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L, a few moments, you will meet a dog named Rudy, a scraggly, friendly little 
guy with four legs who loves balls and his human, who excels at meeting new 
dogs and people, and who, interestingly enough, dabbles in time travel. With 
Rudy as your guide, you will gain access to a journey of evolution, genetics, 
and, ultimately, the inner world of the dog, a world that most people don’t 
know. 

Did that last sentence surprise you? After all, people know dogs! Surely 
you've met a dog. Or many dogs! There’s a good chance that a dog lives with 
your family and maybe even sleeps in your bed. Heck, you might even live 

with a dog named Rudy! And dogs are not new. Maybe your parents, 

grandparents, and great-grandparents grew up with dogs weaving in and out 

of their legs, helping out on a farm, or licking them awake in the morning. 

Dogs have lived alongside us humans for many thousands of years as our 
companions and even our fellow workers. 

But it wasn’t until very recently that humans really started to understand 

dogs. It all started when different scientific fields started putting dogs under 

a scientific microscope. Instead of viewing dogs as a species we already 

understood, researchers began to ask scientific, testable questions about 

dogs: Where did they come from? Why do dogs bark? Why do they sniff 



butts? And why do we keep dogs—and not wolves—as pets? It turns out lots 

and lots of scientists have been working really hard to find the answers to 

these questions. And Rudy has made it his sole purpose in life to share the 

secret world of the dog with you. 
For example, the dog of your parents’ day was thought to be a wolf in 

dog’s clothing, vying for control over people and needing to be kept in line. 

Although some people perpetuate this myth today, we now know that the 
dog of today is distantly removed from this wolf ancestor. Instead, dogs are 
not trying to control us, and most disputes between dogs and humans arise 

from miscommunication—we don't understand where they are coming from 
and why they do what they do. Scientists have helped unpack these tricky 
questions so that dogs and people can live their best lives together. 

Perhaps you have heard that for a dog to bond with you, it’s best to bring 
him or her into your home as a puppy? Research published at the turn of the 

twenty-first century flipped this idea on its head. Instead, because of their 
evolutionary history alongside us, dogs of all ages, not just puppies, are ready 
to bond with humans. Not only can old dogs learn new tricks, but dogs of all 
ages can make great family members. 

You are born in the Age of the Dog, and for this, we have to admit, we 



are a bit jealous. Oh, hi. We are Julie and Mia, two researchers who study the 
science of dog behavior, cognition, learning, and welfare. We also study 
working dogs and the dog-human relationship. (Phew! We are busy!) Like 
your parents, we grew up in an era that was high on dog love but low on 
dog understanding. While love is a big part of the equation, it works 
most effectively in conjunction with its best friend, understanding. It is 
understanding of what dogs want and why they do what they do that helps 
us provide dogs with happy, healthy lives. It is understanding that helps us 
see dogs on their terms and not as miniature humans wearing dog costumes 

meeting each other in weird ways. (Yes, we are talking about butt sniffing 
again, a normal part of how dogs greet one another.) We hope you enjoy this 
journey with Rudy—we certainly did! 

Julie Hecht and Mia Cobb (who happens to live with a dog named Rudy), 

canine scientists, 

Do You Believe in Dog? blog, 
The Graduate Center, CUNY, USA & Monash University, Australia 
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Rudly! 
Quit pulling, 
we're almost 



Impatient 
fuzzball! 

Let me get T'll be reading - over here if you this off and... ; need me, Be, there! 



I'm Rualy, but you 
probably already heard that from 
my person. Did you meet her? 

She's the besz. 

Every weekend we 
come to the dog park to 

spend time with our friends. 
They're the bese. 

Hey, Penny! 
Hey, Scooter! 

Lookin' good, |] 
Giorgio! t Priscilla, 

ss my gal! 

I know what youlre thinking. No? You were thinking 
"Rudy, you sure are Wr. Popular! "that's a lot of A/fferent 

species of dog all hanging What's your secret?! 
out in one park"'> 

I guess 
we could talk 
about that 
instead... 



Actually, we're all one 
species, your fave and mine: 
Canis lupus Farniliaris, also 

referred to as plain 
Canis Farmiliaris! 

You see, 
thanks to a fellow 

named Carl von Linné 
C"Linnaeus" to his friends— 
he loved his Latin), living 
things are grouped and 
named by coro 
Character/stics. 

Take me 
for instance. Ht 
Am I an animal, 

=) got a left and not a plant: Z| right side? 

practice of naming and 
classification taxorvormy, and at 
each level of classification, things 

get more and more 

Well, swbspec/es 
iF you want to get 
right down to it. 
The "lupus" comes 

from this 
fellow... 

We call the 

specific. 

mother nurse 
me? 



Dogs are the 
most prysically 
aliverse species 
on the planet... 

Things get 
alittle Z-/cky for \ 
my relatives at the | 

species level. 
Originally, 

all of us dogs were See! 
Canis farniliaris, our very\ sg 
own species. But what's | 

a species? = 
Linnaeus 

thought you should 
pretty much be able to 
tell a species just by 

looking at it. 

Even when 
you get 

A species is a group 
, ‘ of populations capable 

whole naming | | technical... of successfully 
scheme interbreeding with one 

another! Their babies 
can have babies! 

throw the 

Here we 
have... 

Nearly every 
canine can do 
that! Wolves, 
dogs, even 
coyotes and 
jackals...we 
can all 47x 
like crazy! 



Want to hear how crazy taxonomy can get? 
Take a look over here at the New Guwirea 

Singing clog. This pooch is a rare, dingo-like 
canine from you-guessed-where. The species 

was originally named Canis Aal/stror/ in 
honor of a famously animal-loving 

Australian philanthropist. 

Nonsense! Dingoes are a type of dog 
anyway, So if this is a type of dingo, 

she should be Cax/s fariliaris 
alingo hallstrori! 

Ah, but what if your 
precious c/ogs are just a type 
of wolfP Are you saying she is 

Canis Itypus Farniliaris 
alingo hallstroriu?Pl 

dingoes and dogs are 
classified as subspecies 
of wolves, and the singing 

dog is classified as a 
type of dingo. 

No matter 
the name, she's 
got quite a set 

of pipes! 

Now, there was some disagreement 
between cog ‘ans and alingo Sars... 

This is clearly Né 
a subspecies of dog! \L 
We should rename her 

Canis farniliaris 
Aallstrora at 

This is a type \ 
of alingo/ She must 

be Canis dingo 
4allstrorr: 

CN re 

— Canis lupus alingo 



So, 

am I just a li'l, 
goofy-looking 

wolf? 

Canines are all -ea//y closely 
related, ee we dogs are 
very much our own unique yj, 

and wonderful thing. ph ee 
dates waaay 
back to— 

There's 
a ball! 



You found a 
ball, boy? HuhP 
You want me to 

throw it? 

on to your 
Wl Puppy 

tail 



5000 BP. 
Ah, prehistory! 

The dawn of dog! | = : I was just about to talk 
<— ~~ Le peta 

And 
therRRRre’s 

my ball! 



Hmph! This chump probably It's difficult enough to capture a wolf. 
thinks he can zavve that wolf Wolves' parents are wolves, and they 

puppy and transform her don't really like their puppies getting 
into a loyal dog. wolfrapped. 

It's even more difficult to -a/se a wolf. 
During their first three weeks, they require 
constant care to become comfortable 
with humans. That's a b/g commitment 

for a hungry hunter-gatherer! 

It's next to impossible to Keep a wolf. 
Even if a wolf puppy learns to tolerate 
humans, she'll always choose to be with 
other wolves over anyone else. AS soon 
as she matures—zjo/ Back to the pack. 

And even if everything else works out, 
this wolf isn't ~aturally tare; she 

learvrred to be tame. She won't pass her 
tameness to her puppies—you'll have 

to start over every time/ 

Pretty 
unlikely story, 

huh? 

Passing on 
traits is essent/a/ 
to changing from 

wolf to dog. 

That prehistoric 
jerk threw my ball over 
ere anyway, so let me 
lntrodiuce you £0 

sorneore! 

1 



It took a long time for us to realize how 
lonportant his work was, though. Back in 

1856, he was just a monk in Austria 
who planted a /oz of peas. 

This is 
Gregor Merdel, 

the father of 
genetics! 

Mendel was searching for a way to predict 
what zZra/ts an organism would pass on 
from ove gereration to the exe. 

He cultivated pea plants for seven years, 
carefully Keeping track of the relationships 

between parent plants' appearances 
and that of their of*sering. 

29,000 plants later, he'd uncovered i - 
the principles of Zeredlity/ a 

Using 
Mendel's research 
as a foundation, 

today we have a much 
fuller view of exactly 

how gevrez/c 
lnheritance 

Let's 
start with that 

first word, 
"genetic." 



Genes are 
units of DNA 

(deoxyribonucleic 
acid, if you're tough), 

the cheriical recipe 
for & living 
OF FaPSH1, 

These bases 
are arranged along 

DNA is 
a complex 

molecule, but it's 
made up of just 
four different 
building-block 

bases. 

each side of DNA's trademark 
twisted ladieler shape, and the 
pairs that make each rung of the 

ladder are always the same: 
A+T Cand T+A) and G 

Cand C+G). 
+¢ 

Together they 
make up gees, the 
words in DNA's 

It takes 
about 2.4 billior 
pairs to write out 
the book titled 

Ruealy! 



Fortunately, Teeny-tiny enough 
DNA is also to fit in every cell 
teeny- of a body! It's 

microscopic! 

Inside cells, 
long strands of DONA 

coil up tight as can be into 
structures called c4-or/7osorr7es, 

and zHese are wnat you 
inherit from peas 

parents’ 

Dogs have 39 pairs of chromosomes, 
each with different information. 

CAssuming you're a human, you have 
ese welcome! 23 pairs.) One chromosome Of each pair 

tubes of DNA. is a copy from your mother... 

Thanks, Mom thank you... 

and Dad. 

...and the other is a 
copy from your father... 

thank you. 

14 



Together these are 4orologouws 
chrorosories/ The genes in each of 
these are similar but different. They're 
arranged in the same order but don't 

necessarily say the same thing. 

Alleles are 
a big cded/ in 

Mendelian inheritance 
because the alleles you 

lnher/é determine 
what traits you'll 

show! 

And just 
like I inherited 

half of my genes from 
each of wy parents, my 
parents each inherited 

half of their genes 
from each of Z4e/r 

parents! 

If we take a look at the geve right here, 
it might be talking about ears, but where 
one says "pointy," the other could say 
"floppy." The different versions of genes 
for particular traits are called a//e/es. 

With each 
new puppy, some 

genes get passed on, 
and some get 
left behind. 

You ain't 
got my moxie, 

but at least you 
got my good/ 

looks/ 



But before 
anyore inherits 

GHYLEHIAIG..«- ...we've got 
to split these 
chromosomes 

in Aalr. 

Next, 

each of these 
pairs lined up with its 

homologous chrorriosor7e, 
the related chromosome 

from the other 
parent. 

While they're 
lined up, chromosomes 

have a chance to shuffle 
genes between them in a 
process called gerrez/c 

recormbiiiatiori. 

To begin the 
process of 47e/0S/S, 

cell division for reproduction, 
chromosomes replicate themselves, 

forming ec4rormatial pairs 
that look like 

li'l Xs. 

Each half 
of a joined pair is 

joentical/ 

Nature 
loves to mix 
things up! 



Now, with our ...it's time to 
chromosomes reproduce! 
lined up and 
shuffled... 

And again, Now there 
Splitting up are four cells 

the chromatid with half a set of 
chromosomes — 

these are 
garmetes/ 

When a gamete from 
ove parent combines 
with a gamete from 

GHOLCHEL... 

17 

The cell 
divides once, 

splitting up the 
homologous 

pairs... 

Mendel's 
Law of Ss Ak aaa 

says that each gamete will 
only have one allele for each gene. 
There are different combinations 

of alleles in each, so none 
are identical! 



Once cells are done dividing, 
their chromosomes relax and unravel. 

Come on, let's see what ONA 
we've got! 

It results in 
anew, Waique 
Puppy cell! 

I wish there both alleles 
Big was ove geve for “Puffy tail.” 
x "good at catching tennis 28) eee alleles say 
= balls," but the best I can “sensitive eyes,” 

though, and that'll 
be useful... 

hope to find are multiple genes 
that cormbirre to make 
me good at catching 

tennis balls. 

¥ S, 
Soong 

CTI VACA = >t 
ay 
zy, 

SO DT AERTS a0). g 

fy 4 
i> 

S a LAY 

Cis] A . _) > a <j 

MAR 
<j i> S 2 | 

is Vv 

“ LPS iS 
TSA SADE TS 

al 

AT) : 
. piuscles,” yep, 

good for 

ball-sized rrouth,/ 
I should Zope 

SO... 

cH S q 
WuUbass gy 

g 

WHERE'D 
THESE SHORT-LEG 
ALLELES COME 

FROM?P/S 



Pa! 
Lemme 

see your 
genes! 

You've got one 
allele for org legs 
and one allele for 
short legs! 

Like 'em? 
They were on 

sale/ 

Ab-HAS 
You have a 

short-leg allele 
too! 

That hasn't held 
me back! 

Do you 
need help, 
sweetie? 

Oh, yes, I got 
that one from my 
father, and he got 
i¢ from your great- 
gramma Pinky, of 

course... 

But your 
legs are longer 

than my—! 



We can chart the 
inheritance of dominant and 

recessive alleles from parents to 
predict what traits their puppies 

will have. Coat type, ear 
floppiness, s/gH... leg length, 

you name it! 

Mendel's 
Law of Doriimarnce 
says alleles that are 
Clorrivaré Nill mask 

alleles that are 
recessive. 

It can all 
be explained with 

Purrett squares, 
diagrams that reveal the 
ways inherited alleles can 

interact! Here, let me 
show you! 

Next, we take the letter at the 
top each column and copy it into 

each square under it... 

We start by writing one parent’s 
alleles across the top of the square. 

Uppercase letters represent dor7imant 
alleles, and /owercase letters represent 
recessive ones. Let's write one of each. 

Now with the other parent’s alleles on 
the s/ele, do the same across each row, 

adding these to the first letters. 
Dominant alleles are always listed first... For this gene, 

our example parents! "Aa!" 
alleles can combine in z4-ee 

different ways, and their puppy 
is prost likely to also 

have "Aa" alleles! 



Take a look 
at this square 

predicting coat length 
for yours truly. There are 

my parents! 

Both have 
mixed alleles, “Aa,” 

for coat length, and the 
allele for short hair 

is dominant. 

insslegess pent Ee AGRA ESS 

An organism's genetic makeup 
iS their gevotype. With a 

mixed genotype, the closm/imant 
allele is the one youl'll see. 

With these corimart alleles, 
I've got the short, smooth 

coat you love me for! 

The displayed traits of an 
organism are its prerozrype. 
Even with a mixed genotype, 

my phenotype is still 
mat-free and manageable! 

EEPLS \f both of 
your alleles are -ecessyve, 

they don't get masked! 

Someone who has an 
unexpressed recessive allele 
(like each of my folks) is a 
carrier for that trait. 
Even though they don't 
show it, they can still 

pass it on! 

Leave 
the tail a 
little long, 
will your 

21 



The impact of 
dominant and recessive 
genes continues over 

generations. 

If I inherited 
Zwo dominant alleles 
from my parents... 

...bhen no 
matter what alleles 

my mate has, we'll only 
have short-haired 

puppies! 

Way a puppy can 
express a recessive 

trait is if bot parents 
carry at least ove 
recessive allele for 

that trait. 

22 



That's an example 
of a trait with cosmplete 
Cormivance, but it doesn't 

always work that way! 

Which brings 
us back to the case 
of my short, short 

legs... 

The genes for leg length show 
lncorplete clorniarnce. 
With these two matched, or 

horrozygous clorivart alleles, 
I'm my perfectly wonderful self... 

...but this time the dominant allele 
doesn't #7ask the recessive one 

in a mixed, Aeterozygouws pair... 

... Instead it produces 
an /7-betweer trait 

like medium-length legs... 
recessive alleles still 

produce the full recessive 
trait! I can't see a 

thing up here! 

Alleles can even — 
be codlorinant, meaning 
both traits are expressed. 
Your genes are a big, messy 

mix of all sorts of 
allelic interactions! 

23 



Mendel has 
one more law: the 

Law of /rdleperdernt 
Assortment. This one says 

alleles for separate tra/ts are 
passed along /wdleperd/ently. 

In other words, spotty fur 
doesn't always come with 

floppy ears. 

Would you look at that? 
Ready for Alleles for spottiness are 

a b/g Punnett lncornpletely clortirarit, 
square? Let's dig = but alleles for ear shape are 

into that spottiness aN completely cloriirarit; SO 
and ear shape 7 \ these two identical genotypes 

case. [. 7 7 result in eight possible 
ml ee ea phenotypes! 

Many, if not most, traits are 
olygeric, based on interactions 
of multiple genes, so the more 

traits you add to the mix, 
the more complex 
results you'll get/ 

d And that's just the beginning! 

Pp 

at all these )(\ 
. pals! J) 

24 



What if one 
__ Of the traits you 
inherit makes you srrore 

likely to survive 
and Pass on 
that traitP 

Don't Ney 
| even 2HiHk } 

\. about it! 7 

Things get 
interesting! 

At the same time Mendel 
was running his pea plant In his book, 

experiments, a British naturalist Darwin proposed 
named Charles Darwin brought Hatura/ selection 

together years of his own as the mechanism 
research in a book titled to explain 

Orn the Origin } evolutior. 
of Species. 4 

25 



Evolution is changes 
in a species's traits over time, 

and it explains how over millions of 
years and many, “zany generations 
prehistoric mammals like li'l Av/ac/s 

there became the Canis 
you know and love! 

We can see evidence 
of evolution in foss//s, 
preserved remains or 
traces of organisms 

from long, 
long ago. 

Stratigraphy is most 
useful for relative clating, 

finding out if one fossil is older 
or younger than another. 

One way 
we can estimate 

the age of a fossil 
is by measuring how 
deep it's buried in 

the earth. The study 
of geological layers, 
or strata, is called 
StratigGrapry. 

It's reinforced by 
furnerical dating, Naich 

is based off the levels 
of radioactive elements 
present in a sample. 

Dating and detailed measurements of similar fossils help 
us construct an organism's evolutionary map and identify 

travsitional forts, fossils in a state between an 
organism's early ancestors and more modern descendents. 



Whales 
have one of the 

most complete records of 
transitional forms. Scientists 
have discovered enough of 
them to reveal how over 

48S million years 
Pakicetus... 

...evolved into 
Armbulocetus. 

...bhen 
Doruelor... 

...and 
finally moder 

whales! 
Yeesh, 

this makes 
wolf-to-dlog 

look easy! 



Hints of an organism's Y Dogs, whales, and 
evolutionary history can be humans all have similar 

found in Formrolog/es, shared forelimb bones... 
characteristics due to Why 
common ancestry. 

The structure of our very ce//s suggests 
that if you go back far enough, even plants 

—_| and animals share a common ancestor! 
We all share a . Only a few elements are unique to each! 

common ancestor a mere : 
385 million years ago: 
Eusthenopteron! 

The term coriion ancestor is ...but that both evolved from the 
important! I'm not saying humans same ZA/rd/ species, one that no 

used to be chimpanzees... longer exists. Similarly, dogs and 
modern wolves both evolved from an 

extinct wolfliike ancestor. 

Then why 
are there still 

chimps?! 

28 



The process 
of evolution is often 

s/ow, sometimes we/rel, 
and weelern/ab/y 

anesorre. 

I¢ can turn toes 
into hooves... 

.. pinholes 
into eyes... 

...and predators 
into playmates. 

But how 
does evolution 

happen? 



Natural selection! 
This occurs when different 

traits of an organism make it 
more /7£ to survive, reproduce, 
and—you guessed it—pass 

those traits on to the 
next generation. 

...What do 
you think the 

population of wolves 
in this environment will 

eventually look 
likes 

Yep, more 
members of the 

next generation will 
lnherlé the genes 

for white fur! 

And that 
goes for the next 

generation... 

..and the 
exe... 

If the trait 
for white fir makes 

one of these wolves more 
likely to have plenty to eat 
and have more, healthier 

puppies... 

...and the 
next and the 
next until— 
POOFL 

—a whole \ 
population 
of white 
wolves! 



_ A functional 
trait evolved by natural 

selection is an adaptation. 
This process doesn't just apply 

to how an individual looks— 
how they gece is 
important too! 

Don't 
look back 
don't look 

back 

J Criuvnble 
\ 4e/fore rie/ 

It's not 
unusual to be 
loved! by 
anyone... 

Nature selects 
for any trait that 

makes the animal mgre ; 
likely to survive and == Environrrent 

thrive in their isn't just trees and 
environment! rocks and stuff either. . 

It includes other individuals, - 
other species, climate... 
anything that affects 

the animal! 



As an animal's environment changes, Given enough time, their form can 

populations adapt over generations change al-astically/ 
to compensate or take advantage 

of new opportunities. 

Most of the time, evolution is a very 
slow process, so if the environment 

changes too quickly... 

What if an environment 
existed in which nature 
selected for /-/exadl/y 

individuals? 



You turn up your 
nose, but this is 

good eating for 
us canines. 

The growth 
_ g of human settlements 

Se T'lll e : in the Mesolithic period 
1 gettoyou,) | (about 76,000 BF) 

\ ball. fess created a new 
era : environment... 

Under the rules 
of natural selection, 
new environments 
reward new traits. 
What traits could 
dumps reward? 

33 



Wolves are very nervous eaters. 
I¢ doesn't take much to scare them off, 
and can you blame them? That human 

is wearing a wo/fF pe 

These shy, shy wolves run 
away sooner than they need 
to, using up Amore exergy 

the farther they go. 

And these shy, 
shy wolves don't 
return until long 
after they could, 

gaining ess evergy 
from their new 
food source. 

It's 
lnerticient to 
be scared of 

humans! 

A wolf with the genes to be less scared of \ 
humans (or at least not run as far away!) will | 

end up with more energy than the others, | 
and more evergy means... 

34 



.../7Ore 
Puppies! 

Remember 
the white wolves in | 

the snowP Wolves with 
genes to be /*/ernd/ier 
Cor at least less scared) 
around Au7ar7s evolve 

in a similar 
way! 

Each 
generation, the 

friendliest wolves 
live the longest and 

have the most 

...before too long and with no extra work required, 
you've got a naturally occuring population of 

wolves who con't mind humans! 

35 

... Who 
can /her/é 

the friendliness 
genes from their 

parents... 

...and 
because nature 

is continually selecting 
for a trait wwcreasingly 
cormrorn among the 

population... 

That is... 
if you can 

still call them 
"wolves"... 



But that would have happened 
thousarels of years ago! Howcan | is 

we possibly be confident that natural | 
selection of Sr/erdl/y wolves 
somehow resulted in eogsP? 

A good 
start would be 

to repeat this kind 
of selection in a 
controlled 

Not 
\ agaaaain!! 
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I'm gonna 
getcha! 27 
gorra— 

SIBERIA, 1959 
37 



Ook, looks 
like someone 
found my ball 

before I 
did... 

Hey, I recognize him— 
that's Drnitry Belyaev/ 
He's the scientist behind 
some very interesting 

experiments with 
silver foxes. 

Shh... He tries to keep a low profile. 
At this point in time, the Soviet 

government real/y doesn't care for 
genetics, so Officially Belyaev is 
just trying to supply the fur trade 

with the very best pelts. 

But 
wHorticially... 

...ne's ona 
mission to uncover 
the secrets Of 
cormestication! 



Belyaev's experiment involves breeding 
foxes for a single behavioral trait: 
frierdliness toward AuWians. 

Of course, early on he's satisfied if a 
fox isn't scared of the researchers... 

While it may not 
seem like very “atura/ 

selection for a researcher 
to choose which foxes get to 
reproduce, keep in mind that 
Belyaev is selecting for the 

Single, sare trait 
that we hypothesize 

nature did! 

From an initial population of foxes, 
only JO% are nonaggressive. 

Though they're still wild enough to need 
handling with heavy gloves, these foxes 
are allowed to breed with one another. 

39 
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Like any good scientist, Belyaev is also 
breeding a cor Popiulatror from 
random individuals chosen regardless 
of whether they're aggressive or not. 
This gives him something to compare 

his results to! 

...0r trying to eforzp 'em. 



Every month, 
Belyaev and his 

team test the foxes, 
and every breeding 

season the friendliest 
foxes are allowed 

to reproduce. 

By the 
tenth generation, the 
percentage of friendly 

foxes had nearly 
doubled. 

After fewer than twenty generations, the 
friendliest foxes of the bunch have changed at 
a rate that would take 2Howsaa/s or even 

priliorrs of years in the wild. They're exc/ted/ 
to see the researchers! 

As more and more members of the 
population become nonaggressive, 
Belyaev increases the se/ective 

pressure, now only breeding foxes 
who willingly approach handlers. 

The foxes will accept food/ from them, 
Clirih of and play with them...even roll 

over to have their belies rubbed/ 

4O 



Does Z4/s look like 
one of the foxes Belyaev 

started with? 

A single gene can affect rtu/tjole 
traits—that's plejotropy/ 
In this case, the genes for 

friendliness are linked to traits 
like floppy ears... 

Some scientists think this friendliness 
trait is actually related to the production 
of galreralizve, a hormone that controls 

your reaction to things like fear, 
stress, and—pant pant— 

excitement! 

Adrenaline 
is also connected to 

an animal's coloration, 
so they may 
be right! 

ii Shorter, 
curler tails... 

perhaps Belyaev's most astounding 
discovery is that ove behavioral! 

-..patterned 
coats, and even 

Aside from 
the unexpectedly fast 

race the foxes changed at, 

trae brings a bunch oF 
Ptysical traits 

along with it! 

These aren't 
random mutations 

either, but the result of 
gevetic varlatiorn that 

was already hidden in 
the foxes' DNA. 

more! 

The change in coat color could 
also be the result of a ack of 

selective pressure against it. A trait 
that may make an animal less fit in the 
wild is allowed to be passed on when 
that animal is safe from predators. 



Dornestication happens 
when a population of animals 

becomes adapted to an 
environment controlled 

by humans. 

The physical traits 
that Belyaev's foxes show 
are similar to those seen in 

other domesticated 
animals! 

Compare 
apigtoa 

boar! 

Ora 
cow to an 
aurochs/ 

A floppy, 
curly, spotty, friendly 

wolf with a body 
adapted for efficient 

scavenging? 

Can you imagine an 
early domesticated wo/fP 

A frrerally wolf with Aoppy 
ears, a curly tall, and 

a spotted cogt>? 



K in 
you'd call that 

= b H 



Jeez, we got more See : | 
|| playfil/ when we got } 4 

domesticated! / 

uy 



Wait, who's 
AW, | got my ball? 

where's L brought 
everyone that! 
goingP Stop 

Mugrativg! 

Sigh... Early on, dogs didn't 
really help humans at all. Their 

leftovers and garbage sure helped ws, 
though, so once we'd gotten friendly 

with humans we'd follow 
them a7ywhere. 

us 



Everywhere! 
By 5,000 BP, aside 

from humans, dogs were the #7osz 
| widespread marminal or Earth! 

In our time, we've lived on every 
contintent and even been to 

outer space! 
got quite a 

search ahead 
of me! 

That's a lot 
of dogs in a /o¢ of 

different environments, 
and they're not done 

adapting! 



Dogs have the 
potential for tremendous 
Variation. We call the 
range of a population's 
genetic diversity its 

gerre. Pool. 

IF you 
consider all 

the genes of all 
dogs everywhere, 

you'll find a 
ig pool! 

When populations ..-you have 
are isolated—by {smaller gene 

- mountains, feuds, or pools with less 
any other means— \. diversity! 
and can no longer 
reproduce with 
one another... 

Depending on what 
traits are present in the initial 

population, you might end up with all 
the dogs in one area inheriting similar 

mask markings or a certain 
sort of bark! 

u7 



Environment aways plays a 
big role in the development of 
a species, and by this point, 
a dog's environment is the 
Aultnahy CHVIFOrIHerl. 

People add another 
layer of selective pressure 

| best summed up as Savorit/sr, 
where some invidividuals will be 

favored over others for 
some reason. 

The extra food and attention that comes 
with being favored by people is enough to 
help a dog thrive and pass on the genes 

responsible, just like any other trait. 

Sometime around 
5,000 to 7,000 BP, aft 

beginning to plant crops and live 
in larger groups, humans started 

selecting dogs for different 
working roles. 

us 

Artificial selectior involves humans 
controlling animals' reproduction and 
purposely selecting for a specific 

physical or behavioral trait. 

Ancient humans weren't 
thinking 24a far ahead, but 

they'll get there! 

Why dogs? 
IF you'd take a 

moment to look over 
our -ésu77é... 



RUDY 
Canis lupus familiaris 
2 years old 

* Graduate of Ms. Martha's 
Good Dog Puppy School 

* No indoor accidents 
on record 

We dogs are 
extrernely athletic. 
Real jocks. Maybe you 
don't think of us that 

way because— 

of F! 
“6 yor! —we don't 

run the quickest 
quarter mile... 

..but we've got stamina’ 
Once the miles start 

racking up... 

...wWe can't 
be beat! In fact, for 

anything over ten miles 
on land, dogs are maybe 
the fastest arial 

ln the world! 



Keen senses? You know A human's field of view tops 
we've got ‘em! Dogs have evolved eyes out at 180%, but some dogs can see 

that are great for spotting moving up to 270° around them without 
prey, even in low light. even moving their heads’ 

This actually varies based 
on the shape of the dog. 
A dolichocephalic dog, one 

with a long sHouet, has eyes 
spaced far apart, more on the 
sides of their head. They’re the 
ones pushing that 270° mark. 

A brachycephalic dog, 
one with a short sou, 
has more forward-facing 
eyes and more humanlike 
vision. They make up for 
their comparative lack 
of peripheral visior 

with better depth 
percepczior. 

Depth perceptior is 
what makes the world look 
three-dimensional. Your 
brain can only calculate 
i¢ when each eye's field 

of vision overlaps. 

That's why . 
if you close you're 
one eye— more likely 

to run into 
things! 
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IF you look 
“siete the eye, you'll 

find even more differences 
between long-snouted 
and short-snouted 

dogs. 

| tapetum | 
d LUCIDUM | 

Whoa- 
ho-hof Check out these 

Protoreceptors!/ 
Those are the li'l rod- and 

cone-shaped light detectors 
back there. The rods are more 

sensitive to light and dark, 
but the cones can 

detect color! 

cs 

SS —— 
PHOTORECEPTORS : : SCLERA 
. : RETINA CHOROID —. 

s 

mal 

The way photoreceptors are spread out 
affects how differently shaped dogs see. 
Short-snouted dogs’ photoreceptors are 
all crammed in the middle—they see more 

like humans do, with a sharp central focus. 

Long-snouted dogs’ photoreceptors are 
spread out sicleways. They can't see 
as well right in front of them, but they’re 
great at spotting things to 

This difference might 
explain why some dogs | | 
love chasing frisbees... | | 

...and some can’t 
be bothered! 

SS 
prea" 

5 





Our world is made of yellows, 
blues, and shades of gray. 

It’s similar to that of a human 
with ceeuwteravop/a, red-green 

color blindness. 

DUG I'll 
Know that ve/low 
terr/s bal/ wnen 

I see it! 
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Just not 
al color. That’s because 

we cion’t have -ea/ coves, 
and our “green” cones are 

really more sensitive 
to yellow. 

Pretty 
nice blue cones, 

though. 

I can’t 
distinguish between a 
Granny Smith and a 

Red Delicious... 

And despite 
what humans may 

think...there are more 
important things than 

seeing color! 



Our ancestors’ prey was most active at dusk and dawn, and everything about 
the canine eye evolved to excel in those conditions. When there’s not much light, 
color is difficult to see even for humans, so our eyes are focused on other things. 

Like growing a 
tapeturn lucicurm! 

That’s an extra layer in 
the backs of our eyes 
that bounces light onto 

our photoreceptors 
a second time. 

The more 
chances photoreceptors 

have to detect light, 
the easier it is to see 

in the dark! 

And that 
reflected light makes 
our eyes look erazy 

in photos! 

7 Mr. Rudy, 
a jelly Know bine: a 
Poco is, but there’s | - 

a line~ a 

What's that? 
There are still more 
senses? You want 
to hear about my 

fuzzy ears? 



The outer part of a dog's 
ear, the fra, can rotate 
to better hear directional 

sound. That's the twitch you 
see when we tune in to 

something. 

That means 
we can hear certain 
electronics, rodent 

chirps, and— 

= 
Colle 
Ces 

You might think we're 
imagining things, but dogs can 
hear very high-pitched sounds, 
up to around 45 kHz, compared 

to humans! 23 kHz/ 



marr ant to dogs in Just like 
ch is especially ie foe and sniff you, dogs can } 

d we love tO feel pain, and we 
don't like it! 

I know 
my tail is great, 

but please don't 
pull it! 

Dogs have the same taste receptors as 
humans: salty, bitter, sour, umami, and, ok : es: 
our favorite, sweez. We've got a oz of |] | = Still 

sweetness receptors, possibly so we Know | J j | gonna eat it, } 
if fruit and plants are ripe or not. == : though. / 

a 

One more! 
It’s the b/g 

ove! 
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AG4HE... 
smell that? 

I do. 



...and while my eyes and ears didn’t 
open until I was two weeks old, 
my sniffer went right on sniffing! 

I’ve been able to smell since 
before I was born... 

I haven't stopped since! 
When I sniff, my nostrils contract to pull in air, 
some to my lungs Cfor living!) and some to my 

olfactory recess (for smelling!/), where around 
200 pilllion to BOO rilllior scent 

receptors wait to latch onto 
incoming molecules. 

While I process 
that air, I exhale from my 

lungs through s/zs on the sides 
of my nose so I don’t accidentally 

blow away the smells 
I'm after vexz. 

That's 
thinkin 
ahead! 

When I’m 
really sniffing, I'll do 

this up to 2OO times 
@ miritte! | 

i 
; 

sniff cniffsniffsnifisniffsniffsniffsniffsniffsnittsnitt 1/, ciftenieell 

: , 
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Dogs have all sorts of 
tricks to capture extra 

smells too! Molecules get 
stuck on a wet nose... 

...even caught in that drool 
you have to keep wiping up/ 

...fanned up by long ears... 

But dogs drool from their 
mouths, not their noses! 

What good are smell 
molecules zHere? hear a 

secret? 

Dogs 
have a secov7e/ 

way to perceive smells: 
the vosrerorasal 

organ! 

This rests on 
a small bone between 

the nose and the roof of the 
mouth, and li/l ducts help 
captured molecules find 

their way here. 
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The vomeronasal 
organ is used to read 

brerormores, Which are 
like a species’s secret 

chemical language. 

Dogs use them 
to share information 

that's important to us, 
like Social identity and 

reproductive availability— 
a well-used fire hydrant 

is like a community 
bulletin board! 

We leave messages about ourselves all over the 
place because a dog's /efentity is in their smell! 

’ Hey, 
nice to meet 

you. 

It’s no wonder 
the first thing we do 

when we meet each other is 
go in for a whiff of the 

srreliiest place! 

60 

How's 
i¢ going? 



... even if 
you're excited 

or stressed out— 
we can smell 

..-Who Dogs are as you've been skilled at learning 
about Auwerarns from 

smells as they are about 
dogs. You don’t realize it, 

but you humans are 
so, SO smelly 

to us. 

You can’t fool us either—a well-trained dog can 
tell selentica/ siblings apart by scent alone/ 

Which one 
OF you mooks owes 

me a walk? 

We can tell which way someone Even as they fade over days 
went by tracking where smells and weeks, smells can’t escape us. 

get weaker or stronger. 

B a as 2 e 

: 

You can't 
hide from me, 

perp! _ 



Feeling under the weather? We can For certain chronic conditions, 

tell if you’re sick based on tiny we're just what the dog-tor ordered. 

changes to your body odor. Thanks to their noses, medical 
response dogs can be lifesaving. 

Check 
this rad vest, 

and please don't 
pet me while I'm 

working! 

These specially trained dogs Know you aren’t feeling 
well even before you do and can remind you to take 

your medication or find a safe place to be. 

We've got 
a nose for diabetes, 

we can Sniff out cancers, 
we can detect seizures and 
convulsions a mile away... 

how is any of it 
possibleP 
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This is because dogs can F 
detect odor concentrations d ies as slight as one or two ayer Wicle parts per TR/LL/ON/ eb Se rrning That’s with a *T”! One ina 

trillion is a teaspoon 
of sugar... 

if 
an airship 
hangar! 

.. if that 
A needle ina haystack is a 
haystack... Manhattan city 

block a kilometer 
high! 

What I’m 
trying to say is 

that we can smell 
REALLY well! 



A texn/s ball in... 

more epace than People skills! 
I'd like. I have great 

people skills! 

The earliest dogs 
evolved from the friendliest 

wolves, rightP And dogs who work 
best with humans would probably 

be favored, right? 

with humans is in 
our genes! 

The ability to understand posting is 
rare in the animal world. Yet even a tiny 

puppy, six weeks old, can interpret 
a human pointing gesture. 

We have a 
huge learning capacity. 

Though we can’t say them 
to you, there are dogs out 
there who know hundreds, 

even ZHoOwWSaHaS 
of words! 

Your mom/s 
over there, 

This here’s 
Porpoise, and Seal, 

and Floozy, and Groovy, 
and Clodhopper, and Inky, 
and Donut, and Sugar, 

and Crawdad... A 

A thousand 
toys, and she doesn’t 

have my ball... 



The biggest thing is that 
dogs we/corr7e communication 

_ With humans. While wolves can find 
direct eye contact threatening, we dogs 

are all about it! IF we encounter a 
problem we can’t solve... 

...We 
Know who to 

We pay attention to humans, we really The opposite is true too! Our reactions 
do. If we encounter something unfamiliar, have as much to do with how ot4ers 

we'll use soc/a/ referencing to feel as how we do. We're a bunch 
determine our response. If you act calm, of sensitive sweeties. 

we're more likely to be calm. 
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That's not 
to say we can’t 
figure things out 

on our own. 
You'll first 

have to remember 
that dogs think about the 

world differently than 
humans, though. 

You humans have an enormous ee to describe the world. 

Look at me, 
I’m a human! Words 

words words! 
LAUNDRY 
LOAFER 
LUNCH 2 

These broad categories, 
ALE and combinations 

of them, are called 
furctional £07e8s, 

and for us, they mostly 
PLAYABLE: depend on motion, 

smell, and whether 
or not things fit in 

our mouths. 

PLAYABLE ~ 
EATABLE 

AY 9 
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We can learn to be more specific, if you insist. 
Even though we don’t understand “word's” 
so much as “sowseals,” we're smart enough 
to associate new sounds with new objects/ 

We can even do something a little bit like 
reading, matching symbols with objects! 

Once we've 
settled on a shape 
to associate with 

something, though, it’s 
not easy to get us 

to change it. 

You'll have 
to excuse us if we 

don’t seem to like your 
new hat. It’s just that 

we think you’re an 
evtirely differert 

person. 

Really 
undermining my 

whole “eogs are 
sare” thing 
there, dude. 
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And we're hired/ 
One of our first jobs 

Was as livestock guardians. 
As far as jobs go, it’s a 

pretty basic one. 

Being a good 
guardian dog depends on 

how a dog is raised as well as 
Watchin! their genetic makeup—it’s 

sheep, gettin’ fed— nurture a@7e/ nature. 
that’s the life 

for me! Guardian dog 
training is so simple 
that humans may 

have happened upon 
i¢ accidentally. The 

All you've got to do is, rather than Let her play with sheep, eat with sheep, raise her around other clogs, raise a and sleep with sheep... ! 
puppy around aozer species during her 
socialization period, which lasts about 

from the ages of one to four months. 

...and she'll grow up to 
associate the syvel/ and s/g/#t 
of sheep with family. She'll 
behave toward them like she 
normally would toward dogs! 

{y cy 

She doesn’t 
think sfe’s a ~ 

sheep, but she might ff ae 
think the sfeepn ff 

are dogs. 
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The job of a livestock 
guardian is more about 
being friendly with the 

livestock than anything. 
When predators do 

come around... 

A livestock guardian has to go on ooorrg 
migrations with the herd, and certain 

btysical traits can help individual dogs 
perform better. IF bigger dogs can cover 

more ground with fewer steps... 

...and can better survive 
rough conditions... 

Can we 
Please finda 

hotel? 
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...che best defense is a loud 
bark to tell them to get. away 
from your pals! They’re after 
an easy meal, not a fight. 

...can store more fat to support 
them through lean times... 

You 
got any 
snacks? Just 

a week to 
go... 

...over generations, “ature will select 
for bigger guardian dogs—no human 

selection necessary! 

Az, what 
a nice 

vacation! 



Other early 
dog jobs like herding 

and hunting require specific 
behavioral displays, which 
are basically how you react to 

different stimuli like smells 
and sounds. 

Just like when 
raising a guardian dog to 
be friendly with livestock, 
these behaviors have to 

be “urtured. 

time I see 
a ball— 

Ow... If every 
time I see a ball and 

chase it I get -ewaredled, 
then I’m going to be prone 

to chasing balls. 

Personally, 
if every time I see a 

ball and chase it I run into 
a wall, I’m still going to 

chase balls. 
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Reactions to stimuli have 
a strong gevet/e component as well 
especially regarding the level a stimulus Maybe I 

has to reach to get a reaction— don’t respond 
the behavior threshofle. to a quiet 

chirp... 

Or even But once 
a slightly louder i¢ hits just the 

chirp... right level... 

Grr, it takes 
both wature aa! 
hiuirture for a dog 

to be good at 
their job! 
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Complex behaviors like herding and hunting are based 
Off the basic dog’s predatory behavior. When we talk 
about behaviors, we break them down into steps like so... 

end up with dogs who perform certain tasks in certain ways... 

2402a3H Nvidavn® O1lM 
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These traits 
stick around even 

when the job is done, and 
the descendents of many 
of these working dogs 
are still recognizable 

today! 

Selecting for behavioral traits 
sometimes also means selecting for 
Physical traits. Like the dog who 
accompanies sheep across mountains 
better because he’s bigger, a retriever 

will grab ducks in water better with / 
thick, insulating Fur. 

Brrr! NG 
This is Mor | 
the job for = 

me! fe 

In Russia, the ancestors of the borzo/ hunted wolves through dense forests. Their long 
legs and slender frames made them fast, and their wide-set eyes granted a generous field 
of vision. The breed nearly went exz/7cezr alongside the nobility who owned them during the 

The huge, thick-coated Great Pyrenees, 
the “animated snowadrift,” were so well 
suited to their mountain environment 
that in time they picked up a second 
job in addition to their original one as 
livestock guardians. Though gentle at 

heart, during World War I they were used 
by svatigglers to safely carry contraband 

across isolated, unguarded paths. 

With their bodies slung low to the ground, 
early basset Hours could conveniently 

trace settled scents and were easier 
for hunters to follow on foot. 

“Basset” is French for “low” or “short,” 
and there have been at least a dozer 
distinct regional varieties of these low, 

short dogs known across Europe. 
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Sled dogs are 
the result of centuries of 
very particular selection 

for performance. 

In the early days, 
any dog would do, but as the 

top performers passed their genes 
along over many generations, certain 

physical traits proved to be 
best for the job. 

A sled dog should be big enough to 
pull freight but not so big that they 
can’t move themselves. Big enough 

to take long strides but not 
so big that they'll overheat. 

Dogs are great at storing heat but not 
at getting rid of it. While they can cool 
their lungs and brains by panting, unlike 

humans they only sweat through 
the relatively tiny pads 

of their feet. 
Sometimes a 

Sled dog will grab a 
mouthful of snow to cool 

them down! I'll take 
watermelon if you’ve 

got it. 

Their gait, the way they 
run, should be fast but 
stable, with one foot 
always on the ground. 
To make long, efficient 
Strides, their shoulders 
should be spaced wide 
enough that they can 

fully extend their 
forelegs forward... 

...and their pelvis 
should angle downward 
so their hind legs can 
tuck under their body. 

All that, 
aad they have to 
work together as 
a well-matched 



The golden 
retriever can trace 
its history back to 
1865 and a single 

fog... 

Sometimes a 
preferred physical trait 
has nothing to do with 

performance! 

...a Brighton cobbler, a group of Romani, 
or a Russian circus trainer! It depends 

who you ask—the dog is more 
famous than the owner! 

Their four yellow puppies 
were then crossbred with 
other dogs to create the 

basis for the modem 
golden breed! 

Nous was the 
lone yellow, puppy 

in a litter of black 
retrievers owned 

by either... 

Being an unusual color for a retriever, 
he was purchased by one 

Baron Tweedmouth, who bred Nous 
with a water spaniel named Belle. 

All because 
Baron Tweedmouth 
liked yellow dogs! 



I said the 
word back there, \ | 
didn’t IP I said 

“breed.” ner 

A couple 
of times, 

| Yet the Lion 
Dog be sriall... 

| N.Let ts eyes be 
large ard luminous... 

Historically, dogs 
were classified into groups 
based on what they did, and 
there was plenty of physical 

variation in each type. 

\..Let /ts 
ears be 

set like the 
sails OF @ 
War-/UHK... 

| \..Lezt /ts nose be like 
| that of the tonkey 
god! of the Hindus... 

A breed is a distinct 
type of dog, selected for by 

people, that is different from any 
other in some measurable way. 

Members of the breed are 
expected to /ook and acer 

a certain way. 

vee 

\..Let /t be tiriid... 

eee 3 
bY 

2 

“...Lef /€ comport 
itself with dignity...” 



Or at least that’s how 
Empress Dowager Cixi, 

ruler of late-19th- 
century China, described 
them in the first written 
breed standard, 

a guide to the essential 
characteristics 

of a breed. 

East Asian peoples were ahead of the game 
in keeping dogs for companionship rather than work.. 
The Pekingese, Shar-Pei, Shih Tzu, Lhasa apso... 

all of these small breeds date back hundreds, 
if not thousands of years! 

Nevertheless, it 
wasn’t until the 18OOs 

that the idea of pedigree, 
or purebred, dogs 

swept across the world. 
A pure breed is one that 

has reproduced only 
within [ts breed 
for generations. 

In England, the middle class, insecure about soc/a/ standling and farily lineage, 
expanded their hobby of breeding show poultry and livestock to include dogs. 

The nonspecific family dog was out, and the purebred dog, a symbol of high class, was /. 

In 1859, the very same year Darwin's Within four years, og shows drew 
On the Origin of Species was published over 7,000 entrants! Purebred dogs 

and right in the middle of Mendel’s pea were the new fad, and in 1873, the first 
plant research, the first formal dog show kere! cliib was established to track 
was held in Newcastle-on-Tyne. It was a dogs’ identities and ancestry. 

small show with just sixty dogs, all 
sporting types exclusive to the wealthy. 
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To satisfy the 
immense interest, 

more breeds of dogs 
were developed than 

ever before. 

Sometimes a new breed 
Originally a local dog popu 

with countless 
Huddersfield Ber, 

would be developed like the Yorkshire terrier was. 
lar for vermin control, the Yorkie’s ancestors crossbred 

to result in a dog named 
the greatest ratter ever known. 

other terrier varieties 

Breeders 
artificially selected 

for more and more specific 
physical traits. After all, a breed 

needed to be recognizable 
to impart to its owner the 
status and fortune they 

were after. 

Over future generations, the whims of dog fanciers 
took over, and Ben’s descendents were selectively 
bred to be smaller and smaller so as to be more 
suitable ladies’ companions. In a twist, the genes 
for hair length didn’t shift at the same rate as 
the genes for body size, and the modern Yorkie 

was left with the long coat of a larger dog. 

People have yet 
to breed out 

those ratter’s 
lestinets, though! | 



Dogs can be as much subject 
to nostalgia as to fashion trends. 
The King Charles spaniel was 
a longtime favorite of Charles II, 
T7th-century king of England 
and amateur dog breeder. 

In the Victorian period 
of the late 1800s, 

contemporary fashion 
demanded smaller dogs 
with Aa@tter faces. 
Those traits were 

selectively bred for, 
and the people got 
what they wanted. 

Fans of the original 
dogs weren’t crazy 

about the changes bred 
into their favorite pets, 

and in the 1920s, 
nostalgic breeders 

developed the Cavalier 
King Charles 

sparie/ in an attempt 
to re-create the dogs 
of Charles II’s time. 

Both varieties laid claim to the breed standard, leading to 
hotly contested pedigree shows, and to keep the peace, they 

were simply reclassified as two different breeds in 1945S. 
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Why else might humans select for traits? 
The English bulldog got an upturned 

nose so they could breathe while their 
powerful jaws were locked to their targets 

during the cruel sport of bull baiting... 

...hairless dogs like the Xoloitzcuintli 
became hot-bodied pain relievers... 

...che short-legged dachshund could 
pursue prey into their burrows... 

...and while the pharaoh hound /ooks 
like dogs depicted in ancient Egyptian 

art, don’t be fooled—they're a relatively 
recent crossbreed callback! 

The ed ees 
of some dogs, like the pwe, ; 
remain utter mysteries. Did ]} - : I just 

they originate in China, : gotta be me, 
Russia, Holland? y‘all. 

Are they dwarf 
mastiffsP Smooth- 
coated, long-legged 

Pekingese? / 

What about 
the name? “Pug” could 
be the word for monkey, 

fist, goblin... What's 
your deal?! 



Over the years 
and around the world, 
humans have created 
4uriadredls of dogs of 
every shape and size/ 

Dogs like the... 
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Dog breeds can even arise Many of these dogs stayed 
naturally if a population is isolated enough. with humans, but. some 

The ancestors of the Caroling dog became feral and formed 
accompanied humans over the land new, wild populations. 
bridge from Asia to North America 

thousands of years ago. 

Because they are distinct dogs and have reproduced 
only within their small population, the Carolina dog 

became a pure breed without any human interference! ee a be 
Today they even have a breed standard and are out there> 

recognized by major American kennel clubs. 



Because a 
pure breed requires a 

closed, controlled population, 
the dogs of that breed all 

draw from the sare 
sr7all gerre poo). 

In time, breeding, 
reproduction between close 
relatives, is inevitable, and if 
breeders all want the genetic 
traits of a popular champion, 

inbreeding happens even 
More Guickly. 

In a cfosed/ 
population, new 

generations inherit 
their genes from 

just a few parents, 
leriitirng genetic 

diversity. Harvrtall 

genes that would 
have been eliminated 

or masked by 
natural selection are 
allowed to thrive. 

Yikes! 

In an Oper 
population of dogs, new 
generations inherit genes 

from lots of different parents. 
The amount of gevezjc 

cliversity is huge! 



Lack of genetic diversity 
is a big problem, and it IF a Shar Pei is supposed 
goes hand in hand with to have loose, wrinkly skin, 
breed standards that artificial selection often 

often complicate things favors Shar Peis with the 
even more. loosest, wrinkiiest skin. 

The end result is IF you compare the 
that dogs bred in a closed 19th-century bulldog to her 21st- 
population can end a being century descendent you'll find a whole 
uncomfortably and unhealthily host of overemphasized features, 
exaggerated versions of the from turned-up snout to 

breed founders. tightly curled tail! 

...che wedge-shaped head of the 
bull terrier, and many more. 

SIF AVILES TTP RSS TANI 
f/\ Se : tf | i 



Today’s purebred 
dogs demonstrate the 
Power of artificial 
selection and the 
incredible speed/ 

at which it 
can work. 

A closed 
population doesn’t 

have to stay closed/ 
By introducing new 
genes into the 
population... 

It doesn’t 
take long to 
get that gene 
pool back 
in shape! 

How long 
has that been 

there?! 
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Belyaev's foxes 
showed that genes 

for behavior and appearance 
are linked, so combined with their 

functional backgrounds, you’d expect 
different breeds to have different 

Zemperamernts and 
personalities! 

I GOTCHA 
ZI GOTCHA 

Purebred standards 
even mention this: the Welsh 

corgi/s bolelvess, the Brittany 
spaniel’s g/ertvess, the 

Russell terrier’s— 

—intensity. 

To prove It, 
though, someone would 

have to design a scientific 
experiment...but how... 

would that... 



gz ‘X y) 
be 3 Hello, p You are 

y eS dog! so nice! Let me 
pet you! 



Come on, 
- ree a little og et 
ie e) our ball! 
that?! : 
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( A moving ) 
thing! 



That’s... 
that’s spooky, 

right: 

This is a 21St-century 
clog persorality test. 

No foolin’. 

Come back! 
Play with me, 

little dog! 

No! You're 
gonna steal 

my ball! 

Oh, wait, 
I know what 

this is. 

comes the 
dummy... 

Yeah, I’m 
supposed to 
be doing this 

with my person, 
but she’s back 

on page 9. 



L SAlD—Abhern. I said that 
by measuring dogs’ reactions to 
different stimuli, scientists hoped 
to quantify their personality traits 

so they could be compared 
across groups, breeds, 

and individuals. 

All in all, they 
ran 7§,329 
dogs through 

this test. 

I can’t 
remember what 

the last step is, 
though... 
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Aggressiveness 
is independent, but 
the other four. traits 

combine to place dogs 
on a spectrum of 
shy to boflel. 

rw 
FEARLESSNESS 

kkk 
SOCIABILITY 

Using 
measurements 

of dogs’ reactions 
to each step of the 

test, scientists 
rated them on 

five traits. 

we 
"” PLAYFULNESS 

CHASE PRONENESS 

WHAKK 
AGGRESSIVENESS 

Se ee Seine The results? 
Session «ss While there are certainly 
d satan a ee —_ | personality differences 

eeeS ional. m™ | betwee breeds... 
I opened 

the mail first, 
so... Calm: check! 
Sociable: check! 

Hoop skills: 
check] 

... there are bigger 
differences arog 
lndividal/s within 

a breed! 
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Let me tell you, this page 
would have to be a whole lot Some of a dog’s personality traits 

can be estimated based on their eee oe! bie Creede! 
genetic group This is a way of 
organizing breeds based on genetic 
relatedness and common ancestry. Scientists arrived at these 

groups through gevezic testing, 
which involves mapping a dog/s 

genome by writing out the 
order of As, Ts, Cs, and Gs. 

Since pure breeds have such a small gene pool, their DNA is very similar. Scientists can 
measure key d/iffererces between representative examples of breeds’ DONA and that 

of a subject dog’s to get an idea of what that dog’s family tree looks like. 

o5 



Comparing the results of genetic tests But even so, there’s still as Hitch 
and personality tests reveals some general | |. varlation WIthi GFOLYIOS aS 
traits at the genetic group level, like how betweer therm! Useful as averages 
dogs in the MASTIFF & TERRIER group might be, stereotyping a breed’s 

tend to be bold, dogs in the HERDING & personality is often inaccurate! 
SIGHTHOUND group are usually social 

and trainable, and the so-called ANCIENT 
breeds often are shy, yet calm... 

This 
basenji must 
be...shyP 

It goes to 
show that when it 

comes to personality, 
genetics is part of the 
picture, but how a dog 

is -a/sed/ is more 
important. 

It’s another — 
nature-riurture | 

tear-upl [aie 

y' 
can ‘ardlly 
tell wae I'm 

a mix of! 

I'ma 
caHraredlly... 
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be easy to get 
caught up in the many, 

many breeds of 
dogs, but... 

..-purebred dogs only 
make up a tizy fraction 

of the worldwide dog population. ——— 
Most pet dogs are mixed breeds, 
and plenty of “purebred” dogs 

actually have a little bit o fey No way, 
something else in there. ’ ( man, 'm 100% 

\. greyhound! 



In America, fewer than 
30% of pet dogs come from 

breeders, and g/obally it’s estimated 
that more than 75% of dogs 

aren’t even pets! 

Left to their 
own devices, these dogs are 
usually short-haired, about a 
foot and a half tall, weighing 

30 pounds or So... 

They 
haven't changed 

much! 

The occasional batch of genes from pet You can learn a lot by observing dogs 
dogs will find its way in there, though, interacting with each other. You already 
and the human-guided physical changes know how important smells are, and we've 

one sees in purebred dogs can now got other ways of communicating too! 
be found in the wild as well. 

I’m an 
original! 
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A dog’s bark isn’t as simple 
as it seems. We have modifiable 
vocal tracts capable of varying 

the pitch, amplitude, 
are! tiring of our 

vocalizations. 

The basic bark is all about “..or high and whiny A lot of small barks getting others’ attention. 
IG can be fow ard loud 
if we sense a Stranger... 

if we're lonely. in bursts could mean 
: we want to play! 

You're 
probably 

familiar with 
growls. 

These are pala bie era Ione 
sounds, but we growl in play be eeiee 
as well. A high-pitched growl sts oa ON ee Better 

iS probably playful... : safe than 

sorry! 

BE 



N 

The contrast er 
between high 

—if we're and low applies to 
most dog vocalization. hurt or need 
We'll make all sorts of [i ed | help. 

Mlgh-pleched ;f rf —_— 
sournds— Gert s — | 9G {Pe 

WY low-pitched : 
a sotnas— —are signs of 

contentment. 

Like wolves, Wow. 
A howl could 

waits te ae be made to seek 
out other 

...and once 
everyone shows up, 

it could become 
a rallying cry! 
HOWOOO/S 

Whatever 
the case, it’s 
contagious! 

7 HowHow €& 
| HOwooos | 



Dogs might step toward 

Even more than 
vocalization, dogs depend 

on body language to 
communicate. 

An opposite 
posture has an opposite 

meaning—that’s 
antithes/s. 

...0r lie low and unconcerned. 
These are simple ways to _ 

communicate important information! 

Don’t forget 
the tail! Hey, how 

could youP 

101 



That |i! 
fellow uses the 
same vocabulary 
of high and low 

posture. EXCITED 
UNCERTAIN 

SCARED 

And if you watch closely, even the side a dog’s wag leans toward holds meaning! 

The more 
intense the wag, 
the more intense 
the errotion/ 
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Because humans are | 
SO vocal, you don’t pay | 
as much attention to | 
body language, but 

believe you me: you use 
it and we notice. Dogs 

are very atten— 

—tive... 
Whose yard 

is thisP 

I smell 
something! 



My belll 
Thanks for finding — 

it for me! A play bow: 
Come on, just give 

it to— 

be Le how : 
big each other is an based on a code of F : 

conduct, and it provides will lapis a when 
exercise plus—UFF/— ; 

strengthens social 
bonds! 

Play is 

We're on 
about signaling intent , 

too. If I’m going to play Sepa 
bite, I might warn you looking! 

with a bow— 7 Be : 

A full-body shake is 
the period on an action. 
It might mean we need a 
break or are ready to do 

something else! 



Dogs and 
humans are the rare 

sort of animal who plays 
even as an adult, possibly 

because of how 
social we are. 

on bottom! 
playing, dogs Ha! 
like to reverse 
roles, switching 
it up between 

who's on 
Cop... 

friendly noises 
afterward just to be 

clear. Grr, that breathy, 
excited panting might 
be the dog version 

of laughter! 

I hope that 
“something else” 

is catching 
mel 



I've got to get 
back to the park! 
Even without a 

watch, I can tell 
I've been gone 

awhile. 

Like any animal with a complex 
nervous system, dogs have c/-ca@d/ian 
rhythrns, daily cycles of alertness, 

hunger, and sleep. 

Within each day, 
changes in the currents 

{ and temperature of the air 
\ help us tell the passage 

: of time too. 

Between 
those and your 

jangling the house 
keys, I know when 

it’s time for 
a walk! 



Breaking time into minutes, Se | What about longer than that? hours, days, and weeks is a What about years? T'll tell you human thing. I’m more concerned this much, a dog year just with hell oa ue numbers » doesn't exist! attached to ; my cee I don’t know where that idea Walk o/clock, came from—TI guess comparing average dinner o/clock, lifespans—but the fact is that dogs live play o’clock... and age differently than humans. 
It’s not a simple one-to- 

seven match. 

IF you 
picture humans 

aging in a straight 
line, dogs age 

in an arc. 

But when we're older, we age only 
twice as fast as humans. 

Sizeisa 
factor too—often 

a bigger dog will have 
a steeper arc, meaning 
they age faster than 

a smaller dog. 

AGE YOU ARE ——> 
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HP1H/11... 
Good as I am 

at tracking, there 
aren't any familiar 

smells here. A-ha, a 
larrcdinark! 

T’ll have 
to use my other 
navigational skills 
to get back to 

That's going to be my most 
useful tool—besides smell, of course. 

It's a good thing the park is right 
near there, because my sense 

of direction is entirely 
based on myself. 

That means I 
don’t know absolute 
directions like east 

and west. 

IF I get 
turned around... 

well, I/ll be walking 
for a while! 

Don't chase 
your tail, Rudy, 
clor7’t chase 
your tail... 

The closest 
I've got is 
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Can you 
imagine traveling 

thousands of years 
and halfway around the & 

world just to end ° 
up fost? How 

embarrassing. 

Millerriia of 
selection for the 

-.. CCNLUL/eES 
Of refinenrent 

by humans... 

-. LAE 10st 
successful 
Mattia Of7 
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And 
she’s still 

here! 

Oh man, 
did you find a 

balPS 

There 
she is tHere 

she is! 

No 
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Ha-ha, I'm 
glad to see 
you too! 

Gosh, I’ve almost finished 
my book! What took you so long? } | 

Get lost or something? 

Well, okay. 
How can I 

say No to that 
faceP 







—GLOSSARY— 

Adaptation 
A functional trait evolved by natural selection. Adaptations make an animal 

more fit for its environment. 
4 

Allele 
Aversion of a gene. There are two alleles, one from each parent, at each 

location in the genome. 
Completely dominant: A pair of alleles in which only the dominant 

allele is expressed, and the recessive allele is completely masked. 
Codominant: A pair of alleles in which both are expressed. 
Incompletely dominant: A pair of alleles that produces a blend or 

intermediate of both. 

Antithesis 
In behavior, the idea that opposite postures and sounds communicate 

opposite information. 

Breed 
A distinct type of dog, selected for by people, that is different from any 
other in measurable ways. Members of the breed are expected to look 
and act a certain way, according to the written description given by the 

“breed standard” document. 

Canine 
Any member of the genus Canis. Dogs, wolves, coyotes, and jackals are all 
canines. 

Chromosome 
A strand of DNA inherited from an organism’s parents. They are arranged in 
pairs, of which dogs have 39. 
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DNA 
A complex molecule made up of adenine, thymine, guanine, and cytosine. 
DNA is the recipe for an organism and determines how it will develop and 
function. 

Domestication 
The process of adapting a species to a human environment. 

” 

Evolution 
Changes in a species’s traits over time, allowing the members of the species to 
adapt to and diversify within their environment. 

Artificial selection: The process by which only organisms displaying 
traits selected for by humans are allowed to reproduce. 
Natural selection: The process by which organisms most fit to their 
environment survive, thrive, and reproduce at rates higher than those 
less fit. 

Fossil 
The preserved remains or traces of organisms from long ago. 

Gamete 

A cell containing half of the genetic information for an organism. During 
reproduction, two gametes combine to create a new offspring cell. 

Gene 

A section of DNA with instructions for one piece of an organism. Genes are 
the basic units of heredity. 

Genotype 
The genetic makeup of an organism, it can contain code for traits that are not 
displayed. 
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—GLOSSARY CONTINUED— 

Genotype 
The genetic makeup of an organism; it contains codes for traits both displayed 

(phenotype) and not displayed. 

Heterozygous 
A gene with a non-matching pair of alleles. 

Homozygous 
A gene with a matching pair of alleles. 

Inheritance 
The process of passing on genes from one generation to the next. 

Meiosis 
Cell division for reproduction, this process results in gametes. 

Phenotype 
The observable form of an organism, including both appearance and behavior. 

Pure breed 
A breed of dog that has reproduced only within its breed for generations. 

Species 
Traditionally, a group of populations capable of successfully interbreeding 
with one another and producing offspring that are also fertile. 

Taxonomy 
The practice of naming and classification. 

Vomeronasal organ 
A pheromone-detecting secondary sense organ located above the roof of the 
mouth and deep in a dog’s snout. 
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Nearly 
4 million dogs 

Wind up in animal shelters 
each year in America alone. 

That’s nearly 4 million 
potential best 

friends. They're good 
dogs, and I should 
Know because I was 

one of them. 
Hey, 

just one more 
thing. 

And if you want to adopt a purebred 
puppy, that’s great too! The ASPCA and 
other organizations can help you identify 

responsible, reputable breeclers who 
care about your future pet 

as much as you do. 

IF you're 
looking to adopt 

a dog, please consider Some 
checking out shelters, groups even have 

humane societies, breed specialties 
and other rescue if you've got your 
organizations. eye on one type 

of dog. 

No matter 
where your dog comes 

from, love them and care 
for them, and you'll have 

a friend for life. 

Give them 
a scratch behind 
the ears from your 

pal Rudy! 

No 



Special thanks to Richardson Humane Society, 
Plano Public Library System, and TexShare. 
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