










Answers will vary. Some possible characteristics to include could be that dogs 
are four legged, have fur, are carnivorous, and are social animals. 

Answers will vary. 

• Quadrapeds (4 legs)
• Have fur
• Both kept as pets by humans
• Both have whiskers
• Both can be trained.
• Both have tails.
• Both have breeds with 

distinct traits.
• Both have wild relatives (wolf, 

coyote, lynx, bobcat) 

• Dogs are pack animals, while cats 
are solitary hunters.

• Dogs are diurnal (active during 
the day) while cats are primarily 
nocturnal 

• Dogs bark/howl (can’t purr) while 
cats purr and meow  (can’t bark).

• Cats have retractable claws, but 
dogs don’t.

• Cats climb trees. Dogs can’t.
• Dogs are omnivores and 

scavengers. Cats are obligate 
predators. 

• Cats have 30 teeth, dogs have 42
• Cats can’t taste sugar, dogs can.



Answers will vary. 

Answers will vary. 

It may still be possible to cross the breeds if 

they had the same number of chromosomes, 

but if the anatomical differences became too 

great the dogs would not be able to breed 

naturally and would become a “ring species.” 

However, if chromosomal changes were great 

enough that they could not breed at all, they 

would be definitely be considered different 

species.

Have fun drawing! Does your Martian 
Dane look similar to a bear?

Have fun drawing! Does your Martian 
Chihuahua look similar to a weasel?



• No need for 
partner

• Faster

• One individual can 
form a colony or 
community of 
organisms.

• Low genetic 
diversity

• More risk from 
disease

• High genetic 
diversity

• Less risk from 
disease

• Need a partner to 
reproduce.

• Generally takes 
more time to grow 
next generation







1/02/2022

1/09/2022

The leaves are starting to curl on the plant in pot A. I think it may be sick.

Observations will vary! These entries are examples from when we planted 

potatoes.



We added more soil at week 1. Plant A got sick with a fungus and died on 1/16/2022.

1/23/2022

2/13/2022

3/6/2022

The full sun plant looks much more robust and larger than the part shade plants.

Leaves are yellowing – The plants seem to be getting ready to die back.



The full sun plants gathered most energy by photosynthesis. They used some of that 

energy to make tubers!

Full sun = window with 9 hours of direct light each day

Part shade = window with 2 hours of direct light. 

3/10/2022

B

NA. Died on week 3 125 20 35



17 potatoes
(Most potatoes)

9 potatoes 11 potatoes

Yes. Plant A got sick with a disease and died on week 3. It showed signs of illness just 

5 days after sprouting.

3/10/2022

They looked very different! The plants with full light produced more potatoes and 

larger potatoes than the plants with part shade. Only advice is to really carefully wash 

and clean potatoes before cutting them. 





traits

inheritance

pea

garden

genetics



Answers will vary.





allele

✓

✓

✓

tall

purple purplewhite

smooth

green



WW ww Ww

homozygous

heterozygous

homozygous
heterozygous





Expect more yellow

AA    Aa   Aa    aa    Aa   Aa    aa    aa    Aa   Aa   aa     aa   AA   Aa   Aa    Aa   aa    aa    Aa    aa

AA    Aa   aa    AA   AA  AA   AA   Aa   AA   aa    Aa    aa    Aa   aa    aa    AA   aa   AA   Aa    Aa

Yes. If repeated more, we would expect the ratio to come closer to ¾ yellow and ¼ green.

Answers will vary! The first time we did this, we had 26 yellow and 14 green. Our second attempt had 31 yellow and 9 green.
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Answers will vary! The first time we did this, we had 26 yellow and 14 green. Our second attempt had 31 yellow and 9 green.
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Bb
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b
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B

b

b

b

b

Bb

BB

Bb

Bb

Bb

bb

bb

BB

Bb

Bb

bb

bb0 100

0 50

0

We usually just write “bB” 
as “Bb” so that all the 

heterozygous genotypes 
look alike.
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✓ ✓

✓

✓

✓

✓

✓ ✓

✓

✓

✓

✓



✓

✓ ✓

✓

The only genotype that will 
give a black long-haired 
kitten is wwss. The kitten 
can get the recessive alleles 
from both parents.

Yes. It is possible to pass on 
the genotype wwSs. The ww 
gives the color black, and Ss 
results in short hair.

The kitten can inherit Wwss. 
Ww yields white fur, and ss 
yields long hair.

wwSs

There is no dominant white allele (W) to 
inherit. Also, the kitten needs the genotype 
ss for long hair, but since it receives one 
allele from each parent, its genotype for 
hair length can only be Ss.

wwss

Wwss



✓

✓

✓
✓

✓

✓

The genotype tt 
yields a dwarf 
plant and Pp 
makes purple.

The genotype Tt 
yields a tall plant 
and pp makes 
white.

The genotype Tt 
yields a tall plant 
and Pp makes 
purple

All of the offspring will be dwarf plants (tt), but the 
genotype for color will be either PP or Pp, resulting in a 
purple plant. 

This cross will always result in tall purple flower plants. 
For this cross, PP or Pp are the only possible genotypes 
for flower color and TT and Tt are the only genotypes 
for height.

The new plant will have a 
genotype of tt, but we 
need TT or Tt to get a tall 
plant. ttPp

Ttpp

TtPp



M m

MM MmM M

Mm mmm m

m m

Mm Mm

mm mm

✓

✓

✓
✓
✓

Even though we don’t know the other parent’s genotype, each kitten could be 
either Mm or mm (inheriting M or m from Percy), so all three possibilities can 
occur.  



Answers will vary. Similar questions to this one impact several dog breeds today. Pugs are 

more susceptible to eye problems and breathing issues, and large breeds such as Danes and 

German Shepherds are more likely to suffer from hip dysphasia.

Answers will vary. Scaleless python morphs exist in real life and some snake breeders 

argue that they should not be bred because of their susceptibility to injury. 

Answers will vary.



Rr

? ? ?

Rr

Rr

Rr (parents are rr x Rr)

No way to know if 
these are RR or Rr



A dominant trait can’t skip a generation. If the allele is present 

then the dominant trait will be expressed. Recessive traits can 

skip a generation.

The feathered feet trait skipped a generation, so it must be a 

recessive trait.



✓

✓

✓

✓

Julius Squeezer and Medusa are the male and female pair most likely to pass on the aa 

genotype, so they are most likely to have albino offspring.



All the offspring will be Aa, so there 
is no need to flip a coin.

If Naga is heterozygous, then 
approximately half of the eggs would 
hatch albino snakes.

Your ratios will be different depending on the coin flip. 
But overall, it will likely be approximately half orange/
albino and half brown/wildtype.





AB

aB

AaBB

aABb

AABb

aABb

AaBB

aaBb

AaBb

aaBb

aABB

aABb

aABb

aABb

aaBB

aaBb

aaBb

aaBb

AAbB

aAbb

AAbb

aAbb

AabB

aabb

Aabb

aabb

aAbB

aAbb

aAbb

aAbb

aabB

aabb

aabb

aabb

Ab

ab

aB

aB

ab

ab

AB

Ab

Ab

Ab

aB

ab

ab

ab

Only 1 in 16 will be pear shaped 

and one-eyed. 

All 4 possible phenotypes occur 

¼ of the time with this cross.



AB

ab

AABB

aAbB

AABb

aAbB

AaBB

aAbB

AaBb

aAbB

AABB

aAbB

AABb

aAbB

AaBB

aAbB

AaBb

aAbB

AAbB

aAbB

AAbb

aAbB

AabB

aAbB

Aabb

aAbB

AAbB

aAbB

AAbb

aAbB

AabB

aAbB

Aabb

aAbB

Ab

ab

AB

ab

Ab

ab

AB

AB

Ab

AB

aB

AB

ab

AB

Only 1 in 4 will have one eye. 

All aliens will be round. There 

will be no pear-shaped aliens.

All the offspring will be AaBb 

because they inherit the dominant 

alleles form one parent and the 

recessive alleles from the other. 



ac

AC

AaCc

AACC

AaCc

AAcC

AaCc

AaCC

AaCc

AaCc

Aacc

AACc

Aacc

AAcc

Aacc

AaCc

Aacc

Aacc

aacC

AaCC

aacC

AaCc

aacC

aaCC

aacC

aaCc

aacc

AaCc

aacc

Aacc

aacc

aaCc

aacc

aacc

ac

Ac

ac

aC

ac

ac

AC

AC

Ac

Ac

aC

aC

ac

ac

1 in 4 are round with tentacles.          

1 in 4 are round without tentacles.     

1 in 4 are pear-shaped with tentacles. 

1 in 4 are pear-shaped without tentacles. 

AaCc AaCc 1
16

Yes. To get both recessive traits, the parents 
must be heterozygous (both AaCc). The 
chance of producing aacc is 1/16.



P
R W N Y M P O K S U E T B D E F W Q B S Z

O L E H Z P C W J S R A O D A I R P E L
B V T D P U Q T S I T N E I C S X Y H

A L T I A R T U I T U I B F H S D E
B S S P H C P E E R G I D E P J R

I X Q G L U K G T U B O L P B E
L W U S G E N O T Y P E C S D

I M A Y Y P F W X B L B T I
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Y S E V I G N Y A F F Y

Q U X N X G C Z G R V I H F M E S S T Z P
P K X D I R B Y H R O S F U I T Q P Q H

M W U K X R Z O E V H S C U N R R J E
G E N E M O O C D W P E V W A V T N

C Z A T R R E I R R A C C W N N O
A S Y E X S H Z I R M E L E T T

R X T Z T Z A N I W C R O U Y
K E N I J Z G E X U L K C P

H Z E C Y A R O L U C Y E
V E L Q B M K L A L W E

C O D O M I N A N C E

U N W L S V T S O N V S U O G Y Z O M O H



P D

M H O

H E R E D I T Y M R

N N I E

D O N C G H

E T A L L E L E O

L Y P N S N M

P U N N E T T S E O

E D I T Z

I V I Y

G E N E E C G

C A R R I E R S O

E U

H E T E R O Z Y G O U S

P D

M H O

H E R E D I T Y M R

N N I E

D O N C G H

E T A L L E L E O

L Y P N S N M

P U N N E T T S E O

E D I T Z

I V I Y

G E N E E C G

C A R R I E R S O

E U

H E T E R O Z Y G O U S



heterozygous



The genotype for 1, 3, 7, and 9 is aa because they don’t have the trait of polling. 
The genotype for 4, 5, 6, and 8 is Aa.
2 and 10 can’t be determined. They could be either AA or Aa.

1, 3, 7, and 9 have horns.

4, 5, 6, and 8 are heterozygous (carriers) for the “no horns” trait.

No. Having horns is a recessive trait, so two cattle with horns will only pass on recessive 
alleles causing the offspring to also be recessive. The cross aa x aa can only produce aa.

Yes. If both parents are heterozygous, then the cross Aa × Aa can produce aa. In that 
case, two cattle without horns would have offspring with horns.

Polling is dominant. Individuals 5 and 6 have the trait, but 9 doesn’t. If polled cattle is a 
recessive trait, then ALL of the offspring from two polled cattle would be polled. If 
polled cattle is a dominant trait, then two polled cattle can have a calf with horns. This 
latter case is what we observe in the pedigree.

“A” is the allele for the gene for no horns or polling. “a” is the allele for horns.

aa

aa

AaAaAa

Aaaa

aa



repeating

genome

four
thymine

trees garage

backbone

A
A

T

T

T

C C C
T G G

nucleotide

base pair



Any gene that codes for a working copy of the 

enzyme will produce melanin and the pigment will 

be visible in the phenotype. A lack of melanin can 

only happen when there are two defective genes.

If there is one working copy of the gene, the 

result will be an over-abundance of melanin 

pigment.

wild type albino melanistic wild type



Drawings can be cartoonish and fun or more 
realistic. The main point is that one drawing shows 
an enzyme making lots of purple pigment, and the 
other shows an enzyme that cannot make pigment.

FICTION - it would take 
50 years!

Read more at https://www.
yourgenome.org/facts/what-
is-a-genome

My active site is 

broken! I can’t 

make any pigment.

Purple
I’m making lots 

of pigment.

It all depends on what you mean by identical! 
It can be argued to be FACT in that monozygotic 
twins come from a single cell. They will almost 
always have the same alleles or genes.
It can be argued to be FICTION because there 
can be mistakes in cell division early on in 
development that could cause twins to have 
different chromosomes (ex: one twin could be XY, 
the other XO). Also, as the twins age there will be 
a relatively small number of differences due to 
mutations, as well as epistatic changes to how the 
DNA is expressed. Even with identical genes, twins 
will have measurable physical differences between 
their DNA.
For most cases and for the most common use of 
the word “identical,” we think the best answer is 
“FACT.” This is one reason why identical twins have 
been and continue to be an important part of in 
understanding the role genetics plays in different 
diseases and traits.

FACT - its genome has 43 
billion base pairs! 

Read more at: https://www.imp.
ac.at/news/article/record-
breaking-lungfish-genome/



chromosome

histones

number
fly

Humans 23

karyotype



22

trisomy histones a gene

1

23

21

18



Females
900

eyesight
50

male

birds

zw

zwzz

zz

xx

xyxx

xy

z

z

z

w

On average, ½ 
female and ½ male

On average, ½ 
female and ½ male

x

x x

y







traits
Proteins make
duplicating

muscles
amino

Sugar-free gum phenylalanine

Diet soda phenylalanine

acids

structural



I I I N ND A

C  T  T
G  A  A

G  C  C
A  G  A

A  A  C

A  A  T
G  G  GA  T  A

There are multiple correct answers. The letters below show just one possible code.

YSE E MN C





There are many different ways to arrange a fruit fly puzzle! 
Here are a few examples of potential karyotypes and answers.

Chocolate covered 
gummy worms

No chocolate coating

MALE

FEMALE

MALE

FEMALE





The gametic cells are haploid (½ the 

number of chromosomes) so that 

they can combine with another 

haploid cell to produce a new diploid 

cell.The purpose is to increase 

genetic diversity! 

The daughter cells of a single mitotic 

division will not be identical. 

Recombination and the random 

orientation of the chromosomes in 

metaphase l and ll create a high 

amount of diversity in the daughter 

cells/gametes.
One of the gametes will have an extra 

chromosome. During the reproductive process, 

this cell would result in a trisomy (3 copies of one 

chromosome). In most cases, trisomy is fatal. 

There are only a few chromosomes where a 

trisomy can develop and then be born.



25

25

Because foods containing aspartame will be 

broken down into phenylalanine. High 

amounts of phenylalanine are dangerous to 

people with PKU. Because they cannot 

convert it into tyrosine, it can build up to 

toxic levels in the bloodstream.

50



membrane
transported

DNA
uracil adenine

ribosomes
RNA

codons

protein
translation

protein 

amino acid

nucleotide

RNA ribosome



proteins

antigens

type

codominant
AB

recessive

AB-

AB- B+

O-

A+

AB+

B+

A+

A-

O+

B-





AB+ AB+

AB+ AB-

B+ B+

B+ B-

A+ A+

A+

O+ O+

A-
AB++ AB+- AO++ AO+- Eight different blood types: AB+, 

AB-, A+, A-, B+, B-, O+, O-

AB+, A+, B+, and O+ are all equally 
likely (3/16 chance of each)

1/16

O+

AB-

positive

FACT
FICTION - they prefer type O or B, 
depending on the species. One study found 
that mosquitos were 2x more likely to bite 
someone with type O blood than type A. In 
another study, a different species showed a 
strong preference for type B. See this 
article for more: https://www.nature.com/
articles/s41598-021-03765-z

FACT- For more general reading 
on blood cells, see: https://
sciencetrek.org/sciencetrek/
topics/blood/facts.cfm

negative

O-

BO++ BO+-

BO+- BO--

OO++ OO+-

AB+- AB-- AO+- AO--





B-

This tells us both 
parents must carry an 
Rh negative allele and 
that at least one 
parent must carry a B 
allele.

This tells us at 
least one parent 
has the B allele 
and that at least 
one parent is Rh 
positive.

This result tells us that the A 
and B alleles come from 
different parents. Also, at 
least one parent is Rh positive.

This result tells us that at least 
one parent has the A allele. Also, 
at least one parent is Rh positive.

We know that the mystery parent has type A 
blood. We do not know if they are A+ or A-.
The father with B+ blood is heterozygous for Rh 
factor. But the mother (? blood type) could be 
either A+ (heterozygous for Rh) or A-. We 
cannot determine the genotype for this parent.

A+ AB+

B+

A-

This tells us both 
parents must carry an 
Rh negative allele.

This tells us that 
both parents 
carry the O 
allele! We know 
that the mother 
is heterozygous 
(AO).

This result tells us that at least 
one parent has the A allele and 
that at least one parent is Rh 
positive. 
Since the mother is type A-, we 
know the father is Rh positive.

This result tells us that at least one 
one parent carries the B allele and 
that both have an Rh negative allele. 

A+ AB-

O+

AO-- BO+-



O+

A+ AO++

BO++

AO+-

BO+-

AO++

BO++

AO+-

BO+-

AO+-

BO+-

AO--

BO--

AO+-

BO+-

AO--

BO--

B+

A-

B-

O+ O- O-

B+

B-

A-

A+

AB+-

AB+- AB+- AB+- AB+-

AB+-

AB-- AB-- AB-- AB--

BO+-

BO+- BO+- BO+- BO+-

BO+-

BO-- BO-- BO-- BO--

AB–-

AB–-

BO--

BO--

AO+-

AO+-

OO+-

OO+-

AO–-

AO--

OO--

OO--

A-

A-

O-

O+

O-

O-

B-

B-

O+

B-

O-

B-

3/8 (or 6/16) will have A+ blood.

3/8 (or 6/16) will have B+ blood.

1/8 (or 2/16) will have A- blood.

1/8 (or 2/16) will have B- blood.

1/4 (or 4/16) will have AB+ blood.

1/4 (or 4/16) will have AB- blood.

1/4 (or 4/16) will have B+ blood.

1/4 (or 4/16) will have B- blood.

Each blood type (AB+, AB-, A+, A-, B+, B-, O+, and O-) 

will show up 1/8 (or 2/16) of the the time. 



growing
replicates

enzymes

sequence

Radiation

High energy particles from sun, 
x-rays, and radioactive materials 
cause damage to DNA.

Mutagens

Chemicals that damage DNA 
or increase the likelihood of 
mutations

Random Chance

Something goes wrong in the 
copying process without 
getting corrected.

Viruses

Some viruses insert their own 
DNA into the genome of host 
cell. (This DNA then becomes 
part of the host DNA and is 
passed on to the next 
generation.)



FACT
FACT - Sunlight contains UV-
radiation that can harm skin 
cells and DNA.

We’ll say FACT, but recent research 
shows it’s more complicated than we 
previously thought. https://udel.edu/
~mcdonald/mythasparagusurine.html

The ability to digest lactose is beneficial. It allows people 

to consume another food source that would not otherwise 

provoke gastrointestinal distress. During a famine, lactase 

persistence provides a survival advantage.



We selected the 
circles that made 
most sense to us, 
but many of these 
traits can be 
argued to 
be the
result
of both!

This plant is the smallest.

Drought is a stress for plants.

Plants in shady locations 

often grow taller and have 

elongated stems.

This plant is the largest.

It should match with the 

environment that has the 

most water.



both
dandelions

genetic

epigenetics

FALSE - but average height has 
increased by half that amount. 
For more, see https://
ourworldindata.org/human-
height

FACT - Cold Spring Harbor 
Laboratory has a good article 
with more information: 
https://www.cshl.edu/the-
non-human-living-inside-of-
you/

FACT - They’re called human chimeras. 
This rare condition can occur when a 
dizygotic twin dies in utero and the 
other embryo absorbs the cells. 
Recipients of organ transplants are 
another example of a person who 
contains two different sets of  DNA. 
For more information see: https://
www.sciencedirect.com/science/
article/pii/S1769721220302895

Fluoride in the water supply can make 
teeth stronger

Poor soil will stunt the growth of plants.

Lack of calcium in the diet can lead to 
weaker bones. 

Good nutrition helps organisms grow 
larger. 

There are many possible correct answers! 

Low levels of light cause plants to grow 
taller with elongated stems.

Eye color

Hair color

Blood type

height

intelligence

honesty

We selected the 
circles that made 
most sense to us, 
but many of these 
traits can be 
argued to 
be the
result
of both!

dialect

hearing





Results will vary! For a more scientific approach, we 
recommend having 5 volunteers participate in the taste 
test and then averaging their results. Be sure to remove 
the stickers or labels from the apples and just call them 
by their letter designation (A, B, C etc.). You don’t want 
the name of the variety doesn’t influence the taster as 
they rank the apple.
Individual apples can vary in their texture and taste. In 
general, Granny Smith will be the most sour or tart apple, 
and Honey Crisp, Fuji, or Gala will be the sweeter varieties. 
Red Delicious, Macintosh, and Golden Delicious will be less 
crisp, or softer, than other varieties. They also typically 
rate less tart than the aforementioned varieties.

Our prediction is that Red Delicious will rank 

the lowest for crispness, overall flavor, 

sweetness, and tartness. Is this what you 

found in your taste test?



chromosomes
inherited

recombination

linked
more

female

WT

male

CB

female

WT

male

WT

female

WT
On average, 1/2 of the offspring will be 
colorblind (the male half). All of the 
females will have trichromat vision but 
be carriers for colorblindness.



Xb XB

XB

Y Y

Y

XB XB

Xb

XBXb XBXB

XBXb

XBY XBY

XbY

XB Xb

Xb

XBXb XBXb

XBXb

XBY XbY

XbY

All the female 
cats will be calico 
(about ½ the cats, 
on average).

CALICO

CALICO

ORANGE

ORANGE

CALICO

BLACK

ORANGE

BLACK

CALICO

CALICO

BLACK

BLACK

ORANGE

CALICO

ORANGE

BLACK

¼ chance of a 
calico kitten

¼ chance 
of a calico

All females will 
be calico, so, on 
average, ½ of 
the kittens will 
be calico.

Xb Y

XB XBXb XBY

Xb XbXb XbY



           The new insulin is the same as 
human insulin and easier to produce.

Almost none

                 The only alternatives are 

to use the insulin produced by the 

pancreases of other mammals. But 

pig and cow insulin is slightly 

different than human insulin and can 

cause allergic reactions.

              The crops are able to fight 
off insects without the application 
of pesticide.
                                          Bugs are becoming resistant to Bt. 

Corn pollen can negatively impact other beneficial insects.

                    Farmers can spray insecticides 

on their crops, apply a slurry of Bacillus 

thuringiensis, or do crop rotation and mixed 

planting (not a monoculture) to reduce 

insect pests.



            The seed producing company 
makes more money. There will not as 
many volunteer crops during rotation.

              Fewer mosquitoes means 
fewer diseases.

                                 Other animals 
depend on mosquitoes for food.

                  Draining marshy land, 
nets, spray, and treating sick people 
to reduce disease. Other GMO 
efforts focus on making it so the 
mosquitoes can no longer carry 
certain diseases. 

Answers will vary! 

I would design a type of algae that would digest 

microplastics to help remove microplastics from the 

oceans.

                  Don’t develop terminator 
seeds! Harvest crops in a timely 
manner to discourage seeds falling 
the field.

Increased food prices, loss of biodiversity.
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Follow the yellow path to get the A key. Then backtrack to the pink path to unlock the A lock and get the key labeled C. Then 
follow the pink back to where it intersects with the salmon-red color to access the C lock. Continue following the path to get the 
G key. Then turn around and backtrack to the pink and then to the yellow path from the beginning. Go past the A key to get on 
the green path, which will take you to the G lock. Right after the G lock, you’ll get the T key. Then backtrack all the way back to 
the yellow and then the pink. Next, get back on the salmon-red color path to access the blue path. The blue path will take you to 
the T lock so you can escape the maze! 



Possible blood types are  AO+- and BO+-, AO-- 

and BO+-, or AO+- and BO-- . No other 

combinations can yield all eight blood types.



We know they are heterozygous for 
both alleles because of the B- offspring.

The phenotype of Rh negative is always homozygous 
recessive (--). The B allele came from the father. If the 
mother (blood type A+) and had given the A allele, the 
blood type would have been AB-. Since the blood type is 
B-, the mother must have given the O allele.

They cannot. Both black and orange alleles are needed for a calico kitten. An orange male cat 
only carries the orange allele. An orange female cat has two orange alleles.

COLOR-
BLINDCARRIER

CARRIER

CARRIER

To answer this question you can draw a Punnett square or multiply the individual probabilities:
For the A+ parent, there is ½ chance of giving O allele and ½ chance of giving Rh- allele 
½ * ½ = ¼ chance of the child inheriting O- from the first parent.
For the B+ parent, there is ½ chance of them giving the O allele and ½ chance of them giving the Rh- allele.
½ * ½ = ¼ chance of the child inheriting O- from the second parent.
To obtain the chance of the offspring having the genotype OO--, multiply the two probabilities: ¼ * ¼ = 1/16. 
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species

adaptable

fungus

clone
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There are many different options to choose from! Research a species specific to where you 

live. A few invasive species in the US and Canada include: Zebra Mussels, Asian Carp, 

Burmese Python, Purple Loosestrife, Fire Ants, Argentine Ants, Kudzu Vine, Cane Toad, 

Rusty Crayfish, Tamarisk, Sea Lampreys, Emerald Ash Borer, and Leafy Spurge.

There are also several options to choose from in this category! Research a species specific 

to your area.

A few endangered species in the US and Canada include: Devil’s Hole Pupfish, Oahu Tree 

Snail, Kemp's Ridley Sea Turtle, Florida Panther, Dusky Gopher Frogs, California Condor, and 

Ozark Hellbender (a salamander)









Darwin found fossils of sea creatures on high mountains that 

showed shifting geology over time. He saw that plants and 

animals on different islands had variations that suited their 

needs for survival on the island, and that organisms with 

advantageous traits were more likely to survive and reproduce. 



250,000,000,000×50,000
=1.25 × 1016

Note that dividing by 2 
and then multiplying by 
100,000 is the same as 
multiplying by 50,000.

1026 × 1012 = 1038

1038 × 1012 = 1050

1050 × 1012 = 1062

1062 × 3 kg = 3 × 1062 kg 

1.25 × 1016 × 50,000 = 6.25 × 1020

6.25 × 1020 × 50,000 = 3.125 × 1025

 (3.125 × 1025) × 15 kg = 4.6875×1026 kg



6,400 × 8 = 51,200

For each 16 offspring, 
there will be 8 new 
mating pairs.

12 breeding pairs give 12 offspring.

6 breeding pairs give 6 offspring.

3 breeding pairs give 3 offspring.

3 × 5,000 kg = 15,000 kg = 1.5 × 104 kg

Yes: puffballs and octopus.

Yes: puffballs 

The elephant population dropped. 

It depends on how much higher and smaller the 

rates are! If the octopus only had 10 offspring 

but it stayed with them and took care of them 

till they were almost full grown, most of that 

generation would survive to reproduce. A 

population of “small birthrate but high-survival 

rate” octopuses might even grow faster than 

the population of octopuses where each female 

has 100,000 offspring.

No. In the real world, elephants have more than one 

offspring because they have more than one 

pregnancy. The model would be more accurate if it 

used the average number of offspring an elephant 

had over a 25 year period, or during its lifetime.

51,200 × 8 = 409,600

409,600 × 8 = 3,276,800

 3,276,800 × 4 kg = 13,107,200 kg≈1.3 × 107 kg



family

traits mutations

limited pressure

survival

Variant X will become more common. It lasts longer and spreads more easily, so more 

people will catch Variant X and transmit it to others. Variant Y is much less likely to 

spread, and when it does spread, it will be less likely to continue to spread.



The black peppered moth was more likely to 

survive because it blended in with the dark soot 

of the industrial areas of London. Predators 

were more likely to see the lighter moths, so 

fewer lighter moths survived and reproduced.



characteristic
generations beaks

Alligators

confuse climates
Learned

WildebeestRat

Rabbit King snake Peregrine falcon

Groundhog
Chameleon Poison dart frog

Fact - Wood frogs do 
exactly this!

False. No such monkey 
exists.

Duck

Fact - the arboreal salamander 
and the California slender 
salamander, don't have lungs or 
gills as adults.



✓ ✓

No. Not according to the biological definition of “evolve.” Evolution can only happen through 

descent with modification, which requires multiple generations. 

Yes, but only over time across generations. Genes for new traits can arise through mutations or 

the proportions of certain genes can change over time either through natural selection or 

through random processes. This is evolution.



Chimpanzees did not evolve 

into humans. Humans and 

chimps are related because 

they both evolved from a 

common ancestor after 

diverging 12.1 million years 

ago.

Natural selection results in 

improved ability to survive 

and reproduce in a given 

environment. Evolution 

selects for “good enough to 

reproduce” but this is not 

always the stronger or “better” 

organism!

Evolution takes generations and 

can only take place if there is 

sufficient diversity and numbers 

of individuals in a breeding 

population. If an ecosystem is 

extensively damaged, it can 

cause species to go extinct.  
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The northern elephant seals dropped in population 

to as few as 20 individuals. The only genes 

available in the population came from those 20 

elephant seals. 

Hawaii is very isolated. There are more 

than 2,000 miles of ocean surrounding 

Hawaii in every direction! Without the 

help of human transportation, it is very 

difficult for species to get to, or leave 

the islands. Evolution in an isolated 

environment is more likely to create 

endemic species. Vancouver island is 

only 25 miles from British Columbia.





The portions will likely change up and down over time. Eventually, it might become all black or all white. 
After that, it would stay unchanged.

✓

✓

The answer that eventually levels out with all 
black is most likely. With enough generations, 
eventually they will all be either black or all white. 

Yes, my prediction was essentially correct. After 17 generations, only the white marbles were 

left. It was a random process, but the limited size of the population caused one color to “die out” 

eventually. 

Maybe. Sometimes in the simulation, one color will be eliminated, but growing population allows 

both versions to stay. (We ran the simulation many times for thousands of generations and saw 

both scenarios occur.)

Animals might wash up on an isolated island. If the island is small, then the population will be 

limited, and we would see genetic diversity disappear over the generations just through random 

chance in the same way we saw the black marble die out in this simulation.





The appearance of dragonflies has remained similar over millions of years, but even so, it is 

unlikely that the genes will be compatible. More junk DNA will have been added to modern 

dragonflies and other mutations and changes would have occurred. Most likely, the modern 

genome would not be similar enough for ancient and modern dragonflies to breed.

Cheetahs and wolves do not live in overlapping regions. However, even if they did, they wouldn’t 

be able to breed. They have different numbers of chromosomes, and their most recent common 

ancestor lived millions of years ago. 

The animal shelter will have a wide variety of genes among the mixed breeds, while the poodles 

will share many genes, especially genes related to physical characteristics. 

If they are transferred to an island to form a new population, the dogs from the animal shelter 

would have a better chance of surviving because their population would have more genetic 

diversity. 





common

homologous
bone

similar

The nighthawk and bat both fly and have similar diets. However, the brown rat and bat have more in 

common with their anatomy and reproduction. Bats are more closely related to rats than birds 

because bats and rats are both mammals. While the wings of a bird and bat both provide the ability 

to fly, their structures are quite different. 



streamlined

diets
closely

environment

convergent

True. All vertebrates share 
a common ancestor.

True. By poaching elephants 
with tusks, humans have 
artificially selected for a lack of 
tusks by making those genes 
more likely to be passed on.

False. Hippos are the most 
closely related land mammals to 
whales, but not their ancestor. 
Both hippos and whales 
descended from  a common 
ancestor that is now extinct. 



fossils
circumstances

pressure

The oldest fossils (the trilobites on bottom) are on 

the lowest layer.  We see the dinosaurs came later 

as they are in higher layers. The layer without 

fossils may indicate that earlier organisms died out.

Likely, the organism died out so there was no 

chance for new fossils. It’s also possible the new 

layer is not a type of rock that forms fossils.

survive
geological

complete



False. They can leave 
behind imprint fossils.

False. Fossils are at least 
10,000 years old by definition.

Fact

transitional

discoveries Snakes

tetrapods
Whales

document



phylogeny

common
higher

ancestor descendent

speciation

recent



Hyenas are more closely related to cats than dogs because hyenas and cats have a more recent 

common ancestor (marked ) than hyenas and dogs (marked ).

Skunks are more closely related to raccoons than mongooses because skunks and mongooses 

have a more recent common ancestor (marked ) than skunks and mongooses ?(marked ).

1

24 5

6 3





Both Australia and New Zealand are examples of the founder effect. Placental mammals were not 

living in either location. Marsupials evolved to occupy the main ecological niches (apex predators, 

large grazers, small foragers, etc) in Australia while birds did the same in New Zealand.

New Zealand broke away from the Southern supercontinent Gondwana 80 million years ago. 

Dinosaurs still roamed the Earth, and few mammals were around at that point.  As an isolated 

island, only flying or swimming mammals were able to get to New Zealand.







M

F O S S I L

D P

I E

A F C

D A R W I N I I M

A C E V O L U T I O N

P A S T F

T T A F

A R T I F I C I A L F I T T E S T

T O I P

I N O R

O N I

N A T U R A L N

P H Y L O G E N Y



Bonus words in blue -

H
M A O P C A B I G O D G F N O I T A T U M

E C O S Y S T E M N O T I N D C I R I B
T I N F O U N O T L R E T E E M O D T

J A W F L E M I Y A P H T L A T N N
E U Y O S N O H I T E S E M E H E

G R V E Z P P T A C R S S A T R
Y E A O Y G O L O M O H T I A

S U R V I V A L O S N R C P
O A I D A R W I N L E A S

G N O I T I T E P M O C

Y L I S S O F P N C I A N E S L C O H E E
O N I O T I O L T O N N Y I U R A N X D

G E N E R A T I O N O I R P O E B T S
A X O D G E O C A R B E O L T L I E

T A M I D N O I T A T P A D A N C
I N H E R I T A N C E B O P C R
A R T I F I C I A L I L Y T U

E C N E I C S R P E O K I O
O S O G A P A L A G N O S

B I O P K H O I G U N E
N S E I C E P S T A R

B H R E R O T O I U T E T H T A I O I L A
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Acquired traits are 
not passed on. 



Look for the most recent common ancestor!


