
	
Objec'ves:	

• Using	 the	Wonderfully	 Weird	 Giraffes	 poster	 to	 conduct	 a	 research	 scavenger	 hunt,	
par3cipants	 will	 be	 able	 to	 give	 a	 defini3on	 for	 adapta3on,	 iden3fy	 adap3ve	
characteris3cs	 of	 giraffes	 and	 explain	 the	 significance	 of	 those	 adapta3ons	 for	 the	
giraffe,	its	popula3on,	and	its	role	in	the	savanna	ecosystem.	

• A?er	 par3cipants	 are	 given	 an	 explana3on	 of	 WildID	 and	 asked	 to	 discriminate	
individual	giraffes	by	iden3fying	the	unique	spot/coat	paFerns	(an	adapta3on	addressed	
in	the	research	exercise)	 in	various	torso	pictures	of	real	giraffe	taken	in	the	field;	they	
will	 recognize	 that	 there	 can	 be	 many	 varia3ons	 of	 the	 same	 adapta3on	 within	 a	
popula3on	of	organisms.		

• From	a	discussion	of	giraffe	adapta3ons	in	rela3on	to	their	African	savanna	ecosystem,	
the	 par3cipants	 will	 hypothesize	 as	 to	 the	 general	 effect	 other	 individual	 adapta3on	
varia3ons	could	have	on	the	size	of	any	given	popula3on.						

• Using	a	mark-recapture	procedure,	par3cipants	will	be	able	to	apply	data	collected	to	a	
simple	 propor3onal	 rela3onship	 (Peterson	 method)	 using	 mul3plica3on	 and	 division	
skills	to	calculate	an	es3mated	popula3on	size.		

• Comparing	 known	 quan33es	 with	 calculated	 es3mates,	 par3cipants	 will	 be	 able	 to	
assess	the	accuracy	of	the	mark-recapture	technique	in	obtaining	an	es3mate.	

• From	 these	 assessments	 and	 analysis	 of	 the	 mark-recapture	 procedure	 they	 used,	
par3cipants	will	be	able	to	recommend	and	jus3fy	considera3ons	that	need	to	be	made	
when	using	this	technique	on	certain	animal	popula3ons	and	explain	the	limita3ons	that	
those	considera3ons	imply.		

• In	 a	 review	of	 the	mark-recapture	 procedure	 par3cipants	will	 be	 able	 to	 iden3fy	 how	
WildID	uses	the	technique	and	explain	the	considera3ons	that	it	makes	for	sampling	and	
es3ma3ng	giraffe	popula3ons.	

• Upon	reflec3on	of	their	experience	using	the	mark-recapture	technique	along	with	some	
research,	the	par3cipants	will	be	able	to	give	examples	of	what	popula3on	es3ma3ons	
can	relate	to	wildlife	researchers	in	terms	of	conserva3on	prac3ces.	

• By	 ac3vely	 engaging	 in	 and	 analyzing	 data	 from	 a	 predator/prey	 simula3on	 game	 the	
par3cipants	 will	 be	 able	 to	 iden3fy	 the	 elements	 involved	 in	 the	 natural	 selec3on	
process,	and	make	and	test	hypotheses	related	to	them.	

• Employing	the	iden3fied	elements	of	the	natural	selec3on	process	the	par3cipants	will	
be	 able	 to	 explain	 and	 jus3fy	 how	 certain	 unique	 giraffe	 characteris3cs	 could	 have	
evolved. 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Making it Count: It’s All in the Numbers  
Lesson Plan to Accompany Wonderfully Weird Giraffes poster 

By Lise Levy and Monica Bond 
Target ages: 12–16 years



MATERIALS:	
Wonderfully	Weird	Giraffes	poster	
In	Search	of	the	Wonderfully	Weird	Worksheet	and	Labeling	Page	–	Appendix	A	
Giraffe	Range	Map	–	Appendix	B	
What’s	In	A	Pa7ern?	Worksheet	–	Appendix	C	
Wild	Nature	Ins3tute	Blog	Post	–	Appendix	D	
Jar	filled	with	500–1000	jellybeans	or	dried	beans	
Permanent	marker	
Paper	bags	
Beans	
Supplement	5:	Mark-Recapture	Theory	-	Appendix	E	
Worksheet	1-	Mark-Recapture	Data	Sheet	–	Appendix	F	
BuFerfly	Model	PaFerns	–	Appendix	G	
Various	colored	and/or	paFerned	paper	
Scissors	
Small	baggies	(snack	size)	
Spring-hinged	clothes	pins	
Collec3ng	boxes	-	2	
Stopwatch	or	watch	with	second	hand	
Worksheet	1	-	Predator	Preferences	–	Appendix	H	
Worksheet	2	-	Predator	Preferences	–	Appendix	I	
Worksheet	1	-	Shi?ing	Popula3ons	–	Appendix	J	
Worksheet	2	-	Shi?ing	Popula3ons	–	Appendix	K	
Possible	 answers	 and	 considera3ons	 for	 the	 In	 Search	 of	 the	 Wonderfully	 Weird	 discussion	
scenarios	–	Appendix	L	
Giraffe	Quiz	for	Bee	–	Appendix	M		

PROCEDURE:	

The	goal	of	this	group	of	ac3vi3es	 is	to	use	the	Wonderfully	Weird	Giraffes	poster	to	 iden3fy	
the	 unique	 characteris3cs	 of	 giraffes,	 and	 then,	 with	 the	 following	 ac3vi3es,	 develop	 an	
understanding	 of	 the	 significance	 of	 those	 characteris3cs,	 how	 and	 why	 the	 characteris3cs	
evolved,	and	the	overall	effect	they	have	in	the	role	of	giraffes	in	their	savanna	ecosystem.	

1.	 Group	Ac)vity:		IN	SEARCH	OF	THE	WONDERFULLY	WEIRD	–	Biology/Geography	Ac3vity	

This	 scavenger	hunt	ac3vity	 is	designed	 to	get	par3cipants	 to	 iden3fy	adapta'ons	 or	 specific	
traits	that	giraffes	have	inherited	that	help	them	survive	in	their	African	savanna	environment.	
They	will	search	for	facts	to	complete	statements	using	the	Wonderfully	Weird	Giraffes	poster,	
then	locate	the	associated	part	of	the	giraffe	on	a	labeling	page	(Appendix	A).	 	The	completed	
statements	and	 labeling	exercise	will	guide	them	to	 iden3fy	these	adapta3ons	and	help	them	
explain	why	these	traits	are	important	for	the	giraffe’s	survival	or	reproduc3on.	 	In	a	discussion	
following	the	exercise	par3cipants	will	be	asked	to	consider	the	adapta3ons’	importance	to	the	
giraffe	popula3on	and	ul3mately	the	giraffe	popula3ons’	importance	to	the	savanna	ecosystem	
in	 a	 series	 of	 “what	would	 happen	 if…”	 scenarios.	 This	 ac3vity	might	 be	 extended	 to	 involve	
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research	about	the	African	savanna	because	wild	giraffes	are	ONLY	found	in	the	African	savanna,	
so	 this	 could	be	part	 of	 a	 geography	 lesson.	 	Appendix	B	 is	 a	map	 showing	 the	 range	of	 the	
different	types	of	giraffes	that	could	be	useful	with	this	extension.	

a.	 With	a	Wonderfully	Weird	Giraffes	poster	have	the	par3cipants	complete	the	In	Search	
of	the	Wonderfully	Weird	exercise	according	to	the	instruc3ons	on	the	worksheet	and	using	the	
labeling	page;	both	provided	in	Appendix	A.		This	can	be	done	in	small	groups	or	individually.	

b.	 A?er	 an	 appropriate	 amount	 of	 3me	 has	 been	 given	 to	 complete	 the	 exercise,	
reconvene	 into	 a	 large	 group	 and	 ask	 for	 a	 defini3on	 of	 adapta3on.	 	 Once	 that	 has	 been	
established	and	wriFen	on	the	board,	conduct	a	review	of	the	exercise	by	having	each	individual	
or	small	group	contribute	one	of	the	giraffe	adapta3ons	they	found	and	have	them	explain	how	
it	helps	giraffes	survive	or	reproduce.	 	These	can	be	 listed	on	the	board	for	everyone	to	have	
available	for	reference	in	the	following	discussion.	

c.	 From	this	review	a	class	discussion	can	start	using	any	of	the	following	scenarios	related	
to	giraffe	adapta3ons:	

If	giraffes…	

• could	not	eat	acacia	…	
• did	not	have	long	necks	…	
• had	a	different	coat	paFern	other	than	spots	or	no	paFern	at	all	…	
• were	not	herbivores	…	
• did	not	digest	most	of	what	they	eat	…	
• did	not	have	chemicals	on	their	skin	…	
• did	not	have	long,	agile	legs	with	sharp	hooves	…	
• had	smaller	eyes	that	did	not	have	the	ability	to	scan	large	areas	…	

…	 what	 would	 happen	 to	 the	 popula3on	 and	 how	 would	 this	 ul3mately	 effect	 the	 savanna	
ecosystem	and	the	other	popula3ons	living	there?	

d.	 Each	of	these	scenarios	can	involve	discussion	of	impacts	on	various	topics	such	as	food	
chains,	 predator-prey	 rela3onships,	 feeding	 (trophic)	 levels,	 and	 ul3mately	 lead	 to	 the	
conclusion	that	these	adapta3ons	are	not	only	necessary	to	the	survival	of	the	giraffes	but	the	
survival	of	their	en3re	ecosystem.		(Possible	answers	and	considera3ons	for	these	scenarios	can	
be	found	in	Appendix	L.)	

e.	 Because	any	one	of	 these	scenarios	can	 involve	a	 lengthy	discussion	on	 its	own,	 there	
may	be	a	need	to	divide	up	the	remaining	scenarios,	a?er	 the	first	one	 is	done	together,	and	
have	small	groups	discuss	and	report	on	the	outcomes,	either	orally	or	in	wri3ng,	that	will	then	
be	shared	with	the	large	group.					

2.	 Individual	Ac)vity:	WHAT’S	IN	A	PATTERN?	—	Science	Ac3vity	
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In	 this	 ac3vity	 the	par3cipants	will	 be	 asked	 to	 explore	one	of	 the	 giraffe	adapta3ons	 a	 liFle	
further	in	order	to	recognize	that	there	are	varia3ons	within	the	same	adapta3on.	
 	
a.	 Show	par3cipants	the	What’s	In	A	PaFern?	worksheet	(Appendix	C)	and	ask	them	to	tell	
what	they	see	in	the	pictures.		This	can	start	very	general	iden3fying	the	part	of	the	giraffe	seen	
in	each	picture	(torso)	to	the	differences	in	spot	paFerns.		

b.	 Explain	 that	 the	 pictures	 of	 giraffe	 torsos	 that	 they	 see	 are	 from	 photographs	 that	
wildlife	 scien3sts	 have	 taken	 in	 the	 field	 when	 they	 were	 coun3ng	 the	 popula3on	 size,	 also	
known	as	a	survey.		They	use	the	pictures	to	document	their	counts.		Scien3sts	have	found	that	
although	giraffes’	coat	spot	paFern	 is	adap3ve,	ac3ng	as	camouflage	for	all	 individuals	within	
the	species,	the	paFerns	vary	from	one	individual	giraffe	to	another.		The	paFerns	on	giraffe	fur	
are	also	unique	to	each	individual—no	other	giraffe	in	the	world	has	the	same	paFern,	and	the	
paFern	never	changes.			

c.	 Ask	them	how	many	different	giraffes	would	they	say	are	pictured	on	this	page?	

d.	 A?er	receiving	a	number	of	answers	and	explana3ons,	tell	them	that	there	are	actually	5	
giraffes	 pictured	 from	 2	 different	 survey	 3mes	 in	 the	 two	 columns.	 	 Have	 them	 label	 the	 2	
columns	as	Survey	1	on	the	le?	and	Survey	2	on	the	right.	

e.	 Next	 explain	 that	 scien3sts	 can	 use	 the	 unique	 paFerns	 to	 iden3fy	 each	 giraffe	 in	 a	
popula3on	each	3me	they	encounter	 them	 in	a	survey	and	then	be	able	 to	 follow	them	over	
long	3me	periods.	 	A	 computer	program	called	WildID	helps	 to	match	 the	paFerns	 from	 the	
photographs	taken	in	the	field	so	the	scien3sts	can	keep	track	of	hundreds	and	even	thousands	
of	giraffes	and	determine	 if	 they	are	seeing	 the	same	or	different	giraffes	when	they	do	 their	
surveys.			

f.	 Challenge	the	par3cipants	to	see	if	they	can	match	each	giraffe	picture	from	the	Survey	1	
column	to	the	same	giraffe	pictured	in	the	Survey	2	column	by	the	coat	spot	paFerns.		They	can	
draw	lines	between	matches	or	have	them	leFer	the	Survey	1	column	A	-	E;	and	then	number	
the	Survey	2	column	1	-	5	from	top	to	boFom	and	then	match	leFer	to	number.	

Reveal	these	answers	only	a?er	giving	3me	for	par3cipants	to	work	on	this	matching	exercise.	
(ANSWERS:	A-2,	B-4,	C-5,	D-1,	E-3)	

g.	 Have	the	par3cipants	consider	the	following:	

Giraffe	coat	paFerns,	like	all	other	adapta3ons	in	organisms,	are	caused	by	certain	traits	that	are	
the	expression	of	genes	that	are	inherited.		An	organism’s	cells	contain	these	genes.		A	gene	is	a	
unit	 of	 heredity	 which	 is	 passed	 from	 parent	 to	 offspring.	 	 Genes,	 together	 with	 the	
environment	to	which	an	 individual	 is	exposed,	determine	the	expression	of	traits;	everything	
from	body	weight	to	camouflage	paFern	to	running	speed.		

Then	ask	them	to	think	about	what	they	have	seen	in	the	photos	from	WildID:	
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Although	all	five	of	these	giraffe	have	different	paFerns	that	they	inherited,	their	paFerns	s3ll	
provide	them	with	the	same	camouflage	ability.	 	What	if	that	weren’t	the	case?	 	What	if	their	
camouflage	ability	was	determined	by	the	type	of	paFern	they	inherited?		What	would	happen	
to	the	giraffe	that	didn’t	have	a	paFern	that	provided	enough	camouflage?	

h.	 Give	 the	 par3cipants	 the	 Wild	 Nature	 Ins3tute	 Blog	 Post	 from	 January	 19,	 2016	
(Appendix	 D).	 	 Ask	 the	 par3cipants	 to	 explain	 this	 giraffe’s	 coat	 paFern	 in	 terms	 of	 its	 gene	
makeup.		This	part	of	the	discussion	could	involve	the	following	explana3on:	

This	giraffe	has	a	gene3c	muta3on	that	causes	 its	cells	 to	produce	 less	melanin	 (which	makes	
color).		Some3mes	genes	randomly	mutate	when	they	are	passed	on	from	parent	to	offspring—
this	 muta3on	 in	 the	 genes	 can	 cause	 varia3on	 in	 traits.	 	 If	 a	 new	 trait	 makes	 the	 offspring	
survive	 and	 reproduce	beFer	 than	 individuals	with	other,	 less	 successful	 traits,	 then	 the	new	
trait	spreads	throughout	the	popula3on	and	the	popula3on	evolves	or	changes.		

Then	ask	them	to	discuss	the	possibili3es	for	this	giraffe	with	its	individual	coat	paFern	and	its	
camouflage	abili3es,	and	what	it	may	mean	to	the	group	of	giraffe	to	which	it	belongs.	

3.   Individual	or	Group	Ac)vity:			MAKING	IT	COUNT	-	POPULATION	ESTIMATION	—	
						 Environmental	Science/Math	Ac3vity			

While	 WildID	 is	 used	 to	 iden3fy	 individual	 giraffes	 by	 their	 unique	 coat	 spot	 paFerns,	 this	
iden3fica3on	technique,	done	over	3me	with	many	observa3ons/photographs	in	the	same	area,	
can	be	used	 to	make	 an	 es3ma3on	of	 the	 popula3on	 size	 of	 giraffes	 in	 the	 given	 area.	 	 The	
results	of	these	es3mates	are	then	used	by	wildlife	scien3sts	to	determine	many	things	about	
giraffe	popula3ons	and	help	to	protect	them	for	many	years	to	come.	

The	 ac3vi3es	 in	 this	 sec3on	 will	 help	 to	 show	 par3cipants	 how	 the	 size	 of	 wild	 animal	
popula3ons	can	be	es3mated.		They	are	adapted	from	Field	Methods	in	Ecological	Inves'ga'on	
For	 Secondary	 Science	 Teachers	 by	 Judith	 E.	 Bramble,	 Copyright	 1995	 Missouri	 Botanical	
Garden,	pages	19	-	31.	

Introduc'on:	

A	popula'on,	the	number	of	a	specific	organism	living	in	a	given	area,	is	a	very	important	piece	
of	informa3on	for	wildlife	scien3sts	to	have.		When	the	numbers	are	counted	and	followed	over	
long	periods	of	3me	scien3sts	can	determine	what	is	happening	to	this	group	of	organisms	as	
far	as	food	and	shelter	resources	(habitat),	rela3ve	birth	and	death	rates,	interac3ons	with	other	
species,	including	humans,	and	even	the	indica3on	of	disease.			

It	may	seem	like	an	easy	number	to	determine;	all	you	have	to	do	is	count	the	organisms.		That	
may	be	so	if	you	have	organisms	such	as	plants,	or	animals	that	stay	more	or	less	in	one	place,	
but	moving	animals	are	not	as	easy.	 	A	method	for	es3ma3ng	popula3ons	of	moving	animals,	
known	as	the	Peterson	Method,	named	for	and	developed	by	C.G.J.	Peterson	in	1896,	involves	
capturing	and	marking	a	certain	number	of	organisms	 in	 the	popula3on,	 releasing	 them	back	
into	 their	 environment,	 and	 then,	 a?er	 a	 short	 3me,	 capturing	 again	 and	 determining	 the	
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number	 of	 marked	 individuals	 in	 the	 second	 sample.	 	 This	 is	 commonly	 called	 the	 Mark-
Recapture	 theory	 or	 method.	 	With	 these	 numbers	 the	 scien3st	 uses	 a	 simple	 propor3onal	
statement	 to	 come	 up	 with	 an	 es3mated	 popula3on	 size.	 	 For	 addi3onal	 informa3on,	 an	
advanced	discussion	of	 this	method	can	be	 found	 in	Appendix	E.	 	 This	 is	 Supplement	5	 from	
Field	Methods	in	Ecological	Inves'ga'on	referenced	at	the	beginning	of	this	ac3vity		

The	 following	 ac3vi3es	 are	 designed	 to	 demonstrate	 this	 method	 by	 ac3vely	 engaging	
par3cipants	in	the	process	using	nonliving	objects	and	shaking/mixing	to	represent	movement.	

A.	 How	Many	Beans	In	A	Jar?	-		An	Invita'on	to	Discover	

1.	 Fill	a	 jar	with	between	500	-	1000	jellybeans	or	dried	beans.	 	You	should	know	exactly	
how	many.	

2.			 Show	the	jar	to	the	par3cipants	and	ask	them	to	guess	the	number	of	beans	in	the	jar.		
Have	them	write	down	their	individual	guess	and	record	all	of	the	guesses	on	the	board.	

3.			 Ask	the	par3cipants	who	thinks	they	have	the	closest	guess	and	then	ask	them	if	there	is	
a	method	they	used	to	make	their	guess.		Ask	if	there	was	a	method	to	do	this	and	there	was	a	
reward	for	the	best	guess,	would	they	like	to	know	how?	

4.			 Tell	 the	 par3cipants	 that	 there	 actually	 is	 a	 method	 for	 gerng	 a	 beFer	 “guess”	 or	
es3mate	of	 the	beans	 in	the	 jar	without	coun3ng	all	of	 them	and	that	 it	 is	similar	 to	the	way	
scien3sts	are	able	 to	make	good	es3mates	of	 the	number	of	a	certain	 type	of	animal	moving	
around	in	a	large	area	or	popula'on.	

5.	 Explain	 a	 liFle	 about	 the	 Mark-Recapture	 method	 using	 the	 Introduc3on	 material	
provided	above;	then,	 lead	the	par3cipants	 into	the	following	 lab	ac3vity	by	telling	them	that	
they	will	come	back	to	the	beans	in	the	jar	at	the	end	to	make	beFer	es3mates	when	they	have	
learned	the	method.	

B.	 Capturing	Beans	in	the	Classroom	-	A	Small	Group/Individual	Lab	Ac'vity		

1.	 Give	 each	 group/individual	 a	 paper	 bag	 that	 is	 folded	 shut	 with	 two	 or	 more	 large	
handfuls	(greater	than	100)	of	white	beans.	 	Have	them	shake	the	bag	and	then	write	down	a	
guess	of	how	many	beans	they	think	are	in	the	bag.	

2.	 One	individual	from	each	group	should	then	reach	into	the	bag	and	take	out	a	handful	of	
beans	(around	20).		The	beans	should	then	be	counted,	marked	with	a	marker,	and	the	number	
recorded	as	“Marked	Beans”.		When	the	marks	on	the	beans	are	dry	they	should	be	returned	to	
the	bag.	

3.	 The	bag	of	beans	should	then	be	shaken	well	to	mix	up	the	beans.	
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4.	 Again,	one	individual	should	remove	another	handful	of	beans.	

5.	 This	3me	two	counts	will	be	made.		First,	the	total	number	of	the	beans	in	the	handful	or	
sample,	 the	number	recorded	as	“Sample”;	 then	the	number	of	marked	or	 recaptured	beans,	
within	the	sample,	the	number	recorded	as	“Recaptured”.	

6.	 At	this	point	the	leader/instructor	needs	to	make	a	decision	of	how	best	to	present	the	
reasoning	behind	the	calcula3ons	based	on	the	math	skill	levels	of	the	par3cipants.		A	summary	
of	the	reasoning	is	as	follows:	

If	 there	was	enough	movement	of	marked	beans	 (shaking)	 to	distribute	 them	throughout	 the	
bag,	then	the	propor3on	(frac3on)	of	the	number	of	marked	beans	from	the	first	handful	(M)	to	
the	 total	 number	of	beans	 in	 the	bag	 (N)	 should	be	equal	 to	 the	propor3on	 (frac3on)	of	 the	
number	 of	 recaptured	 marked	 (R)	 beans	 from	 the	 second	 handful	 and	 the	 total	 number	 of	
beans	 in	the	second	handful	sample	(S).	This	will	give	an	equa3on	with	three	(M,	R,	and	S)	of	
the	 four	 values	 already	 given	 from	 the	data	 collected,	 leaving	 the	 fourth,	N,	 total	 number	 of	
beans	in	the	bag,	or	the	total	popula3on	able	to	be	calculated.	

The	following	visual	may	be	used	to	aid	this	explana3on:	

Draw	two	pie	charts,	as	shown	below,	one	represen3ng	the	total	number	of	beans	 in	the	bag	
(N)	with	a	slice	represen3ng	the	original	number	of	marked	beans	(M);	the	second	represen3ng	
the	sample	(second	handful)	total	number	of	beans	(S)	with	a	slice	represen3ng	the	recaptured	
marked	beans	 (R)	 from	the	sample.	 	Using	data	collected	 from	one	of	 the	groups/individuals,	
make	 sure	 that	 the	 second	 pie	 chart	 accurately	 displays	 the	 propor3on	 of	 the	 two	 known	
sample	quan33es	(Total	to	Marked)	and	that	the	first	one	has	the	same	propor3ons	drawn	since	
this	method	is	based	on	the	assump3on	that	these	should	be	equal	if	distribu3on	is	sufficient.					

					
7.	 Depending	on	the	math	skill	levels	of	the	par3cipants,	the	leader	can	do	one	or	more	of	
the	following:	

•Write	 the	 frac3ons	 represented	 by	 each	 of	 the	 pie	 charts	 using	 the	 appropriate	 leFered	
symbols	underneath	each	 respec3vely	 (M/N;	R/S)	 and	 set	 them	equal	 to	one	another,	 thus	
forming	the	ini3al	rela3onship	equa3on,	or	if	you	prefer	to	use	propor3onal	nota3on	instead	
you	can	write	it	M:N	::	R:S	and	then	translate	it	into	frac3onal	nota3on	a?er;		
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	 	 	 	 	 		THEN,	EITHER;	 	 	 	 	 	 	
• Give	the	par3cipants	the	rearranged	rela3onship	equa3on	and	help	them	subs3tute	the	data	
for	each	of	the	leFered	variables	and	then	help	with	the	order	of	opera3ons	(mul3plica3on,	
then	division)	to	determine	the	es3mate;		

	 	 	 	 	 	 OR	
• Give	par3cipants	Worksheet	1,	from	Field	Methods	in	Ecological	Inves'ga'on	referenced	at	
the	 beginning	 of	 this	 ac3vity,	 in	 Appendix	 F,	 and	 have	 a	 discussion	 about	 the	 propor3onal	
rela3onship	and	the	rearrangement.	 	Then	have	them	independently	subs3tute	and	calculate	
the	es3mate.								

											
	8.			 Once	the	es3mates	have	been	determined,	comparisons	can	be	made	with	the	guesses	
of	 the	 par3cipants	 and	 then	 the	 actual	 number	 of	 beans	 in	 the	 bag	 can	 be	 counted	 by	
par3cipants.	 	 Ask	 which	 was	 closer	 to	 the	 actual	 number,	 the	 calculated	 es3mate	 or	 the	
par3cipants’	guesses?	

9.	 If	there	are	par3cipants	with	advanced	math	skills	the	leader/instructor	may	want	to	talk	
about	confidence	 limits	as	explained	at	 the	end	of	Supplement	5	 (Appendix	E)	and	then	have	
the	par3cipants	calculate	the	limits	around	their	es3mate.		They	may	want	to	redo	the	exercise	
as	suggested	to	determine	how	they	can	get	beFer	confidence	limits.	

10.	 Once	the	exercise	is	completed	ask	the	par3cipants	to	explain	a	method	they	could	use	
to	get	a	beFer	es3mate	of	the	beans	in	the	jar	from	the	beginning	of	the	ac3vity.	 	Then,	have	
them	actually	carry	it	out	and	calculate	an	es3mate	that	they	should	compare	to	their	guess	and	
finally,	the	actual	number	in	the	jar.	

11.	 Discussion	Ques3ons:	(Possible	answers	to	expect	and/or	guide	par3cipants	to	are	found	
at	the	end	of	Supplement	5	-	Appendix	E)	

• Remembering	 that	 this	 method	 is	 used	 on	 live	 animals,	 what	 would	 happen	 if	 the	 marks	
caused	the	animals	to	die	or	be	eaten	by	predators?	

• What	if	you	didn’t	shake	the	bag,	i.e.	there	wasn’t	any	movement	of	organisms?	

• What	else	could	go	wrong	with	the	es3mates	when	using	it	on	live	animal	popula3ons?	

• With	what	animals	could	this	method	be	used	to	es3mate	popula3on	size?	

• How	can	animals	be	marked?	

12.	 Further	Applica3ons	-	Ask	the	par3cipants	to	think	about	and	explain	the	following	from	
their	 experience	 using	 the	mark-recapture	method	 of	 popula3on	 es3ma3on.	 	 	 These	 can	 be	
topics	for	discussion	or	for	research/wri3ng	assignments.		
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• Wildlife	 scien3sts	 use	 WildID	 to	 help	 make	 es3mates	 on	 the	 giraffe	 popula3on	 using	 this	
Mark-Recapture	technique.		Propose	how	this	is	done	in	the	field	by	comparing	the	procedure	
of	the	capturing	bean	exercise	to	how	it	would	be	done	in	the	field	using	WildID.	

• Wildlife	scien3sts	use	popula3on	es3mates	to	determine	many	things	about	the	popula3ons	
they	 are	 studying.	 	 Inves3gate	what	 can	be	 learned	 from	popula3on	es3mates	 and	explain	
how	the	es3mates	give	scien3sts	informa3on	about	them.												

4.	 Individual	or	Group	Ac)vity:		SURVIVAL	OF	THE	WONDERFULLY	WEIRD	-	IT’S	ALL	IN	THE	
NUMBERS	–	Biology/Environmental	Science/Math	Ac3vity	

So	how	did	giraffe	come	to	have	all	of	these	unique	quali3es?		It	all	has	to	do	with	the	way	these	
characteris3cs	helped	them	to	survive	in	their	environment	and	allow	the	survivors	to	produce	
more	 giraffes	 with	 the	 same	 characteris3cs	 and	 thus	 increasing	 popula3ons	 with	 these	
adapta3ons.	 	 Those	 popula3ons	 with	 giraffe	 that	 did	 not	 have	 these	 successful	 adapta3ons	
eventually	 became	 smaller	 in	 numbers	 because	 fewer	 individuals	 survived	 to	 produce	 more	
giraffes.		This	survival	of	popula3ons	with	adapta3ons	that	outwit	the	environment	is	known	as	
natural	selec3on.		What	survives	and	what	doesn’t,	all	has	to	do	with	the	numbers!			

Natural	selec3on	is	the	most	important	mechanism	enabling	organisms	to	develop	adapta3ons	
in	nature,	which	are	traits	 that	help	 them	survive	and	reproduce	beFer	 than	before.	 	Natural	
selec3on	also	eliminates	traits	that	result	in	lower	survival	and	reproduc3on.		Overall,	the	most	
important	 factor	 in	 natural	 selec3on	 is	 how	 successful	 an	 organism	 is	 at	 reproducing.	 	 If	 an	
individual	lives	half	as	long	as	others	of	its	species,	but	has	twice	as	many	offspring	surviving	to	
adulthood,	its	genes	will	become	more	common	in	the	adult	popula3on	of	the	next	genera3on.	

These	 ac3vi3es	will	 help	 to	 demonstrate	 how	 this	 numbers	 game	 plays	 out	 using	 the	 simple	
example	 of	 a	 camouflage	 adapta3on	 in	 buFerflies.	 	 The	 same	 mechanism,	 then,	 can	 be	
extended	to	explain	how	the	many	giraffe	adapta3ons	came	to	be.			

The	 following	 are	 adapted	 from	 Field	 Methods	 in	 Ecological	 Inves'ga'on	 For	 Secondary	
Science	Teachers	by	Judith	E.	Bramble,	Copyright	1995	Missouri	Botanical	Garden,	pages	123	-	
142;	with	varia3ons	from	Pren'ce	Hall	Biology	by	Kenneth	R.	Miller,	Ph.D.	and	Joseph	Levine,	
Ph.D.,	 Copyright	 2006	 Pearson	 Educa3on,	 Inc.,	 page	 401.	 	 There	 are	 a	 number	 of	 different	
materials	with	associated	procedures	suggested	for	use	in	these	references;	the	material	choice	
made	here,	along	with	its	associated	procedure,	was	thought	to	be	most	universally	available.	

A.	 The	Survival	Games	-	An	Introduc'on	to	Natural	Selec'on	

In	 this	 ac3vity	 par3cipants	 will	 act	 as	 predators	 “hun3ng”	 various	 colored	 paper	 buFerflies	
scaFered	throughout	chosen	“habitats”.	 	The	habitats	should	 ideally	be	 in	an	outdoor	serng,	
such	 as	 grassy	 areas,	 but	 could	 be	 a	 variety	 of	 classroom	 serngs	 if	 an	 outdoor	 space	 is	 not	
available.	 	 Par3cipants	 will	 be	 asked	 to	 make	 hypotheses	 as	 to	 which	 color	 adapta3on	 will	
survive	the	best	and	then	test	 their	hypotheses	by	actually	being	engaged	 in	the	process.	 	To	
emphasize	 that	 survival	 is	 dependent	 on	 the	 environment	 in	 which	 the	 organism	 lives,	 the	
exercise	will	be	done	 twice	 in	 two	different	areas	with	different	environmental	 characteris3cs	
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(i.e.	 sunny	 vs.	 shady;	 areas	 with	 slightly	 different	 background	 colors;	 indigenous	 vs.	 non-
indigenous	habitats,	etc.).		This	will	demonstrate	the	fundamental	concept	of	natural	selec3on.				

1.	 As	 an	 introduc3on	 to	 this	 ac3vity	 remind	 par3cipants	 of	 the	 giraffe	 coat	 paFern	
adapta3on	and	ask	them	how	it	helped	all	giraffe.	 	Explain	that	color	and	paFern	adapta3ons	
play	 an	 important	 role	 to	 the	 survival	 of	 many	 animals.	 	 Have	 the	 par3cipants	 engage	 in	 a	
discussion	of	color	adapta3ons	in	animal	species.	 	This	may	need	to	be	researched	depending	
on	the	par3cipants’	previous	knowledge	and	experience.	 	Ask	 them	how	animals	use	color	 in	
nature.	 	Using	the	giraffe	coat	paFern	as	the	opening	example,	have	them	give	examples	and	
explain	the	func3on	of	the	colora3on.		Guide	the	discussion	to	show	students	that	the	purposes	
of	colora3on	tend	to	fall	 into	two	categories:	Reproduc3on	(as	in	display	and	courtship	colors)	
and	 Predator	 protec3on	 (either	 Blending	 [cryp3c]	 colora3on,	 also	 known	 as	 Camouflage;	 or	
Warning	[aposoma3c]	colora3on)		

2.	 When	 discussion	 is	 completed	 tell	 the	 par3cipants	 that	 the	 color	 adapta3on	 that	 is	
ini3ally	going	to	be	studied	in	the	coming	ac3vi3es	is	cryp3c	colora3on	or	camouflage,	like	that	
of	the	giraffe	coat	paFern,	but	with	a	different	animal	species,	a	buFerfly	or	moth,	whichever	
species	.					

3.	 To	begin,	make	one	copy	of	buFerfly	shapes	(Appendix	G)	for	each	par3cipant	on	each	
of	three	different	colors	of	paper.	 	Alterna3vely,	give	each	par3cipant	three	different	colors	of	
paper	and	a	buFerfly	shaped	paFern	and	have	them	trace	ten	shapes	on	each	of	the	papers.	

It	should	be	noted,	and	stated	for	the	par'cipants,	that,	 in	general,	buZerflies	tend	to	have	
the	colorful	parts	on	the	 top	of	 the	wing	and	the	camouflage	on	the	boZom,	and	they	rest	
with	their	wings	folded	so	the	camouflage	parts	show.		

The	following	are	some	sugges3ons	for	crea3ng	these	models:	

• Colors	 should	 be	 chosen	 to	 depict	 different	 camouflage	 abili3es	 in	 the	 area	 they	 are	
going	to	be	“hunted”.			

• Red,	orange	or	brown;	green;	and	yellow	are	suggested	for	outdoor	use,	but	be	crea3ve	
with	choices.			

• This	may	be	an	opportunity	to	have	par3cipants	engaged	in	making	color	choices	based	
on	research	and/or	observa3ons	of	buFerflies	in	the	area.			

• Different	paFerned	papers	may	be	selected,	if	available,	or	maybe	even	drawing	and/or	
coloring	specific	paFerns	on	the	paper	buFerfly	models	can	be	done.			

4.	 Have	par3cipants	cut	out	all	shapes	along	solid	lines	and	fold	in	half	along	doFed	line	to	
create	a	more	three-dimensional	shape.	

5.	 Once	made,	 ask	 par3cipants	 to	 divide	 each	 color	 (type)	 of	 buFerflies	 into	 two	 equal	
groups	(5	each)	and	place	each	group	into	two	different	boxes	that	you	provide.	 	There	should	
be	an	equal	number	of	all	three	colors	in	each	box.	 	Explain	to	the	par3cipants	that	the	three	
different	colors	represent	the	varia3ons	of	the	color	adapta3on	in	this	kind	of	buFerfly.	
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6.	 The	boxes	will	be	taken	to	two	different	playing	areas	of	similar	size	where	the	“hun3ng”	
will	 take	 place.	 	 The	 playing	 areas	 are	 preferably	 in	 an	 outside	 loca3on	 with	 two	 different	
environmental	quali3es.		Since	the	natural	habitat	of	buFerflies	is	in	or	around	flowering	plants	
it	is	recommended	that	one	of	the	outdoor	playing	areas	is	located	in	one	such	environment	if	
possible.	 	 If	 indoor	 playing	 areas	must	 be	 used	make	 sure	 they	 are	 large	 enough	 to	 engage	
hun3ng	by	all	par3cipants	and	that	there	are	differences	in	the	“environmental	quali3es”	of	the	
two	areas.	 	The	person(s)	distribu3ng	the	models	should	try	to	place	them	in	the	areas	in	ways	
that	 are	 varied,	 some	 conspicuous	 and	 others	 inconspicuous;	 just	 as	 they	would	 be	 found	 in	
nature.	 	 Alterna3vely,	 depending	 on	 the	 number	 of	 par3cipants,	 you	 could	 have	 half	 of	 the	
par3cipants	distribute	the	models	in	one	area	with	the	other	half	hun3ng;	then	reverse	roles	for	
the	second	area.	

7.	 While	 the	 buFerflies	 are	 being	 distributed	 in	 the	 two	 playing	 areas,	 engage	 the	
par3cipants	in	developing	hypotheses	as	to	all	of	the	general	possibili3es	that	can	be	tested	by	
asking	which	color	or	colors	they	think	will	be	captured	most	easily	in	each	area.		Rank	the	order	
for	the	class	and	record	these	predic3ons.		Remind	them	that	no	color	preference	can	also	be	a	
valid	hypothesis	to	test.	

8.	 Have	 par3cipants	 line	 up	 along	 the	 perimeter	 of	 the	 first	 playing	 area.	 	 Give	 each	
par3cipant	a	 spring-hinged	clothespin	or	other	 similar	device	 to	 represent	 their	mouth	and	a	
small	bag	(snack	size	baggie),	only	large	enough	to	hold	4	buFerflies	comfortably,	to	represent	
their	 stomach.	 	 Explain	 that	 they	must	 capture	 the	 buFerflies	with	 the	 clothespin	 and	 place	
them	 in	 the	bag	before	going	on	 to	 the	next	buFerfly.	 	Also	explain	 that	 they	will	be	given	a	
certain	amount	of	3me	to	“hunt”,	but	if	their	bag	is	full	(4	buFerflies),	before	3me	is	called,	so	is	
their	stomach	and	therefore	they	will	stop	“hun3ng”	(collec3ng).	

9.	 When	a	 leader	says	start,	par3cipants	as	“predators”	are	 to	“capture”	 their	prey.	 	The	
leader	should	have	a	stopwatch	or	watch	with	a	second	hand	to	3me	the	play.	 	Play	should	be	
monitored	and	stopped	when	about	half	of	the	buFerflies	have	been	found.	 	Although	there	is	
no	set	3me	because	of	the	variety	environments	and	different	numbers	of	students	will	change	
the	capture	rate,	please	take	note	of	the	amount	of	3me	in	the	first	area	so	that	it	can	be	used	
throughout	the	remaining	plays.	

10.	 Once	play	has	 stopped	have	par3cipants	count	 the	numbers	of	each	color	of	buFerfly	
that	 they	captured,	 then	combine	all	of	 the	 individual	 totals	 to	arrive	at	a	class	 total	 for	each	
buFerfly	 color.	 	 Give	 each	 par3cipant	 Worksheet	 1	 Predator	 Preferences	 (Appendix	 H)	 and	
provide	guidance	to	complete	up	through	the	first	two	columns	using	the	class	data.	 	Use	the	
Area	#1	columns	for	all	data	and	the	line	beside	Playing	area.		The	calculated	values	and	analysis	
with	conclusions	on	the	rest	of	the	worksheet	will	be	completed	a?er	the	second	area	data	are	
collected.	
				
11.	 Move	 par3cipants	 to	 the	 second	 playing	 area	 and	 again	 line	 them	 up	 around	 its	
perimeter.		Have	them	observe	the	condi3ons	and	ask	if	they	think	the	results	will	be	the	same	
or	different	from	the	first	area.		Tell	them	to	explain	why	they	are	making	that	hypothesis.	

12.	 Repeat	the	same	procedure	as	in	the	first	area	and	use	the	same	amount	of	“hun3ng”	
3me.		Same	rules	apply	as	to	filled	bags	=	full	stomachs;	play	must	stop	for	those	who	are	full.	
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13.	 When	play	finishes	again	count	each	color	and	combine	individual	totals	for	a	class	total	
for	each	color	of	buFerfly.		Record	these	on	Worksheet	1	under	Area	#2	columns	for	all	data	and	
the	line	beside	Playing	area.	

14.	 With	 the	 data	 recorded,	 calcula3ons	 should	 be	made	 to	 determine	 B,	 the	 number	 of	
each	color	predicted	for	each	area	if	there	was	no	preference	or	advantage	to	any	color.		This	is	
explained	in	the	note	under	the	table	to	be	simply	the	total	number	of	buFerflies	captured	(C)	
divided	by	the	number	of	prey	categories	or	colors.		The	resul3ng	predicted	numbers	should	be	
the	same	for	each	color	of	buFerfly	if	there	was	no	preference	for	or	advantage	of	any	color	by	
the	“predators”	for	the	“prey”.	

15.	 You	can	use	just	this	data	and	calculated	values	to	determine	which	hypothesis	seems	to	
be	 the	 most	 accurate	 with	 the	 data	 presented.	 	 To	 help	 beFer	 visualized	 the	 results	 the	
par3cipants	 can	 create	 a	 horizontal	 bar	 graph	 with	 the	 data	 on	 Worksheet	 2	 Predator	
Preferences	(Appendix	I).		

16.	 The	last	two	main	columns	in	this	table	can	be	made	op3onal,	depending	on	the	math	
skills	of	the	par3cipants.	 	These	columns	are	for	calcula3ng	the	Chi-Square	sta3s3cal	value	that	
can	 be	 used	 to	 determine	 how	 close	 the	 data	 are	 to	 the	 expected	 result	 for	 the	 no	 color	
preference	hypothesis.	 	The	cri3cal	value	for	3	categories	(the	three	colors	of	prey)	is	5.991.	 	If	
the	calculated	Chi-Square	value	(F)	is	greater	than	the	cri3cal	value	the	difference	is	considered	
significant	 and	 the	 data	 are	 considered	 to	 be	 dissimilar	 from	 what	 was	 expected;	 that	 is,	
different	from	no	color	preference,	i.e.	there	is	a	color	preference.	 	It	should	be	explained	that	
this	 is	a	standard	sta3s3cal	test	for	data	and	can	be	used	to	validate	conclusions	about	tested	
hypotheses.	

17.	 A?er	the	calcula3ons	and	graphing,	have	the	par3cipants	first	address	their	conclusions	
using	the	guiding	ques3ons	at	the	boFom	of	each	worksheet.	 	Then,	using	these	answers	as	an	
opening,	engage	the	par3cipants	in	a	discussion	using	the	following	direc3onal	ques3oning:	

• Were	some	colors	of	buFerfly	found	more	o?en	than	others?	 	If	so,	which	color(s)	and	
what	do	you	think	is	the	reason?	

• Was	there	any	difference	in	color	preference	depending	on	the	“hun3ng”	areas?	 	If	so,	
which	color(s)	in	which	of	the	areas	and	what	was	the	possible	reason(s)?	

• Were	 any	 of	 the	 results	 surprising	 to	 you?	 	 What	 were	 they	 and	 why	 were	 they	
surprising?	

• Could	 a	 different	 (third)	 playing	 area,	 with	 different	 condi3ons	 than	 the	 two	 already	
used,	produce	another	set	of	results	for	the	same	colors	of	buFerflies?	

• Since	 the	 buFerflies	 develop	with	 their	 color	 already	 determined	 by	 their	 genes	 and	
have	no	ability	 to	change	color	during	 their	 short	 lifespan,	what	 is	determining	which	
color	adapta3on	is	more	successful	for	survival?	
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• What	 predic3ons	 can	 you	 make	 for	 the	 future	 numbers	 of	 each	 of	 the	 colors	 of	
buFerflies	 in	 each	 of	 the	 areas?	 	 What	 would	 happen	 if	 “predator”	 preferences	 or	
abili3es	changed?	

18.	 Conclude	this	por3on	of	the	ac3vity	by	explaining	to	the	par3cipants	that	what	they	just	
experienced	was	the	process	of	the	natural	selec'on,	where	the	environment	determines	what	
adapta3ons	are	successful	by	giving	organisms	with	more	suitable	characteris3cs	more	chance	
to	survive	and	reproduce	than	an	organism	with	less	suitable	ones.	 	It	is	this	process	that,	over	
3me,	will	 gradually	 change	 the	 types	of	 characteris3cs	 in	a	popula3on	of	 that	organism.	 	Tell	
them	that	they	will	see	how	that	happens	in	the	next	exercise.	

B.	 Change	is	the	Name	of	the	Game	-	Shi\ing	Popula'on	Characteris'cs	

This	exercise	will	con3nue	The	Survival	Games	through	a	number	of	genera3ons	to	demonstrate	
how	 the	 forces	of	natural	 selec3on	 can	 slowly	 change	 the	prevalent	 characteris3cs	of	 certain	
adapta3ons	in	popula3ons	of	organisms	over	long	periods	of	3me.		Game	play	will	proceed	as	it	
did	 in	 the	 last	 exercise,	 but	 there	 will	 be	 a	 number	 of	 rounds	 represen3ng	 successive	
genera3ons	 created	 by	 those	 surviving	 individuals	 from	 the	 previous	 genera3on	 reproducing	
and	passing	on	their	color	genes/trait	to	offspring.	

1.	 Determine	 which	 of	 the	 playing	 areas	 from	 The	 Survival	 Games	 exercise	 showed	 the	
most	selec3on	poten3al.		This	should	be	the	area	that	is	used	throughout	this	exercise.	

2.	 Depending	on	the	amount	of	3me	available,	it	may	be	determined	to	start	this	exercise	
on	another	day	due	 to	 the	 length	of	3me	 that	 this	exercise	alone	may	 take.	 	 It	 can	be	easily	
started	and	stopped	as	needed	at	 the	beginning	of	each	new	genera3on	3me	as	 long	as	data	
from	the	previous	3me	are	recorded	before	finishing.	

3.	 Since	 this	 is	 to	 be	 a	 con3nua3on	 of	 results	 from	 the	 previous	 exercise,	 the	 data	 that	
were	obtained	from	that	exercise	will	need	to	be	transferred	to	the	data	table	for	this	exercise.		
To	start,	give	each	par3cipant	a	copy	of	Worksheet	1	Shi?ing	Popula3ons	(Appendix	J)	which	is	
the	data	table	for	this	exercise.	 	Have	the	par3cipants	record	the	total	number	of	buFerflies	of	
each	 color	 that	 was	 first	 distributed	 in	 the	 chosen	 area.	 	 That	 would	 be	 5	 x	 the	 number	 of	
par3cipants	for	each	color	and	should	be	the	same	for	each	color.	 	This	number	is	to	be	placed	
in	the	Time	1	row	in	the	box	under	Number	for	each	color.		If	the	colors	given	in	boxes	at	the	top	
of	 the	 columns	 are	 different	 from	 those	 used,	 have	 the	 par3cipants	 change	 the	 colors	 to	
correspond	to	those	that	they	are	using.	 	Add	all	 three	color	totals	to	get	the	TOTAL	Number	
and	record	that	in	that	top	box	in	the	last	column.	

4.	 Using	 the	 results	 from	 the	 first	 two	 columns	 of	 data	 table	 on	Worksheet	 1	 Predator	
Preferences	 from	 The	 Survival	 Games,	 for	 the	 area	 chosen	 to	 use	 in	 this	 exercise,	 have	
par3cipants	record	the	number	of	buFerflies	that	was	captured	of	each	color	in	the	box	in	the	#	
found	row	in	the	appropriate	color	column	of	the	Shi?ing	Popula3ons	data	table.	
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5.	 Have	 the	 par3cipants	 calculate	 the	#	 surviving	data	 for	 each	 color	 by	 subtrac3ng	 the	
number	in	the	#	found	row	from	the	total	number	in	the	Time	1	row	and	record	those	numbers	
in	the	corresponding	color	column	boxes	in	the	#	surviving	row.	

6.	 Now	you	are	ready	to	begin	the	play	for	this	exercise.	 	Explain	to	the	par3cipants	that	
you	are	going	to	pick	up	the	story	where	it	ended	in	the	last	exercise.	 	The	buFerflies	surviving	
a?er	the	first	round	of	hun3ng	have	been	given	3me	to	reproduce,	in	other	words,	a	genera3on	
3me.		Each	surviving	buFerfly	will	produce	one	offspring.		Put	the	number	of	offspring	for	each	
color	 (the	 same	 number	 as	 #	 surviving)	 in	 the	 reproduc'on	 box	 underneath	 each	 of	 the	 #	
surviving	boxes.			

7.	 This	means	that	there	will	be	2	x	the	number	of	the	surviving	buFerflies	of	each	color	at	
the	beginning	of	 the	next	genera3on.	 	Have	the	par3cipants	mul3ply	the	#	surviving	by	2	 for	
each	 color	 (or	 add	 #	 surviving	 and	 reproduc'on)	 and	 record	 that	 result	 in	 the	 correct	 color	
column	in	the	Time	2	row.	

7.	 Gather	up	enough	buFerfly	models	of	each	color	to	equal	the	Time	2	numbers	and	place	
in	a	box	to	be	distributed	into	the	chosen	area	for	play.					

8.	 As	 before,	 once	 the	 buFerflies	 are	 distributed,	 have	 the	 par3cipants	 line	 up	 on	 the	
perimeter	of	the	area	and	give	them	their	hun3ng	supplies	(spring-hinged	clothespin	and	small	
bag).	

9.	 Giving	 them	 the	 same	 amount	 of	 3me	 and	 the	 same	 hun3ng	 rules	 (filled	 bag	 =	 full	
stomach)	have	them	start	to	hunt	on	your	mark.	

10.	 Once	 play	 is	 stopped,	 begin	 to	 count,	 first	 as	 individuals,	 and	 then	 compile	 into	 class	
results.	

11.	 Complete	the	data	table	for	the	second	round	of	hun3ng	for	each	color;	#	 found	 from	
count;	#	surviving	=	Time	2	Number	-	#	found;	reproduc'on	=	#	surviving,	and	finally	Time	3	=	
#surviving	+	reproduc'on.		

12.	 Con3nue	play	and	records	(Steps	7	-	11)	through	three	more	rounds.		

13.	 When	 play	 is	 complete	 and	 records	 have	 been	made,	 have	 par3cipants	 calculate	 the	
percentage	of	each	color	at	the	start	of	each	new	genera3on.	 	To	do	this	the	Time	Number	for	
each	color	at	each	genera3on	3me	must	be	divided	by	the	TOTAL	Number	and	then	mul3plied	
by	100	(Color	Time	Number	/	TOTAL	Number	x	100	=	%).	

14.	 Have	par3cipants	use	these	calculated	percentages	to	create	a	line	graph	for	each	of	the	
colors	 of	 buFerflies	 on	 Worksheet	 2	 Shi?ing	 Popula3ons	 (Appendix	 K).	 	 This	 will	 show	 the	
changes	in	the	frequencies	of	each	color	of	buFerfly.	

15.	 Once	the	graph	has	been	produced,	have	the	par3cipants	engage	in	a	discussion	of	the	
results	using	the	following	guided	ques3oning:	
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• Was	there	a	change	in	the	frequency	of	a	buFerfly	color	over	the	five	genera3ons?	

• Which	colors	increased	in	popula3on	size?		Which	decreased?	

• How	was	the	total	popula3on	of	buFerflies	changing	over	3me?	

• What	was	causing	these	changes	to	happen?		

16.	 Have	the	par3cipants	consider	the	following:	

The	giraffe	is	an	excellent	example	from	the	east	African	savanna	of	how	the	natural	selec3on	
process	works.	 	Primi3ve	ancestors	of	giraffes	did	not	have	the	excep3onally	long	neck	seen	in	
our	modern	giraffe.	 	Early	 in	 its	evolu3onary	history,	giraffe	ancestors	with	gene3c	muta3ons	
that	resulted	in	slightly	longer	necks	could	reach	nutri3ous	leaves	higher	in	the	trees	that	other	
browsers—of	their	own	species	as	well	as	other	species—could	not	reach.	 	The	longer-necked	
individuals	 survived	and	 reproduced	beFer	 than	 those	with	 shorter	necks,	 and	over	3me	 the	
long-neck	 trait	 spread	 through	 the	 popula3on	 and	 resulted	 in	 the	 evolu3on	 of	 the	 very	 long	
neck	 we	 see	 in	 today’s	 giraffe.	 	 Addi3onal	 gene3c	 adapta3ons	 evolved	 in	 tandem	 with	 the	
longer	neck	and	tall	body,	including	a	specialized	cardiovascular	system	and	metabolism.	

Plants	also	have	developed	adapta3ons	through	the	natural	selec3on	process	to	protect	them	
from	the	impact	of	preda3on	by	herbivores.	 	In	fact,	the	giraffe’s	main	food	source,	the	Acacia	
tree	is	actually	in	an	“evolu3onary	arms	race”	with	the	giraffe.		The	Acacia	trees	that	survive	the	
giraffe’s	browsing	grow	in	an	umbrella	shape	to	escape	browsing	in	the	center	and	have	spines	
and	thorns,	and	tannins	(toxins).		Meanwhile	the	giraffe	have	not	only	evolved	the	long	neck to	
reach	leaves	no	other	herbivores	can	reach,	but	have	a	thick	tongue,	lips,	and	saliva	to	deal	with	
the	thorns	and	digest	the	leaves.		

Challenge:	

Using	 all	 of	 the	 informa3on	 you	 have	 gathered	 from	 par3cipa3ng	 in	 the	 Survival	 Games	
ac3vi3es,	describe	the	“evolu3onary	arms	race”	between	the	Acacia	and	giraffe	in	those	terms	
associated	with	the	natural	selec3on	process		

Further	Challenge:	

There	are	many	types	of	adapta3ons	other	than	those	associated	with	structures.		Consider	the	
following	set	of	 complex	 interac3ons	 that	 involves	a	number	of	different	 species	with	various	
types	of	adapta3ons	that	are	impac3ng	the	popula3on	size	of	each	species	involved.	 	See	how	
many	species	interac3ons	you	can	iden3fy	and	draw	a	diagram	to	depict	all	of	the	connec3ons.		
Then,	using	that	diagram,	explain	what	popula3on	size	fluctua3ons	occur	with	each	successive	
interac3on.	

The	Importance	of	Giraffes	in	the	Savanna:	The	whistling	thorn	acacia	tree	is	s3mulated	by	browsing	(an	animal	
ea3ng	its	leaves)	to	produce	nectar,	which	is	eaten	by	cocktail	ants.		The	tree	also	grows	galls,	in	which	cocktail	ants	
live	and	care	for	their	 larvae.	 	 In	turn,	when	a	giraffe	begins	to	eat	the	tree’s	 leaves,	the	ants	defend	the	tree	by	
bi3ng	 the	animal	 to	prevent	 it	 from	ea3ng	too	many	of	 the	 leaves.	 	The	giraffe	eats	only	a	 few	 leaves	and	then	
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moves	on.	 	This	is	a	mutualis3c	rela3onship	between	the	cocktail	ants	and	the	whistling	thorn	acacia.	 	However,	a	
very	 interes3ng	 thing	happens	when	giraffes	 are	 kept	 away	 from	 the	whistling	 thorns	by	 fences—the	 tree	 is	 no	
longer	 s3mulated	 to	 produce	 nectar	 and	 galls,	 so	 the	 defensive	 cocktail	 ants	 leave	 the	 tree.	 	 The	 tree	 is	 then	
invaded	by	a	different	species	of	ant	that	lives	in	holes	produced	by	wood-boring	beetles,	which	the	ants	aFract	to	
the	tree	by	sending	out	signals	to	the	beetles.		The	wood-boring	beetles	weaken	and	eventually	kill	the	trees.			

5.	 Group	Ac)vity:	GIRAFFE	BEE	OR	TRIVIA	TEAM	CHALLENGE		
–	Environmental	Science/Biology	Ac3vity	

See	Appendix	M	for	sample	ques3ons	for	a	Giraffe	B.	
		
6.	 Individual	or	Group	Ac)vity:	ESSAY	ABOUT	WHY	I	THINK	GIRAFFES	ARE	WONDERFULLY	

WEIRD	–	English	(or	Swahili)	Ac3vity	

Par3cipants	are	asked	to	write	an	essay	about	giraffes.		Why	are	they	so	special?		What	have	the	
par3cipants	learned?			
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Appendix A

In	Search	of	the	Wonderfully	Weird	

Giraffes	are	wonderfully	weird	for	a	number	of	reasons.		The	characteris8cs	that	
make	them	this	way	are	adapta%ons	that	they	have	inherited	that	help	them	
survive	in	their	environment	on	the	African	savannah.	

Using	the	Giraffes	poster,	find	and	complete	the	following	facts	about	these	
adapta8ons.		Then,	on	the	giraffe	silhoueAe	labeling	page,	iden8fy	and/or	draw	in	
the	part(s)	of	the	giraffe	that	is	associated	with	each	of	these	facts	and	include	its	
number	from	this	page	or	write	down	the	fact	next	to	the	labeled/drawn	part(s).	

1.	 The	giraffe’s	main	thorny	food	source	is	…	.	

2.	 Protec8on	against	microbes	and	possibly	mosquito	bites	is	provided	by		…	.	

3.	 The	ability	of	these	largest	structures	of	any	hoofed	mammal,	that	makes	giraffe	
		 “living	watchtowers”	is	…	.	

4.	 The	uniqueness	of	this	adapta8on	in	each	giraffe	can	be	used	by	scien8sts	to	
		 iden8fy	individuals	and	helps	the	giraffe	to	…	.	

5.	 The	protec8ve	built	in	sunscreen	for	this	constantly	exposed	part	is	…	.	

6.	 The	reason	for	this	being	rela8vely	small	in	comparison	to	the	giraffe’s	size	is	…	.	

7.	 The	number	of	this	adapta8on	(not	size)	that	is	the	same	in	giraffe	and	humans	
		 is	…	.	

8.	 The	ability	of	a	structure	to	wrap	around	an	object,	giving	giraffe	an	advantage	in	
		 geVng	food,	is	…	.	

9.	 Giraffe	have	an	advantage	over	other	consumers	like	themselves	that	are		
	 called	…		.		The	giraffe	has	this	advantage	because	…	.	

10.	 	When	male	giraffe	spar	by	whipping	each	other	it	is	called…	.	

11.	 When	a	giraffe’s	“fly	swaAer”	is	found	missing,	it	was	most	likely	taken	by	…	

12.	 The	giraffe	with	a	missing	“fly	swaAer”	is	alive	because	of	its	lethal	weapon	which	
		 is	…	.	  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Appendix L 
 

Possible answers and considerations for the IN SEARCH OF THE WONDERFULLY WEIRD 
discussion scenarios: 
 

If giraffes… 
• could not eat Acacia … 

There would be competition with other herbivores for other vegetation putting a strain 
on the available food supply that is already stressed. 
   

• did not have long necks … 
Would not be able to reach the upper ranges for exclusive feeding and again would be in 
competition with other herbivores. 
Would not be able to see long range and therefore would be more vulnerable to 
predation. 
 

• had a different coat pattern other than spots or no pattern at all … 
Would not be able to hide through camouflage and therefore be more vulnerable to 
predation. 
  

• were not herbivores … 
This would change the entire food web and food pyramid in the African savanna. 
 

• did not digest most of what they eat … 
This would probably affect the microbial ecology of the region as well as the chemical 
makeup of the soil.  With a change in the chemical makeup of the soil there may be a 
change in the vegetation that can be supported.  Giraffes would have to eat more food 
to obtain the same amount of nutrition. 
 

• did not have chemicals on their skin … 
Without the antimicrobial protection these chemicals provide giraffe would be more 
susceptible to disease and possibly any mosquito borne diseases as well.  This would 
greatly reduce the longevity of the individuals and result in the possibility of extinction. 
 

• did not have long, agile legs with sharp hooves … 
Not being able to defend themselves would open up the possibility of more predation. 
 

• had smaller eyes that did not have the ability to scan large areas … 
They would not be as able to detect danger as quickly and react effectively, thus making 
them vulnerable to increased predation.  

 

… what would happen to the population and how would this ultimately effect the savanna 
ecosystem and the other populations living there? 

Ultimately, a change in the population size of giraffe, increase or decrease, will change 
the dynamics of the savanna ecosystem in some way.  Some populations will benefit and 
increase for a time, such as predators and possibly producers in some instances.  But once 
the population of giraffe are taken from the ecosystem by extinction there will have to be 
a complete change in the interactions among the surviving species.      


