
  

In the news
"If birds built their nests according to a 
genetic template, you would expect all 
birds to build their nests the same way 
each time. However this was not the 
case," added Dr Walsh. "Southern 
Masked Weaver birds displayed strong 
variations in their approach, revealing a 
clear role for experience. "Even for 
birds, practise makes perfect."

.

The lack of repeatability of most nest-building behaviours and the changes 
in those behaviours as males build more nests seems most readily 
explained by increasing dexterity. Further work is required to confirm any 
role for cognition in these experience-dependent changes.



  

In the news
Animals rely on these chemicals 
secreted by others to identify both 
individuals of their own species (in this 
case, they are often called pheromones) 
and those of other species. Dulac said 
that to the researchers' surprise, most of 
the receptors they found were cued to 
respond to scents from other species, 
especially those from potential predators

.

"The vomeronasal organ has always been advertised as the organ that 
determines mating behaviors," Dulac said. 

 "If the animal needs to recognize every possible predator ... then you 
probably need a lot of receptors just to be safe," Dulac said. "Some are 
specialized in detecting predators; some, even the type of predator — 
reptilian, mammalian, ferret or fox."



  

In the news
The researchers inserted an 
electrode into 16 subjects’ noses 
and then showered the volunteers 
with six different scents.

.

“Not only are the receptors organized in patches, but the axis 
that best describes their organization is pleasantness.”

An innate attraction to sugary smells and repulsion to acrid 
odors may  confer an evolutionary advantage by helping 
newborn babies seek out the food sources they need to 
survive. 



  

Ethology: topics
1) Roots of ethology: from Darwin to behavourism

2) Classical ethology: perception, elementary reactions, pre-wired learning

3) Behavioural ecology approach: optimalisation, game theory

4) Neural and genetic control of behaviour (biological rhythms, CPG, 
simpler networks)

5) Genetics and evolution of behaviour, evolution of communication 

6) Chosing the habitat and food

7) Learning theories, cognition

8) Parental investment 

9) Systems of reproduction

10) Evolution of social behaviour, cooperation and conflict



  

Central Pattern Generators 
(CPG)

Rhythmic movements: endogene rhythm or feedback?
TRITONIA (giant neuron)

Escape: rhythmic swimming



  

Escape behavior by a sea slug



  

Central Pattern Generators
TRITONIA

Escape from sea star: Fixed Action Pattern



  

Central Pattern Generators
TRITONIA

Swimming: 

Dorsal and ventral muscle alternative activation
Dorsal and ventral neurons 



  

Central Pattern Generators
TRITONIA

Giant neurons, activation



  

Central Pattern Generators

video



  

Central Pattern Generators
TRITONIA: model
Simple model: 
3 neurons suffice



  

TRITONIA: model
Simple model: 

3 neurons 

Recent results 
Command neuron:
dorsal ramp interneuron 
(DRI, white arrow)
the single interneuron 
between sensory and 
motor systems



  

Central Pattern Generators
TRITONIA: model

Receptors → dorsal ramp 
interneuron (DRI)
3 dorsal swimming interneurons 
(DSI) 
2 ventral swimming interneurons 
(VSI) 
1 interneuron (C2)

Excitation red, inhibition blue



  

DRI activates the 3 DSI
DSI excite C2, 
inhibit VSI



  

DSI excite C2 
inhibit VSI
C2 excites VSI, 
C2 inhibits AND
excites DSI



  

VSI is activated, 
inhibits DRI,
(DRI cannot excite DSI) 
Inhibits C2, and its own 
activation.

VSI stops and the 
positive feedback cycle 
(C2 és DSI) is activated



  

Central Pattern Generators
TRITONIA

DRI is command neuron: firing of DRI is neccessary and 
sufficient to start pattern generator
When activated, behaviour will continue without further 
activation (Fixed Action Pattern)



  
video

Serotonin increases sensitivity of c2



  

Central Pattern Generators

Flying of insects

 



  

Central Pattern Generators
Flight of locust

CPG: rhythic movement of wings

Feedback from wing stretch sensors

Maintance:
1) Hairs on head moved by air (predator, wind, self-generated)
2) Flow in the optic field

Termination: 
Legs touch ground, wings stop



  

Central Pattern generators

Walking of decerebrate cat
CPG in the spine
Sensory feeedback: with an injured leg you limp



  

Central Pattern Generators

Newborn: walking reflex from day 4
Disappears, walking from age 1 year old

CPG:
Generates many FAPs in invertebrates
Important in vertebrates (walking, 

breathing, swallowing etc.)



  

Simple Neural Network

Small number of identified neurons

Known connections

Controls adaptive (natural) behaviour



  

Simple Neural Network
Lepke menekülés

Nocturnal moths
Bats: echolocation (Griffin)
ultrasound (10 - 150 kHz), intensive (110 dB) short clicks (5 - 10 msec) 



  

Simple Neural Network
Escape flight

Moth survived



  

Ears: 2-2  neurons



  

Simple Neural Network
Escape flight

Recording sensory response



  
What is the function of A2 receptor?



  



  

Simple Neural Network

A1:  
Increase firing with higher pitch
Stops firing if constant ultrasonic

A2: 
Does not respond to low level sounds
Activated by intense stimulus



  

Is the A2 cell necessary for anti-interception behavior by moths? 



  

Is the A2 cell necessary for anti-interception behavior by moths? (Part 2)



  

Simple Neural Network

A1 receptor: primary bat detector 
• From a distance of 30 m 
• A1 fires, moth turns away

A2 receptor: emergency 
• Induces drop and erratic flight of 

unpredictable path



  
Bat approaches from left



  
Bat approaches from behind



  

Bat approaches from above



  

Simple Neural Network
Escape flight

More recent studies: 
A number of internaurons filtering information.
Repating neurons transmit information without altering it  
Pulse nurons fire at start of clicks 

The ears filter relevant information, a neural network abstracts 
distance and position of the bat and determines appropriate 
response

 



  

Simple Neural Network
Esape flight

Bat far away (30 m) – the moth turns so that the activity of the two A1 neurons 
would be equal: moth reduces reflecting surface and flies away from bat.

Bat very close         –  A2 cell fires  thoracic ganglion   inhibits synchronisation 
of wing muscles



  

Simple systems (?) 
LH (lateral hypothalamus) 

„hunger center” 

1) Body weight drops

2) Balance at a lower level

Phases of recovery: 

- Accepts wet palatable food

- Eats dry food if hydrated

 -Eats dry food and drinks water



  

Simple systems (?) 
VMH (Ventromedial 

Hypothalamus) „satiety 
centre” 

1) Dynamic phase: excessive 
eating

2) Static phase: balance at a 
higher level

source: 
http://www.flyfishingdevon.co.uk/s
almon/year3/psy337EatingNeuralFa
ctors/PSY337EatingNeuralFactors.h
tm



  

Simple Neural Network
Barn owl: localisation of sound source



  

Simple Neural Network
Detects sound

Turns head (eyes do not move)

Flies toward source of sound

Vison is topographic, hearing is not

What ar the cues for localisation?  

In 3D: horisontal AND vertical!



  

Simple Neural Network
Owl ears

Asymmetric: helps estimation 
of height



  

Simple Neural Network

Two cues: ITD and ILD



  

Simple Neural Network



  

Network

Midbrain 
auditory 
area



  

Simple Neural Network
A: sound from middle                         B: sound from the right

x



  

Simple Neural Network

N. magnocellularis: delay

N. laminaris: coincidence detectors



  

Simple Neural Network

Calculation of ITD: Inferior colliculus (ICC) by frequencies (tonotpic)
Summed up: ICx
Integrated:  Tectum opticum (OT) with visual (topographic) 

» Please remember: Optic Tectum



  

Simple Neural Network

Design a machine which can estimate ITD 

Problems: young owl grow, distance between ears gets bigger



  

Simple Neural Network

ITD increases as scull grows

How does the brain control for it?

Experiment: seen image shifted by 
prism



  

Simple Neural Network

Following 8 weeks of preactice: ITD (Interaural Time Distance) 
shifts. Visual information guides the estimation of ITD 

What is the mechanism? 



  

Simple Neural Network

New axons grow !!!

When prism 
removed, all gets 
back to original

Are new axons lost?



  

Simple Neural Network

Older birds cannot adjust to prism.

Older birds which practised with prisms were retested

Adaptation very soon, but only in the prectised direction.

New connections are not lost but inhibited.

Can you draw the line between learned and innate? 
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