Contents

Part I Evolution of the Brain

1 Overview of Brain Evolution: Lobe-Finned
Fish vs. Ray-Finned Fish . ...... ... .. .. .. .. .. .. ... ... ...
Kei Yamamoto and Solal Bloch

2 The Origins of the Bird Brain: Multiple Pulses of Cerebral
Expansionin Evolution. . . ........... .. .. .. .. .. ..
Toru Shimizu, Kazutaka Shinozuka, Ahmet K. Uysal,
and S. Leilani Kellogg

3 The Evolution of Mammalian Brains from Early Mammals
to Present-Day Primates. . ....................................
Jon H. Kaas

4 Developmental Sequences Predict Increased Connectivity in Brain
Evolution: A Comparative Analysis of Developmental Timing, Gene
Expression, Neuron Numbers, and Diffusion MR Tractography ... ...
Christine J. Charvet, Chet C. Sherwood, and Emi Takahashi

Part II Evolution of Cognition

5 The Evolution of Cognitive Brains in Non-mammals . ............
Andrew N. Iwaniuk

6 Evolution of Cognitive Brains: Mammals ......................
Gerhard Roth and Ursula Dicke

7 On the Matter of Mind: Neural Complexity and Functional
Dynamics of the Human Brain ........... ... ... .. .. ... ...,
Michel A. Hofman



10

11

Contents

Behavioural, Cognitive and Neuronal Changes in the Acquisition
of Tool Use . ... ... ... . . 169
Yumiko Yamazaki and Atsushi Iriki

Great Ape Social Attention. . . ................ ... ... ... ..., 187
Fumihiro Kano and Josep Call

Evolution of Vocal Communication: From Animal Calls to Human

Kazuo Okanoya

Integration Hypothesis: A Parallel Model of Language Development
inEvolution . ..... ... ... ... .. .. 225
Shigeru Miyagawa

Part III Evolution of Emotion

12

13

Evolution of the Emotional Brain . ... ......................... 251
Edmund T. Rolls

Evolutionary Origin of Empathy and Inequality Aversion. . ....... 273
Shigeru Watanabe and Yutaka Kosaki



2 Springer
http://www.springer.com/978-4-431-56557-4

Evolution of the Brain, Cognition, and Emotion in
Vertebrates

Watanabe, S.; Hofman, M.A.; Shimizu, T. (Eds.)

2017, X, 299 p. 76 illus., 25 illus. in color., Hardcowver
ISEMN: 978-4-431-56557-4



	Foreword
	Contents
	Part I: Evolution of the Brain
	Chapter 1: Overview of Brain Evolution: Lobe-Finned Fish vs. Ray-Finned Fish
	1.1 Introduction: Phylogenetic Relationships of Vertebrates
	1.2 Regionalization of the Brain
	1.2.1 Brain Morphogenesis at Early Stages
	1.2.2 Diversity of Brain Morphology in Adults
	1.2.3 Different Models of Forebrain Regionalization
	1.2.4 Implication of the New Model on the Anatomical Definition of the Anterior Forebrain

	1.3 Basic Organization of the Pallium
	1.3.1 Enlargement of the Pallium in “Intelligent” Species
	1.3.2 The Pallium as an Integration Center
	1.3.3 Anatomical Organization of the Pallium and Questions of Homology
	1.3.3.1 Three Classical Subdivisions: The Hippocampal, General, and Piriform Pallia
	1.3.3.2 The Fourth Subdivision: The Ventral Pallium
	1.3.3.3 Do the Four Subdivisions Really Exist?


	1.4 Evolvability of the Nervous Systems: Lessons from the Dopamine Systems
	1.4.1 Gene Duplication and Gene Loss
	1.4.2 A Large Diversity of Dopamine Systems
	1.4.3 To What Extent Is the Basal Ganglia Circuitry Conserved?

	1.5 Conclusion
	References

	Chapter 2: The Origins of the Bird Brain: Multiple Pulses of Cerebral Expansion in Evolution
	2.1 Introduction
	2.2 From Water to Land: Emergence of Amniotes
	2.2.1 Timeline
	2.2.2 Early Amniotes
	2.2.3 Brain Development
	2.2.4 Selective Factors
	2.2.4.1 Terrestrial Habitat
	2.2.4.2 Parental Investment


	2.3 From Large to Small: Dinosaurs in the Bird Stem Lineage
	2.3.1 Timeline
	2.3.2 Dinosaurs in the Bird Stem Lineage
	2.3.3 Brain Development
	2.3.4 Selective Factors
	2.3.4.1 Predatory Behavior
	2.3.4.2 Body Miniaturization


	2.4 From Cold to Warm: Flying Birds
	2.4.1 Timeline
	2.4.2 Diversification of Modern Birds
	2.4.3 Brain Development
	2.4.4 Selective Factors
	2.4.4.1 Flight
	2.4.4.2 Endothermy


	2.5 Concluding Remarks
	References

	Chapter 3: The Evolution of Mammalian Brains from Early Mammals to Present-Day Primates
	3.1 Introduction
	3.2 Early Mammals
	3.3 Placental Mammals
	3.4 The Brain of Early Primates
	3.5 The Brains of Early Monkeys
	3.6 The Evolution of Apes and Ape Brains
	3.7 The Evolution of the Brains of Modern Humans
	References

	Chapter 4: Developmental Sequences Predict Increased Connectivity in Brain Evolution: A Comparative Analysis of Developmental Timing, Gene Expression, Neuron Numbers, and Diffusion MR Tractography
	4.1 Introduction
	4.1.1 Conservation in Developmental Sequences
	4.1.2 Variation in Developmental Duration
	4.1.3 Isocortical Development
	4.1.4 Cerebellar Development
	4.1.5 Selective Changes in Neurogenesis Timing

	4.2 Species Differences in Projection Patterns
	4.3 Developmental Sources of Change in the Brain and Behavior
	4.4 Summary
	References


	Part II: Evolution of Cognition
	Chapter 5: The Evolution of Cognitive Brains in Non-mammals
	5.1 Introduction
	5.2 Relative Brain Size and Cognition
	5.2.1 Innovative Behavior and the Brain
	5.2.2 Making a Smarter Fish

	5.3 Tool Use in Birds
	5.4 Social Cognition and Brains in Non-mammals
	5.5 Spatial Cognition and the Hippocampus
	5.6 Constraints on Understanding Neural and Cognitive Evolution
	5.6.1 Brain and Cognition in Amphibians, Turtles, Squamates, and Crocodilians
	5.6.2 Is Size Everything?

	References

	Chapter 6: Evolution of Cognitive Brains: Mammals
	6.1 Introduction
	6.2 Phylogeny and Taxonomy of Mammals
	6.3 What Is Animal Intelligence?
	6.4 Cognitive Abilities and Intelligence in Mammals
	6.4.1 Tool Use and Tool Fabrication
	6.4.2 Puzzle Box Problem-Solving
	6.4.3 String-Pulling Experiments
	6.4.4 Use of Mirrors
	6.4.5 Gaze Following
	6.4.6 Imitation
	6.4.7 Mirror Self-Recognition
	6.4.8 Metacognition
	6.4.9 Theory of Mind
	6.4.10 Mental Time Travel

	6.5 Conclusions Regarding Ranks of Intelligence Among Mammals
	6.6 The Correlation of Brain Properties and Intelligence in Mammals
	6.6.1 Absolute Brain Size
	6.6.2 Relative Brain Size and EQ
	6.6.3 Size of Cortex
	6.6.4 Number of Cortical Neurons
	6.6.5 Information Processing Capacity

	6.7 Conclusions
	References

	Chapter 7: On the Matter of Mind: Neural Complexity and Functional Dynamics of the Human Brain
	7.1 Introduction
	7.2 Principles of Brain Evolution
	7.3 Organization and Evolution of the Cerebral Cortex
	7.4 Design Principles of Neural Organization
	7.5 Neural Network Wiring
	7.6 Neural Correlates of Consciousness
	7.7 Evolutionary Models of Mind
	7.8 Human Language and Cognition
	7.9 Concluding Remarks
	References

	Chapter 8: Behavioural, Cognitive and Neuronal Changes in the Acquisition of Tool Use
	8.1 In What do Animals Use the Tools for?
	8.2 Tool-Use Learning in Japanese Macaques
	8.2.1 Learning to Use Tools
	8.2.2 Changes in Neural Activity Due to the Acquisition of Tool Use
	8.2.3 Changes in Brain Structure Due to Tool Use
	8.2.4 Acquisition of Sensory Tools Via Motor Tools

	8.3 Tool-Use Learning in Common Marmosets
	8.3.1 Learning to Use Tools
	8.3.2 Changes in Brain Structure Through Tool-Use Learning
	8.3.3 How Does Tool-Use Learning Differ Between Marmosets and Macaques?

	8.4 Changes in Brain Structures and Their Functions in Relation to Tool-Use Learning
	8.5 Tool Use and Cognitive Evolution
	8.6 Conclusion
	References

	Chapter 9: Great Ape Social Attention
	9.1 A Method for Tracking the Gaze of Apes
	9.2 Apes’ Attentional Focus and Its Determinants
	9.2.1 Focal Elements of Interest

	9.3 Context Dependency of Gaze
	9.3.1 Species Uniqueness of Gaze

	9.4 Co-orienting Attention with Others
	9.5 Anticipating the Actions of Others
	9.6 The Role of Memory in Anticipatory Looking
	9.7 Following Gaze of Others
	9.8 Conclusions and Future Directions
	References

	Chapter 10: Evolution of Vocal Communication: From Animal Calls to Human Speech
	10.1 Introduction
	10.2 Emergence of Communicative Signals
	10.2.1 Ritualization of Respiratory Movements
	10.2.2 Honest Signals
	10.2.3 The Motivation-Structure Rule

	10.3 Emergence of Songs
	10.3.1 Food-Begging and Isolation Calls
	10.3.2 Singing Together to Repel Predators
	10.3.3 Songs as Honest Signals

	10.4 Signal Complexity
	10.4.1 Sexual Selection
	10.4.2 Domestication

	10.5 Emergence of Speech
	10.5.1 Gibbon Songs and Gelada Lip-Smacking
	10.5.2 Mutual Segmentation Hypothesis
	10.5.3 Neural Substrates of the Mutual Segmentation Hypothesis

	10.6 Specificity of Linguistic Communication
	10.6.1 Speech: Honest and Dishonest Components
	10.6.2 The Future of Human Communication

	10.7 Conclusion
	References

	Chapter 11: Integration Hypothesis: A Parallel Model of Language Development in Evolution
	11.1 Introduction
	11.2 Did Protolanguage Exist?
	11.2.1 Song Protolanguage
	11.2.2 Lexical Protolanguage

	11.3 Both Gradual and Rapid
	11.4 Basics of Human Language
	11.4.1 Duality of Semantics (Chomsky 2005; Miyagawa 2010)

	11.5 Lexical and Expression Layers: Separate Systems in Nature
	11.6 Progenitors of Human Language
	11.6.1 Four Stages of Language Evolution (Progovac 2015: 15)

	11.7 Concluding Remarks
	References


	Part III: Evolution of Emotion
	Chapter 12: Evolution of the Emotional Brain
	12.1 Introduction
	12.2 An Anatomical and Functional Framework for Understanding the Neural Basis of Emotion
	12.3 Evolution of the Primate Orbitofrontal Cortex
	12.4 The Primate Including Human Orbitofrontal Cortex (OFC) Implements Reward Value
	12.5 Rapid, Rule-Based Reward Reversal Learning in Primates: Orbitofrontal Cortex vs. Amygdala
	12.6 Neuroeconomic Representation of Value in the Primate Including Human Orbitofrontal Cortex
	References

	Chapter 13: Evolutionary Origin of Empathy and Inequality Aversion
	13.1 Introduction
	13.2 Emotional Contagion or State-Matching of Emotion: Automatic Positive and Negative Empathy
	13.2.1 Negative Emotional Contagion
	13.2.2 Positive Emotional Contagion

	13.3 Social Comparison and Empathy
	13.3.1 Social Equality
	13.3.1.1 Social Facilitation by Equality in Negative Emotion
	13.3.1.2 Stress-Reducing Effects by Equality in Negative Emotion

	13.3.2 Social Inequality
	13.3.2.1 Reversed Empathy or Disadvantageous Inequality Aversion
	13.3.2.2 Schadenfreude

	13.3.3 Sense of Fairness

	13.4 Mechanisms of Empathy from an Associative Learning Perspective
	13.4.1 Emotional Contagion Through Pavlovian Conditioning and a Role for Stimulus Generalization
	13.4.1.1 Two Basic Learning Processes Underlying Emotional Contagion

	13.4.2 Role of a Shared Experience, Familiarity, and Similarity Between Conspecifics
	13.4.3 Empathy, Imitation, and the Mirror Neuron System
	13.4.3.1 Behavioral and Neural Mechanisms of Motor Imitation
	13.4.3.2 Neural Substrates of Empathy and Imitation

	13.4.4 Mechanisms of Reversed Empathy and Schadenfreude
	13.4.5 Mechanisms of “Cognitive” Empathy

	13.5 Function of Empathy
	13.5.1 Social Learning and Empathy
	13.5.1.1 Observational Fear Conditioning
	13.5.1.2 Roles of a Shared Experience and Familiarity in Observational Fear Conditioning

	13.5.2 Voluntary Empathetic Behavior
	13.5.2.1 Reducing the Distress of Conspecifics
	13.5.2.2 Nature of Reinforcer in the Rescue Behavior


	13.6 Evolutionary Origin of Social Comparison
	References





