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PART I

INTRODUCTION

PART I

INTRODUCTION
A.  Organization of the Atlas

This is the last volume in the Atlas of Human Central 
Nervous System Development series.  It deals with human 
brain development during the early first trimester from 
the 3rd through the 7th gestational weeks (GW3-GW7).  
Volume 1 (Bayer and Altman, 2002) records the develop-
ment of the spinal cord from GW4 to the 4th postnatal 
month.  Volumes 2 through 5 deal with prenatal brain 
development.  The analysis procedes in reverse (older-to-
younger) order: from more recognizable brain structures 
in the third trimester to progressively less familiar struc-
tures in the second trimester to often uncertain or hypo-
thetical structures in the first trimester.  Volume 2 (Bayer 
and Altman, 2004a) records brain development during the 
third trimester, with specimens ranging in age from GW37 
to GW26; its major theme is the maturation of the brain’s 
settled and enduring neuron populations.  Volume 3 (Bayer 
and Altman, 2005) deals with brain development during 
the second trimester, with specimens ranging in age from 
GW24 to GW13.5; its major theme is the migration, 
sojourning, and settling of the brain’s diverse neuron pop-
ulations.  Volume 4 (Bayer and Altman, 2006) presents 
brain development during the late first trimester, with spec-
imens ranging in age from GW11 to GW7.5; its major 
theme is the neuroepithelial mosaics that generate differ-
ent populations of neurons and glia.    This volume pres-
ents brain development during the early first trimester, with 
specimens ranging in age from GW7.0 to GW3.2, and has 
four major themes: (1) growth of the stockbuilding neuro-
epithelium along the expanding shorelines of the brain’s 
superventricles, (2) early neurogenesis, (3) the onset of 
brain parenchymal development related to the expansion 
and decline of the superarachnoid reticulum, and (4) the 
inductive and signaling interactions between the brain and 
peripheral structures in the skull.

The present volume features 14 normal specimens.  
Approximately two specimens near the same age were 
selected for analysis, one cut in the transverse (mainly cor-
onal) plane, the other cut in the sagittal plane.  For the 
oldest age group (GW7), there is a third specimen sec-
tioned mainly in the horizontal plane.  (Younger horizon-
tally sectioned specimens are not in any of the collections 
we examined.)  Each specimen is presented as a series of 
grayscale photographs of its Nissl-stained brain sections 

including the surrounding skull (Parts II through XV).  
The photographs are shown from anterior to posterior (cor-
onal specimens), medial to lateral (sagittal specimens), and 
dorsal to ventral (horizontal GW7 specimen).  Portrait ori-
entation is used for the coronal specimens; the dorsal part 
of each section is toward the top of the page, the ventral 
part at the bottom, and the midline is in the vertical center 
of each section.  Landscape orientation is used for the hori-
zontal specimen; the anterior part of each section is facing 
to the left (bottom of page), posterior to the right (top of 
page), and the midline is in the horizontal center of each 
section.  All coronal and horizontal specimes have com-
puter-aided 3-dimensional reconstructions of their brains 
showing each section’s location.  That reconstruction clears 
up the ambiguity about the exact plane of sectioning 
through each brain; a problem we addressed in Volume 4.  
Portrait orientation is used for all sagittal specimens; the 
anterior part of each section is facing left, posterior right, 
dorsal top, and ventral bottom.  Parts II through XV con-
tain companion plates, designated as A and B on facing 
pages.  Part A on the left page shows the full contrast pho-
tograph with labels of the skull and peripheral neural struc-
tures; part B on the right page shows low contrast copies 
of the same photograph with superimposed outlines of the 
labeled brain parts.  The low magnification plates show 
entire sections to identify the large structures and subdivi-
sions of the brain.  The high magnification plates feature 
enlarged views of the brain core to identify smaller struc-
tures.  For ease of interpretation in all plates, the ventricles 
are labeled in capitals,  the neuroepithelium and other 
germinal zones in Helvetica bold, transient structures 
in Times bold italic, and permanent structures in Times 
Roman or Times bold.  Fixation artifacts are usually out-
lined with dashed lines in part B of each plate, but few 
specimens in this volume have artifacts.

Since this is the final volume in the series, a Conclud-
ing Essay (Part XVI) links major themes of brain devel-
opment at the cell and tissue level (described in the Atlas 
Series) with current neuro-developmental studies on gene 
expression and other molecular markers.  Figure 15 to 
Figure 43 in the essay bring together photographs of indi-
vidual brain structures at various ages so that the sequence 
of development is immediately apparent.  An Appendix 
contains tables listing the estimated timespans of neuro-
genesis for the major populations in the human central ner-
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vous system (CNS) based on experimentally determined 
data in rats.  References follow the appendix, and the Atlas 
concludes with an alphabetized Glossary that defines the 
developmental structures labeled in the plates.

B. Specimens

All specimens are from the collections of human 
embryos and fetal brains currently kept at the National 
Museum of Health and Medicine, Armed Forces Institute 
of Pathology, Washington, D.C.  Nine specimens are from 
the Carnegie Collection and are designated by their respec-
tive numbers with the prefix C.  The Carnegie Collection 
was started by Franklin P. Mall (1862-1917) and expanded 
at the Carnegie Institution of Washington under the direc-
tion of George L. Streeter (1873-1948) and George W. 
Corner (1889-1981).  Five specimens are from the Minot 
Collection and are designated by their respective numbers 
with the prefix M.  The Minot Collection is named after 
Charles S. Minot (1852-1914), who collected and prepared 
over 1900 embryos of different animal species, and approx-
imately 100 human embryos, close to a century ago.

C. Photography and Computer Processing

All specimens were photographed using either an Olym-
pus photomicroscope or a Wild photomakroskop.  The 
magnification varied for each specimen according to the 
size of the head; the section with the largest area that could 
be accommodated within the field of view set the mag-
nification for all sections of a particular specimen.  All 
photographs were taken with a green filter to increase the 
contrast of the black and white film (Kodak technical pan 
#TP442).  The film was developed at 20°C for 6 to 7 min in 
Kodak HC110 developer (dilution F), followed by Kodak 
stop bath for 30 s, Kodak fixer for 5 min, Kodak hypo clear-
ing agent for 1 min, running water rinse for 10 min, and a 
brief rinse in Kodak photoflo before drying.

The negatives were scanned at 2700 dots-per-inch (dpi) 
with a Nikon Coolscan-1000 35-mm film scanner, which 
was interfaced to a PowerPC G3 Macintosh computer 
running Adobe Photoshop with a plug-in Nikon driver.  
To capture the subtle shades of gray, the negatives were 
scanned as color positives, inverted, and converted to gray-
scale.  Using the enhancement features built into Adobe 
Photoshop and the additional features of Extensis Intel-
lihance, adjustments were made to increase contrast and 
sharpness.  When the image resolution was set to 300 dpi, 
a full-size photographic file printed at approximately 12 to 
10 in.  Most images are shown at slightly reduced full size 
on separate pages.  Adobe Illustrator was used to super-
impose labels and to outline structural details on low con-
trast copies of the Adobe Photoshop files.  The plates were 
placed into a book-form layout using Adobe InDesign.  
Finally, camera-ready files were provided to Taylor & Fran-
cis in Adobe portable document format (pdf).

The entire brain and upper cervical spinal cord of each 
transversely cut specimen was three-dimensionally recon-
structed in five steps.  First, photographs of serial sections 
were made throughout the entire brain; the negatives were 
scanned and converted to computer files as described in 
the preceding paragraph.  Second, all the files of sections 
selected for the reconstruction were placed into one large 
Photoshop file that contained a separate photograph in each 
layer.  By altering the visibility and transparency of these 
layers the sections were aligned to each other as they were 
before sectioning.  Then each layer was saved as a separate 
file.  Third, Adobe Illustrator was used to outline the brain 
surface of each aligned section, and these contours were 
saved in separate Adobe Illustrator encapsulated postscript 
(eps) files.  Fourth, the eps files were imported into 3D 
space (x, y, and z coordinates) using Cinema 4DXL (C4D, 
Maxon Computer, Inc.).  For each section, points on the 
contours have unique x-y coordinates and the same z coor-
dinate.  By calculating the distance between sections, the 
entire array of contours was stretched out in the z axis. The 
C4D loft tool builds a “skin” of the brain as a spline mesh 
of polygons.  The polygons start from the x-y points on the 
first contour with the most anterior z coordinate, to the x-y 
points on the next contour behind it, and finish with the x-y 
points on the last contour with the most posterior z coordi-
nate.  The spline meshes of the entire brain surface were 
rendered at various camera angles as completely opaque 
using the C4D ray-tracing engine.  These reconstructions 
are shown in Figure 1 to Figure 14.  Fifth, spline meshes 
of the brain surface posterior to a specific section (coronal 
brains) or ventral to a specific section (horizontal brain) 
were rendered with a copy of the photograph of the particu-
lar section texture-mapped as a cap on the model.  These 
reconstructions are shown as insets in Part A of each low 
magnification plate of the coronal and horizontal speci-
mens.

D. Identification of Transient and Immature 
Brain Regions

With the exception of the rhombomeres in the pons and 
medulla that are visible prior to and including GW5.5, 
the identification of most structures in early first trimester 
human brain—in particular, the various neuroepithelial 
(NEP) compartments—have received little attention in the 
past.  Most identifications are based on our previous 3H-thy-
midine autoradiographic work with rats.  There is a great 
similarity between the rat brain and human brain in the 
sequential order of neurogenesis and early neuronal differ-
entiation, especially in the brainstem.  Our experimental 
studies in the rat and the rationale for most of the proven or 
putative identifications we make are in the following pub-
lications.

Amygdala:  Bayer (1980c).  
Basal Ganglia:  Bayer (1984, 1985b, 1987). 
Cerebellum:  Altman and Bayer  (1978a, 1982a, 1985a, 
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1985b, 1985c, 1997). 
Cerebral Cortex:  Altman and Bayer (1990a, 1990b); 
Bayer and Altman (1990, 1991a).  
Cranial Nerve Nuclei:  Altman and Bayer (1980a, 1980b, 
1980c, 1982b).  
Hippocampus:  Altman (1963); Altman and Das (1965a); 
Altman and Bayer (1975, 1990c, 1990d, 1990e); Bayer 
(1980a, 1980b).  
Hypothalamus:  Altman and Bayer (1978c, 1978d, 1978e, 
1986). 
Medulla:  Altman and Bayer (1978b, 1980a, 1980b, 
1980c, 1982b).  
Midbrain:  Altman and Bayer (1981a, 1981b, 1981c). 
Olfactory Bulb:  Altman (1969); Bayer (1983). 
Pontine Area:  Altman and Bayer (1978b, 1980d, 1987a, 
1987b, 1987c, 1987d).
Precerebellar Nuclei:  Altman and Bayer (1978b, 1987a, 
1987b, 1987c, 1987d, 1997).
Preoptic Area:  Altman and Bayer (1986); Bayer and 
Altman (1987). 
Rhinencephalon:  Bayer (1985a, 1986a, 1986b); Bayer 
and Altman (1991b).
Septal Area:  Bayer (1979a, 1979b).  
Spinal Cord:  Altman and Bayer (1984, 2001).
Thalamus:  Altman and Bayer (1979a, 1979b, 1979c, 
1988a, 1988b, 1988c, 1989a, 1989b, 1989c).
 
E. Major Developmental Features of the First 

Trimester Brain

In Part XVI, Concluding Essay, we summarize the 
landmark events that characterize the development of the 
human CNS during the first trimester.  Briefly reviewed, 
they are the following.

(i) For several weeks after closure of the neural tube 
(the future spinal cord) and the neural vesicles (the future 
rhombencephalon, mesencephalon, diencephalon, and tel-
encephalon), the CNS consists of a single proliferative 
tissue, the stockbuilding neuroepithelium (NEP).  These 
NEP cells do not produce neurons and neuroglia but rather 
the growing stock of pluripotent progenitor cells that will 
later give rise to the differentiating cells of the CNS.

(ii) The proliferating NEP cells undergo mitosis near 
the lumen of the ventricles, hence the growth of the stock-
building NEP matrix is associated with the expansion of 
the narrow protoventricles to produce the large rhomben-
cephalic, mesencephalic, diencephalic, and telencephalic 
superventricles.

(iii) The rate of stockbuilding cell mitosis varies in dif-
ferent components of the NEP matrix in relation to the 
sizes of the neuronal populations being generated for dif-
ferent brain structures.  This results in a variegated ventric-
ular shoreline (rhombomeres, evaginations, invaginations, 
eminences).  We refer to these distinguishable NEP matrix 
shorelines as NEP cell mosaics.

(iv) When NEP cell proliferation shifts from stockbuild-
ing progenitor cells to unloading postmitotic neurons and 
neuroglia, these cells migrate outward and accumulate in 
the brain parenchyma, the space situated between the NEP 
and the pia.  We present evidence that the formation of a 
hitherto unidentified meningeal structure, the superarach-
noid reticulum, is related to this parenchymal expansion.  
The superarachnoid reticulum is a broad, fluid-rich menin-
geal tissue sandwiched between the early-developing pia 
and the formative dura.  The initial expansion of the super-
arachnoid reticulum antedates the appearance of the brain 
parenchyma.  While the parenchyma continually expands 
as more and more neurons migrate into it and differentiate, 
the superarachnoid reticulum continually shrinks until it is 
a thin meninx.  We postulate that the transient hypertophy 
of the superarachnoid reticulum serves as a parenchymal 
expansion field for the developing brain.

(v) The shrinkage of the NEP matrix is coupled with cell 
migration.  A small complement of migrating cells produce 
fate-restricted secondary germinal matrices away from the 
ventricle, such as the external germinal layer of the cere-
bellum and the subgranular zone of the hippocampus.  The 
bulk of migrating cells are young neurons that may sojourn 
in transitional fields but eventually settle in their final loca-
tions throughout the parenchyma.

(vi) Peripheral and central inductive and signaling mech-
anisms play a major role in producing fate-restricted NEP 
cell mosaics, guiding migrating neurons, and directing  
axons to grow to their targets.  Interactions between the 
NEP and the cephalic and branchial placodes (periphero-
central signaling) influence the diversification of NEP 
mosaics.  Centro-central signaling between CNS structures 
is responsible for the coordinated development of different 
brain regions not directly connected with the periphery.

(vii) An attempt is made to relate the morphological evi-
dence for NEP matrix diversification, cell-fate restriction, 
neuronal migration, and axonal guidance in the human 
CNS with the underlying genetic and molecular mecha-
nisms revealed by current research in animals. 



This specimen is embryo #2155 in the Minot Collection, 
designated here as M2155. The crown-rump length (CR) is 
17.5 mm estimated to be at gestational week (GW) 7.  Most 
of M2155’s brain sections are cut (10 µm) in the coronal 
plane, but the plane shifts to predominantly horizontal in 
the posterior medulla.  We photographed 71 sections at low 
magnification from the frontal prominence to the posterior 
tips of the mesencephalon and cerebellum.  Seventeen of 
these sections are illustrated in Plates 1AB to 17AB.  All 
photographs were used to produce computer-aided 3-D 
reconstructions of the external features of M2155’s brain 
(Figure 1), and to show each illustrated section in situ 
(insets, Plates 1A-17A).  A prominent developmental strat-
egy during the early first trimester is that many develop-
ing brain structures interact with primordial structures 
in the head and neck.  Consequently, each illustrated 
section shows the brain with all surrounding tissues.  
Labels in A Plates (normal-contrast images) identify non-
neural and peripheral neural structures; labels in B Plates 
(low-contrast images) identify central neural structures.  
Plates 18-20 show high-magnification views of the cere-
bral cortex, diencephalon, and mesencephalon.  Some high-
magnification plates are rotated 90˚ (landscape orientation) 
to more efficiently use page space.  The brain of M2155 
has considerable variation in the thickness of the neuroepi-
thelium and in the number of migrating neurons in various 
parts of the brain parenchyma.

Throughout the telencephalon, the neuroepithelium is 
the most prominent structure surrounding the enlarging tel-
encephalic superventricle.  A cell-sparse primordial plexi-
form layer is adjacent to the cerebral cortical neuroepithe-
lium.  A few pioneer Cajal-Retzius neurons have migrated 
into this layer, but most cortical neurons have not yet been 
generated.  The cerebral cortical neuroepithelium is grow-
ing by adding more neuonal stem cells that will produce 
neurons during the late first trimester (Volume 4, Bayer 
and Altman, 2006) and early second trimester (Volume 
3, Bayer and Altman, 2005).  In contrast to the cerebral 
cortical neuroepithelium, the basal ganglionic and basal 
telencephalic neuroepithelia do have adjacent migrating 
neurons.  In some areas, these neurons appear to migrate 
together in early (outermost and less dense) to late (inner-
most and most dense) waves.  In accordance with the 
peripheral interaction theme, there is only the slightest 
indication of an olfactory bulb evagination in spite of the 
fact that a fully invaginated olfactory epithelium is in the 
nasal cavity and olfactory nerve fibers already contact the 
brain just anterior to the basal telencephalon.  We hypoth-
esize that olfactory nerve fibers have the capacity to induce 
the cortical neuroepithelium to proliferate and evaginate 
into an olfactory bulb later on.  There is an olfactory evagi-

nation by GW7.5 (See Volume 4, Bayer and Altman, 2006, 
Plates 188A and B, pp. 464-465). 

The diencephalic neuroepithelium surrounds a slit-like 
superventricle.  It is thinnest in the hypothalamic and sub-
thalamic areas, where it is surrounded by densely packed 
waves of migrating neurons.  It is postulated that these 
areas of the superventricle have shrinking shorelines as the 
neuroepithelia “unload” their stock of neuronal precursors.  
In contrast, the superventricle shoreline is still expanding 
as the thalamic neuroepithelium continues to add more 
neuronal precursors than to unload postmitotic neurons.  
The few neurons outside the thalamic neuroepithelium are 
postulated to be the oldest neurons in the ventral complex, 
posterior complex, and the reticular nucleus. 

The mesencephalon contains a stockbuilding neuroepi-
thelium in the pretectum and tectum (relatively few adja-
cent migrating neurons).  On the other hand, the tegmental 
and isthmal neuroepithelia are much thinner because most 
of their neuronal progeny has migrated out.  These cells 
accumulate as inner dense clumps and outer sparse arrays 
interspersed among the thick accumulations of subpial fiber 
bands in the tegmental and isthmal parenchyma.

Both the pons and medulla have neuroepithelia that are 
shrinking as they have already unloaded their neuronal pre-
cursors into an expanding parenchyma.  Cells are migrat-
ing and settling in longitudinal arrays at the pontine flex-
ure.  A few cells are settling in the superior olive complex 
and many are settling in the reticular formation throughout 
the pons and medulla.  Facial motor neurons are migrating 
from medial to lateral, leaving behind their axons in the 
genu of the facial nerve.  Migrating cochlear nuclear neu-
rons are outside the neuroepithelium in the anterior part 
of the lower rhombic lip, while migrating inferior olive 
neurons are in the posterior intramural migratory stream 
outside the precerebellar neuroepithelium in the posterior 
lower rhombic lip; some neurons have already settled in 
the inferior olive.  Many neurons have settled in the sol-
itary nucleus, surrounding a definite solitary tract.  The 
hypoglossal nucleus is also distinguishable in the lower 
medulla.

The cerebellar neuroepithelium is exceptional in the 
rhombencephalon because it is the only neuroepithelium 
still in the stockbuilding phase, mainly adding precursors 
of Purkinje cells.  Many deep nuclear neurons have already 
been generated and are migrating in the cellular layers of 
the cerebellar transitional field.  The fibrous layers prob-
ably contain afferents from the spinal cord and the vestibu-
lar ganglion.

PART II: GW7 CORONALPART II: GW7 CORONAL
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Figure 1.  A, The left side of 
the 3-D model viewed from 

the front at a 45º heading; 
this view is used to "peel 
away" sections of each 
level in the following 
Plates.  
B, a straight view of 
the left side. 

C, a straight down view 
of the top.

D, an upward view of the 
bottom, angled (120º) to look 

into the mesencephalic and 
diencephalic flexures.     
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PLATE 1A

GW7 Coronal
CR 17.5 mm
M2155
Level 1: Section 50

Frontonasal process

Frontal prominence

Frontonasal process

Lateral nasal process

Lateral nasal process

Nostril

Mouth

Hyoid bone
Laryngeal cartilages

External ear

Maxilla

Eye

Mandible

Nasal septum

Medial nasal process

Medial nasal process

Nasal septum

Future skin and skull
(cell dense)

Future dura (cell dense internal
border of skull)

Superarachnoid reticulum
(cell sparse)

Superarachnoid reticulum
(cell sparse)

Pia

Nostril

Level 1: Computer-aided
3-D Brain Reconstruction

The GW7 Face and Neck
Figure 247E modified (Patten, 1953, p. 429.) 

Future frontal bone

Branches of middle cerebral artery

Branches of anterior cerebral artery
in pial vascular network Dural vascular network

Superior sagittal sinus (in interhemispheric fissure)

Non-neural structures labeled

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.
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Migrating Cajal-Retzius cells
and subplate neurons

PLATE 1B

Migrating Cajal-Retzius cells
and subplate neurons

Migrating Cajal-Retzius cells
and subplate neurons

Anterior cerebral
Anterior communicating

Opthalmic

Circle of Willis

Middle cerebral

Posterior communicating

Posterior cerebral

Superior cerebellar

Pontine

Anterior inferior cerebellar

Posterior inferior cerebellar

Basilar

Internal carotid

Vertebral

Brain surface (heavier line)

Interhemispheric fissure

Cortical primordial plexiform layer

Dural outline is external border of
superarachnoid reticulum

Migrating basal ganglionic neurons?

Major Arteries at Base of Brain
Figure 394D modified (Patten, 1953, p. 625.) 

Neural structures labeled

Neocortical NEP

Basal ganglionic
(anterolateral) NEP?

telencephalic
superventricle

(future lateral ventricle)

anterodorsal
pool

antero-
ventral

pool

NEP - Neuroepithelium

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

Major inputs
from aortic

arch

Major branches of input arteries

Limbic cortical (insular) NEP

Pre-
frontal?

Cingulate

Limbic
cortical
NEP

CEREBRAL CORTEX

TELENCEPHALON

BASAL GANGLIA

Earlier maturation is indicated by the 
presence of migrating neurons outside the 
basal ganglionic, insular, and prefrontal 
NEPs.

Later maturation is indicated by the absence 
of migrating neurons outside the 
neocortical and cingulate NEPs. 
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PLATE 2A

GW7 Coronal
CR 17.5 mm
M2155
Level 2: Section 116

Pia

Nerve I (olfactory)

Eyelid

Olfactory epithelium

Nasal epithelium

Level 2: Computer-aided
3-D Brain Reconstruction

Nasal septum

Hypothetical olfactory
induction field

Oral cavity

Nasal cavity

Mandible

Zygomatic bone?

Maxilla

Peripheral neural and non-neural structures labeled

Branches of middle
cerebral artery

Branches of anterior cerebral artery
in pial vascular network

Dural vascular network

Superior sagittal sinus (in interhemispheric fissure)

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

Superarachnoid reticulum
(cell sparse)

Superarachnoid reticulum
(cell sparse)
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Migrating and settling septal neurons

Corticoganglionic NEP

telencephalic
superventricle

(future lateral ventricle)

Anterolateral
ganglionic

NEP

Septal NEP

Basal
telencephalic

NEP

PLATE 2B

Neocortical NEP

telencephalic
superventricle

(future lateral ventricle)

Cortical primordial plexiform layer

Migrating
Cajal-Retzius cells
and subplate neurons

Migrating basal
ganglionic neurons

Settling basal
ganglionic neurons

Migrating neurons
originating in cortico-
ganglionic NEP

Migrating basal telencephalic
neurons

Settling basal telencephalic neurons

Migrating and settling septal neurons

Anterolateral
ganglionic

NEP

Corticoganglionic NEP Fornical GEP

Choroid plexus
stem cells

Septal NEP

Basal
telencephalic

NEP

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

dorsal
pool

ventral
pool

Central neural structures labeled

Brain surface (heavier line)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

ABBREVIATIONS:
GEP - Glioepithelium
NEP - Neuroepithelium

Interhemispheric fissure

Dural outline is external border of
superarachnoid reticulum

Limbic cortical
(insular) NEP

Hippocampal

Cingulate

Limbic
cortical NEP

CEREBRAL CORTEX

TELENCEPHALON

BASAL GANGLIA/
BASAL TELEN-
CEPHALON
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Tongue

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Branches of anterior cerebral artery
in pial vascular network

Dural vascular network

Superarachnoid
reticulum
(cell sparse)

Superarachnoid reticulum
(cell sparse)

Anterior cerebral artery

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

PLATE 3A

GW7 Coronal
CR 17.5 mm
M2155
Level 3:
Section 164

Nerve I (olfactory)

Eyelid
Earliest ganglion cells

Eye

Sclera

Vitreous body
Lens

Cornea

Pigment epithelium
Retinal NEP

Intraretinal space

Olfactory epithelium

Nasal epithelium

Level 3: Computer-aided
3-D Brain Reconstruction

Nasal septum

Oral cavity

Palatal process

Nasal cavity

Mandible

Tongue

Maxilla

Zygomatic bone?

Orbito-sphenoid
process

Pia

Peripheral neural and non-neural structures labeled

Branches of middle
cerebral artery

Superior sagittal sinus (in interhemispheric fissure)

Vascular bed of
choroid plexus

Hypothetical olfactory
induction field

Lingual epithelium
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telencephalic
superventricle

(future lateral ventricle)

Anterolateral
ganglionic NEP

Anteromedial
ganglionic NEP

Choroid
plexus

stem cellsTelencephalic

Diencephalic

Septal NEP

Basal telen-
 cephalic NEP

PLATE 3B

Central neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Neocortical NEP

telencephalic
superventricle

(future lateral ventricle)

Cortical primordial
plexiform layer

Migrating
Cajal-Retzius cells
and subplate neurons

Migrating basal
ganglionic neurons

Pioneer internal
capsule axons

Settling basal
ganglionic neurons

Migrating neurons
originating in cortico-
ganglionic NEP?

Migrating basal
telencephalic neurons

Settling basal
telencephalic neurons

Migrating and settling
septal neurons

Anterolateral
ganglionic NEP

Anteromedial
ganglionic NEP

Cortico-
ganglionic NEP

Fornical GEP Choroid
plexus

stem cellsTelencephalic

Diencephalic

Septal NEP

Basal telen-
 cephalic NEP

dorsal
pool

ventral
pool

foramen
of monro

third
ventricle

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.
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CEREBRAL CORTEX

TELENCEPHALON

BASAL GANGLIA/
BASAL TELEN-
CEPHALON

Brain surface (heavier line)

Interhemispheric fissure

Dural outline is external border of
superarachnoid reticulum

Limbic cortical
(insular) NEP

Hippocampal
Cingulate

Limbic
cortical NEP
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TongueTongue

PLATE 4A

GW7 Coronal
CR 17.5 mm
M2155
Level 4:
Section 201

Level 4: Computer-aided
3-D Brain Reconstruction

Eyelid
Eye

Sclera

Vitreous body

Pigment epithelium
Ganglion cells
Retinal NEP

Intraretinal space

Orbito-sphenoid
process

Ethmoid bone?

Lingual epithelium

Palatal process

Oral cavity

Meckel's cartilage

Maxilla

Future parietal
bone? Pia

Peripheral neural and non-neural structures labeled

Branches of middle
cerebral artery in pial

vascular network

Anterior cerebral artery

Superior sagittal sinus

Vascular bed of
choroid plexus

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular networkSuperarachnoid reticulum
(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

See a high magnification view
of the thalamus and cerebral cortex

in Plates 18A and B.

Nerve II (optic)
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telencephalic
superventricle

(future lateral ventricle)

Migrating basal ganglionic
neurons

Settling basal ganglionic
(globus pallidus?) neurons

Pioneer internal capsule axons

Settling basal telencephalic neurons

Migrating
thalamic
neurons

Migrating neurons
originating in cortico-
ganglionic NEP?

Migrating basal telencephalic neurons

Settling basal telencephalic neurons

Migrating
preoptic
neurons

Posterior
ganglionic NEP

Preoptic NEP

Basal telen-
cephalic NEP

Dorsal thalamic NEP

Anterior thalamic NEP
Reticular NEP

foramenof monro
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BASAL GANGLIA/
BASAL TELENCEPHALON

DIENCEPHALON
(PREOPTIC AREA)

PLATE 4B

Central neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Neocortical NEP

Limbic cortical
(insular) NEP

telencephalic
superventricle

(future lateral ventricle)

Cortical primordial
plexiform layer

Migrating
Cajal-Retzius cells
and subplate neurons

Migrating basal ganglionic
neurons

Settling basal ganglionic
(globus pallidus?) neurons

Pioneer internal capsule axons

Settling basal telencephalic neurons

Migrating
thalamic
neurons

Migrating neurons
originating in cortico-
ganglionic NEP?

Migrating basal telencephalic neurons

Settling basal telencephalic neurons

Migrating
preoptic
neurons

Posterior
ganglionic NEP

Cortico-
ganglionic NEP

Hippocampal

Cingulate

Fornical GEP

Choroid
plexus

stem cells

Preoptic NEP

Basal telen-
cephalic NEP

Dorsal thalamic NEP

Anterior thalamic NEP
Reticular NEP

posterior
pool

foramenof monro

th
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preoptic
pool
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en

ce
ph

al
ic
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tr
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le
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Brain surface (heavier line)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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CEREBRAL CORTEX

BASAL GANGLIA/
BASAL TELENCEPHALON

DIENCEPHALON
(PREOPTIC AREA)

DIENCEPHALON
(THALAMUS)

TELENCEPHALON

Dural outline is external border of
superarachnoid reticulum

Limbic
cortical NEP
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PLATE 5A

GW7 Coronal
CR 17.5 mm
M2155
Level 5:
Section 242

Level 5: Computer-aided
3-D Brain Reconstruction

Future ethmoid/
sphenoid bones

Oral cavity

Palatal process

Meckel's cartilage

Tongue Salivary gland?

Maxilla

Future parietal
bone?

Peripheral neural and non-neural structures labeled

Orbito-sphenoid
process

Lingual epithelium

Pia

Branches of anterior cerebral artery

Superior sagittal sinus

Vascular bed of
choroid plexus

Branches of middle
cerebral artery in pial

vascular network

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular network

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

Anterior cerebral artery

See a high magnification view of the thalamus
and cerebral cortex from Section 236

in Plates 19A and B.

Nerve II (optic)?
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telencephalic
superventricle

(future lateral ventricle)

Migrating basal ganglionic neurons

Pioneer internal capsule axons

Migrating bed nucleus of the
stria terminalis neurons

Migrating thalamic neurons

Migrating neurons
originating in cortico-
ganglionic NEP?

Migrating basal telencephalic neurons

Settling basal telencephalic neurons

Migrating lateral preoptic neurons

Posterior
ganglionic NEP

Fornical GEP

Preoptic NEP
Lateral

Medial

Chiasmatic GEP
(intermingled

with anterobasal
hypothalamic NEP?)

Reticular

Optic nerve GEP

Basal telencephalic NEP

Dorsal

Ventral

Anterior

Strionuclear NEP

Medial forebrain bundle?

BASAL GANGLIA/
BASAL TELENCEPHALON

DIENCEPHALON
(PREOPTIC AREA)

DIENCEPHALON
(HYPOTHALAMUS)

Anterobasal nuclear neurons?

PLATE 5B

Central neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Neocortical NEP

telencephalic
superventricle

(future lateral ventricle)

Cortical primordial
plexiform layer

Migrating
Cajal-Retzius cells
and subplate neurons

Migrating basal ganglionic neurons

Pioneer internal capsule axons

Migrating bed nucleus of the
stria terminalis neurons

Migrating thalamic neurons

Migrating epithalamic neurons

Migrating neurons
originating in cortico-
ganglionic NEP?

Migrating basal telencephalic neurons

Settling basal telencephalic neurons

Migrating lateral preoptic neurons

Posterior
ganglionic NEP

Corticogan-
glionic NEP

Hippocampal
Retrosplenial?

Fornical GEP

Choroid
plexus

stem
cells

Preoptic NEP
Lateral

Medial

Chiasmatic GEP
(intermingled

with anterobasal
hypothalamic NEP?)

Reticular

Optic nerve GEP

Basal telencephalic NEP

Dorsal

Ventral

Anterior

Strionuclear NEP

posterior
pool

thalamic
pool

preoptic
pool

Brain surface (heavier line)

Medial forebrain bundle?

Anterobasal nuclear neurons?

fora-
men of
monro

optic recess

Thalamic NEP

Epithalamic NEP
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Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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Limbic cortical
(insular) NEP

Limbic
cortical
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Dural outline is external border of
superarachnoid reticulum

CEREBRAL CORTEX

BASAL GANGLIA/
BASAL TELENCEPHALON

DIENCEPHALON
(PREOPTIC AREA)

DIENCEPHALON
(HYPOTHALAMUS)

DIENCEPHALON
(EPITHALAMUS AND

THALAMUS)

TELENCEPHALON
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The large cell-sparse 
superarachnoid 
reticulum defines 
various brain 
parenchymal 
expansion zones.  It 
is sandwiched 
between external 
(dural) and internal 
(pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Dural vascular network

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

PLATE 6A

GW7 Coronal
CR 17.5 mm
M2155
Level 6:
Section 283

Level 6: Computer-aided
3-D Brain Reconstruction

Trigeminal
ganglion (V)

Ali-sphenoid
process? Sphenoid bone

(sella turcica)

Oral cavity

Palatal process

Pituitary gland
(anterior lobe,

adenohypophysis)

Meckel's cartilage

External auditory
meatus (in petrous
temporal bone)

Petrous temporal bone

Tongue
Laryngo-tracheal groove

Larynx

Future temporo-
mandibular joint

Maxilla

Future parietal
bone

Salivary gland?

Peripheral neural and
non-neural structures labeled

Lingual epithelium

Pia

Middle
cerebral artery

Circle of Willis
artery

Carotid artery
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Branches of anterior cerebral artery
in pial vascular network

Superior sagittal sinus
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telencephalic
superventricle

(future lateral ventricle)

Migrating bed nucleus of the
stria terminalis neurons?

Migrating subthalamic neurons
(zona incerta, Forel's fields)

Migrating amygdaloid
neurons

Migrating anterior hypothalamic neurons

Migrating lateral hypothalamic neurons

Amygdaloid NEP

Reticular

Anterior

Lateral

Dorsal

Ventral

Subthalamic NEP

Strionuclear NEP?

Medial forebrain bundle?

Thalamic
NEP

Hypothalamic
NEP

BASAL GANGLIA (AMYGDALA)

DIENCEPHALON
(HYPOTHALAMUS)

CEREBRAL CORTEX

PLATE 6B

Central neural
 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Neocortical NEP

telencephalic
superventricle

(future lateral ventricle)

Cortical primordial
plexiform layer

Migrating Cajal-
Retzius cells and
subplate neurons

Migrating bed nucleus of the
stria terminalis neurons?

Migrating subthalamic neurons
(zona incerta, Forel's fields)

Migrating thalamic neurons

Migrating epithalamic neurons

Migrating amygdaloid
neurons

Migrating anterior hypothalamic neurons

Migrating lateral hypothalamic neurons

Amygdaloid NEP

Limbic cortical
(retrosplenial?) NEP

Reticular

Anterior

Lateral

Dorsal

Ventral

Subthalamic NEP

Strionuclear NEP?

posterior
pool

thalamic
pool

subthalamic
pool

hypo-
thalamic

pool
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Brain surface (heavier line)

Medial forebrain bundle?

infundi-
bular
recess

Thalamic
NEP

Epithalamic NEP
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Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

NEP - Neuroepithelium

Hypothalamic
NEP

CEREBRAL CORTEX
TELENCEPHALON

BASAL GANGLIA (AMYGDALA)

DIENCEPHALON
(HYPOTHALAMUS)

DIENCEPHALON
(EPITHALAMUS,

THALAMUS, AND
SUBTHALAMUS)

Dural outline is external border of
superarachnoid reticulum
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The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Sphenoid bone
(sella turcica)

PLATE 7A

GW7 Coronal
CR 17.5 mm
M2155
Level 7:
Section 325

Level 7: Computer-aided
3-D Reconstruction

Trigeminal
ganglion (V)

Nerve V
(trigeminal)

Facial
ganglion (VII)?

Inferior
glossopharyngeal

ganglion
(IX)?

Future
squamous
temporal
bone?

Temporal bone
labyrinth

Pituitary gland

Petrous temporal bone

Esophagus

External
auditory
meatus

Future parietal
bone

Ali-sphenoid
process

Anterior lobe,
adenohypophysis

Posterior lobe,
neurohypophysis

Peripheral neural and
non-neural structures labeled

Pia

Middle cerebral
artery and branches

Carotid artery

Superior sagittal sinusPineal gland

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell dense
internal  border of skull)

Circle of Willis
artery
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Dorsomedial/ventromedial
complex?

Arcuate
nucleus?

Median
eminence/

neurohypophysis
(pituicyte)

GEP

Subthalamic NEP

infundi-
bular
recess

Middle

Lateral

Hypothalamic NEP

DIENCEPHALON
(SUBTHALAMUS AND
HYPOTHALAMUS)

Migrating lateral
hypothalamic neurons

TELENCEPHALON
CEREBRAL CORTEX

PLATE 7B
Central neural

 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Cortical primordial
plexiform layer

Migrating Cajal-
Retzius cells and
subplate neurons

Migrating
subthalamic
neurons
(zona incerta,
Forel's fields)

Migrating thalamic neurons

Dorsal lateral geniculate

Ventrobasal complex

Reticular nucleus

Migrating epithalamic
neurons

Migrating middle
hypothalamic
neurons

Migrating lateral
hypothalamic neurons

Reticular

Posterior (dorsal
lateral geniculate)

Ventral
thalamic

pool

subthalamic
pool

hypo-
thalamic

pool
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Brain surface
(heavier line)

Medial forebrain
bundle?

Thalamic
NEP

Epithalamic NEP

Pineal GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

ABBREVIATIONS:
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NEP - Neuroepithelium

Neocortical
NEP

Dorsomedial/ventromedial
complex?

Arcuate
nucleus?

Median
eminence/

neurohypophysis
(pituicyte)

GEP

Subthalamic NEP

infundi-
bular
recess

TELENCEPHALON
CEREBRAL CORTEX

Middle

Lateral

Hypothalamic NEP

DIENCEPHALON
(SUBTHALAMUS AND
HYPOTHALAMUS)

DIENCEPHALON
(EPITHALAMUS,
AND THALAMUS)

Dural outline is external border of
superarachnoid reticulum
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PLATE 8A

GW7 Coronal
CR 17.5 mm
M2155
Level 8: Section 375

Level 8: Computer-aided
3-D Brain Reconstruction

Trigeminal
boundary
cap (V)

Facial
boundary
cap (VII)?

Immature cochlea
and semicircular
canals

Boundary caps are
Schwann cell GEPs?

Vestibulo-
cochlear
boundary
cap (VIII)

Vestibular ganglion
(VIII)

Spiral ganglion (VIII)?

Future squamous
temporal bone?

Temporal bone labyrinth
(otic vesicle)

Nerve VIII
(vestibulocochlear)

Nerve V (trigeminal)

Petrous temporal bone

Basal occipital bone

Future parietal bone

Peripheral neural and
non-neural structures labeled

Pia

Middle cerebral
artery and branches

Circle of Willis
arteries?

Posterior cerebral artery

Basilar artery

Basilar artery

Vertebral artery?

Superior sagittal sinus

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Superarachnoid reticulum (cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)

*

*

*

*
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Luysian migration (subthalamic nuclear
neurons originating in hypothalamic NEP)

Longitudinal domains of
migrating and settling

pontine neurons

Lateral

Intermediate

Medial

Reticular

Posterior (dorsal
lateral geniculate)

Posterior
(medial geniculate)

Subthalamic NEP

Principal sensory nucleus (V)?

Medial lemniscus?

Caudal extension of trigeminal nuclear
complex (V)?

Lateral lemniscus?

Central trigeminal tract?

Pontine
reticular
formation

Midline raphe glial structure

Migrating raphe nuclear complex neurons

mesencephalic superventricle
(future aqueduct)

RHOMBENCEPHALON
(PONS)

Hypothalamic NEP
(middle)

PLATE 8B

Central neural
 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Migrating subthalamic
neurons (zona incerta,
Forel's fields)

Migrating thalamic neurons

Dorsal lateral geniculate

Medial geniculate

Reticular nucleus

Migrating pretectal neurons

Luysian migration (subthalamic nuclear
neurons originating in hypothalamic NEP)

Longitudinal domains of
migrating and settling

pontine neurons

Lateral

Intermediate

Medial

Settling subthalamic
nuclear neurons?

Reticular

Posterior (dorsal
lateral geniculate)

Posterior
(medial geniculate)

Subthalamic NEP

thalamic
pool

subthalamic
pool

hypo-
thalamic

pool
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Brain surface (heavier line)

Posterior commissure

Medial forebrain
bundle?

Principal sensory nucleus (V)?

Medial lemniscus?

Caudal extension of trigeminal nuclear
complex (V)?

Lateral lemniscus?

Central trigeminal tract?

Pontine
reticular
formation

Midline raphe glial structure

Migrating raphe nuclear complex neurons

Thalamic
NEP

Pretectal NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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mesencephalic superventricle
(future aqueduct)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.
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Hypothalamic NEP
(middle)

RHOMBENCEPHALON
(PONS)

DIENCEPHALON

MESENCEPHALON
(PRETECTUM)

Dural outline is external border of
superarachnoid reticulum
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PLATE 9A

GW7 Coronal
CR 17.5 mm
M2155
Level 9: Section 410

Level 9: Computer-aided
3-D Brain Reconstruction

Trigeminal
boundary
cap (V)?

Vestibulo-
cochlear
boundary
cap (VIII)

Future
squamous
temporal

bone

Temporal bone
labyrinth
(immature cochlea
and semicircular
canals)

Petrous
temporal

bone

Basal occipital bone
Foramen
magnum

Future parietal bone

Peripheral neural and
non-neural structures labeled

Pia

Circle of Willis
arteries?

Posterior cerebral
artery and branches

Basilar artery

Basilar artery

Mastoid air cells?

Superior sagittal sinus

Middle cerebral artery

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)

Superarachnoid
reticulum
(cell sparse)

Superarachnoid reticulum (cell sparse)

See a high magnification view
of the mesencephalon

and diencephalon
from Section 390 in

Plates 20A and B.

Nerve and ganglion IX (glossopharyngeal)

Boundary caps are
Schwann cell GEPs?

*

*

*
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Luysian migration (subthalamic nuclear
neurons originating in hypothalamic NEP)

Cerebellar NEP

Auditory (cochlear) NEP

Lateral pontine NEP

Medial pontine NEP

Medial medullary NEP

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Lateral medullary NEP

Reticular

Posterior
(medial geniculate)

Subthalamic NEP
subthalamic

pool

hypo-
thalamic

pool

diencephalic superventricle
(future third ventricle)

Medial lemniscus?

Lateral lemniscus?

Sojourning Purkinje cells?

Ventral nucleus of the
lateral lemniscus?

Superior olivary complex

Central trigeminal tract?

Medullary reticular formation

Pontine
reticular

formation

Nerve VII
(genu)

Medial longi-
tudinal fasciculus

Facial motor
neurons

Premigratory
Migrating

Settling?

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Migrating raphe nuclear complex neurons

Migrating trigeminal nuclear complex neurons?

CEREBELLUM

UPPER MEDULLA

Hypothalamic NEP
(middle)

Migrating thalamic neurons

Migrating cochlear nuclear neurons?

Migrating cerebellar deep nuclear neurons?

PLATE 9B

Central neural
 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Migrating
subthalamic
neurons
(Forel's fields and
zona incerta?)

Migrating thalamic neurons
Medial geniculate?

Reticular nucleus

Migrating pretectal neurons

Luysian migration (subthalamic nuclear
neurons originating in hypothalamic NEP)

Hypothalamic NEP
(middle)

Cerebellar NEP

Auditory (cochlear) NEP

Lateral pontine NEP

Medial pontine NEP

Medial medullary NEP

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Lateral medullary NEP

Reticular

Posterior
(medial geniculate)

Subthalamic NEP
subthalamic

pool

thalamic
pool

hypo-
thalamic

pool

diencephalic superventricle
(future third ventricle)

Brain surface (heavier line)

Posterior commissure

Medial forebrain
bundle?

Medial lemniscus?

Lateral lemniscus?

Migrating cochlear nuclear neurons?

Migrating cerebellar deep nuclear neurons?

Sojourning Purkinje cells?

Ventral nucleus of the
lateral lemniscus?

Superior olivary complex

Central trigeminal tract?

Medullary reticular formation

Pontine
reticular

formation

Nerve VII
(genu)

Medial longi-
tudinal fasciculus

Facial motor
neurons

Premigratory
Migrating

Settling?

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Migrating raphe nuclear complex neurons

Migrating trigeminal nuclear complex neurons?

Thalamic NEP

Pretectal NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

mesencephalic
superventricle

(future aqueduct)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

ABBREVIATIONS:
GEP - Glioepithelium
NEP - Neuroepithelium

PONS

CEREBELLUM

UPPER MEDULLA

RHOMBENCEPHALON

DIENCEPHALON

MESENCEPHALON
(PRETECTUM)

Dural outline is external border of
superarachnoid reticulum
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Boundary caps are
Schwann cell GEPs?

PLATE 10A

GW7 Coronal
CR 17.5 mm
M2155
Level 10: Section 424

Level 10: Computer-aided
3-D Brain Reconstruction

Future squamous
temporal bone

Vestibulocochlear
boundary cap

(VIII)?

Temporal bone
labyrinth

Petrous temporal
bone

Future parietal bone

Basal occipital bone

Foramen
magnum

Peripheral neural and
non-neural structures labeled

Pia

Posterior cerebral
artery and branches

Basilar artery

Superior sagittal sinus

Middle cerebral artery

Basilar artery Mastoid air cell?

Circle of Willis
arteries?

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Superarachnoid reticulum (cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)

Nerve and ganglion
IX (glosso-
pharyngeal)?

Nerve and ganglion
 X (vagus)?

Boundary caps are
Schwann cell GEPs?

*

*
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Migrating subthalamic neurons

Migrating mammillary neurons

Layers of the cerebellar
transitional field

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating interpeduncular nuclear neurons?

Cerebellar NEP

Lateral pontine NEP

Upper rhombic lip

Lower rhombic lip

Medial pontine NEP
Midline raphe glial structure GEP

Midline raphe glial structure GEP

Medial medullary NEP

Lateral medullary NEP

sub-
thalamic

pool

diencephalic superventricle
(future third ventricle)

Medial forebrain bundle?

Medial lemniscus?

Spinal nucleus and tract (V)?

Lateral lemniscus?

Vestibular nuclear complex?

Migrating cochlear nuclear neurons?

Dorsal nucleus
of the lateral
lemniscus?

Medullary reticular formation

Pontine
reticular

formation

Mesencephalic reticular formation

Nerve VII
(genu)

Medial longi-
tudinal fasciculus

Medial longi-
tudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Migrating vestibular
nuclear complex neurons?

CTF1 (fibers)
CTF2 (cells-deep neurons)
CTF3 (fibers)
CTF4-5 (cells-deep neurons)
CTF6 (cells-Purkinje cells)

Mesencephalic tegmental NEP

rhombencephalic
superventricle
(future fourth ventricle)

Abducens
nucleus (VI)?

Auditory
(cochlear)

NEP

Superior olivary complex

Hypothalamic NEP
(mammillary)

Subthalamic NEP

DIENCEPHALON

Dural outline is external bor-
der of superarachnoid
reticulum

CEREBELLUM

UPPER MEDULLA

RHOMBENCEPHALON
Settling facial motor nucleus (VII) neurons?

Premigratory
facial motor

nucleus (VII)
neurons?

PLATE 10BCentral neural
 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Migrating subthalamic neurons

Migrating mammillary neurons

Layers of the cerebellar
transitional field

Migrating pretectal neurons

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating interpeduncular nuclear neurons?

Cerebellar NEP

Lateral pontine NEP

Upper rhombic lip

Lower rhombic lip

Medial pontine NEP
Midline raphe glial structure GEP

Midline raphe glial structure GEP

Medial medullary NEP

Lateral medullary NEP

hypo-
thalamic

pool

sub-
thalamic

pool

diencephalic superventricle
(future third ventricle)

Brain surface (heavier line)

Posterior commissure

Medial forebrain bundle?

Medial lemniscus?

Spinal nucleus and tract (V)?

Lateral lemniscus?

Vestibular nuclear complex?

Migrating cochlear nuclear neurons?

Dorsal nucleus
of the lateral
lemniscus?

Medullary reticular formation

Pontine
reticular

formation

Mesencephalic reticular formation

Nerve VII
(genu)

Medial longi-
tudinal fasciculus

Medial longi-
tudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Migrating vestibular
nuclear complex neurons?

Settling facial motor nucleus (VII) neurons?

CTF1 (fibers)
CTF2 (cells-deep neurons)
CTF3 (fibers)
CTF4-5 (cells-deep neurons)
CTF6 (cells-Purkinje cells)

Pretectal NEP

Mesencephalic tegmental NEP

Posterior com-
missural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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mesencephalic
superventricle

(future aqueduct)

rhombencephalic
superventricle
(future fourth ventricle)

Abducens
nucleus (VI)?

Premigratory
facial motor

nucleus (VII)
neurons?

ABBREVIATIONS:
CTF - Cerebellar transitional field
GEP - Glioepithelium
NEP - Neuroepithelium

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

Auditory
(cochlear)

NEP

Superior olivary complex

Hypothalamic NEP
(mammillary)

Subthalamic NEP

PONS

CEREBELLUM

UPPER MEDULLA

RHOMBENCEPHALON

DIENCEPHALON

MESENCEPHALON

Dural outline is external bor-
der of superarachnoid
reticulum
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PLATE 11A

GW7 Coronal
CR 17.5 mm
M2155
Level 11: Section 444

Level 11: Computer-aided
3-D Brain Reconstruction

Vagal ganglion (X)?

Future squamous
temporal bone

Temporal bone
labyrinth

Petrous temporal
bone

Future parietal bone

Basal occipital bone

Foramen
magnum

Peripheral neural and
non-neural structures labeled

Pia

Basilar artery

Basilar artery

Superior sagittal sinus

Middle cerebral artery

Mastoid air cells?

Circle of Willis
arteries?

Posterior cerebral
artery and branches

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

Superarachnoid reticulum (cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)
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Migrating mammillary neurons

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating oculomotor (III) nuclear neurons

Lateral pontine NEP
Medial pontine NEP

Medial medullary NEP

Lateral medullary NEP

diencephalic superventricle
(future third ventricle, mammillary recess)

Medial forebrain bundle?

Mesencephalic reticular formation

Medial lemniscus?
Lateral lemniscus?

Medullary
reticular

formation

Pontine
reticular

formation

Medial longi-
tudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Mesencephalic tegmental NEP

rhombencephalic
superventricle
(future fourth ventricle)

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Hypothalamic NEP (mammillary)

RHOMBENCEPHALON

DIENCEPHALON

Layers of the cerebellar
transitional field

Upper rhombic lip

Lower rhombic lip

Medullary velum

CTF1 (fibers)
CTF2 (cells-deep neurons)
CTF3 (fibers)
CTF4-5 (cells-deep neurons)?
CTF6 (cells-Purkinje cells)

Abducens
nucleus (VI)?Precerebellar NEP

Posterior intramural migratory
stream (inferior olivary neurons)? 

Vestibular nuclei?
Settling facial motor nuclear (VII) neurons

Inferior olive?

Solitary nucleus and tract?

PLATE 11BCentral neural
 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Migrating mammillary neurons

Layers of the cerebellar
transitional field

Migrating pretectal neurons

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating oculomotor (III) nuclear neurons

Cerebellar NEP
Medial

cerebellar
notch

Lateral pontine NEP

Upper rhombic lip

Lower rhombic lip

Medial pontine NEP

Medial medullary NEP

Lateral medullary NEP

diencephalic superventricle
(future third ventricle, mammillary recess)

Brain surface (heavier line)

Posterior commissure

Medial forebrain bundle?

Mesencephalic reticular formation

Medullary velum

Medial lemniscus?

Vestibular nuclei?

Lateral lemniscus?

Medullary
reticular

formation

Pontine
reticular

formation

Medial longi-
tudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

CTF1 (fibers)
CTF2 (cells-deep neurons)
CTF3 (fibers)
CTF4-5 (cells-deep neurons)?
CTF6 (cells-Purkinje cells)

Pretectal NEP

Mesencephalic tegmental NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

FONT KEY:
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Germinal zone - Helvetica bold
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mesencephalic
superventricle

(future aqueduct)

rhombencephalic
superventricle
(future fourth ventricle)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Hypothalamic NEP (mammillary)

ABBREVIATIONS:
CTF - Cerebellar transitional field
GEP - Glioepithelium
NEP - Neuroepithelium

Dural outline is external bor-
der of superarachnoid
reticulum

PONS

CEREBELLUM

MEDULLA

RHOMBENCEPHALON

DIENCEPHALON

MESENCEPHALON

Abducens
nucleus (VI)?

Settling facial motor nuclear (VII) neurons

Inferior olive?

Precerebellar NEP

Posterior intramural migratory
stream (inferior olivary neurons)? 

Solitary nucleus and tract?
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PLATE 12A

GW7 Coronal
CR 17.5 mm
M2155
Level 12: Section 500

Level 12: Computer-aided
3-D Brain Reconstruction

Traces of the vagal (X)
and glossopharyngeal (IX) nerve sheaths?

Nerve III (oculomotor)

Future squamous
temporal bone

Future squamous
occipital bone

Vertebral artery?

Temporal bone
labyrinth

Peripheral neural and
non-neural structures labeled

Pia

Superior sagittal sinus

Posterior cerebral
artery

Vagal boundary
cap (X)?

Glossopharyngeal
boundary cap (IX)?

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum

(cell sparse)

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)

Boundary caps are
Schwann cell GEPs?

*

*

*
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Layers of the cerebellar
transitional field

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating and settling substantia nigra neurons?

Migrating and settling ventral tegmental area neurons?

Migrating oculomotor (III) nuclear neurons

Cerebellar NEP

Lateral pontine NEP

Upper rhombic
lip

Lower rhombic lip
Precerebellar NEP

Medial pontine NEP

Medial medullary NEP

Lateral medullary NEP

Medial forebrain bundle?

Mesencephalic reticular formation

Medullary velum

Medial lemniscus?

Lateral lemniscus?

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Pontine
reticular

formation

Medial longi-
tudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Mesencephalic tegmental NEP

mesencephalic
superventricle

(future aqueduct)

Midline raphe glial system GEP

Midline raphe glial structure GEP

RHOMBENCEPHALON

Dural outline is external bor-
der of superarachnoid

reticulum

Solitary nucleus and tract

PLATE 12B
Central neural

 structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar
transitional field

Migrating pretectal neurons

Migrating neurons and glia invade posterior commissure

Migrating central gray neurons?

Migrating red nuclear neurons?

Migrating and settling substantia nigra neurons?

Migrating and settling ventral tegmental area neurons?

Migrating oculomotor (III) nuclear neurons

Cerebellar NEP

Cerebellar notches

Medial
Lateral

Lateral pontine NEP

Upper rhombic
lip

Lower rhombic lip
Precerebellar NEP

Medial pontine NEP

Medial medullary NEP

Lateral medullary NEP

Brain surface (heavier line)

Posterior commissure

Medial forebrain bundle?

Mesencephalic reticular formation

Medullary velum

Medial lemniscus?

Lateral lemniscus?

Vestibular nuclei?

Solitary nucleus and tract

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Pontine
reticular

formation

Medial longi-
tudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Pretectal NEP

Mesencephalic tegmental NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

mesencephalic
superventricle

(future aqueduct)

ABBREVIATIONS:
CTF - Cerebellar transitional field
GEP - Glioepithelium
NEP - Neuroepithelium

rhombencephalic superventricle
(future fourth ventricle)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

Midline raphe glial system GEP

Midline raphe glial structure GEP

PONS

CEREBELLUM

MEDULLA

RHOMBENCEPHALON

MESENCEPHALON

Dural outline is external bor-
der of superarachnoid

reticulum
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The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell
dense internal
border of skull)

Superarachnoid
reticulum

(cell sparse)

Superarachnoid
reticulum
(cell sparse)

PLATE 13A

GW7 Coronal
CR 17.5 mm
M2155
Level 13:
Section 533

Level 13:
Computer-aided
3-D Brain Recon-
struction

Traces of the vagal (X)
nerve sheath?

Vagal boundary
cap (X)?

Traces of the hypoglossal (XII) nerve sheath?

Future squamous
temporal bone?

Future squamous
occipital bone?

Peripheral neural and
non-neural structures labeled

Pia

Superior sagittal sinus

Interpeduncular fossa

Boundary caps are
Schwann cell GEPs?

*

*
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RHOMBENCEPHALON

Layers of the cerebellar
transitional field

Migrating central gray neurons?

Settling red nuclear neurons?

Migrating and settling substantia nigra neurons?

Migrating and settling ventral tegmental area neurons?

Migrating oculomotor (III) nuclear neurons

Upper rhombic lip

Lower rhombic lipPrecerebellar NEP

Isthmal NEP

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal
G/EP

Floor plate

Roof plate

Lateral medullary NEP

Medial forebrain bundle?

Mesencephalic reticular formation

Segregating ventral horn
motoneuron columns

Ventral horn interneurons

Ventral funiculus

Ventral commissure

Lateral funiculus

Dorsal funiculus
Dorsal gray

Intermediate gray

Lateral lemniscus?

Migrating precerebellar nuclear neurons
Medullary
reticular

formation

Mesencephalic
reticular formation

Medial longitudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

central canal

isthmal canal

Solitary nucleus and tract

Dural outline is
external border of
superarachnoid
reticulum

ISTHMUS

TEGMENTUM

TECTUM

CEREBELLUM

MEDULLA

RHOMBENCEPHALON

SPINAL CORD

MESENCEPHALON

PLATE 13BCentral neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar
transitional field

Migrating pretectal neurons

Migrating glia invade posterior commissure

Migrating central gray neurons?

Settling red nuclear neurons?

Migrating and settling substantia nigra neurons?

Migrating and settling ventral tegmental area neurons?

Migrating oculomotor (III) nuclear neurons

Cerebellar NEP

Cerebellar notches

Medial

Lateral

Upper rhombic lip

Lower rhombic lipPrecerebellar NEP

Isthmal NEP

Midline raphe glial structure GEP

Midline raphe glial structure GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal
G/EP

Floor plate

Roof plate

Lateral medullary NEP

Brain surface (heavier line)

Posterior commissure

Medial forebrain bundle?

Mesencephalic reticular formation

Medullary velum

Ventral gray
Segregating ventral horn
motoneuron columns

Ventral horn interneurons

Ventral funiculus

Ventral commissure

Lateral funiculus

Dorsal funiculus
Dorsal gray

Intermediate gray

Lateral lemniscus?

Migrating precerebellar nuclear neurons
Medullary
reticular

formation

Mesencephalic
reticular formation

Medial longitudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Pretectal
NEP

Mesencephalic
tegmental NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.
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mesencephalic
superventricle
(future aqueduct)

ABBREVIATIONS:
CTF - Cerebellar transitional field
G/EP - Glioepithelium/ependyma
GEP - Glioepithelium
NEP - Neuroepithelium

rhombencephalic superventricle
(future fourth ventricle)

central canal
Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

isthmal canal

Vestibular nuclei

Solitary nucleus and tract
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PLATE 14A

GW7 Coronal
CR 17.5 mm
M2155
Level 14: Section 572

Future squamous
occipital bone?

Level 14:
Computer-aided
3-D Brain Recon-
struction

Pia

Superior sagittal sinus Peripheral neural and
non-neural structures labeled

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular
network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell dense internal
border of skull)

Superarachnoid
reticulum

(cell sparse)

Superarachnoid reticulum
(cell sparse, fluid-filled spaces)
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Layers of the cerebellar transitional field

Migrating inferior collicular neurons

Migrating isthmal neurons  

Migrating central gray neurons?

Migrating trochlear (IV) nuclear neurons

Precerebellar NEP

Midline raphe glial structure GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal G/EP

Floor plate

Roof plate

Lateral medullary NEP

Mesencephalic reticular formation

Ventral funiculus
Ventral commissure

Lateral funiculus

Dorsal funiculus
Dorsal gray

Intermediate gray

Lateral lemniscus?

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Medial longitudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Settling inferior olive neurons

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Tectal (inferior collicular) NEP

Mesencephalic tegmental NEP

central canal

isthmal canal

Ventral gray
Segregating ventral horn
motoneuron columns
Ventral horn interneurons

Solitary nucleus and tract

Posterior intramural migratory
stream (inferior olivary neurons)

Lower rhombic lip

PLATE 14BCentral neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar transitional field

Migrating superior collicular neurons

Migrating inferior collicular neurons

Migrating isthmal neurons  

Migrating glia invade posterior commissure

Migrating central gray neurons?

Migrating trochlear (IV) nuclear neurons

Cerebellar NEP

Cerebellar notches

Medial
Lateral

Upper rhombic lip

Lower rhombic lip

Precerebellar NEP

Isthmal NEP

Midline raphe glial structure GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal G/EP

Floor plate

Roof plate

Lateral medullary NEP

Brain surface (heavier line)

Posterior commissure

Mesencephalic reticular formation

Medullary velum

Ventral funiculus
Ventral commissure

Lateral funiculus

Dorsal funiculus
Dorsal gray

Intermediate gray

Lateral lemniscus?

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Medial longitudinal fasciculus

Medial longitudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Settling inferior olive neurons

Posterior intramural migratory
stream (inferior olivary neurons)

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Tectal (superior collicular) NEP

Tectal (inferior collicular) NEP

Mesencephalic tegmental NEP

Posterior commissural GEP

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

FONT KEY:
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Germinal zone - Helvetica bold
Transient structure - Times bold italic
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mesencephalic
superventricle
(future aqueduct)

ABBREVIATIONS:
CTF - Cerebellar transitional field
G/EP - Glioepithelium/ependyma
GEP - Glioepithelium
NEP - Neuroepithelium

rhombencephalic superventricle
(future fourth ventricle)

central canal
Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

isthmal canal

Dural outline is external border of
superarachnoid reticulum

ISTHMUS

TEGMENTUM

TECTUM

CEREBELLUM

MEDULLA

RHOMBENCEPHALON

SPINAL CORD

MESENCEPHALON

Ventral gray
Segregating ventral horn
motoneuron columns
Ventral horn interneurons

Vestibular nuclei

Solitary nucleus and tract
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The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular
network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell dense internal
border of skull)

Superarachnoid
reticulum

(cell sparse)

Superarachnoid reticulum
(cell sparse, fluid-filled spaces)

PLATE 15A

GW7 Coronal
CR 17.5 mm
M2155
Level 15: Section 588

Future squamous
occipital bone?

Level 15:
Computer-aided
3-D Brain Recon-
struction

Pia

Superior sagittal sinus Peripheral neural and
non-neural structures labeled
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Layers of the cerebellar transitional field

Migrating inferior collicular neurons

Migrating isthmal neurons  

Migrating trochlear (IV) nuclear neurons?

Precerebellar NEP

Midline raphe glial system GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal G/EP

Floor plate

Lateral medullary NEP

Ventral horn
interneurons

Lateral funiculus

Dorsal funiculus

Dorsal gray

Intermediate gray

Lateral lemniscus

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Medial longitudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Settling inferior olive neurons

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Tectal (inferior collicular) NEP

central canal

Trochlear nuclear NEP?

Lower rhombic lip

Solitary nucleus and tractPrepositus, vagal (X), and hypoglossal (XII) nuclei?

PLATE 15BCentral neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar transitional field

Migrating superior collicular neurons

Migrating inferior collicular neurons

Migrating isthmal neurons  

Migrating trochlear (IV) nuclear neurons?

Cerebellar NEP Medial cerebellar notch

Lateral cerebellar notch

Upper rhombic lip

Lower rhombic lip
Precerebellar NEP

Isthmal NEP

Trochlear nuclear NEP?

Midline raphe glial system GEP

Medial medullary NEP

Dorsal
spinal NEP

Intermediate
spinal NEP

Ventral
spinal G/EP

Floor plate

Roof plate

Lateral medullary NEP

Brain surface (heavier line)

Medullary velum

Ventral horn
interneurons

Lateral funiculus

Dorsal funiculus

Dorsal gray

Intermediate gray

Lateral lemniscus

Migrating precerebellar nuclear neurons

Medullary
reticular

formation

Medial longitudinal fasciculus

Midline raphe glial structure

Migrating raphe nuclear complex neurons?

Settling inferior olive neurons

Posterior intramural migratory
stream (inferior olivary neurons)? 

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4-5 (cells-deep neurons)?

CTF6 (cells-Purkinje cells)

Tectal (superior collicular) NEP

Tectal (inferior collicular) NEP

MEDULLA

SPINAL CORD

RHOMBENCEPHALON

MESENCEPHALON

CEREBELLUM

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

mesencephalic
superventricle
(future aqueduct)

ISTHMUS

ABBREVIATIONS:
CTF - Cerebellar transitional field
G/EP - Glioepithelium/ependyma
GEP - Glioepithelium
NEP - Neuroepithelium

rhombencephalic superventricle
(future fourth ventricle)

central canal Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

is
th

m
al

 c
an

al

TECTUM

Dural outline is external border of
superarachnoid reticulum

Vestibular nuclei

Prepositus, vagal (X), and hypoglossal (XII) nuclei? Solitary nucleus and tract
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PLATE 16A

GW7 Coronal
CR 17.5 mm
M2155
Level 16: Section 628

Future squamous
occipital bone?

Level 16:
Computer-aided
3-D Brain Recon-
struction

Pia

Superior sagittal sinus

Peripheral neural and
non-neural structures labeled

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular
network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell dense internal
border of skull)

Superarachnoid
reticulum

(cell sparse)

Superarachnoid reticulum
(cell sparse, fluid-filled spaces)
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Layers of the cerebellar transitional field

Migrating inferior collicular neurons

Choroid plexus stem cells

Precerebellar NEP

Isthmal NEP

Medial
medullary NEP

Dorsal
spinal NEP

Lateral
medullary NEP

Rhombencephalic choroid plexus

Dorsal funiculus

Dorsal gray

Lateral lemniscus

Migrating precerebellar nuclear neurons

M
edullary reticular

form
ation

Migrating raphe nuclear complex neurons?

Tectal (superior collicular) NEP

central canal

Tectal (inferior collicular) NEP

Solitary nucleus and tract

Hypoglossal nucleus (XII)?

Cuneate nucleus?

Intermediate
hemisphere

Vermis

Lateral
hemisphere

PLATE 16BCentral neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar transitional field

Migrating superior collicular neurons

Migrating inferior collicular neurons

Cerebellar NEP Medial
cerebellar
notch

Lateral
cerebellar
notch

Upper rhombic lip

Lower rhombic lip
Choroid plexus stem cells

Precerebellar NEP

Isthmal NEP

Medial
medullary NEP

Dorsal
spinal NEP

Roof plate

Lateral
medullary NEP

Brain surface (heavier line)

Medullary velum

Rhombencephalic choroid plexus

Dorsal funiculus

Dorsal gray

Lateral lemniscus

Migrating precerebellar nuclear neurons

M
edullary reticular

form
ation

Migrating raphe nuclear complex neurons?

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4 (cells-deep neurons)

CTF5 (fibers)

CTF6 (cells-Purkinje cells)

Tectal (superior collicular) NEP

Tectal (inferior collicular) NEP

MEDULLA

SPINAL CORD

CEREBELLUM

Intermediate
hemisphere

Vermis

Lateral
hemisphere

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

mesencephalic
superventricle
(future aqueduct)

ISTHMUS

rhombencephalic superventricle
(future fourth ventricle)

central canal
Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

isthmal
canal

TECTUM

MESENCEPHALON

RHOMBENCEPHALON

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

ABBREVIATIONS:
CTF - Cerebellar transitional field
GEP - Glioepithelium
NEP - Neuroepithelium

Dural outline is external border of
superarachnoid reticulum

Solitary nucleus and tract

Hypoglossal nucleus (XII)?

Cuneate nucleus?

Vestibular nuclei
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PLATE 17A

GW7 Coronal
CR 17.5 mm
M2155
Level 17: Section 677

Future squamous
occipital bone?

Level 17:
Computer-aided
3-D Brain Recon-
struction

Pia

Superior sagittal sinus

Peripheral neural and
non-neural structures labeled

The large cell-sparse 
superarachnoid reticulum 
defines various brain 
parenchymal expansion 
zones.  It is sandwiched 
between external (dural) 
and internal (pial) vascular 
networks.

Dural vascular
network

Pial vascular network

Future skin and skull
(cell dense)

Future dura (cell dense internal
border of skull)

Superarachnoid reticulum
(cell sparse)

Superarachnoid reticulum
(cell sparse, fluid-filled spaces)
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Layers of the cerebellar transitional field

Migrating inferior collicular neurons

Hem
isphere

Cerebella
r N

EP
Ve

m
is

PLATE 17BCentral neural structures labeled

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Layers of the cerebellar transitional field

Migrating superior collicular neurons

Migrating inferior collicular neurons

Upper rhombic lip

Lower rhombic lip

Choroid plexus stem cells

Medullary (gracile?) NEP

Brain surface (heavier line)

Medullary velum

Medullary velum

Migrating gracile nuclear neurons?

Medullary velum

Rhombencephalic
choroid plexus

Lateral lemniscus/
brachium of the inferior colliculus

CTF1 (fibers)

CTF2 (cells-deep neurons)

CTF3 (fibers)

CTF4 (cells-deep neurons)

CTF5 (fibers)

CTF6 (cells-Purkinje cells)

Tectal (inferior collicular) NEP

Tectal (superior collicular) NEP

Lateral cerebellar notch

MEDULLA

CEREBELLUM

Arrows indicate the regionally 
shrinking shoreline of the 
superventricle as NEP cells are 
depleted while generating neurons.

mesencephalic
superventricle
(future aqueduct)

rhombencephalic superventricle
(future fourth ventricle)

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

metencephalic pool

myelencephalic pool

MESENCEPHALON

RHOMBENCEPHALON

TECTUM

FONT KEY:
ventricular divisions - capitals
Germinal zone - Helvetica bold
Transient structure - Times bold italic
Permanent structure - Times Roman or Bold

ABBREVIATIONS:
CTF - Cerebellar transitional field
NEP - Neuroepithelium

Dural outline is external border of
superarachnoid reticulum

Hem
isphere

Cerebella
r N

EP
Ve

m
is
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PLATE 18A

GW7 Coronal, CR 17.5 mm, M2155
Near Level 4: Section 203

See Level 4 in
Plates 4A and B.

CEREBRAL CORTEX AND THALAMUS
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Thalamic primordial
plexiform layer

D
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ic
 N

E
P

?

Brain surface
(pia, heavier line)

Anterior thalam
ic

N
EP

E
arliest m

igrating
thalam

ic
neurons

T
H

A
L

A
M

U
S

C E R E B R A L C O R T E X
Superarachnoid reticulum

Vascular bed of
choroid plexus

PLATE 18B

Neocortical neuro-
epithelium (NEP)

telencephalic
superventricle

(future lateral ventricle
posterior pool)

Cortical primordial plexiform layer

Thalamic primordial
plexiform layer

Scattered pioneer Cajal-Retzius cells
and subplate neurons migrate into

the primordial plexiform layer.

Primordial plexiform layer absent
(marks border of fornical glioepithelium)

Primordial plexiform layer absent
(marks border of choroid plexus stem cells)

Limbic cortical
(hippocampal) NEP

Limbic cortical
(cingulate) NEP

Fornical
glioepithelium

Choroid
plexus

stem cells

D
o

r
s

a
l

 
t

h
a

l
a

m
i

c
 

N
E

P

R
et

ic
ul

ar
 th

al
am

ic
 N

E
P

?

thalamic
pool

diencephalic
superventricle

(future third ventricle)

Brain surface
(pia, heavier line)

Anterior thalam
ic

N
EP

E
arliest m

igrating
thalam

ic
neurons

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

T
H

A
L

A
M

U
S

C E R E B R A L C O R T E X
Superarachnoid reticulum

Vascular bed of
choroid plexus

The superarachnoid reticulum
is continuous with the vascular bed

of the choroid plexus.
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PLATE 19A

GW7 Coronal
CR 17.5 mm, M2155
Near Level 5:
Section 236

See Level 5 in Plates 5A and B.

CEREBRAL CORTEX AND THALAMUS
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Cortical primordial plexiform layer

Thalamic
primordial
plexiform
layer

Migrating Cajal-Retzius
cells and subplate neurons

Migrating epithalamic neurons

Brain surface
(pia, heavier line)

Ant e r i o r
c

o
m

p
le

x

M
igratin

g
a

n
d

settl in
g

th
a
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m
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n
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n
s

CEREBRAL CORTEX

Cortico-
ganglionic

NEP

Epithalamic
NEP?
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u m
( N E P )

Anterior cerebral artery

Superarachnoid reticulum
(cell sparse)

PLATE 19B

telencephalic
superventricle

(future lateral ventricle
posterior pool)

Cortical primordial plexiform layer

Thalamic
primordial
plexiform
layer

Migrating Cajal-Retzius
cells and subplate neurons

Migrating
hippocampal
neurons

Primordial plexiform layer absent
(marks border of
fornical glioepithelium)

Primordial plexiform layer
absent (marks border of
choroid plexus stem cells)

Migrating epithalamic neurons

Limbic cortical
(hippocampal)

NEP

Fornical
glioepithelium

Choroid
plexus

stem cells

thalamic
pool

diencephalic
superventricle

(future third ventricle)

Brain surface
(pia, heavier line)

Ant e r i o r
c

o
m

p
le

x

M
igratin

g
a

n
d

settl in
g

th
a

la
m

ic
n

eu
ro

n
s

Arrows indicate the 
presumed direction of 
neuron migration from 
neuroepithelial sources.

Arrows indicate the regionally 
expanding shoreline of the 
superventricle with increase in 
stockbuilding NEP cells.

CEREBRAL CORTEX

BASAL GANGLIA

Limbic cortical
(retrosplenial?)

NEP

Migrating basal
ganglionic neurons

Pioneer internal
capsule axons

Migrating bed nucleus of the
stria terminalis neurons

Migrating and settling
anterior thalamic neurons

Migrating neurons
originating in cortico-

ganglionic NEP?

Posterior ganglionic NEP

Cortico-
ganglionic

NEP

Strionuclear NEP

Epithalamic
NEP?
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foramen
of monro

foramen of monro

Limbic cortical
(insular)
NEP
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Future skin and skull (cell dense)

Future dura (internal
border of skull)

Anterior cerebral artery

Superarachnoid reticulum
(cell sparse)

The superarachnoid reticulum
is continuous with the vascular
bed of the choroid plexus.
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