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The Development of Animal Behavior Research
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Studying animal behavior in the laboratory



Why should we study animal behavior?

« Provide better animal welfare
« Understanding the evolution of species

« Revealing the functions of the brain




The level of behavioral research

. Animals are more likely to exhibit certain behaviors and less likely to
Behavior state exhibit other behaviors under the influence of the environment
Ethogram is a list of typical behaviors performed by an animal,
Ethogram including how often and how long the animal does them
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Behavior sequence: Within a certain period of time, behaviors are
triggered in chronological order
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Questions
« What is the significance of behavioral sequences?
« How to maintain the sequence?

« Is there also a sequence between different behaviors?



« The temporally specific hunting behavior sequence —— E§gi%
 Fragmentation of feeding behavior caused by environment and motivation — =&

 The transition mechanism between planning and execution — [F&R=



The temporally specific hunting behavior sequence
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Hunting behavior

Predatory process

Baseline Introduction Chase Attack Eating

@ @N".&"‘@\"" "

predatory hunting



LH, ZI, CeA participate in hunting behavior through PAG
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Distinct clusters of LPAG neurons are sequentially recruited in predatory hunting
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Mobile visual stimuli can cause strong responses from LPAG neurons
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Two types of LPAG neurons are activated in different stages of hunting
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Inactivation of LPAGY92t neurons inhibits chasing and attacking
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Inactivation of LPAGV9lu2 neurons specifically inhibiting attacks
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The loss of any afferents will weaken hunting behavior
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Summary
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e i « The behavioral sequence is maintained by
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Why do afferents affect the entire hunting process?
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Research overview

All sensory perception and every coordinated movement, as well as feelings, memaories and mativation, arise from the
bustling activity of many millions of interconnected cells in the brain. The ultimate function of this elaborate network is
1o generate behavior. We use zebrafish as our experimental model, employing a diverse array of molecular, genetic,
optical, connectomic, behavioral and computational approaches. The goal of our research is to undersiand how
neuronal circuits integrate sensory inputs and internal state and convert this information into behavioral responses.
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The hunting behavior of zebrafish
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Visual information is crucial for initiating hunting
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The disappearance of target can affect the normal progression of hunting behavior
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Monocular vision is responsible for the continuity of hunting, while binocular vision

participates in the accurate subsequent process
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Take home messages

« The ordered activation of neurons forms a stereotyped sequence of behavior

« The continuous input of sensory information ensures the accuracy of behavioral

sequences
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Fragmentation of feeding behavior caused
by environment and motivation
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Feeding is the first priority




Sustained disturbance of feeding-related behaviors lead to a variety of diseases
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How is feeding behavior regulated?



ARC: Wi 5 R %
LH: ZMU N B
PBN: 55

Three pillars for the neural control of appetite
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ARCAGRP _, ARCPOMC

In the ARC, AGRP neurons inhibit POMC neurons.

Inhibit feeding
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What factors influence feeding behavior?

v Hunger or satiety signal CIntrinsic drive)
v Environmental factor (Extrinsic motivation)

o
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DACVTA — DRDlLPBN
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Feeding behavior Food intake
Duration of feeding

ARTICLE | ONLINE NOW

An iterative neural processing sequence orchestrates feeding

Qingqing Liu ~ e Xing Yang °  Moxuan Luo ° ¢ ... Xiaofen Li ® Rosa H.M. Chan e Liping Wang A2 ° .

(NOrs e now footnotes

* Published: March 15, 2023 * DOI: https://doi.org/10.1016/j.neuron.2023.02.025

For the first time, the team elucidated the sequential
neuroregulatory mechanism of the whole process of feeding.
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The neural circuits underlying the phasic complexity and sequential nature of feeding

Act |. Food procurement Act Il. Food consumption Act lIl. Meal termination
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Food consumption can be thought of as not simply
fulfilling appetite, but a dynamic competition between
appetite and other conflicting motivations.
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ARCAIRP neurons | HGABA neurons DRGABA neurons
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Hunger, . .
searching forfood —» Consuming food —» Satiety

A - “ARCAIRP | HGABA and DRSABA neurons
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summary

® Feeding behavior can be regulated by multiple brain regions and neurons,
which form complex neural circuits.

For example, ARCAGRP | H, PBNCGRP neurons.

® Feeding behavior can be simplified into three stages: food procurement, food
consumption, and meal termination.

® ARCAIRP | HGABA and DRGABA neurons mediate the sequential regulation of
feeding behavior.
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The importance of planning and execution for human and animals’?




How to study this behavior in the laboratory?

TORQEE MOTOR

PULL ZONE

Acquire touch Target cue Movement period
. . Go cue )
Acquire fix Plan period Target acquired

Monkey J

PUSH ZONE—_ 22
e
Z

Funahashi, S.et al.Neurophysiol.1991. Kaufman, Matthew T et al. Journal of neurophysiology.2010.



A paradigm for studying this behavior in mice.

Movement

-0.7 s from Go cue

Jaw
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/\AA/\"VA~J\\
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Inagaki, H. K. et al. Cell. 2022.



A performance (%)

ALM involved in motor preparation
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Mutual drive of ALM and thalamus during the preparation phase
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What Is the transition mechanism
between planning and execution?



What Is the transition mechanism between planning and execution?

* Subthreshold theory

* Gating theory
* Brainstem oculomotor system

* A new theory



A midbrain-thalamus-cortex circuit reorganizes cortical
dynamics to initiate movement
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A paradigm for studying this behavior in mice.

Movement

-0.7 s from Go cue

Jaw
Tongue
Go cue
/\AA/\"VA~J\\
-1.2 -1 -0.8

Time from Go cue (s)
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Inagaki, H. K. et al. Cell. 2022.



A mode switch before movement initiation
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Thalamus conveys the Go cue signal to ALM

A Go-up cells B D /—{>
(sorted by latency, top 20% of cells) < y Control
, Lickright trial  Lick left rial ’%;\ i ALM silencing
. — ALM : __é 20 1
i i Thal,, PV-ires-cre T
<3 3 x Ai32 E 5
SEeS Go-up cells £ % 10
1027 g = 021 ALM sﬂencing % _9_2
N R o | — o 3
- .g 64 iSample { Delay |Response = =S
.. f =° Go | () D) R & - “
=3 B0 T ] cue ! : Time from Go cue (s)
@ N (&}
£ (&) <z 0 ~
e 0 50
66 =2 Time from Go cue (ms) E F
0 100 O 100 Spike rate in Thal, Go cue activity
Time from Go cue (ms) duing the delay epoch inThal, .
p = 0.002 _ 3 p=0612
g’ 9 o g) o 20 ¢
S ® G g 4U] °
S 20 se 2, g¢ | * %
=~z \N— — ; -gé .. » et ; g 09 0 °
ALM: BISMILZa1 KR = = -3 e d.o. E @ Q- ° 4
Thalay: IREHEIALME EAHET L 0 & o
0 20 0 20

Control, spikes per s Control, spikes per s



PPN/MRN projects to ALM-projecting thalamus
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Latency after the Go cue In thalamus-projecting brain areas
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Phasic stimulation of thalamus-projecting PPN/MRN neurons
mimics the Go cue lick left trials
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Perturbation of thalamus-projecting PPN/MRN neurons

blocks movement initiation lick left trials
lick right trials
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Meaning of this research
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Take home message

The interesting paradigm for studying planning and W@
execution in mice -
ALM involved in motor preparation °°°::°"° \I\\ | l S ot
The mutual drive between ALM and thalamus makes —_— ) i " p—
ALM sustainably excited during the preparation phase «
The transition mechanism between planning and @ /?’
execution in delayed-response task /::“:

~ Gocue
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