
What does the research say?
The species concept
Developing scientific understanding of variation, classification and evolution requires students to understand the concept of a species. Students at age 11 are likely to be familiar with the term ‘species’ from earlier stages of education (AAAS Project 2061, 2009) and from their everyday experiences, for example from reports about endangered species and conservation. They will have formed their own conceptions of what is meant by a ‘species’, which may or may not align with scientific explanations or usage of the term. Researchers have reported that the term ‘species’ is often used in school science lessons without any explanation of what it means (Ellis and Wolf, 2010). 
Many students distinguish between species based solely on visible differences (Jiménez-Tejada, Sánchez-Monsalve and González-García, 2013). There is considerable debate amongst biologists about how to define ‘species’. This debate is rarely acknowledged in school classrooms and textbooks, and ‘species’ is usually defined unproblematically in these settings using what is known as the ‘biological species concept’ – i.e. “a group of organisms that can breed to produce fertile offspring” (Ellis and Wolf, 2010). Biologists have offered many definitions of ‘species’ over many decades, but there are some overarching concepts, including (adapted from Ellis and Wolf, 2010):
· a species is a set of morphologically and genetically similar organisms, living in one or more populations;
· the individuals within the population(s) of a species do or can reproduce to make fertile offspring;
· a species has a separate line of descent from a common ancestor, and its own evolutionary trajectory [or, put more simply, the characteristics of the organisms in a species change (evolve) over many generations, separately to those of other species].
Researchers have recognised that the underlying reasons for the species debate, and many of the alternative species definitions offered, may be too complex to grapple with in school settings, but that it may be useful to widen the traditional definition to encompass the ideas presented in the bullet points above. It has been suggested (e.g. by Chung, 2004) that it may be helpful to acknowledge, even in introductory courses, that the above ideas are one useful way of defining a species, but other useful definitions are also sometimes used; this will better prepare students to engage with the species concept debate later. It has also been suggested that acknowledging how biologists have debated and changed their definition of species over time based on evidence may be a useful context for leaning about the nature of science (Nyléhn and Ødegaard, 2018).


Variation
Like ‘species’, the term ‘variation’ has different meanings and usage in everyday language and in biology. In the everyday sense, the term ‘variation’ refers to differences between things; it is common for students up to age 11 to use the term ‘variation’ in its everyday sense to refer to differences between species (Allen, 2014). However, strictly speaking, in biology the term ‘variation’ refers specifically to differences between individuals within a species.
Various researchers have described common misunderstandings about variation and its causes, which can persist in students up to undergraduate level, including that:
· while there are differences between species, there is no variation between individuals of the same species; or that a species has a uniform ‘type’ or an essential ‘essence’, and variation among individual members of the species is an anomalous or unimportant deviation from this norm (Shtulman, 2006; Gregory, 2009; Emmons and Kelemen, 2015);
· variation is only caused by environmental factors (students are much less likely to suggest sexual reproduction, inheritance or differences in the genome as causes of variation, even when given a scenario in which environmental conditions are said to remain constant) (Deadman and Kelly, 1978; Hackling and Treagust, 1982; Gott et al., 1985);
· teleological arguments such as that variation occurs to satisfy a need, or in order to improve (Deadman and Kelly, 1978);
· acquired characteristics (variation resulting from interaction with the environment or from learning) can be passed from parents to offspring (Cisterna, Williams and Merritt, 2013).
Gregory (2009) summarises numerous studies in which it was found that when students of various ages were asked to explain evolution by natural selection, very few explicitly included ideas about variation within species (a fundamental requirement for evolution by natural selection, in which the natural variation within populations of a species can cause some individuals to have a survival and therefore reproductive advantage when environmental conditions change).
Guidance notes
Students should be familiar with the ideas developed in key concept BHL1.1 Heredity and genetic information before they attempt the diagnostic questions “What causes variation?”, “Continuous and discontinuous variation” and “Heritable variation?“.
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Variation

Use your understanding of varaton to nswer the quastions.

L. Which satement do you thinkis true?

A Thera can be varistion btween individusls of the same species.

B Thera canno be any varition between individusls of the same species.

2. Howwould you explain your snswer o question 12

A Allmembers ofthe same speciesara xacty the same.
B Theras oy varition between members of dfferent species.
€ There are usually diferences betwesn mambersof the same species

D Any varistion betwesn members of the same spacis i an error.
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What causes variation?

sunflowers

The sunfowers i the photograph are il one species (Hefinthus annuus).

Thersare diferences betwaen the indiidusl sunflowers.

Diferances between members of 3 specesare calld varition.

Complete thesentences i the box.

Vo can only e the ords al some 3nd none to fil the g3ps.

e ofthe variston betuveen the sunfiowers was caused b diferances i thie genomes.

e ofthe varistion betueen the sunfiowers was caused by diferances i thir nviranment.

e Ofthe varistion sppesred bcause thesunflowers were crested by sexua reproduction.

e Ofthe sunflowers vared on purpose o tat hey could absorb more ght.
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Continuous and discontinuous variation

Thers i variation tueen members ofthe same species.

HERE S A7 A5 E A
SARTEINE D LM ga
BEanmEAmsmEe
B AT E oA AmEn
E1Q@ Pk Ls o FE@aa 2 6

Complete thesentences i the box.

Vo can only e the viord continuous and discontinuous o il te gaps.

A charactarisic tat shows variation can only have particuar values with no
in-besueens

A charactarisic tat shows Variation an have any valus wthin 3 range.
Heights an example of a characarstic n humans that shows. varaton.

Eye colour is an example of  charactristc i humans tha shows varaton.
Messurements of. varaton can be plotted sing  barchart.

Messurements of. varaton can be plotted sing» istogram.
Charactaisicsthat ara caused by the genome and are ot afectad b the environment usually
show varaton.
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Heritable variation?

Look at the drawingsof the two men.

‘Some examplesofvariaion between them have been labeled

i colour

eye colour

snort
Answir the qussions for each exampl of varistion
1. Which satementistru fo th festure?
A The varition will definitly be passed on tother chldren.
B The variston may bs passed on tother chidren.
€ The varition will ot be passed onto their chidren.
2. Howwould you explain your snswer o question 12
A s caused ony by the emvironment.
B itiscoused only by genetic nformaton n the genome.
€ Iissffcted by genesic informtion in the genoms and by the enironmert
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Ideas about species

‘Some crildren discuss thir e sbout spacie.

Connor

Alths mambersafs
Spacisslive togather
inthe same place.

Amelia

Membars of the same

species ook similar.

Frea
Members of diferent species
can breed to makefertile
ofsprng

e George.

The charactaristics of 2
spacies stay he same.
forever,

I disgree with Freya. i organisms can
bresd to mke ferie offsprin they
mut be the sams specis!

To talk about n your group:

1 Wnodoyou agree with?

2 Who o you disagree with, and why?

3 Howwoud you esplsn the ight dess to these chidren?

ipes by h ey f ok Src st G s o e e 1
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Observing and explaining variation

cats

Pet cats ar al one spacies (Feis orus.

Thers are diferences betweenthe ndiidusl cats in the phatograph.

Diferances between members of 3 specesare calld varition.

Totlk about n your group.

L. Whataresome examples of variation between the cats?

2. Wnatare the causes of this variation?
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Measuring variation

‘Some peoples sariobes are ttachad st the battom, Other people's eariobes e unsttachac,

= —
Attsched sariobe Unsttsched sariobe

In s investigaion, you wil collect and analyse data n the arlobe shapes of verybody n your
class You will hen compare your resuls 0 6t on peopl’s heighs. Can you work out why the
el ae ifferent?

Todo

1 Wrie down the numbers of people i your las who have:

attachad ssrobes Unsttached saiobes

2 Use the data o draw an appropriate chas r graph onthe axes below.

Number
of people

Eartone shape
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Observable learning outcomes to guide my teaching focus

! Questions to find out what my students know and understand |
! Activities to move my students’ understanding forwards |
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What is a species?

Uons (Ponthera lec) are cn speciesof animal.

Rex the statements i thstabl. Some ae igh and some are wron.

Tick ane bos for sach statemen.

Tamare
Statements s

iene

Tonink
s

igne

Tonink
s
wrong

Tamare
s
wrong

The members of a speces have many.
eharactaratics n common.

Al the members of a species v together in
the same pace.

Membersof the same species can bresd 1o

2 | make fertite crspring.

o | Members o different species cannctbrees
o mae fertileoffspring.

5 | Thecharacrerisics ot aspeces say the

same forever.
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