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Hey Tyronel!
Why do you look so down?
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I I know Toni, but Burt
| stole my food again! [
e FTA TR YR

( 1 1|




Q Oh. I'm sorry.
He's a bit mean isn't he?

N\

Hey, I was thinking during
breakfast, do you really think

the scientists care for us?

T know they come to feed
us every day, I just had a
really strange thought!

What if, instead of the
scientists serving us ...

o ; .
~| ... wereserving
_ ’ them!!!




Don't be ridic-
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... geez, he's
big. If he’s
anything like
Burt I'm glad

he's in another

tank.

It's not as ridiculous as it sounds!

According to
Gilgamesh the

Wisel
Gilgamesh the wise!

(

.

T couldn't help but
overhear. I've spent
a lifetime working
together and learning
from the scientists.

_ i
YES PLEASE!

TN/

No.

I ... uhh, have
plans today.

A
If you're curious, I'm
always happy to ' § sl
share my knowledge!
L o
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Yes, really!

Today is the day I finally take
over this territory from Burt and
become the dominant male!
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He says that every day but
never actually challenges
him, just swims around in

the corner with me.

I can tell.

What do you mean
you can tell?

silver coloration

red humeral

patch egg spots

black eye bar

Dominant Subordinate

Well, since you asked, there are the obvious physical differences. j
I'm afraid you appear to be lacking the coloration signaling you're a
territory-holding dominant male such as myself or Burt.

I think I wear my eye bar quite well for my age don't you?
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You behave differently as well
don't you?

M

Burt spends his days defending his
territory against potential rival
males and courting females.




While as Toni said, you
spend your days
swimming around with

the other subordinate
males and females.)

F

For now! But once I

[defea‘l’ Burt I'll change!
i |

And well you may.

But remember, dominant
status isn't permanent.
It depends on whether

or not the dominant male
can keep his territory.

It could take only a
matter of minutes to
trade places if you
defeated Burt ... and
another few to end up
back where you started.

//

Wow! That quickly?
How does that actually
happen?

=

And how do you
know all of this?

%

What a wonderful question.
I know all this because I am Gilgamesh.
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Well that
answers everything.




Now, all of your behavior - yours, mine, Burt's - is
regulated by a very special organ in your head.

Scientists call it ...

The brain collects

information from
our senses such as s
sight, smell, sound, o e

and touch and it m‘ o
helps us make Qd
decisions about
the appropriate
behavior such as
eating, fighting,
fleeing, or mating.
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WOOOAH! THE BRAIN?!
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That other male
looks like trouble.



Our nervous system and
brain is made up of cool
squiggly cells called
neurons that are able to
communicate with one
another in unique ways.

Most have
a cell body,
axon,
and dendrites.

The dendrites extending These dendrites are The received signal is sent
from the cell bodies are covered in synapses, the down the axon, ending in
able to receive signals point where one neuron the axon terminal where
from other neurons. communicates with another the neuron can ftransmit its
through electrical and signals to a new cell.

chemical signaling.

What's that?
Ty stubbed
his fin?

Hey!
Ty stubbed

Message received.
his fin.

Hey! Ty stubbed

his fin. oxe
= &) & &
In order to communicate, For example, serotonin is a Once released from the
neurons briefly convert an neurotransmitter released end of an axon, the
electrical signal - called an by neurons that are neurotransmitter will bind
action potential - into a communicating about sleep, to the receptors on the
chemical one through the memory, appetite, mood, receiving neuron and
release of neurotransmitters. and other behaviors.

causes a specific response.

SLEEEEEP!!/




So Toni. Besides looks
and behavior, what
else do you think
might be different
between Ty and Burt?

Tyrone has
no brain?

No, we all have brains, haha! But scientists have
shown that there are differences between the
brains of dominant and subordinate males.

The most remarkable thing about our brain
is that it's plastic.

Plastic?
Like our tank?

N

No, it means the
brain has the
ability to change
throughout life
by constantly
strenghtening
and forming new
connections

between neurons!

This plasticity is shaped by the environment,
behaviors, and genetic factors.

For example, in our brains the scientists
have shown what areas are activated when
we are changing social status -

neural activation markers:

@ - cfos
- egrl
@ = cfos & egrl

descending

- like when we win a fight and become
dominant and get an eye bar, or lose a
fight and become subordinate.
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That's amaaaaazi ngl How do they know so
much about our brains?

So I really could become
dominant and defeat Burt.

(
Scientists are curious creatures.

Before they begin working with us,
a scientist must develop a question
that will provide
knowledge on
something that
no one yet knows.

They must design
an experiment to
test it, then
make conclusions.

They call this the 'scientific method'.
If they do this successfully they are
awarded an important piece of paper

called a PhD.

Paper?
What for?

It bestows upon
them a special title
w such as 'doctor of

What does

s philosophy'.
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But an example.

A group of scientists wanted to uncover
what specific brain regions regulated
proactive and reactive coping behaviors
in our species for the first time.
Have you ever actually been in a fight for

dominance, Ty?
e Y

) FR

Uhh well umm,
actually umm ... no.
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Well, when a male loses a
fight he either displays
what the scientists
classified as proactive or
reactive behaviors.

Proactive behaviors
are responses of
aggression or
attempts to escape
the stressor.
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g Reactive

[ animals are
O more 'shy’ and
do not attempt

; A\
to escape.
Maybe if I freeze
/ he'll go away. i
o
o NH,
\C(:g serotonin
)
O
WY dopamine

2 £
Depending on which E
coping strategy a fish
uses, the levels of
neurotransmitters in
the brain differ.

Proactive animals
have high levels of

dopamine and low HO NH,
levels of serotonin, ©:§ O
while reactive animals A
have high levels of
serotonin and low NH,
levels of dopamine. ;MQJ dopamine
i ‘ OH

rTo see how an individual's coping

behavior changed over time, a _
resident-intruder experiment
was used to expose a male to Two males
repeated defeat from the same in a tank

aggressive bully for four days. divided by a

solid blue
barrier were
allowed to
settle into new
territories.
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On the first day, the blue barrier was removed and

the intruder was moved from his territory and into On the remaining
the very handsome resident’s territory, until an hour days he was moved
had passed or he escaped through a small hole. again into the, again

very handsome,

===, -~| resident’s territory
o ““ /I until thirty minutes
[ e had passed or he
Fa escaped.
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At the end of all trials, the intruder

was moved back to his territory and

the solid blue barrier was replaced
until the next trial.
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During the first
two days,
individual fish used
both proactive and
reactive behaviors
while decreasing
the use of reactive
behaviors during
later trials.
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Day 3 ‘l

Many fish reached a threshold, most commonly on the third

interaction, where their proactive coping behaviors peaked.

The subsequent day had a drastic reduction in proactive but
increase in reactive behaviors.




So did
they
look at
their
brains
too?

Let's dig
deeper into that!

By comparing activation of

neurons in different brain

regions of fish that were not defeated, and

defeated two, three, or four times, the scientists

described a novel neural circuit regulating the use
of proactive and reactive coping behaviors.

__ﬁmins were sectioned j

and stained with the
neural activation marker
phospho-S6 ribosomal

protein known as pSé.

you lost me.

r Don't worry, all you
need to understand
is that once a
stimulus hits a
neuron, it activates
the cell and leaves
a marker - which
we are able to
visually see.

pSé6 is simply one
of those markers
that can 'light up’
an activated brain
region, meaning
these neurons are
communicating with
each other!

Through this staining method the scientists were
able to identify a group of brain regions with
greater neural activation between fish using
proactive coping behaviors and reactive ones.

Day 3 (mostly proactive) Day 4 (mostly reactive)

less activity

\

,;".

more activity

ks
ATn
anterior tuberal
nucleus -
3 4
'

less activity

more activity

superior raphe




Many neurons in this region
communicate with a signaling
molecule called dopamine.

Proactive behaving fish,
especially on day three,
showed greater neural
activation in the regions
of the forebrain called
the diencephalon.

O = dopamine

@ = serotonin

Reactive behaving fish on
day four showed greater
activation in a specific
area of the hindbrain
called the superior raphe.

Many neurons in this region
communicate with another signaling
molecule called serotonin.

Ll | .

The scientists propose that activation of this superior raphe region of the hindbrain
is one of the key mediators regulating proactive vs. reactive coping as an increase in
serotonin output may be inhibiting the 'proactive’ network of the forebrain.

Fight!
Or escape!

SHHHHH " Actually,

freeze instead.




That's cool!
But why do the scientists want to know any of this about
us? All for a fancy title like Doctor of Phlysiogomy?

=D //

... and it's not only
for the title, but
that helps.

Instead of the
scientists serving
us, or us serving
them, it turns out
we're both helping

4 We're not that different!
Like us, human scientists have brains too!

each other! : A
And their share of brain related problems.
b £
cerebellum higpeanps hippocampus

telencephalon

telencephalon

cerebellum

By learning about our brains, we help humans
provide better models for understanding mental
health disorders such as depression and anxiety.

What's exciting is that this is possible because
large portions of the brain are conserved across
many different species - in many ways the human

brain is just a more complicated fish brain!

—




It could be used to further
understand learned helplessness
in other species or even the
negative effects of bullying
in humans!

The story I told you has
greater implications than
just understanding the
neural circuits of

We can help them?
Incredible isn't it, Ty!

the brain!

Huh, I never thought humans had to face
some of the same problems we do. They seem
so happy all the time when caring for us.
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It all still sounds a bit crazy.

How do we know for sure you're not
making all of this up Gilgamesh?
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Oh! I think I know!
A certain handsome resident male has
first-hand experience doesn't he, Gil?
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T hope so!
They take such good care of us, I would
like to help them one day.

I'm getting older
but I still enjoy
working and learning
from them.

From the looks of
your tank, you might
have the pleasure
someday too.

Well, maybe that day is today!
Time to wake up and smell the experiment!

T know what role I DON'T want to play!

I want to be the cool dominant male in
the story like you, Gil! ——,
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DON’TCOMD“\
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POT BRO!
—

You can do it!
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I'M COMING
FOR YOUR
POT BRO!
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Wow!
You did it, Ty!
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Woah. My eye bar is gone and I feel less ... angry.
What happened to me?

Cheer up, Burt! , : =
Want to hear Lul ‘ il
a story?
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