Vigyan Pratibha Learning Unit

What the Moths Taught Us
Part 1: A Game

In the first part of this activity, your teacher will explain and play a game with you. The game
requires counting some results. Enter these into the table below.

Number of chits on the board ‘ Percent Remaining
Dark (D) Light (L) Total Dark (D) Light (L)
Start SO (s |00 |00 |

After Round 1 \” @ bl 7 Q] OO0 | ’J, »,J v
After Round 2 U 7 (/1 7 C(L] 'L( i, | :'.'1 .

After Round 3 [4 Lf U ‘7 C1 l \/ &' FJ_

After Round 4 na ué | &H JH (" ! C\‘ 2
After Round 5 40 ug | 82 207" , 3 ¢ 4
After Round 6 —Bé"— il Y3 | 2_ | 7 /" " g |
wetewar | 37 | M2 |T1 | 7] &

In this activity, we will:

1. Learn about a real-world phenomenon that was similar to the game that you played
2. Analyse the results from your game, by doing some calculations and drawing some graphs

3. Think about how colour change can occur in groups and individuals

4, Discuss whether games and simulations can be used to learn about the real world

5. Try and come up with possible alternative explanations for the real-world phenomenon, and
thus learn a little bit about how scientists have disagreements
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Part 2: Kettlewell's Problem nterested in studyin
Henry Bernard Davis Kettlewell was a biologist in Oxford University. H? waS“ ht and dark.
Peppered (spotted) moths. These moths had two types of wing coloration = g

R

i

Figure 1: Light-winged left) and dark-winged (right) peppered moths.

Until the year 1848, the number of light-winged moths was very large, making up 99% of the total
moth population in the forest. However, over the course of the next 100 years, the population of

the light-winged moths reduced to a mere 5% of the total moth population, whereas the dark-

winged moths now represented 95% of the moth population. Dark-winged moths tended to
outnumber the light-winged ones particularly near the industrial cities. Kettlewell wanted to

understand why the proportion of dark-winged moths near industrial cities had changed in this
way.

Kettlewell knew that peppered moths were Prey to many insect-eating birds. It was also known
that the moths rested on tree-trunks with their wings open. Kettlewell thought that the wings
could camouflage with the background (i.e., hide from sight due to similarity) and would provide
the moth some protection against predatory birds. Thus, in the past, when the tree bark and
lichen growing on them was light-coloured, moths with light-colored wings were camouflaged, but
those with dark wings were more likely to be visible to predators. However, in industrialised areas
coal was burnt to generate power. Smoke from the burning coal killed lichens and caused the
trees to darken with soot, According to Kettlewell, the light-coloured moths became noticeable
against a dark background and thus became an easier prey for birds.

The phenomenon of change in colour of the moth population was called industrial melanism. In
the term “industrial melanism”, melanism originates from the word melanin. Melanin is the
pigment responsible for human skin colour, and an increase in melanin leads to darker colour.,
Since the dark-winged moths had increased in proportion near industrial cities, the term
“industrial melanism” was used to describe the change. '

1 By Chiswick Chap - Selif-published work by Chiswick Chap, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=868091

2 By Chiswick Chap - Self-published work by Chiswick Chap, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=880130
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Questions

Question 1
What are the

Similarities 3 '
K8tt|$we|| nd differe

Was dealing with?
L) 1A 1 1A

nces between the game you played and the problem that

- ! A Y" !/ 3 LRANILED ; ! { y
ma N ) ANy I ,/; ¢ Ki " : \
Quantitative Analysis

Question 2

Each group of students is likely to have started with a different number of dark and light chits. At
the end of the game, both dark and light chits would have decreased. Use the data you gathered
while playing the game and fill in the table below.

{?ecrease between first and last round | Dark chits Light chits e

Actual numbers ' _3_ “&_ e
’Percentage v, {‘l;. l’ | 16 '/

Now compare your results with those obtained by your classmates in other groups. Did the other

groups get different results from yours? Which group of students saw the greatest decrease for
each of the values?

Rovet serendos a6l tobvi, fumhd semc Aaf Ao
E/L\f Ok f;,;»-f {1030 Lo e anRid on Qe 4y
AR (uene 11 ’;""{’)ﬂ@:—(:”; VLSV

Question 3

For the information above, is it better to compare the groups using whole numbers or
percentages? Why? p )
UNin Keff y o Lompat _AY .Ef;fftf“d-s NOQE. |
T I \ [/ ! R o\] » ol e 0., V| E

e ok faloes L OOpskt L9 i ol Doyt

v v \

Question 4

Draw a graph showing the number of dark and light chits left behind on the board after each

round. Looking at your graph, what do you think will happen to the number of dark and light chits
if the game is played further? Why?

: 4 \‘/\7' L A "/"“‘ A 4 2
Batrigs, MU Ll 7 O
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Group and individual Colouration

Let's think about how the colour of the "moths” changed in the game.
Question 5

Think of each moth separately. Did the colour of the individual moths change? (Y(yf

Question 6

Now, think of the moths together, as a group, Did the colour of the group of moths change;7 /N)

Question 7

If your answer to question Bwas “yes”, then why or how do you think the change occurred?

W) A WU 24 a el i 1 Ao € luhen XN Q%

\ A . 4 “ ~ ! ) T 0. | _‘”41.. £
2O Aot meths o500k il D004/ ek, (AQIN fumh
g Dok prelha IS B M1 v oo ADRIUA
u"’i/\,f‘:(\ v X i TR
fs X »

Question 8
Based on the game, do you think the colour of individuals needs to change in order for the colour
ifzfg)up to change? Why? b ) o 2
- : c / Y " ' | '!" 3 s rf i 1)
) /UZ\X LALLM il Loy f Charmap it
ifs fhoa A Nl AvmoLien [t Yiase A

NNE ol Jionined ydne 2%

(‘@:nf'i{;‘-ﬂ‘;(,x' dLalt wmell.
Learning about the real world using simulations

Question 9

We played the game and used it to come to some kind of understanding about Kettlewell's
problem. We also drew some conclusions about the moths based on our game. Which of these

conclusiwoul hold in,the real world? Which of the co clusions.would not?

fur LBEN Eha! haw Hinet
' p: S 8 : i ¢ e g
Nage i tunround 08 , - Al haied Ko
/ {j} /'ﬁ! A0 fA,“?-t“‘ /Q;yi ",'l’ AL "yl ,‘_l'v"."“i i 1 Y"f,'!_
1
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Sttiewe OUBH thar ¢ Qata and other SCientists’ disagreement
hlt9~wing Moths Woul(:rf Might be fewer light-winged moths near industrial areas, because
8uess Using 4 d be more easily visible to predator birds. But he needed to test this

releaseq the : » e marked the underside of the wings of some moths and

* City of Birmingham in England. In the
recaptured using various traps. Such an
a mark-release-rer;apture experiment, The follo

Number of moths recaptureq:

wing table represents the

o’ ,%Afglluted_F_qré;tA (Birmingham) ]

Light Wings
Dark Wings

18/137 ’
136/493 : “J

The numbers in the table indicate the number of moths r
marked and released. For exam
18 were recaptured,

€captured out of the number of moths
ple, 18/137 indicates that out of 137 moths marked and released,

Questions

Question 1
Calculate the percentage of light and dark-winged moths that were recaptured:

2lax )

Percentage of light-winged moths that were recaptured: | 3 J 3/ ( Jqd

Percentage of dark-winged moths that were recaptured: ____ 21 3/ '(C.' Hw ox )

Which type of moth was more likely to be recaptured?

SOk - M«,Ugw mALhB {10 ma,gﬁm,o’

Question 2

Look at the percentages that you calculated in your game. Were they similar to those found by
Kettlewell? Why or why not? . .

Lo rubidt wad puldortit 24 g Jolo ke yined M
" 1 , o d 1 LEV.\,, \ ) X
Aret Aot JF llouid bofdhe's ML 0
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Question 3
What do you thi?bﬂlappe ed to the moths that were not regaptured? .
mat f? Qeson b srobd cup yrus! K L i 4
L\ J |
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Question 4

Kettlewell's fellow scientists were not convinced by some parts of what he was saying about the
moths. They agreed with some of Kettiewell's points, but disagreed with some other points, The
reasoning by these two groups are represented by empty boxes in Other Biologists’ column shown

below:

Kettlewell

e -

There are molhs on the
trees
g it

("-‘"'"""—”“‘_‘- T ———
Birds prey on the moths

———

Birds are able to see white
moths more clearly

Birds prey more on the
moths which they see clearly

N

v

Fewer white moths survive

N

e ¥

Other Scientists ]

e

Birds prey on.
the moths |

There are moths E
on the trees }

o

-

moths survive

Fewer white |

The other scientists thought that there could be other reasons why fewer white moths survived.
What line of reasoning can you think of that leads to the same result - survival of fewer white

moths?
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Question 5

What experiments could Kettlewell have conducted to convince his scientist colleagues that he

was right?.
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