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The hierarchy and the logic of nervous system
evolution
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Evolutionary approach
Evolution is not revolution

Hierarchy and evolution of nervous system
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The role of nervous system

Cortex —— Potential input

Sensor
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ANTICIPATION

> Integration

Input Output

REGULATION

Potential output — Cortex

Effector
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The logic of evolution of the nervous system

Input ——> Integration —— > Output

Four basic types of tissue
v Epithelial

v" Connective
v" Muscular

v" Nervous
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The logic of evolution of the nervous system

Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical

N\ synapses (gap junctions)
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Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical
synapses (gap junctions)

B. Protomyocytes separate
0 ] Lntopt . .
Sa o i from sensory epithelium,

all connected by electrical
synapses
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The logic of evolution of the nervous system

Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical
synapses (gap junctions)

B. Protomyocytes separate
0 ] Lntopt . .
Sa o i from sensory epithelium,

all connected by electrical
synapses

1
}g;\cs/:o;oro.’ Lo

o3~ C. Protoneurons appear,
sensory and connected to
separate contractile cells
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The logic of evolution of the nervous system

Input ——> Integration —— > Output

A. Myoepithelium:

contractile epithelial cells
responding to stimulation and
interconnected by electrical
synapses (gap junctions)

A P B. Protomyocytes separate
G / from sensory epithelium,

all connected by electrical
synapses

/{

et D. Neurons appear, separate
from both neurosensory cells
and contractile cells.

Chemical synapses appear.

} DO UL

o3~ C. Protoneurons appear,
sensory and connected to
separate contractile cells

By
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The logic of evolution of the nervous system

J J_ j T ] . 3 primary sensory neurons Input

seconda r'y sensory neurons

Integration

3 5 s
motor neurons l
(the “final common path™)
Output
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The logic of evolution of the nervous system

* Polyp
— Reticular NS
— Nonspecific reaction on irritation
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The logic of evolution of the nervous system

* Polyp

— Reticular NS

— Nonspecific reaction on irritation Mouth
e Jellyfish

— Around propulsion part is nervous
system into the ring

i P

s Vise I
- A gy -

e | -

i, - -~

— Coordinated contraction —
coordinated movement

Chuter nerve ring

Ejl Tentacle

Inner nerve ring
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The logic of evolution of the nervous system

* Polyp
— Reticular NS
— Nonspecific reaction on irritation

e Jellyfish

— Around propulsion part is nervous
system into the ring

— Coordinated contraction —
coordinated movement

Chuter nerve ring

Ejl Tentacle

Inner nerve ring
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The logic of evolution of the nervous system

* Worms

— Segmented nervous system Brain
— Left — right coordination — —
— Ganglia _ _ .
— ,,Brain” ganglion — head — forward

locomotion — food intake o (. —r—

pracesop gaal
Commissure

https://en.wikipedia.org/wiki/Earthworm
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The logic of evolution of the nervous system

* [nsect
— ,Sophisticated” NS
— Coordinated movement
— ,Developed” senses
— Communication skills (bee)
— Social structures

15 Hierarchy and evolution of nervous system

Brain

Ventral
nerve cord

Segmental “'!'M!
ganglia %

http://bilingualbiology10.blogspot.cz/2013/08/topic-11b-arthropods-izeltlabuak.html
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The logic of evolution of the nervous system

e \ertebrates

» Cartilaginous or bony protection of CNS
» Real brain

» Very sophisticated NS
 Coordinated movement
* Senses
e Social structures
* Intelligence

Fishes (intelligence)
Amphibians
Reptiles (emotions)

SN N X

Birds and mammalians (the top of evolution)

16 Vyvoj a hierarchické usporadani nervového systému

' bony fish

amphibian o~
Key: M, "“‘I"'{u'uu.h v
= = CEFEEHlJIH'I . % P —
mm = cerebellum 5)- .
= tectum — — lamprey

Northcutt RG, Noback CR, Kallen B. Nervous system (vertebrate). Access Science [Internet]. 2020 [cited 2021 Sep 17];
Available from: https://www.accessscience.com/content/nervous-system-vertebrate/449300
Copyright © McGraw Hill
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The logic of evolution of the nervous system
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Chimpanzee

Mammalian Primate
Common Common
Ancestor Ancestor

Hominins
Great Apes
Marmoset
Hominids
Galago
‘ - Cat
New World Old World
Monkeys Monkeys
sauirrel Simians Prosimians

uirre|

Carnivores Sheep

Ungulates @
Mouse Primates
@ i y Ghost Bat

" Chiroptera
Rodents 4
Tenrec ' Flying Fox

Afrosoricida

Insectivores @
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Homo Sapiens Sapiens

HDMO%I’I"I\. | Cranial Capacity

- \ %& Homo Erectus Neandertalensis (em®
n < ., & 1,500em?
T = Homo Habilis ot B
.. Australopitecus b .
Amm!)ocdc joasuss
Primate Prehominids
' 9 & 7 & Sl ae
M ML':[:V\'-_DLM ____ A7 a7
P MIMETOLITHS
| Pliocene i Pleistocene | Hol
3 Million of years 2 My 1My 500,000 y P

M= Mimetolith

M-m= Mimetolith modified Mm-m= Mimetomorph modified.

http://www.rupestreweb.info/mimesis.html
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Basics of behavior enabling survival

* Multipurpose movements

— The most basic actions of individual organisms

» Locomotion: to approach or to avoid something

» Orienting: towards or away from something

» Exploring/foraging/seeking (includes the first two

plus motivation)
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Basics of behavior enabling survival

* Multipurpose movements

— The most basic actions of individual organisms

» Locomotion: to approach or to avoid something

» Orienting: towards or away from something

» Exploring/foraging/seeking (includes the first two

plus motivation)

* Background (maintenance) activity
— respiration, temperature regulation, postural

reflexes
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Basics of behavior enabling survival

* Multipurpose movements

— The most basic actions of individual organisms

» Locomotion: to approach or to avoid something

» Orienting: towards or away from something

» Exploring/foraging/seeking (includes the first two

plus motivation)

* Background (maintenance) activity
— respiration, temperature regulation, postural

reflexes

e Motivation
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Basics of behavior enabling survival

* Multipurpose movements ' pme tO%
— The most basic actions of individual or=- d de\le\o M\ i
» Locomotion: to approach - _“““eﬂce na 1sNS )| s
T - \ ] eC es W | e
> Orlentmg : Tov ot\o“ “a\ﬂl‘“% C(a(\\a\ (\eN e
» Explori \_oCO se“SON Cliag uts § o
plus mo . oC gro! pa\‘a us ot b
_ con® otof 3PF Nerm=r der
* Background -ated qentih otion t
ASSOC‘ ptofs KO \OCO .
— respiratio o o ne Y& gure £OrS
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Evolution of the brain

e Neural tube

e Locomotion

* Rostral receptors

22 Hierarchy and evolution of nervous system

olf = olfactory
SS = somatosensory
vestib = vestibular

F=forebrain

M=midbrain

H=hindbrain

C=spinal cord [E.\almlplm of cranial
nerve inputs)

Fig. 4-1

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of

Technology: MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-
NC-SA
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Evolution of the brain

* Expansion of hindbrain

(Rhombencefalon - Medula
oblongata, pons Varoli,
cerebellum)

* Input

— Information form head sensors

* Qutput
— Motor system

(Fixed action pattern - J
reflex/instinct behavior)

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts
Institute of Technology: MIT OpenCourseWare), http://ocw.mit.edu (Accessed).
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Evolution of the brain

* Expansoin of forebrain 1

(Prosencephalon - diencephalon,
telencephalon)

(simultaneously with hindbrain)

* |nput
— Olfaction (Approach/avoidance) a olfactory bulb
b connection in
* Output primitive corpus
— Motor system striatum

(via corpus striatum)

Gerald Schneider. 9.14 Brain Structure and lIts Origins, Spring 2014. (Massachusetts Institute of
Technology: MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-
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Evolution of the brain

* Expansoin of forebrain 1

(Prosencephalon - diencephalon,
telencephalon) b=ty 7 forebrain

(simultaneously with hindbrain)

* |nput
— Olfaction (Approach/avoidance) a olfactory bulb
b connection in The striatal connections
* OUtpUt primitive corpus were plastic: They could
. be strengthened or
_ striatum =
Motor system weakened, depending on
(via corpus striatum) experience.

Gerald Schneider. 9.14 Brain Structure and lIts Origins, Spring 2014. (Massachusetts Institute of
Technology: MIT OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-
NC-SA
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Evolution of the brain

* Expansion of midbrain

* Input
— Vision, sense of hearing (distant
senses)
* Qutput

— Motor system
(Approach — contralateral m.)
(Avoidance — ipsilateral m.)

 Advantage
— Speed
— Acuity

26 Hierarchy and evolution of nervous system

Endbrain
k-
‘tweenbrain — N '

Midbrain

Anti-predator
behavior:
turning away
from stimulus

e

Orienting:
turning of head
& eyes toward
stimulus

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014.

(Massachusetts Institute of Technology: MIT

OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons

BY-NC-SA
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Evolution of the brain

* Expansoin of forebrain 2

(Prosencephalon - diencephalon,
telencephalon)

* Input
— Nonolfactory systems connected
to forebrain

— Mainly vision and hearing

* Advantage
— Plastic connections of forebrain

 Thalamus
— Gating
(Corpus striatum and cortex)
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Optic lobes
of midbrain

;‘;r'" \-H_"'" - : \-F/i':fpj o
¥ 55— Cerebellum

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014.
(Massachusetts Institute of Technology: MIT

OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons
BY-NC-SA
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http://fourier.eng.hmc.edu/e180/lectures/v1/node2.html

Right optic tract
Right LGN

Optic
radiation

Fixation point
Ly
et
(RGN v
—
Monocular Binocular Monocular
segment segment segment

Primary visual cortex

Optic
\ chiasm

Left Right
hemisphere hemisphere

Copyright © 2008, 2004, 1998, 1093, 1988, 1983 by Mosby, Inc., an sffiate of Els

http://www.slideshare.net/CsillaEgri/presentations
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Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring
2014. (Massachusetts Institute of Technology: MIT
OpenCourseWare), http://ocw.mit.edu (Accessed).
License:Creative Commons BY-NC-SA

Endbrain

Orienting:
turning of head
& eyes toward

stimulus
Anti-predator

behavior:
turning away
from stimulus
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Evolution of the brain

* Expansoin of forebrain 3
* Neocortica expansion

e Simultaneous expansion of
— Neostiratum
— Neocerebellum

 Advantage

— ,High resolution” information
processing

— Anticipation \j

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. I\/I
(Massachusetts Institute of Technology: MIT

OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons I\/|
BY-NC-SA
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Thalmus and neocortex

Gating

* Thalamic nuclei
— Nonspecific
— Specific

e Reciprocal
connections
between thalamus
and neocortex
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Lateral dorsal

nucleus )
Mediodorsal
nucleus

Anterior
nucleus

Centremedian
nucleus

Pulvinar

Lateral posterior

VPM nucleus

Medial geniculate
nucleus

Lateral geniculate
nucleus

http://what-when-how.com/neuroscience/the-thalamus-and-cerebral-cortex-integrative-systems-part-2/
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Cerebellum
Coordination

Regulation of
muscle tone,
coordination of
skilled voluntary
movement

Planning and
initiation of
voluntary activity

Maintenance of
balance, control
of eye movements

- Vestibulocerebellum

- Spinocerebellum
- Cerebrocerebelum

http://www.slideshare.net/HarshshaH103/cerebellum-its-function-and-releveance-in-psychiatry
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Hierarchy of central nervous system

Cerebral Hemispheres
Highest Level of
Coordination

Il.
3

Tou t;fh, etc. '

—

Touch, etc.

Spinal cord:
Lowest Level of
Coordination
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Hierarchy of central nervous system

Brainstem

Abstract Thought
Concrete Thought
Affiliation
Attachment
Sexlal Behavior
Emotional Eeactivity
M otor Regulation
"Arousal”
Appetitelsatiety
Sleep
Elood Pressure
Heart Rate
Body Temperature

https://rajugurusamy.files.wordpress.com/2007/11/memories1.gif?w=497
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Hierarchy of nervous system

|

Autonomic

Somatic

S
- pathetic

| Parasym-
pathetic
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