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ABSTRACT

This thesis describes the microscopic structure of

the central nervous system of the squid Illex illecebrosus

illecebrosus (Lesueur), and relates it to that of other

cephalopods. Organs of secretion associated with the brain
are also shown together with the results of histochemical
tests used to detect the presence of carbohydrates, proteins
lipids and nucleic acids.

The central nervous system of Illex is basically
similar to the brains of other cephalopods. It consists of
eight interconnected ganglia, some of which are divided into
distinct lobes. The cerebral ganglion, situated above the
esophagus, contains the association and higher motor centres
of the brain, and its neurons are much smaller than the cells
in the subesophageal masses. Directly below it and broadly
connected to it by the anterior and posterior basal - sub-
esophageal connectives on both sides of the esophagus lies the
middle subesophageal mass which is the major source of nerves
arising from the brain. The posterior subesophageal mass 1is
separated from the middle mass by a curtain of connective tissue
and has several divisions. Nerves from this ganglion innervate
the mantle, fins, viscera and chromatophores. The peduncle
and olfactory lobes are situated above and posterior to the
optic tract. The anterior subesophageal mass, or brachial

ganglion, which is separated from the central brain mass and



lies just posterior and ventral to the buccal mass, innervates
primarily the arms. The superior and inferior buccal ganglia
are located above the anterior subesophageal mass.

Small neurosecretory cells of two types occur in
clusters within the tissue of the posterior subesophageal
mass, adjacent to small blood sinuses. The components of both
the optic glands and parolfactory vesicles were negative to
neurosecretory stains. The colloid of the parolfactory vesicles

was shown to be a mucoprotein or glycoprotein, containing little

cysteine.
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INTRODUCTION

The squid Illex illecebrosus illecebrosus (Lesueur)

is very important commercially to Newfoundland. Although not
used for human consumption, it is the principal source of

bait in the cod fishery.

The taxonomy of Illex has been discussed by Voss
(1956) and Lu (1968). It is a coleoid cephalopod and a pelagic
oegopsid squid of the Family Ommatostrephidae. The current

belief is that there is one species, Illex illecebrosus, which

exists in the form of three subspecies, inhabiting different

areas. These are Illex illecebrosus illecebrosus (Lesueur) in

the northwest Atlantic, Illex illecebrosus coindeti (Verany) in

the eastern Atlantic, and Illex illecebrosus argentinus

(de Castellanos) in the southwest Atlantic.

The systematics of the subspecies, and as a result,
their geographical distributions are still not settled. Records
from around Iceland, the Bay of Biscay, and northwest Africa
are doubted by Clarke (1966) as on the eastern side there is

much confusion with Illex illecebrosus coindeti. Illex

illecebrosus illecebrosus is found predominantly in the western

Atlantic between Massachusetts and Greenland, but has been
reported as far south as the Gulf of Mexico. The situation was
found to be very complex by Adam (1952), who analysed statis-

tically the dimensions of the squid and found populations at



different stages of intermediacy between Illex illecebrosus

and Illex coindeti, particularly in the Bristol Channel and

the North Sea. 1In the text, references to I. illecebrosus and

I. coindeti apply to the subspecies.

The purpose of this thesis is to describe the
histology of the central nervous system, and to relate it to
that of other cephalopods; to determine-the presence of neuro-

secretory cells and to characterize their components histochem-

ically.

Cephalopods have the most elaborate and complex nervous
systems found in the invertebrates and are considered to be in-
telligent animals. There is little published on the nervous
system of Illex and nothing has been done on the subspecies in
North America. Richter (1913) described the anatomy of the
nervous system of Illex and three other oegopsid squid and
Thore (1939) discussed the histology of I. coindeti, interpreting
it mostly in relation to Sepia and Octopus which have been studied
intensively. Some of the earlier key works on the anatomy of
cephalopod nervous systems are those by Cheron (1866), Owsjannikow
and Kowalevsky (1867), Dietl (1876), Williams (1909), Hillig
(1912) and Pfefferkorn (1915). The histology of the Octopus brain
is well known because of recent work by Young (1960, 1962, 1963 -
a and b, 1964 - a and b, 1965 - a, b and d), which has been
extended into learning and discrimination experiments. Much of

this information has been reviewed by Wells (1962, 1966) and




Young (1961, 1964a).

Gabe (1966) states that nothing in cephalopods
has been ascertained to be neurosecretory. Scharrer (1937)
surveyed the brains of two cephalopods, Octopus and Sepia,
but failed to find any neurosecretory cells. Alexandrowicz
(1964, 1965), however, described a distinctive tissue located
at the posterior end of the posterior subesophageal mass in

Eledone, Sepia and Octopus which he showed to be neurosecre-

tory. He named it the '""Neurosecretory System of the Vena
Cava'" (NSV system) but studied principally the nerves arising
from it. Martin (1966) extended this to a description of the

tissue and its cellular components in Illex coindeti and

Ommatostrephes.

In cephalopods the organs originally thought to be
neurosecretory were the epistellar body of octopods and the
parolfactory vesicles of decapods. Young (1936) studied the
epistellar bodies of octopods and the giant fibres in the
stellate ganglion of decapods and suggested that the epi-
stellar body was secretory and originated from the giant cell
lobe of the stellate ganglion. Cazal and Bogoraze (1944, 1949)
studied the histology more closely and accepted the neurosecre-
tory interpretation. The parolfactory vesicles, discovered by
Thore (1939) are very similar to the epistellar bodies (Bern

and Hagadorn , 1965). They have been discussed by Haefelfinger



The terminology used is that of Boycott (1961),
which is based mostly upon Dietl (1876) and Pfefferkorn (1915).
It should be noted that the orientation used is the functional

one and not the morphologicai.



(1954) who assumed that they are secretory and that the
colloid may be mucoid. He cites Thore as supposing that it is
in the category of proteins, but no histochemical work was

done to verify this.

The optic gland has been described in Octopus by
Cazal and Bogoraze (1943, 1949) as the peduncular gland, and

briefly in Illex coindeti by Haefelfinger (1954) as the sub-

peduncular body. Cazal and Bororaze assumed a neurosecretory
role for the structure,but it was shown later that it is not
nervous (Boycott and Young, 1956) and functions as an endocrine
~gland related to gonad development (Wells and Wells, 1959;

Wells , 1960). The optic glands have been found in all cephalo-
pods so far examined with the exception of Nautilus (Bern and
Hagadorn,1965); however, Young (1965c) has described some tissue
in the brain of Nautilus which may correspond to the optic

~gland.

The contents of this thesis have been organized into
four parts. The first briefly deals with the anatomy of the
head region, the second with the histology of the central nervous
system with the exception of the optic lobes, the third describes
the secretory structures associated with the brain, and the

fourth presents the results of the histochemical tests.

No physiological work could be carried out because of

the inability to keep the animals alive in captivity.



MATERIALS AND METHODS

The tissues used in this study were collected
between August and October, 1967 at Holyrood and Cuckold
Cove and from formalin-preserved squid caught the previous
summer. The specimens are listed in table 1. The squid
were jigged using both the Japanese jigger and the
Neyle-Soper single jigger. The brain capsule was removed
immediately after capture on the fishing boat and fixed.
After the tissue had gained suitable consistency, from two
to three hours, it was removed, trimmed, and placed back in

the fixative.

Several fixatives were used. The tissues intended
for the stains on paraffin sections were fixed in Bouin,
Zenker, Carnoy, 10% formol saline (Carleton and Drury, 1957)
and Baker's formol calcium (Pantin, 1946). After fixation,
the tissues were dehydrated in graded alcohol and treated
according to Peterfi's celloidin-paraffin embedding method
(Pantin, 1946). The blocks were sectioned on a standard rotary
microtome at thicknesses between 7 - 12 y. Serial sections
were cut in all three planes: cross, sagittal and frontal.
Numerous sections were made and mounted on slides with
Tissue-tac slide adhesive, while many others were cut on the

cryostat for studies on enzymes.

Routine Histological Methods

The methods chosen for the general staining of the



TABLE I

LIST OF SQUID SPECIMENS USED FOR HISTOLOGICAL STUDY

Mantle
Specimen Date of Capture Length - mm Sex Fixative
1 Aug. 8, 1967 187 - M Formol salinme
2 Aug. 8, 1967 207 M Zenker
3 Aug. 8, 1967 195 M Bouin
4 Aug. 8, 1967 218 M Formol saline
5 Aug. 8, 1967 224 F Bouin
6 Aug. 8, 1967 205 M Bouin
7 - Aug. 8, 1967 217 M Baker's formol
calcium
8 Aug. 8, 1967 218 M Zenker
9 Aug. 8, 1967 211 F Formol saline
10 Aug. 8, 1967 195 M Carnoy
11 Aug. 8, 1967 205 M Zenker
12 Oct. 6, 1967 . 245 M Formol saline
13 Autumn, 1966 170 - 5-10 % Formalin
in sea water(30%)
14 Autumn, 1966 178 - 5-10 % Formalin
in sea water(30%)
15 Autumn, 1966 170-180- - 5-10 % Formalin
in sea water(30%)
16 Autumn, 1966 170-180 - 5-10 % Formalin
in sea water(30%)
17 Autumn, 1966 170-180 - 5-10 % Formalin

in sea water(30%)




central nervous system were:

(1) Bielschowsky's silver method (Humason, 1967). The ammoni-
ated silver solution used in the second impregnation was not
diluted, but the length of the first impregnation was reduced.
Many sections were gold-toned in 0.2% gold chloride and some
were also counterstained in toluidine blue.

(2) Harris' Hematoxylin and Eosin (Carleton and Drury, 1957).
(3) Mallory's triple stain (Pantin, 1946).

(4) Masson's trichrome stain (Carleton and Drury, 1957).

(5) Fraenkel's Orcein Method (Lillie, 1954).

(6) Heidenhain's Iron Hematoxylin (Carleton and Drury, 1957).

Neurosecretion

Three methods were used for the detection of neuro-

secretion,.

(1) Bargmann's modification of Gomori's chrom-alum hematoxylin,
counterstained with phloxine (Pearse, 1960).

(2) The paraldehyde fuchsin method, modified by Cameron and Steele
(1959), and counterstained by Halmi's stain (Halmi, 1952).

(3) Performic acid - Victoria blue method (PAVB) (Dogra and Tandan,
1964). This method is based on the oxidation of cysteine by per-
formic acid and is also useful in the demonstration of sulphydryl
~groups. It was performed both on blocks of tissue and single

sections. Adjacent unoxidized sections were stained as a control.

Carbohydrates

(1) The periodi¢ acid =~ Schiff test (PAS) after the method

of McManus was used (Pearse, 1960). This gives a positive



reaction for all carbohydrates with the exception of acid
mucopolysaccharides. For controls, adjacent sections were
treated with 1% malt diastase for 45 minutes to remove
glycogen, and others were acetylated in a mixture of acetic
anhydride and pyridine for 24 hours to block the PAS reaction
by esterification of -OH and -NH, bonds (Lillie, 1954).

(2) Metachromasia. Two staining solutions of toluidine blue
were used (Pearse, 1960): (a) 0.5% aqueous solution,

(b) 0.1% solution in 30% ethanol. Solution (4), when left
overnight, gave excellent staining of Nissl granules and
nucleoli. Carbohydrates which exhibit metachromasia are those
containing sufate esters, acid mucopolysaccharides or hyaluronic
acid.

(3) Alcian blue - Chlorantine fast red was used as a specific

stain for acid mucopolysaccharides (Steedman, 1950).

Proteins and Nucleic Acids

The histochemistry of proteins is based principally
upon the reactions given by specific groups of the amino acids,

and because of this most amino acids cannot be identified.

(1) Amino groups. The alloxan - Schiff method of Yasuma and
Ichikawa (Pearse, 1960). The sections were treated with a 1%
solution of alloxan in absolute ethanol for 24 hours at 37°C.
(2) Tyrosine. The Millon reaction after the modification of

Baker (Pearse, 1960). Although Baker recommends celloidin



- 10 -

sections, paraffin sections were used here. The slides

were covered with the Millon reagent and heated just to the
boiling point. Here, the phenols form a complex with mercuric
salts in the presence of nitrite in acid solutions.

(3) Indole groups. The DMAB-nitrite method (p-dimethylamino-
benzaldehyde) (Barka and Anderson, 1965). This reaction,
exhibited only by 3-indolyl derivatives, gives a blue colour
to tryptophan-containing structures oxidized by sodium nitrite
in concentrated hydrochloric acid.

(4) Nucleic acids. Einarson's gallocyanin method was performed
according to Pearse (1960). Positive reaction was obtained at
pH 1.6 after staining sections for two days.

(5) DNA. Feulgen reaction (Pearse, 1960). The sections were
hydrolyzed in 1N HC1l at 60°C and treated with the de Tomasi's
Schiff reagent. The optimum time for tissues fixed in formol

saline was 5 - 6 minutes.

Lipids

(1) Sudan black B in 70% alcohol (Pearse, 1960) was used on
paraffin sections to detect lipids surviving dehydration and
embedding.

(2) Copper phthalocyanin method (Pearse, 1960) on paraffin
sections. This was previously thought to be specific for
phospholipids, gangliosides and probably cerebrosides, but

recent work has shown that it is not specific for either



choline-containing lipids or phospholipids, although it is

still a useful stain for myelin.

Enzymes

Some tissues were fixed in formol saline at 4°C for
24 hours in a vacuum bottle and sectioned at 7 - 12 , on a
Lab-Tek cryostat at -30°C. Others were fixed in cold acetone
dehydrated in acetone, and cleared in benzene in the refriger-
ator, and embedded in vacuo in Tissuemat at 56°C.
(1) Alkaline Phosphatase. For the demonstration of this
enzyme Gomori's calcium - cobalt method was used (McManus and

Mowry, 1965) with sodium g-glycerophosphate as the substrate,

at pH 9.0 - 9.2.

(2) Acid Phosphatase. Gomori's lead nitrate method (McManus
and Mowry, 1965) was used with sodium g-glycerophosphate as
substrate at pH 5.2.

(3) 5=Nucleotidase. The method of McManus, Lupton and Harden
was used with muscle adenylic acid as substrate at _H 8.8
(McManus and Mowry, 1965).

(4) Non=-specific Esterase. This group of enzymes was
demonstrated by Gomori's oa-naphthyl acetate method, with
enaphthyl acetate as the substrate and coupled with Fast Blue B
at pH 7.2 (McManus and Mowry, 1965).



ANATOMY OF THE HEAD REGION

The structure of the head region and the brain in

Illex illecebrosus is shown in figures 1; 2, 3; and 4. The

brain consists of four main ganglia: the cerebral ganglion and
the anterior, middle and posterior subesophageal masses (Figure 1).
The cerebral ganglion, which lies above the esophagus, is
divided into five distinct areas. At the top the superior
frontal lobe is anterior to the vertical lobe. These are the
highest centres and are concerned with visual and tactile
learning and memory in Octopus (Wells and Wells; 1957; Young,
1961). The third lobe, the postefior'buccal, is located

more anteriorly. This has been called the inferior frontal

lobe by most authors (Hillig, 19123 Richter; 1913) but was
recognized by Thore (1939) as the "'pars posterior" of the

buccal lobe. He correctly stated that decapods have no infer-
ior frontal or subfrontal lobe. Immediately behind this is the
anterior basal lobe, and posterior to this is the largest area
of the cerebral ganglion, consisting of several not too well
defined lobes, known collectively as the posterior basal complex
or lobe. The posterior basal complex contains several areas
differentiated primarily on the basis of function by Boycott

3. dorsal basal, 4. medial basal, and 5. lateral basal. A sixth
lobe, the interbasal, mentioned by Boycott (1961), could not be

separated from the preceeding divisions in I. illecebrosus.




Below the esophagus there are three other separate
~gangliat: the brachial, pedal, and palliovisceral. Because

of the apparent functional divisions in these ganglia in
Sepia, it is preferable to name them the anterior, middle, and

posterior subesophageal masses respectively after Boycott
(1961).

The entire anterior subesophageal mass is the
brachial ganglion. It is joined to the middle subesophageal
mass by a large connective, which is not seen in Octopus and
only barely visible in Sepia (Thore, 1939). Eight nerves arise
from the anterior surface of ths ganglion to innervate the
eight arms of the squid. The mass is connected to the cerebral
.ganglioniby a paired connective arising from its posterior
dorsal end which passes lateral to the esophagus and enters the
posterior buccal lobe anteriorly. It also has a paired
connection with the superior buccal ganglion which arises from
the posterior dorsal end of the mass and passes around the

esophagus into the posterior dorsal end of the superior buccal.

Two pairs of nerves originating on the dorsal surface
of the brachial ganglion and joining branches from the pedal
lobe may correspond to the superior antorbital and interbrachial
nerves. Another pair originating ventrally may be the inferior

antorbital nerve described by Thore (1939) in Sepia and I.

coindeti.
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Figure 1, The central nervous system of Illex illecebrosus. The peduncle
‘ complex and lateral pedal lobe are not shown. Insert 1 -
Anterior Subesophageal Mass. Insert 2 - Photograph of dorsal
view of disected brain (photographed by J.W. Evans).
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Figure 2.

Central nervous system of Illex -
median sagittal section4 x4, Mallory
triple, spec. 3.

16



Figure 3. Central nervous system of Illex -
' frontal section at dorsal Tevel of

esophagus (the section is more ventral
at left); x4, PAS, spec. 5.

16
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Figure 4. Central nervous system of Illex -
' cross section through level of the cerebral
and pedal ganglia (the section is more poster-
ior at left); x8, Mallory triple, spec. 12.



The middle subesophageal mass is divided into four
regions: the anterior and posterior pedal lobes separated by
the central pedal commissure, and two lateral pedal lobes. The
paired anterior chromatophore lobe 1is situated anteriorly
on either side of the anterior pedal lobe. Several nerves
arise from the middle subesophageal mass. The single, broad
brachio-pedal connective passes antero-ventrally to the
region of the brachial ganglion, separates into twelve Bundles,
some of which are joined by fibres from the brachial ganglion
and innervate the arms, tentacles, énd other structures. The
large paired anterior funnel nerves leave the lobe ventrally
through an opening in the cartilage together with the single
small median funnel nerve. The statocyst nerves arise more
posteriorly. Another large paired bundle, which includes
several nerves, leaves the mass dorso-posteriorly above and

lateral to the posterior subesophageal mass.

The posterior subesophageal mass consists of the
median visceral lobe, lateral to which are the accessory lobes
of Thore (1939), each subdivided into the fin and posterior
chromatophore lobes. Also located within this mass are the poorly
differentiated vasomotor lobes. Several nerves leave
this ganglion and pass posteriorly: the pallial nerves leave
the dorso-posterior region and bundles containing the posterior

funnel and vena cava nerves arise postero- laterally. The



visceral nerves emerge from the postero-ventral region.

Two additional ganglia are situated anteriorly
(Figure 1): the superior buccal above the esophagus and
the inferior buccal directly below it, at the level of the
anterior subesophageal mass, The superior and inferior buccal
ganglia are connected to each other by the paired interbuccal
connective which encircles the esophagus. Numerous small
labial nerves leave the anterior surface of the superior
buccal ganglion. The lingual nerves stem from the central
anterior surface of the inferior buccal ganglion, lateral to

which arise two larger nerves, the maxillary and mandibular.

From a cross section (Figure 4) it is seen that the
brain encircles the esophagus. The region lateral to the
esophagus is the peduncle complex and portions of the posterior
basal and magnocellular lobes, the latter containing the cell
bodies of the first order giant axons. The cerebral ganglion
is joined to the large optic lobes on either side by the optic
tract. The eyes are situated a little anterior to the brain
and numerous optic nerves pass from the back of the eye to the
optic 1lobes.

The parolfactory vesicles exist as two pairs, the
smaller pair dorsal to the optic tract and the larger pair
posterior and more ventral to it. In fresh specimens they

are easily seen because of their yellow to orange colour. The



optic glands are oval, paired, and situated posterior and
lateral to the cerebral ganglion above the optic tract. They

are also bright orange in colour.

The esophagus is a thick-walled tube of about 1.5 mm.
in diameter beginning at the buccal cavity and extending poster-
iorly through the brain. It passes into the mantle cavity over
the liver and then joins the stomach. Associated with it are
two pairs of salivary glands. The anterior pair consists of
two bulblike structures, attached to the buccal mass on top
of and extending laterally to the esophagus. These glands
secrete enzymes and mucus into the buccal cavity. The posterior
pair is joined in the midline behind the posterior subesophageal
mass of the brain and its duct courses alongside the esophagus

through the central brain to join the buccal cavity.

Surrounding and protecting the brain is a cartilag-
inous cranium. The cranial cartilage is not as well developed
in Illex as it is in octopods (Thore, 1939) and this may be due to the
decentralization and subsequent elongation exhibited by the squid
brain. The cartilage has several openings, two of which are
lateral and receive the optic tracts. The optic lobes are not
enclosed by cartilage. The cartilage is also open anteriorly
and posteriorly. At the anterior end the brachial and the two
buccal ganglia lie outside the cartilage. At the posterior end

the cartilage extends a little beyond the posterior subesophageal




mass, which is apparently not the case in Illex coindeti,

where part of this mass is unprotected by cranium (Thore, 1939).
Another opening in the cartilage is situated in the ventral
portion, below the middle subesophageal mass, and accommodates
the large anterior funnel nerves. Just posterior to this the
statocyst is embedded in a large cavity within the cranium

under the visceral and posterior pedal lobes.

Between the cartilage and the brain there is a space
filled by a large white organ of jelly-like consistency called
the white body. This surrounds the optic peduncle dorsally and
laterally and must be removed before the dorsal aspect of the
brain can be viewed. The white body is believed to function as

a hemopoietic organ (Messenger, 1967).



HISTOLOGY OF THE CENTRAL NERVOUS SYSTEM

Cerebral Ganglion

This is the major supraesophageal ganglion of the
brain and contains the sensory and higher motor centres.

Each lobe comprising the cerebral ganglion will be discussed

in turn.

Vertical Lobe

The vertical lobe is situated dorsally and resembles
a cap fitting over and enclosing several divisions of the
posterior basal complex (Figures 1 and 2). It is unpaired,
bilaterally symmetrical and not divided into gyri. This lobe,
as well as the entire cerebral ganglion, is covered by a thin
layer of collagenous connective tissue. It is supplied by many
blood vessels which can be seen clearly in the cell layer and
neuropile.

Cell layer

The vertical lobe is easily distinguished from the
adjacent lobes by the characteristics of its cell layer, which
is most developed at its anterior and posterior ends and
laterally. The ventral surface also has many neurons, separat-
ing this from the subvertical lobe, but neurons are absent
from the dorsal median area (Figure 5). Two types of cells were
found in the rind. The majority are small and round (5 to 6&,

Figure 6) with a single slender axon divided into branches, and
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the cell body taken up by the nucleus. The only other neurons
smaller than these are those in the lateral regions of the
superior frontal lobe and the tiny amacrines of the optic lobes,
but these are more basophilic than the small neurons of the
vertical lobe. The large neurons (up to 12 u) are pear-shaped,
have more cytoplasm, a thicker axon and are usually found at
the periphery of the neuropile. Their axons pass vertically
into the neuropile. Cell islands, containing both types of
cells (pear-shaped neurons up to 18 ﬁ) as well as multipolar
neurons, are found in the neuropile. The orderly arrangement
of many cell islands, spaced 60 - 100 y from the cell rind,

may have an important functional significance.

Neuropile
The neuropile of the vertical lobe has a character-
istic structure and consists of two parts (Figure 7). The
fibres of the outer layer are parallel to the surface of the
lobe, whereas in the much larger inner layer the neuropile is
a tangled mass. These two regions are separated by the row of

cell islands mentioned previously.

Because the fibres are small, their histological
differentiation was difficult. The axons form bundles which
pass through the parallel neuropile into the inner neuropile.
Under high power the inner neuropile is seen as a delicate

irregular meshwork. Spindle-shaped bipolar neurons present



Figure 5. Vertical lobe; sag., x21, Mallory triple,
spec. 3.

Figure 6. Neurons of vertical lobe; frontal, x200,
H and E, spec. 5.

Figure 7. Connection between vertical and superior
frontal lobes; frontal, x 35, Fraenkel's
orcein, spec. 5.
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in the neuropile have their axons oriented dorsally and
ventrally, facing the cell rind and the subvertical lobe
respectively. The fibres from the cell rind probably
anastomose with the multipolar cells in the neuropile, the
incoming fibres and each other. The multipolar neurons may

also synapse with fibres from, and send fibres to the sub-

vertical lobe.

Some axons leave the cell rind and enter the parallel
neuropile. In frontal sections (Figure 7), the parallel neuro-
pile proceeds anteriorly where it almost unites in the midline
above the superior frontal-subvertical tract, and throughout the
entire area bundles of nerve fibres either enter or leave the
superior frontal lobe. Posteriorly a similar situation exists:
the fibres proceed laterally, then turn to the inner neuropile,

and some may also pass into the subvertical lobe.

Connections

The connections of the vertical lobe are restricted
to the higher centres of the brain. It gives rise to no nerves,
and its cells, neuropile and connections confer to it an:asseciation
function.
(1) Connection with superior frontal lobe (Figure 7). The
fibres of this paired tract, which stems from the parallel
neuropile directed antero-posteriorly, converge at the junction

of the vertical and superior frontal lobes where exchange takes
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place. The efferent fibres are medial to the afferent.

(2) Connections with subvertical lobe. Numerous tracts of
varying sizes and shapes extend through the cell layer separ-
ating the vertical and subvertical lobes. Both afferents and

efferents are present.

Superior Frontal Lobe

The position of this unpaired and bilaterally
symmetrical lobe can be seen in figures 1 and 2. It can be
readily distinguished from other lobes because of its char-
acteristic neuropile. The lobe is basically spherical but
tapers out laterally where the optic fibres enter. 1In its
central anterior portion there is a division based mainly on
the size and shape of the constituent neurons and is surrounded
dorsally, ventrally and laterally by the greater part of the
lobe. In frontal sections the cell layer of the lateral

walls folds in and thus helps to distinguish the medial region.

Cell 1layer
This is well developed in the anterior region, is
thinnest ventrally and almost absent posteriorly. Two types
of neurons exist, localized in two distinct regions (Figure 8).
The larger neurons of the anterior region.are less basophilic
with cell diameters up to 10 u and a nuclear diameter of 4 - 6u.
They are somewhat pear-shaped and have fairly thick tapering
axons gathered into bundles. The smaller cells of the lateral

region have a nuclear diameter of about 4 u and a cell diameter



of 4 - 5 y. They are pund and contain little cytoplasm,
resembling the amacrines of the optic lobes. Many have a
single process which usually separates into two divisions

turning in opposite directions. Others have one longer

axon with several collaterals.

There are no cell islands in the superior frontal
lobe, but some single cells lie in the neuropile just outside
the cell rind anteriorly and posteriorly. These include
triangular tripolars, spindle-shaped bipolars, pear-shaped

monopolars, and neuroglia.

Neuropile

Its central nerve bundles are arranged in a dis-
tinctive radial pattern (Figure 9). Many fibres pass along
the periphery of the lobe in a circular manner, particularly
in the medial part. The thickness of the circular region is
not greater than that of the cell rind. Some of the circular
fibres originate in the vertical lobe and may be joined by
axons from the smaller cells of the superior frontal lobe or
send fibres which synapse with the smaller cells. Some
circular fibres appear to pass to the subvertical lobe by way
of the smaller lateral connectives and also to the vertical

lobe.

The radial fibres make up the main part of the neuro-
pile in the rest of the lobe; they are also present in the

circular region, but in smaller bundles than the circular fibres



Figure 8.

Figure 9.

Figure 10.

Figure 11.

Both types of neurons of the superior
frontal lobe; frontal, x200, H and E,
spec. 5.

Superior frontal lobe showing radial
fibres and connection to subvertical
lobe; sag., x35, Mallory triple, spec. 3.

Lateral region of superior frontal lobe
showing the fibres from the optic lobe;
cross, x60, Mallory triple, spec. 15.

Connection between superior frontal and
posterior buccal lobes; sag., x60,
Bielschowsky, spec. 16.
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and therefore are not as prominent. These stem entirely

from the larger cells of the anterior surface, whose processes
~gather into bundles and proceed through the circular layer to
converge into larger bundles. Throughout their course they
come in contact with fibres from the optic lobe, which inter-
sperse between the radial bundles and probably synapse with
them. (Figure 10). The superior frontal lobe may relay inform-
ation from the optic lobe to the vertical lobe. 1In

frontal sections the bundles of optic fibres enter the lateral
areas at all levels and proceed transversely between the
radial fibres. The radial fibres enter and leave the vertical

lobe lateral and medial to the optic branches.

Connections

The superior frontal lobe has few connections, and gives
off no nerves.
(1) Connection with vertical lobe. The paired efferent tract
arises from the radial fibres, passes lateral to the large
superior frontal -subvertical tracts and enters the parallel
neuropile of the vertical lobe. Afferents enter the superior
frontal lobe lateral to the efferent tracts.
(2) Connection with subvertical lobe. There are three pairs
of these in Illex. The largest pair, which is also the largest
tract of the lobe, arises from the radial fibres and is sub-
divided by a wall of cells situated in the anterior part of the

subvertical lobe (Figure 7); each half is about 300 - 350 p in




diameter. The other two much smaller pairs are situated
ventro-laterally. The more medial of these is larger. Both
originate from the lateral region of the circular fibres and
their axons appear to stem from the smaller cells.

(3) Connection with optic lobe. This large paired tract
enters the superior frontal laterally and ventrally, and

pass
proceeds upwards giving off many bundles which through the

lobe.

(4) Connections with posterior buccal lobe (Figure 11). Two

small tracts were observed on the left side and one on the

.3 0 -

right. The larger paired connective is about 60 by 30 u while

the smaller one is only 20 yu in diameter. The fibres enter the

latero-ventral part of the superior frontal lobe where they

diverge and some appear to contact the multipolar cells of

the neuropile.

Subvertical Lobe

The subvertical lobe occupies the dorsal part of the

posterior basal complex under the vertical lobe (Figure 12).

The lobes of the posterior basal complex are not as distinct

from each other as are the other lobes of the cerebral ganglion

and in many cases share neuropiles making histological differ-

entiation difficult. Ventrally its neuropile is continuous with

that of the precommissural lobe. Its common border with the
dorsal basal lobe is complicated by the many cell:islands in

this region so the division must be an arbitrary one: it is
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taken as the straight row of cell islands extending from the
posterior wall of the cerebral gmnglion (Figure 16). At the
anterior end there are two small protrusions which extend
from the posterior buccal tract into the subvertical lobe. In
frontal and sagittal sections the lobe appears oval-shaped.
It is unpaired and bilaterally symmetrical; it is partially
divided by a tongue of cells extending ventrally from the

dorsal cell rind in the anterior region.

Cell layer

The lobe has a well developed cell rind in several
places, especially in the two anterior protrusions. The cell
layer on the ventral side invaginates and partly separates
these protrusions. Posteriorly the invaginated cell layer
proceeds more dorsally and breaks off from the ventral region.
Dorsally the cell layer is continuous with that of the vertical
lobe. The cell islands are larger and contain more cells than
those of the vertical lobe, and are symmetrically arranged

bilaterally.

The largest cells were in the 25 - 35 " range with
a round nucleus of 8 - 12 u in diameter containing 1 or 2
nucleoli. These large cells are on the outside of the dorsal
cell rind next to the cells of the vertical lobe, but their
axons pass into the subvertical. On the inner side of the
rind there are numerous cells with large nuclei of 5 - 6 w. In

the cell islands some irregular and pjpolar neurons are



