Cetacean Brains
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EQ -- Encephalization Quotient

EQ = Actual brain mass /
Expected brain mass

Where “expected” =
0.12 x (Body mass) /3

Species
Human
Bottlenose dolphin
Orca
Chimpanzee
Rhesus monkey
Elephant
Whale
Dog
Cat
Horse
Sheep
Mouse
Rat
Rabbit

Encephalization quotient (EQ):” @
7.44'"
5.31°
2.57
2.48
2.09
1.87
1.76
1.17
1.00
0.86
0.81
0.50
0.40
0.40
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EQ -- Encephalization Quotient
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EQ Brain Size  Body Size

A

Tursiops truncatus

Delphinus delphis

Sotalia fluviatilis

Pseudorca crassidens ----

Sagmatias obliquidens --- . 4

Orcinusorca  ~==="""""""" .

r— Phocoenoides dalli -------

Monodon monoceros

Ziphius cavirostris =--------- $

e —— Kogia sima  -------e---e---

—— Py seter macrocephalus ==~~~ G

Balaenoptera physalus
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The Bottlenose Dolphin Brain

Bottlenose Dolphin Human

Tursiops truncatus H .
X & R omo sapens
L, LT, P
‘c“ s ) - .

Univ. of Wisconsin Madison Brain CoBection Univ, of Wisconsin-Madison Brain Collection D CM

Globular shape



The Cerebellum ~ 15% (esp area for face)

Pole of the The Cerebral Hemispheres e l—'.h, :f_;: =3
wﬂﬁm - i — = left fromtal

hemisphere

Olfactory cc

Pole of the Pole of the
right temporal ) - . fit temporal
hemisphere ‘. ke

Cerebellum

Human ~11%

Cerebellum
The Brainstem



Brain Development

Dolphin brain 40% adult size at birth — vs. Human ~ 25% adult size at birth



Brain Development

Due to similar impedance of seawater & amniotic fluid,
developing fetus receives much auditory input.

Shawn Noren

e.g. Mother repeats her signature whistle near end of pregnancy,
so infant is born already able to recognize it.



On sectioning the brain...
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Horizontal Section
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Saggital Section

Frontal lobe

callosum
Interthalamic-
adhesion
Thalamus
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Mesencephalon

(c) Midsagittal view



Pty

Coronal Section

Auditory Pathway

Auditory cortex
(in temporai lobe )
(‘-:\_ Inferior colliculus

Meaial geniculate
nucleus

e ,/\\.\Cochlear nucleus

7 g

Cochlea

/Su perior olivary
ﬁ\inucleus

FIGURE I8 18

Simpiiﬁed diagram of the audit\orv pathwavs. (Adapred from
Wever, 1949.)



Auditory Brain Stem

Bottlenose dolphin

MGN of Thalamus 7X

Pineal gland

colliculus

Inferior
colliculus

. . Midbrain
Inferior Colliculus

12X

Tegmentum

Pons

Posterolateral
view of
brainstem

Medulla—

Lateral Lemniscus
(Medulla)
250X

Figure 4.12 The human brainstem
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Figure 8 Brain stem of the bottlenose dolphin



Bats also good echolocators — little brain

. Bat sonar

" Returning sound waves Lesser Horseshoe Bat

Rbimalophs hipposideros
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Dolphin Audition — Dual Processing System

Brainstem for ultra-sonic, ultra-brief, rapidly-changing = Echolocation

Figure 8 Brain stem of the bottlenose dolphin



Dolphin Audition — Dual Processing System

Brainstem for ultra-sonic, ultra-brief, rapidly-changing = Echolocation

Auditory Cortex —

For “higher” auditory processing
b

Figure 8 Brain stem of the bottlenose dolphin

Saggital Section




Vision

No fovea, One cone type (no color), Rods (for motion) predominant
Optic nerve ~140,000 fibers (vs. human 1.6 million)



Vision

While (auditory) Inferior Colliculus is larger,
dolphin midbrain also has
well-developed Superior Colliculus

Superior colliculus larger than
HUMANS
(despite our primacy of vision)

Superior colliculus for
VISUAL MOTION

Figure 8 Brain stem of the bottlenose dolphin



Primates:
Half visual field to half of both eyes,
Crosses to contra-lateral brain

Vision

Cetaceans:
Each half visual field to ONE eye,

Crosses to contra-lateral brain

OOGLAR‘(BENE A7y

MONOCULAR

ULAR
MONOC 0 Cant)

170° (approx)

10°-20°
BLIND

OCEANIC HUNTER
DOLPHIN



Vision

DO examine with both eyes...




Somatosensory

SKIN SENSITIVITY MAP

1 2 3

1. = 40 mg/mm2 2 =10 -20 mg/mm2 3 =20-40 mg/mm2

SOURCE: KOLCHIN & BELKOVICH, 1973



Somatosensory

Trigeminal nerve (Somatosensory for face) — Second only to Auditory

Somatosensory pathways are contra-lateral




Tacto-Acoustic

UNUSUAL SENSORY CORTEX in TURSIOPS TRUNCATUS
WHICH RESPONDS TO BOTH TACTILE and ACOUSTIC

SOURCE: LENDE & WEKER, 1972



Tacto-Acoustic




Vestibular

Tracts much reduced (only ~1/3) compared to other mammals

_—P; £ the

— L fronsi] H
hemisphere

3

7?? . v
Graceful, agile p 7 Trigeminal
o’ : nerve
Neutrally buoyant
so can't use gravity
to detect change in tilt
Pole of the . ; Pole of the
right temporal ‘ § left temporal
hemisphere  hemisphere



Limbic System
NO olfactory bulbs  (No smell, although do taste)
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Limbic System

Hippocampus reduced

But excellent memory . ..
?? Reduced spatial mapping??

Cingulate gyrus Corpus
callosum
Anterior Fornix

thalamic nuclei—.

Mamillary

Septal nuclei bodies

Frontal lobe

Olfactory bulb:J/_/

Amygdala

Hippocampus



Limbic System

Amygdala enlarged
Emotional expression/interpretation
Esp well connected w/Auditory system

? Theory-of-mind ?

Cingulate gyrus Corpus
callosum
Anterior = A Fornix
thalamic nuclei "\\ . / R )) ;
\ oA : Mamillar
Septal nuclei e 74 bodies g
Frontal lobe :
Hippocampus

Olfactory bulb:J/J/

Amygdala



Cerebral Cortex

Bottle-nose
dolphin

Chimpanzee




Cerebral Cortex

R "Q S

o T
ESI A 2P o >d
b3 ) N e e

e %y - N~y p: -
‘ ﬂ

s
1‘ X

A"

s LAY ERs

\2

=

) !ﬁa‘é%?!@i;?ﬂg}ig?‘gﬂ

=i ¥ ASSAV™ 32 B G vy

A ¢
r?é‘iﬂ,) “fﬂ“
,’_"‘,"‘(4";.'.{‘1—};‘_ o) jié

o

LAl
==z

o o

o
- A “ L
/ VRHAN AL s 7

Cytoarchitecture:
Dolphin cortex has NO
granular Layer 4!!

NOTE: DO see Layer 4
In fetal brain, so loss is a
secondary adaptation...



Cerebral Cortex

Unlike with Brain Stem, more difficult to map homologues to other mammalian cortex

Posterior
parietal
cortex

Prestriate
cortex

T Primary visual

(striate) coriex

Inferotemporal
cortex



Cerebral Cortex

Unlike with Brain Stem, more difficult to map homologues to other mammalian cortex

\ CI'S

A2 Supra-sylvian gyrus

L 2

(

o

Al Ecto-sylvian gyrus
View from above

& behind

Ve

Figure 12 Neocortical motor and sensory fields in the bottlenose dolphin. Al, A2,
auditory fields; crs, cruciate sulcus; M, motor field; PL, paralimbic lobe; S, so-
~matosensory field; V, visual field. After Morgane et al. (1986).



Cerebral Cortex

Unlike with Brain Stem, more difficult to map homologues to other mammalian cortex

“Higher” Auditory
(Association Cortex)

Lateral view of brain of the bottlenose



The Cortex

Extra Paralimbic Lobe

Yakovlev-Haleem Collection
SPECIMEN DOL-02-63 SECTION 1401 limbic cleft

corpus callosum

Tl :\‘;

paralimbic cleft  posterior
commissure

E /
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thalamus

internal
capsule

“optictract  3rd ventricle  hypothalamus ~ @mygdala

Human Dolphln

Pty e

Coronal Section Coronal Section




Cerebral Cortex

Paralimbic Cortex

Some characteristics similar to
Higher Visual Cortex
in humans

Function??
Like Primate Orbito-Frontal???

—(
Saggital Section




Von Economo Cells

For “long distance”
Communication in large brains

Found in Humans & Apes
(not monkeys)

Found in several Cetaceans
e.g. Humpback [a Mysticete],
Sperm Whale,
Bottlenose Dolphin & Beluga

Typical Pyramidal Cell Von Economo
or “Spindle” Cell



Von Economo Cells

> Pl

Saggital Section Coronal Section

Frontal Pole Anterior Insula

Frontal Insula

Anterior Cingulate Cortex Anterior Cingulate Cortex



Mirror Cells???

No neurological data...




Asymmetrical Brain

B(;ttlgnos’se Dc:lphln Human

ursiops truncatus - . -
A : G omo s ns
AT, T, Homo sapien

¢

Undy. of Wisconsin Madson Brasn Collection

Asymmetrical — Right Hemisphere larger




Asymmetrical — Right Hemisphere Larger




Lateralized??

Dolphins preferentially use
LEFT eye (RIGHT brain)
to look at strangers

Face area of Arcuate
motor cortex fasciculus

Sylvian or
lateral fissure

Wernicke’s area \

Humans are lateralized to LEFT hemisphere
Major language areas of cerebral cortex for speech and handedness



Corpus Callosum — Connects 2 hemispheres

Corpus
callosum



—>(
Saggital Section

Corpus Callosum

Corpus callosum

Anterior
commissu

Human

Coronal Section




Corpus Callosum

Corpus callosum smallest of ANY mammal!

Bottlenose dolphin Human
(% size of human)

L Pt

Coronal Section Coronal Section




Sleep EEG

Reduced corpus callosum related to UNI-Hemispheric sleep

One Hemisphere

Other Hemisphere
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Mukhametov, Supin & Polyakova, 1977



One hemisphere must be awake enough to breathe...

Rest with one eye closed, other open...



Plus, No REM!




